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CHAPTBSX 
« 

IHTROTOCTIOil 

Tb« fluorine problen In XlvoBtock feeding Is eoe of Inereasint 

Importance. Fluorosle bae been comeonlj' defined ae "ehronlo poieonlng 

with fluorine" (American Illustrated Medical Dictionary). To aoae, the 

word nay mean the condition that resulta when the abnormal ingestion of 

fluorine Is sufficient to harm the animal as the term is defined 

medically}. To others« the word may moan the condition resulting from 

any Ingoatlon of fluorine above normal levols. 

Fluorosls In livestock has been macountered in several ways, one 

of iddeh Is the use of mineral supplownts containing fluorlno. Thoso 

minerala are the different varletios of phos]^te rock which ctmtain 5 

to k percent fluorine, and phosphatic limestones ̂ Ich contain fluorine 

in proportion to the mount of jdiosphorus present. In the manvifacture 

of eupen^oephate frcsa ptwi^Jbato rock, approximately one-fourth to two-

thirds of the fluorine is driven off ty volatiliaation ae hydrogtm 

fluoride or ee silicon tetrafluoride, ae reported by Mitchell and Sdman 

(1951). 

Chronic fluorosls in farm animals has been reported from many 

eountrioe in areas adjacent to industrial plants emitting fluorine-con 

taining gaaee and dusts. The production of acid ihiosphato and defluori-

nated phosphate, the electrolytic production of aluminum, the manufacture 

of bricks from fluorino-boaring clays, the ealcimining of ironstone, and 

certain enamelling procossos have been chiefly involved. However, even 
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th« fuMB from ooaloboming furnaess may contribut« to the IndastriaX 

hasard^ since coal and shales aeeociated with coal contain fron forty 

to several hundred pajrts par sdllion fluorine^ according to Chturchlll 

gt gl, (191^}• Since fluorine is very active cheedcally and does not 

occvr in a fres state, the fluorino-bearlng fumes from factories pro 

cessing fluorine-containing ores may be largely hydrofluoric acid, and 

the fluorine-bearing dusts may consist of fluorides, such as sodium 

fluoride or cryolite, idiich have been volatilised and then condeneed in 

the cooler surrounding air* The leaves of plants may absorb the gas and 

collect some of the duet on their surfaces, according to Mitchell and 

Bdman (19S2}* The extent of contaninaticsi of the forage, therefore, will 

depend on several factors, auob as the amount of fluorins-oontalning 

materials being emitted, weather conditiona, prevailing winds, topogreidgr 

of surrourding terrain, and type of vegetation. 

Drinking water can contribute significantly to the fluorine hasard 

if the fluorine content attains levels of several parts per millicm. 

Many of the conditions reported to be due to hl^ fluorine water have been 

in Australia, India, Texas, Colorado and other western states* 

Other fluorotio conditions have been reported that were caused by 

dusts and gases from voloanic eraptions. During eruption the fluorine-

bearing gases mnd ashes flow out of the volcanic openings in trwaendous 

ijaantities* Idvestoek may inhalrn the noxious gaeee and eat the ashes that 

have fallen cm the plants* 

A method for the determination of the amount of Ingested fluorine 

that would be dasuMslng or non-damaging over an extended period of time 
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wouldf without a doubt, bo of iianoasurabla Taluo to the livestock 

produoor and foodor. Also, oc»bo praotical amterial, that could bo fod 

or admlniotored to livootock to alloviato part or all of tho offoeto 

of flttorooia, would b© of untold valuo to agriculturo and induotry. 

Sinco ttioro havo be«ri vory fow eontroUod fluorino fooding 

oxporlnonta eonductod with aheop, it ia coneidorod of groat iaportanoo 

to dotonsino tho offoeto of fooding vajriouB levelo of fluorine to 

ohoop and to atudy the offecta of varioua alleviatora. Booulta fro» 

thia work nay bo of ccmaiderable oeononlo valuo^ not only to tho ohoop 

industry,^ but alao to other livoatoek induatrioa* 

"Rio purpoao of thia oxporinont waa to atudy tho aovoral {^tqraio^ 

logieal and pathologieal ehangoa auiaociatod with tho fooding of varioua 

lovola of fluorine to growing lan^a* Alao^ a atudy waa nado of tho 

alleviating offecta of aluninuiB aulfate hydrate and alundLnon ahlorido 

hydrate fed to growing laaha receiving 100 parto per niliion fluorine 

in their rotim. the aeveral phaaoa of the oaporlnent includedx 

1* tho offecta on officioney of food utUiaation. 

2* tho offoeto on woij^t gaina* 

3. tho ability to digest cruda fiber, crude protein, other 

extract, and nitz>ogen->free extract. 

4* Ri© effects on fluorine, calciun, phoaphoruai and nltrogm 

balances* 

5* Ria offecta on blood levels of p^oa^orua, sodiun, 

potassium, nagnesiun^and calciun as a funeticxi of tine. 

6. The effects on quantative fluorine storage in bono^ 

heart, liver, kidney, and spleen. 
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7. Pathological changes In bone, heart, liver, kidney, 
and spleen. 

8, Detemdnation of the correlatitm of fluorine 6tmt«$t of 

urJne and dietary fluorine intake as a poselbls criterion 

for the diagnostic raeasurement of fluorosis In aninals 

under field oaiditiong. 

7. The effects ©a certain wicr©-orga«ls»s In the rumen. 



CHAPm II 

SMm OF UTEBAmS 

Many studlea ham btm eonductad to dotornine mhm of th« offoeia 

of fluorine on aun and animals} hOMover, many of these studios have haan 

Ksde under field oonditions and not from mil controlled eaqperimenta* 

Sxeellant reviews of most of these studies have been presented by Mltehell 

and Sdaan (1952), Schmidt and Rand (1952), Roholm (1937), and MeClnre 

(1933). 

Fluorine studies with animals have been ande primarily with cattle, 

sheep, rats, and swine, with a few reports oa dogs, rakA>its, and horses, 

A limited nuBdmr of controlled feeding eaperlnsnts with sheep fed various 

levels of fluorine have bean reported, and very few controlled studies 

on materials that would alleviate fluorosls in large animals, 

(193®) reported on feeding young sheep for three years on 
control rations, plus Nauru rock idiosi^te supplying 60, 120, and 160 

milligrams of fluorine dally} also, Florida rook jdwsphate supplying 170 

mlUlgraas of fluorine dally. His findings showed that sheep neelviag 
120 adlligrmM of flxiorine per day or less grew normally, ate the same 

amoxmt of feed, and rcnaalned in good health throu^out the experiment. 

Those receiving larger doses of fluorine performed normally for about one 

year, after which their feed consumption, weight gain, and general health 

becaiM greatly iiqpaired. Sheep fed Flox>ida rock phosphate were affectwl 

less than thoee on Nauru rock phosjihate. The ingesti{*i of these levels 

of fluorins did not significantly reduce the wool growth when compared 
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vith control animal*. Do*** of 120 ollllgraiBa or 1«sb of fluorin* p*r 

d*y had no •ff*ot on th« physical appoaranee of boti**, but higher do*** 

brought about th* replaewaent of the normal yellowish color and luster 

by a white^ chalky appearance* Walls of the bcHies became thickened, 

and in extreme case*, emostose* were produced en the long bones. The 

mandibles also idKtwed exostose* and otmslderable Increase In diameter. 

The sheep receiving 60 milligrams or more of fluorine per day showed 

changes In the teeth, jroughly in proportion to the amount Ingested. 

Ingestlon of fluorine had no definite effect on the ash content of the 

bones, but It brou^t about a ten-fold or greater Increase In the fluo 

rine content of bones and teethj however, other organs did not appear 

to be affected. 

Hatfleld e]^ (1942) reported on western lambs that were fed a 

ration to idileh rock pbcaphate ecmtalnlng 3.45 percent fluorine waa 

added to inereaae the dally Intake to 1.5, 3.0, md 4.0 mllllgrane of 

fluorine per kilogram of body wel^t over a period of 170 days. At the 

end of this period the grain Cfmsin^tlon was decreased and growth was 

depresssd In the animals receiving 6.0 milligrams of fluorine per im**-

gram of body wel^t per day. As the fluorine Intake Increased, the 

breaking strength per gram of bone decreased proportionally and the 

peretmtage of fluorine In the bone Increased. Also, the weight of the 

thyroid gland decreased as the amount of fluorine was Increased In the 

ration. 

Shrewsbury et (1944) reported m three experiments with 

growing lambs, snd one soqierlRsnt with breeding ewes carried through 
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thr«« reproduction periods. The maxlaum level ot fluorine from rook 

phosphate safely tolerated by lajabs, as Indicated by tib»ir rate of gain^ 

was 1.5 to 3*0 adlligraas of fluorine per kilogram of body welcht per 

dayi however^ at this level timre was some reduotlcoi in growth. Fluorine 

from rook ̂ osphate at a level of 1*5 aiUigraias per kilogram of body 

weii^t produced no visible detrimental effect on teeth except for ali^^t 

discoloratioDj however^ the 6.0 milligram level produced fractured and 

erroded teeth. Bone measureaente, breaking strength^ and bone ash were 

not significantly affeeted by any of the levels usedf althou^ there 

was a marked increase In the percentage of fluorine in tho bcxies. 

Shrewsbury's findlnge ehowed that fluorine trtm rook i^osphate 

in rations of breeding ewee did not affect maintenance of body wei|d''t 

during the first year, but produoed a deleterious effect during the 

second and third years, with the most prtxiouneed effect resulting fnmi 

the hi^st level of fluorine. The nuDd»er of laobe bom per ewe was 

not influoncod by tho Isvel of fluorino In tho ration, and tho birth 

wei^ta wero affected only slightly. If at all, during the three-year 

period. The growth of the tiilrd-gestation lambs from ewes that received 

fluorine fmn rock j^ephate for three years was not affected by the 

fluorine Ingested by the ewes. Wool did not stem to be affected by the 

fluorine intake. The fluorine oontmait of the rations did not bring 

about abnormal relationships in ths blood calcium and i^osphorus of ewea 

or lamba. Fluorine was conoentratsd in the bones of lambs in proportion 

to its level in the ration and length of time fed the ration. Ewe bonoe 

contained somewhat more fluorine than the lamb bcmee, but the content 



$ 

was not in proportion to tho length of the experioentaX period. 

Shrewsburjr also indieated that the preeenee of adequate iodine 

in the ration did not counteract the deleterious effect of fluorine on 

the growth of laahs. However, fluorine increased the storage of iodine 

in the thyroid gland laider conditions of both adequate and inadequate 

iodine feeding. 

Peirce (1951) reported on aheep fed in pens for thres and oam-

half years on a control ration and givm rain water to which sodlun 

fluoride was added to give a final concentration of 2.5;^ 5* 10, and 20 

p.p.m. (parts per million) fluorine. The ingeBti<ni of fluorine appeared 

to have no adverse effects on general health, food consusption, or wool 

production in these sheep. At the end of two and one-half years, the 

wei^t of the sheep receiving 20 p.p.a. fluorine was significantly less, 

at the $ percent level, than that of the control animals. The incisor 

and nolar teeth of the sheep receiving water containing 5 P«P<ik* fluorine 

were slightly mottled, Mottlirig was more evident in those receiving 10 

p.p.m. fluorine, and mariced in those receiving 20 p.p.a. fluorine. Fluo 

rine ingestion caused the incisors to errupt at an earlier age, and 

broui^t about increases up to twenty-fold in the fluorine content of the 

bones and teeth. 

Qaud jJ, al. (1934) investigated edendc fluorosis in Morth Africa 

and found that Jawbcsies of affected sheep contained from 1200 to 4ii00 

p.p.B. fluorine. It was calculated that these azdlmals had been ingesting 

about 6 sdlligraas of fluorine per kilogram of body weight per day whm 

the sources of water, mod, vegetation, and duet were taken into account. 

The only synptcna nsmtioned was w<nm and mottled teeth. 
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SXagmold (1934) found thot 8he«p, when fed ha/ containing 200 to 

230 p.p.u* fluorine, began to lose their appetites within three aontho, 

and at the end of a /ear tiere anemic, stiff, and had developed exostoses. 

Agate and co-workers (1949)> la the Fort William area of Scotland, 

foxmd marked chronic fluorosia in cattle and sheep, with vywptam of 

exceesive tooth wear, lowered gain in weight, loss in milk production, 

and general poor health, fhe fluorine content of the mandibles of two 

sheep ms 5,600 and 7,700 p.p.m. fluorine on a dry, fat-free basis. A 

herbage san^le, wiiich these animals had been consuming, contained 61 

p.p.m. fluorine on a dry weight basis. 

Chang, iMIlips, and Hart (1934) reported m Holstein dairy cows 

that received 0.022, 0.044, and 0.068 percent fluorine, based on the 

total ration and supplied from rock fhosp^iate, from fotir to eix months 

of age until after the third calving. Their results showed the greatest 

quantity of fluorine accompanied calcium and phosphorus deposition; 

however, eome fluorine occurred in all normal tissues. The bones sad 

teeth contained large quantities of fluorine, while the more active 

organs such as the liver, kidney, heart muscle, and other tissues studied 

showed only msall quantities of fluorine. The average fluorine content 

of the normal dentine and normal bones of these dairy cows was found to 

lie between 42 and 63 milligrams per 100 grams of dried tissue. The 

fluorine content of the liver, kidney, heart muscle, pancreas, tligrroid, 

tendon, hair, and hoof was found to be less than 1 milligram per U)0 

grams of dried normal tissue. Tlw inelueion of 0.088 psrcmnt fluorine, 

based on the total raticm, resulted in an increased storage of fluorine 
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ia th« bones and teeth, which aBictinted to 16 to 2$ tines that found la 

normal osseoxia structures} and the fluorine eontcnt of the intexnal organs 

was doubled. 

Hobbs (1951) reported that teeth of cows fed ratimis tw 

40 aonths containing approximately 13 to 30 p.p.m. of fluorine added to 

the ctmtarol ration showed some staining and markings; 30 to 40 p.p.m. of 

added fluorine showed erosion, mottling, and pitting. At higher levels 

of fluorine feeding, all the effects were pronounced. Also, metabolism 

trials conducted on mniaals receiving added fluorine in the amounts of 

10, 20, 30, 40, 30, 70, and 100 p.p.m. indicated that fluorine had little. 

If any, effect on the digestibility of the protein, fat, fiber, and N.F.E. 

in these experlmmts, but did result in a lower feed consumption at hiid^er 

levels. 

In the conclusion of a review of literatmre, Kitohell and S^hun 

(I932) reported that the level of fluorine from rock phosphate which is 

on the borderline of toxicity for cattle, aheep, and pigs is about 100 

p.p.m. of the total dry ration. They reported that the toxicity of in 

organic fluorine compotmds depends to some extmt on their solubility in 

water above certain mlnlimwi levels of intake. Sodium fluoride and sodium 

fluosilicate are the moat toxic and ealeim fluoride is the least toxLe 

among the compounds studied, mainly witb the laboratory rat. As nearly as 

they could Judge tnm the evidence available, the fluorine of sodim 

fluoride, up to levels that will affect the appetite and growth of animals, 

is about twice as toxic as the fluorine of cryolite, end preeuomably of 

rook i^aphate. 
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Xtynard (1947) stated that at first fluorine merely accumulates 

iu the boaes and teeth without evident haim, and considerable time elapses 

before structural Injury beecuaes evident. The avidity of the bones and 

teeth for fluorine tends to protect the soft tissues against excessive 

concentrations; however, after the bones beoons saturated, the greater 

part of the absorbed fluorine is free to produce its general toxic effects 

on the organs and soft tissues. 

Hobbs jl. (1951) reported that the fluorine analysis of urine 

gives a fair oaetbod for the divisim betwem cows coneuaing rations 

taining less than 20 to 30 p.p.a. fluorine in the dry raticm and those 

above this level. Also, sttidies showed t^ere was considerable variation 

in the fluorine content of urine sanples taken from the sane cow at dif 

ferent times or from different cows eating rations ccnataining the same 

fluorine level in the dry ration. 

According to Blakemore (194d)$ urinary analysis was found 

to be a convenient way of diagnosing fluorosis, especially in sub-clinical 

cases where no dental signs or obvious skeletal changes %rere present. 

They concluded that a high urinary value may reflect either a high oxtrrsnt 

consusqption of fluorine, or the skeletal storage of fluorine in the pastj 

and in my given outbreak of disease, close correlation can not be esq^ected 

between clinical symptoms, urinary outinit of fluorine, and changing levels 

of pasture contaminaticm. 

Sharpless (1936) reported on various substances that would limit 

the toxic action of fluorine fed to rats. Salts of lanthanum, cerium, 

thorium, and boron, which form insoluble or cosqplex fluorides, were foiod 
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t© give either no protection or# ae in the caae of lanthonun# only elii^t 

protection. Aluminum chloride waa found to inhibit, to a large extent, 

the toxic effects of fluorine. 

In these studies with rats, Sharpless used levels of 0.025 percent 

and 0.1 percent sodium fluoride msd 0.5 percent and 2.0 percent aluminum 

chloride in the diet. Hats fed 0.1 peremt sodium fluoride grew at ap 

proximately two-thirds the normal rate, but by adding 0.056 percent 

aluminum chloride to the diet, noimal growth was obtained. Also, rats 

fed the diet containing 0,1 percent sodium fluoride had Inclsora with a 

rou^ and often pitted surface, and aectioos of the enamel were often 

chipped. However, rate fed this same diet with 0.5 percent ftiiiwiniMi 

chloride had incisors with a smooth sxurfacs, but they were bleached and 

the lowers wore down rapidly. It was assumed that aluminum is not 

absorbed by the ratj therefcure tiwj protective action must take place in 

the intestinal tract, probably bf the formation of an aluminum and 

fluorine-containing e«apo\ind which is very sli^ly dissociated. 

Sharpleae also reported that 1.0 percent calcium carbonate gave 

some protection, and 2.0 percent caused normal growth in rats receiving 

O.X percent sodium fluoride. Two percent calcium carbonate gave no sig 

nificant protection to the incisors. The addition of 1.0 percent calcium 

chloride caused a lower rate of growth than that obtained frc« sodium 

fluorido alims. 

Vsnkataramanma and Krishnasurasy (1946) confirmed the ameliorating 

effect of aluminum salts in fluorosis induced in albino rats, and have 

shown that the skeletal storage of fluorine is a|:^preeiably reduced by the 

presence of alxmdnum in the diet. 
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Kajxmdar and Ray (1946) reported the addition of oalciun or i^os-

phorua aalts^ in anoimta adequate to bring the quantity of and the ratio 

between the two minerals to optinnai levels, helped in protecting the 

animals for long periods against fluorine intoxication. Ingestion of 

alofflinun sulphate was very effective in prevmting fluorosis. A large 

positive balance of fluorine was observed in all animals given high 

quantities of the elesMnt. The estimation of net retention of fluorine 

gave no indieatitm of ̂ e condition of the animal. Howeveri the poorer 

the condition of an animal, the greater the quantity of fluorine excreted 

In the urine. They concluded that urinary output of fluorine was a good 

indsx of the intensity of fluorine intoxication. Serun calcium and blood 

inorganic i^si^rus in adult animals wers not affected by fluorine 

feeding. 

Marcovitch and Stwili^(1942) reported that aluminam sulphate 

and bydrated liii» are capable of saving animals from a lethal dose of 

sodium fluorids. Boric acid also had sens value as an antidots through 

the formation of a fluoborate. The aluminum sulfate forma cyrolite, which 

ia found to be much less toxic. 

Unpublished data at the Ihilveraity of Twmeesee indicated that 

the amount of fluorine stored in the bone of the albino rat is proportional 

to the level of fluorine fed up to 400 p.p.m. of fluorine added, for a four 

and six week feeding period, ttiie work indicated that Al2(S0^)^.18 HgO, 

eublimed AlCl^, XH 1010 (aluminum etxqxiund containing 72.5 percent Al^Oj), 
and Al(OH)(02^1202]^reduce the absorption of fluorine, as measured by bone 

•toragSf idien added to rations at levels of 0.5# 1*0, and 2.0 percent. 

https://Al2(S0^)^.18
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Onea fluorin® is depositsd in the bone, Al2(S0|^)2.1d K^O, AlCl^ (subXinsd), 

or dofluoroi^s did not ineroase rsaoval of fluorino firtm tho boas* Ths 

rate of fluorine turnover corresponds closely with ealcium and j^oephorus 

rate of turnover* Xt appeared that the anount of alleviation apparently 

is related to the amount of aluminum ions present in the ration* Hie 

lack of solubility of A1^^*XH20 and amberlite and the solubility of the 

other alwdiKUi salts suggest the poseibility that the alleviation effect 

My eonoeivably be tied up idth Uie solubility of ^e aluminusi compounds 

sad the resultant alusdjiun ion eoneentraticm* 

https://Al2(S0|^)2.1d


CHAPTER in 

EXPERIMEIITAL PROCEDURE 

ero8Bbr«d f««dBr wthBr lan^s, el^t to twolvo 

aontha of mgp mad avoraglng approxiiDately olght]r'>«i^ pounda in woli^t, 

war* twod In thia atndy. Theaa anliaala wora fad for apprcxLnataly a 

two-month pra-axparlmantal period in an effort to rid them of internal 

parasites, gat them on feed, and aeeustom then to individual feeding 

facilities. All animals were docked and treated routinely with 

thiasine. During this period, the daily ration of chopped lespedesa hay 

and a eone«itrate mixture (80 percent ground yellow com and 20 percent 

wheat bran) wu gradually increased until all animals were conauising 

approximately (xie pound of hay and one pound of concentrate per head per 

day. They had free access to salt and water. Individual feed records 

were initiated on all animals during the last four weeks of this period. 

The animals were fed in ̂ le early morning and late evaning, feeding 

one-half pound of concentrate at each feeding. 

Twelve of these lambs, selscted at random, were placed in amtabo-

liem stalls for a three-week preliminary training period. During this 

three-week period, final changos and adjustments were made in the metabo-

liea stalls to standardizs ths balancs procedure which was tised throug^ut 

the e3q>erim«:it. 

Following this preliminary period, seven-day collections were smde 

en twelve laxsbs to determine the digestibility of fssds and nineral 

balances on representativs animals to be used as the control. Representa 

tive samples of hay, concentrate, urine, and feeee were taken daily from 



u 

•aoh anisal, froo which an Individual coBiposite aampla for the ••ven^-day 

collection period was analysed for fluorine^ calciUBj iidioaphorua, crude 

protein, crude fiber, ether extract, and nltrog«i-free extract* 

Three aniaale, selected at randwn from the seventy-five lambs, 

were sacrificed one day befcnre the experiment started. Tissue sas^les 

were taken for fluorine analysis and pathological studies. Results frc« 

these studies were used as base controls for all lots. 

The remaining sevmty-two feeder wether lambs were weighed, 

paint-branded, and divided into six lots of ten each and three lots of 

four each, using the criteria of weij^ts, previous feed consw^}ti<»i, and 

general appearance. The six lots (lots 1 through of ten animals 

each were assi^ed treatments at random and the three lots (lots VII 

through IX) of four animals sach were assigned treatmsnts at random as 

shown in Table I. 

Each animal was assigned an individual stanchion, which was given 

a nuaber correspcmding to tiie number on the animal. Each lot of animals 

had a ssparate loafing p«a with free aooess to salt and clean, frssh 

water. 

The concentrate mixture, consisting of 80 percent ground yellow 

com and 20 percent wheat bran, was nixsd every two we^s. Fluorine in 

the form of sodium fluoride was added in p.p.m. (parts per million) to 

the conccmtrate mixture, as shown in Table I. The sodium fluoride added 

to each batch of feed was prs-mixsd with a «nall anoimt of concmatrats 

previous to mixing with the bulk of ̂ e concoitrate. After mixing each 

batch of feed, the mixer was thoroughly cleaned to prevent any oontamlnaticn. 
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Alundniua stilfate hj^att (Al2(S0j^)j.l8 Hj^) wid aluBdnum chloride hTdrate 

(A1CX^.6 HjO) were added in the aoounta as shovm in Table the per 

centage baaed on the total ration, and mixed with the oonceatrate aa 

described for aodinn fluoride* The ecmcentrate siixture for each lot was 

then stored in separate galwaniaed contairMrs. 

Each animal was fed the concentrate nlxttire, and approximateljr 

one hour later the portion not ctmsumed was remoYed from the feed box 

and weighed* After removing any concentrate which was refused, one-half 

pound of good quality chopped lespedesa hay was placed before each ani 

malfor approximately cue hour, and then the hay weighback was taken* 

The animals were fed tlw same amount of concentrate and eheppod lespedeaa 

hay in the early morning mad late eeeniitg from t)M beginning of the 

experiment until they were sacrificed* Every fourteen days the animals 

wera individually wei^ad after the morning feeding, but before they had 

acceaa to drinking water* 

Blood aamplea wore taken periodically for the determination of 

calcium, jdwaphorua, potassium, sodium, and magnesium* After the blood 

aamples were drawn, they were allowed to clot at room temperature, 

eentrifuged, and aenna removed. The Clark-Collip modification of the 

Kramer-Tiadall method, as described by Hawk j|^* (1949), was used for 

the determination of serum calcium* Phosphorus wae determined by a 

alight modification of the Fiake and SuhbaBow method aa given by Hawk 

ll al> (1949). Sodium and potassium in blood serum wae determined by 

using the flame photcweter according to the method described by Perkiai-

Elmar Inatruotion Manual (1949)* The determination for serum magnesium 

https://Al2(S0j^)j.l8


If 

vat according to a eosAiinatlon of uatliods doscrlbed by Sliaoraan ft 

(1947) and tho modifiod Oonls laathod as described by Hawk a^. (1949)* 

Every twenty^HBi^t days, two aniiaals froa each lot were placed on 

metabolism trials for seven days to obtain quantative digestibility and 

mineral balance data* Tlimre was a three-day preliminary period before 

each metabolism collection to accustom the animals to the metabolism 

units. Daring the metabolism trials, the feces were weighed and the 

urine measured each morning. 

Representative samples of concentrate, hay, feed weii^baek, urine, 

and feces were taken daily froa each animal to make up individual com-

poeite aamplea which were analysed for fluorine, caleiim, phosphortte, 

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

The me^od uMd for the detersdaatlcm of fluorine in the various 

samples was a slight modification of the perchloric acid distillation 

and thorium nitrate titratlcn method as described by Willard and Winter 

(1933)* These modificatims varied with the snuplee, eince the materials 

includsd fesds, urins, feces, and bonea for analysis. Tho fluorine ecm-

tent of feeds and feoss was reported in p.p.m. fluorine on an air-dry 

basis. Urine and soft tiaaues were reported in p.p.m. fluorine ae the 

aamplea were normally collected. Bones were reported in p.p.m. fluorine 

on an aah baeio. 

Calcium and i^osphorua determinations on feeds, feces, and urine 

were made according to tha Asaociatim of Official Agricultural Chemists 

(1950) standard ms^oda or slight modification of these methods. 
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ProxLmate analysis of feoda and fecss wsre detsmdnsd by Assoelation 

of Official Agricxiltural Choraists (1950) standard me'UK>d8 or slight modi 

fication of those methods. These analyses included ash, moisture, crude 

protein, ether extract, crude fiber, md nitrog«i-free extract, idiich 

provided a basis for determining the digestibility of cjmde protein, crude 

fiber, ether extract,and nitrogen-frae extract. 

Bvory twenty-eight days, two animals each, selected at randcw, frost 

lots I through VI and one sniaal each, except for the first period, from 

lots VII throu|d» IB eers sacrificed, A gross autopsy was made on each 

animal. Bene, heart, liver, spleeoi, kidney, and lung saa^les were takm 

for pathological stttdies and fluorine analyses. 

Because of hot weather, all animals that had not been sacrificed 

were sheared between the B4'^sy snd 112-day periods. 

During ttte third sxpsrimental period, rwoen samples were taken, 

via stomach tube, from three animals sach of lots I throu^ VI wid two 

snimalo each of lots VII through IB* Gram stains were prepared of the 

original material and examined earefhlly for the morphologieal types of 

organisms present with special emphasis en ths presence of the coccoid-

type organism and the tiny gram positive curved rod. Also, the cultura-

bility and conc^tration of crganiaaui were detennin«Kl on aax^les firom 

eaoh animal. 



CHAPTER I\r 

BESULIS AND DISCUSSION 

Feed ConsuiBptioa 

At the time the experiment wae initiated the animals were cosisuoing 

one pound ot eoneentrate (00 percent groxmd yellow com and 20 percent 

wheat bran) and approximately <me pound of choj^d lespedesa hay daily. 

The hay averaged 6 p.p.m. fluorine (range 4 to 0 p.p.m. F), and the grain 

for the control ratitm averaged 6 p.p.m. fliiorine (range 4 to 10 p.p.m. F) 

throughout the eaq^erinwnt. Table IX shows the average individual daily 

feed eon8UB^ti<») for each lot per 28-day period throughout the experiimmt. 

There was a slight decrease in the consumption of hay during the 

first 20-daar period in the lots receiving the hi^er amounts of fluorine; 

however^ lot I (control) consumed slightly lass than lot II(2$ p.p.m. P 

added) or lot III (50 p.p.m. F added). Lot PI (200 p.p.m. F added) and 

lot ?XI (100 p.p.m. F plus 0.1 percent aluminum sulfate hydrate) consumed 

less c<memtrate, especially during the first week, than the lots on lower 

levels of fluorine. lot IX (100 p.p.m. F plus 0.1 percent aluminum 

chloride hydrate) had a good feed consumption record as ccaapared to the 

other lots during this period. 

Lot IX (25 p.p.m. F added) consiuaed slightly more hay and concentrate 

throughout the experiment than did lot X (e^trol) as shown in Table II. 

Lot PI (200 p.p.m. F addod) eonsunod less hay and concentrate than the 

other lots. There was considerable variation in the amormt of hay and 
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conceaiiTute consuraed within 0ach Xot thx*ou£^out tho ejcperloeiit as notsd 

throughout Tabl« II, 

During the 140-day feeding trial with Xaadde, there hbb no aignlfi-

eant deereaee In feed conauMptlon in lota I through V (O to 100 p.p.m, F 

added)j however, there was a significant decrease in lot VI (200 p.p.m. F 

added). In general, there was no significant deci^ase in feed ctmsuaqption 

of mimals in lots VII, VZXI, and XX (100 p.p.m. F plus 0.1 percMit swd 

0.5 percent «3\inrlnum eulfate hydrate for lots VII and VXII, reepectively, 

and 100 p.p.m. F plus 0.1 percent aluminum chloride hydrate for lot IX). 

This would indicate that aluminum sulfate hydrate or aluBdzram chloride 

hydrate has little or no effect on feed coneumptiixi of lamhs at thie level 

for a period of I40 days. 

Weight Gains 

fhe average beginning weight of the individiutl lota ranged from 

8®.0 to 88.4 pounds; however, ̂ ere was considerable variation within 

each lot. Table III shows the average beginning weight, the average gain 

for the different periods, and the total average gai.n for the entire 

experiment. 

During the first 28-day period, lots III, IV, and VH lost from 1 

trS 1.4 pounds and lot VI lost 5#2 pounds, which corresponds very closely 

to feed consui^jtion. All lots gained weight in the second period. During 

the third period, all lota gained wei#t with the exception of lot VI. 

In general, this corresponds to the increase in feed consumption during the 

second and third periods. All animals were sheared during the fourth 
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period, which partially accounta for the large loae in weight of all lots. 

All lots gained during the fifth period|however, the alleviator groi^>s 

gained nore. 

Daring the 140-day feeding trial, the laaOis in lots I and II 

(eontx^l and 25 p.p.m. F added) gained slightly more than those in the 

other lots. The total average gains la Table III indicate there is 

considerable variation betwem lots and that 200 p.p.]B. fluorine added 

to the ration decreases the weight gains. Also, 0,1 percent aluminuai 

sulfate hydrate, 0,5 percwit alundnuii sulfate hydrate, or 0.1 percent 

aluminum chloride hydrate fed to laaftts receiving 100 p.p,*, f for 140 

days apparently did not materially affect weight gains. 

Digestibility 

A suntoary of the average percentage apparent digestibility for 

ortide proteins, crude fiber, ether extract, and nitrogen-free extract 

for sheep on various levels of fluorine is shown in Table IF. Column 3 

In Table IV gives the nwriMr of animals from each lot that were on 7~dey 

metabolism trials. All hay, ooncantrate, weli^aek, feces, and urine 

samples analysed were a ccHspoaite of 7-day collections. 

The average percentage apparoit digestibility of the various 

fractions is shown periodically in Table XIII, Due to a limited nxadier 

of metabolism stalls, the animals in lots VII, VIII, and IX wars on 

Mtabolism trials at a different time, but vdthln the same 28-day period 

as those of lots I throu^^ VI, 
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'Rier* were soae ▼arlatltms in the digestibility of the ration 

nutrienia) however^ these differenees apparently were not associated with 

the fluorine content of tlw rations or with the length of tiiae the aniaals 

had been consuming the various rations. Similar digestibilily results 

have been obtained on cattle at the University of Tennessee which sub> 

stantlate these findings. The addition of 0.1 percoat aluminum sulfate 

hydrate, 0.5 percent aluminiaa sulfate hydrate, or 0.1 percent aluBdnun 

chloride hydrate to the ration of sheep receiving 100 p.p.m. fluorine did 

net cause any appreciable differenees in the digestibility of the various 

nutrients. 

Balance Studies 

The fluorine, calcium, phosphorus, and nitrogen balances for bheep 

on various levels of fluorine are shown in Tables V, VI, VH, and VHI, 

respectively, and for the convenience of presentati^ will be discussed 

separately. Golvmn 3 of theeo tables gives the number of animals from 

oach lot that were on T-day metaboliem trials. 

Tables XIV, XV, XVX, and XVII show the fluorine, calcium, phoa~ 

phorue, and nitrog^ balances, respectively, for sheep on various levels 

of fluorine for each 28-day period. This data was determined fr«e the 

saaqsles collected during the metabolism trials, each collection being for 

a 7-day period. The feeds and feeding praetioss for animals on metabolin 

trials were the smee as those for the remaining part of the experiment. 

Water waa not considered in these balance studies because the same source 

of low fluorine water was used by animals in all lots. 
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Fluorine Balance 

The average daily Hdlllgraiiie of ingested, urinary, fecal, and 

retained fluorine for aniaals on various levels of fluorine are shown in 

Table V, Generally, toe miHigraaw of ingested fluorine increases id.th 

the anount of fluorine added to the rationj however, in wozking %dth an 

elenent where sdcro aoounts are present, the total amount of feed consuMd, 

sampling errors, and ehemioal determination errors may cause s<»iie variation* 

Collections made during tha first and second periods (Table XEV) 

Indicate the fluorine intake of animals from lots I through V (O to 100 

p.p*m. F added) correspcoids to the amount added to the ration, but toe 

fluorine intake of animals from lot VX (200 p.p.a. F added) was less than 

that of animals fron lot V (lOO p.p.m. F added). This can partially be 

explained by the lower feed coneua^tion of animals from lot VI during the 

first and second experimental periods. Ingested fluorine from animals of 

lots I through VI Ineroasod wito iho fluorine content of rations for tho 

third, fourth, and fifto periods, wito tho exseption of lots III and IV 

during the fourth period and lot IV during the fifth period (Table XIV). 

The fluorine intake of lots VII, VIII, md IX corresponds very closely 

with that of lot V, indicating that 0.1 percent aluadniim sulfate hydrate, 

0.5 percent aluminum sulfate hydrate, or 0,1 percent al\iainum chloride 

hydrate has vexy little effect on feed eonsumpticn of animale receiving 

100 p.p.m. fluorine added to their raticme. 

The average urinary fluorine increased as the fluorine content of 

the rations Increased for lots I torough V (O to 100 p.p.m. F added)} 

however, some of the individual analyses were not consistent. This is In 
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eoncordanoe with work on cattle^ reported by Robbs jjt (1951)# 

indicating that the urinary ̂ uorine may aseist in deteznining the level 

of fluorine being eoneumed at a given time, provided the level is low 

and a large number of animals are sampled* Urinary fluorine of animals 

from lot ?I(200 p.p.m. F added) was less than that of animals from 

lot?(100 p.p.m. P added). This indicates that total urinary fluorine 

of animals on high fluorine intake (200 p.p.m. P added) may not be a 

very reliable estimate of fluorine consumption} however^ it is granted 

that these tea 7-day eollections are a limited amount of data. 

Urine collections were taken from animals in lots VII, VIII, and 

IX during all periods except the first, and the analyses showed that 

urinary fluozdne was lower for each period than that from animals in 

lot V (Table XIV). The overall smsaary (Table V) idwnrs that animals 

from lots VII, VIII, and IX excreted i^pproximately one-half as much 

urinary fluorine as did animals from lot V. This indicates that 0.1 

percent aliueinum sulfate hydrate, 0.5 percent aluminum sulfate hydrate, 

or 0.1 perowit aluminum chloride hydrate significantly decreases the 

urinary fluorine of animals receiving 100 p.p.m. fluorine added to the 

ration. 

The total fecal fluorine of animals from lots I throu^ VI, 

generally, increased as the fluorine content of the ration increased 

(Table V)| however, there was considerable variation by different ani 

mals and for different periode. This is in partial concordance with 

theories that total fecal fluorine may be used as an aid in determining 

levels of currently ingested fluorine, provided large nuidoers of animals 

are sangsled. 
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Av*rAf« dally fecal fluorine of animals from lots VII, VIII, and 

IX was approximtely three to four times that of animals from lot V 

(Table ?)• This indicates that 0.1 percent aluminum sulfate hydrate, 

0.5 percent aluminum sulfate hydrate, or 0.1 percwnt al\iminum chloride 

hydrate tie up ingested fluorine in the gastro-intestinal tract with the 

aluminum chloride idiowing some advantage over the alumiiium sulfate. This 

is in concordance with the decreased urinary fluorine of animals from 

these lots. 

In gensral, the total retained fluorine increased as the fluorine 

content of the rations increased, althou^ there was a great amowit of 

variation between animals and periods of time. Part of this variation 

may result because the retained fluorine is determined by subtracting 

the urinary and fecal fluorine firom the total ingested flvtorina, thereby 

increasing the possibility of determination error. The addition of 0.1 

percent altadnum sulfate hydrate, 0.5 percent al\iminum sulfate hydrate, 

or 0.1 percent aluminum chloride hydrate to the ratim of sheep receiving 

100 p.p.m. fluorine did not indicate any significant effect upon fluorine 

retention. This is not in concordance with the 20 to 30 percent reduction 

in the fluorine content of bones from animals receiving the aluminum com> 

pounds as compared to those receiving the same amount of fluorine with no 

alleviators (Table X). However, it should be kept in ndnd that a balance 

trial is over a very short period of time and, at best, under some abnormal 

conditions. Mineral studies with sheep, cattle, and swins should bs eea«> 

ducted over a good part of an animal*s productive life for most useful 

results to the livestock industry. 
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Calcltm BaJ.nnea 

Table VI gives the average daily grame of ingeated, urinary, fecal, 

and retained calciura for sheep fed various levels of fltiorine and allevi* 

etors. There were no signifioont differences in the average dally ingested, 

uidnary, fecal, or retained caleiim that could be associated with the 

level of fluorine Intake, esccept that the ingested and retained ealeium 

for lot ?X was lower than that of the other lots. This eesi pai^tlally be 

explained by the lower feed consun^ion of animals in lot VI, The caloiua 

balance did not appear to be affected by the use of dietary aluminua 

•ulfate hydrate or alundnua chloride hydrate, 

Phosi^orua Balance 

The average daily grams of ingested, urinary, fecal, mad retained 

phoephoruB is shown in Table VII, The phosphorus contmt of the samijles 

collected from maimals of lot I through lot VI during the third metabolism 

trial are not included in this table because of an unavoidable accident 

after the samples were collected| however, the samples that were analysed 

for this period are shown In Table Zfl, 

The ingested phoephorue of anlnale from lot VI(200 p.p.m, F added) 

wee lower tlian that of other lots, mainly because of a lower feed ocm* 

sumption. Table VII shows that the animals from lots VII, VHI, and IX 

had slightly more phosphorus in the feces, less retained, aiui a lower 

percent retained than that of animals from lot V. This miqr partially be 

explained by the lower phoe^diorue intake; however, it may have been 

eauaed hy the addition of aluminum eulfate or altadnum chloride to the ration. 
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yitrogfi Balance 

The differences in nitrogen intake» excretion^ and retention 

(Table VIII) were apparmtly not associated with the fluorine content 

of rations ccmswned, except animals in lot VI had a lower nitrogen in 

take excretion, and retention than those on lower levels of fluorine* 

This may be caused by a lower feed consumption. 

The fecal nitrogen was sli^tly greater and the urinary and 

retained nitrogen slightly less for animals in lot V (100 p*p*B* F 

added) than that of animals in lots VH, VIII, and IX (100 p.p.m* F 

added pltui 0*1 percent alumimim sulfate hydrate, 0*5 percent aluBdnuB 

sulfate hydrate, or 0.1 percent aluminum chloride hydrate, respectively)* 

However, this is a small difference and is not in concordance with the 

digestibility of crude proteins* 

Blood Sttidies 

Blood samples were taken from all animals in each lot at various 

intervals throu^iout esqperiment* The samples were allowed to clot, 

oentrifuged, serum removed, and analysed for phosphorus, sodium,potassium, 

magnesium, and calcium* Table IX shows the average analyses of the entire 

experiment for each lot* Colusn 3 in Table IX gives the total nundxir of 

samples analysed from each lot* It is noted that all analyses fall within 

the normal range for sheep at this age according to Dukes (1947)* 

Diffsreness are noted in these analyses; howsver, thsss diffexrsnees 

cannot bs associated with the fluorine content of the rations* It is noted 
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In IX that blood senm, from animals receiving the higher levels 

of fluorine, had a slightly higher lAiosi^orue conteat than that of ani 

mals on a control ratlcm. 

Tables XITIII tharough XXII show that analyses of blood serum vary 

from one period to another. It is noted that the calcium content of 

blood serum at the 111-day period for all lots was, in general, hi^er 

than that for other periods. These variations at different periods 

apparently did not follow any trends that eould be associated with the 

levels of fluorine in the raticHis used in thj.s esperimsnt. 

Th«e« analysaa iiidieaied the fluorine contmnt of feed, up to 

200 p.p.m. fluorine, did not affect the phosphorus, sodixtm, potassium, 

Mgneslum, or calcium level of blood serum fma laidM on these treatamnts 

over a period of liiO days. Also, 0.1 percent aluminum sulfate hydrate, 

0.5 peremt alunimm sulfate hydrate, or 0.1 percent aluminum chloride 

hydrate, in the ration, apparently did not show any cfflislstoit differences 

in animals receiving 100 p.p.m. fluorine for a period of 1/tO days. 

Fluorine Contmit of Bones 

Table X ihows the fluorine contmnt of a sagittal section of the 

metaoarpals and the migle of the mandible bones from lambs sacrificed at 

the end of each experimental period. These results are reported la p.p.m. 

fluorine on an ash basis. To c<Hivert this value to a fat-free basis, de 

crease it by approximately one-third. Coltum 3 in Table X gives the 

number of animals sacrificed at the end of each period except m noted. 
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Ho anlaals were killed fr&n lots VZI, VIII^ ai»l IZ at the end of the first 

period, because cmly four animals were used in each of these lots, and 

it was assumed more walusble results could be obtained from the aUeriator 

groups by holding then until the later periods. 

The fluorine content of the mandibles was hi^er than the fluorine 

content of aetaoarpals of all animals, tdiich is in concordance with other 

work on storage of fluorine in bones of animals that have been receiving 

rations containing large amounts of fluorine. Isotope studies with 

various mlnsrals have substantiated these bone differences and affects of 

time en a given raticm. 

nie base fluorine content of the bones increased as a function of 

intake and time on a given ration at each of the five eiqwirlmental periods. 

Also, the fluorine contsnt of bones increased with the length of time on 

a given ration, with the exception of lot 17 during the third period, sad 

this value was exceptionally high because the fluorine concentratioa in 

bones from <ms animal was very high. 

The mandibles and metacarpals of animals for lots VXI, VIII, and ZX 

(100 p.p.m. F added plus alleviators) had a lower fluorine concentration 

for all periods than those of animals in lot V (100 p.p.m. P added). At 

the end of the second period this decrease in fluorine conc«itrati(m was 

small for the alleviator groups} however, at the end of the fifth period 

it was approximately 15 psrcrat for animals receiving 0.1 percent alumi 

num sulfate hydrate, approximately 35 percent for the animals receiving 

0.5 percent aluminum sulfate hydrate, and approximately 30 percent for the 

animals receiving 0.1 percent aluminum chloride hydrate. 



a 

Thl« shows that storage of fluorine in bone can be lowered by the 

additi^ of either aluffilmiaa eulfate hydrate or aluBiinufli chloride hydrate 

to the ration of land>s ingesting increased levels of fluorine. 

Uistelogieal sections of the Jaw and leg b<mes did not show any 

significant diffeirenees that could be associated with the various 

treatments. 

Fluorine Content of Soft TLesues 

The average fluorfno centent of livers, hearts, kidneys, lungs, 

and splesns of animals sacrificed during the jare-experinental period and 

at the end of the firet and fourth periode is shown in Table XX in p.p.m. 

fluorine on e wet basis. Fluorine detexsdnatlons were made on tissues 

from one animal each of lots VXI, VlXl, and IX, and these animals were 

sacrificed at the end of the fourth period, consequently, providing e 

limited amount of data on these lots. 

Differences were noted in the fluorine content of the various 

tissues} however, these differences apparently were not associated with 

fluorine intake. The kidneys trom animals in lot VI, aaerificed at the 

end of the fourth period, were higher than those of unlmala in other lots, 

which may be due to urine in the kidney that was high in fluorine. The 

livers, lungs, mid spleens from anjjaals of lots FIX, VIXX, mid XZ that 

wars sacrificsd at the end of the fourth period, were lower in fluorine 

eoneentratim than the tissues of corresponding animals of lot Vj however, 

this data is too limited to assume the difference was due to ̂ e alleviators. 
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A3 

Hiatological sections of livers, hearts, kidn^, lungs, and 

spleens from lambs on the various treatmnfits were made. Ihese seetlons 

did not show any significant differences that coiild be associated with 

the various treatoients under the eonditions of this experiment* 

Fluorine C<xitent of Urine 

Many workers have considared urinary excretion of fluiorine by aa 

as a method of obtaining an Indication of fluorine ingeatlon* 

Blakemore ft (194®) reported that the urinary level at any given 

time ia influmnoed not only by the currant rate of absorption frcNS food, 

tout also by the rate of excretion from the skelet<m of fluorlno stored 

in the past. Also, it is very iB?)ortant to consider the fluorine content 

of the pressnt and past ratiwis, length of tine animals have been on a 

particular ration, age of the animal, and age of the animal when put on 

the ration in question* 

Table XII sliows the average p.p.m. fluorine In urine, overall 

average fluorine content, end the average daily milligrams of fluorins in 

urlns from lambs fed known levels of fluorine and alleviators for dlf-> 

ferent intervals of time* Considsrabls variation in the fltiorine e<mtent 

of urine from one period to another la noted* la general, the fluorine 

content of urine during the last period is higher than that of the 

ether periods* 

In Figure 1 the p.p.m. fluorine in the rati<Mi and the p.p.m* 

fluorine in urine are plotted in broken lines and the milligrame of 

fluorine consumed and milligrams of urinary fluorins srs plotted la solid 
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lin«» for tho ontlro exporlment. Tho eorrolaticm of tho plottod factors 

are as foUovs: 

Lots X•XX Lots I- TX 

in current ration .778* ,816^ 

p,p,a, F in urine vs ngs, F 
in urine .927* .933^ 

p.p,]n, F in urine vs mgs, F 
consumed ,?78» .965^ 

ng, F in urine vs p,p,m, F in 
current ration .7a* ,798^ 

was necessary to determine the correlations of these factors 

for lots I through VI and also for lots I thjroui^ IX because alleviators 

were used in the rations of animals in lots VXI through IX, In using 

these correlations, it is very is^rtant to keep in adnd the alleviators 

used and also the fluorine eontent of bcmes as given in Table X. 

tniis statistical analysis shows that the fluorine content of 

raticms and \urinazy fluorine are correlated at either the ,01 or ,05 

level. However, it shotild be enqphasized that the fluorine content of 

urine alone should not be used to determine the approxiiaate amount of 

fluorixxe consumed at a given time, Bie urinary fluorine of an animal 

^Significant at ,01 level, 

^Signifleant at *05 level. 
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■ajr also b« influanead by tha rata of axeratlcm froa tha skaleten of 
fluorina storad in the past, aaount and rata of fluorlna in rations 
pravlously oonstiond, Xangth of tiaa mi a givm ration^ aga of tha ani-
aal, and aga of the aniaal wh«i put on a ration containing increased 
aaoimts of fluorina. 

Buaen Bacteriologioal Studlas 

Bacteriological studias were conducted on three animals each from 
lots I through VX and two animals each from lots VII through IX. The 
rumen samples were taken approximately sixty days after the 
put mi Taidous levels of fluorine and alleviators. Qram stains were 
examined in tha usual manner and no significant decrease appeared in the 
concentration of the coccoid-type organism or in the tiny gran positive 
ourved rods. The degree of parasitism of fibers appeared to be uniformly 
heavy for all lots. 

Bacteriological slide counts, ndiieh averaged about sixty billion 
per gram, were uniformly higher for the control animals than for those 

receiving fluorina. Animals receiving up to 200 p.p.m. fluorine main 
tained a count of approximately thirty-five to forty billion per gram, 
but animals receiving 200 p.p.m. fluorine showed about twenty-five 
billion per gram. Animals receiving 100 p.p.m. fluorine plus alleviators 
averaged about thirty billion per gram. Since the animals had been 
receiving the fluorine for only a short period of time, this may bs only 
a temporary effect and the rumen flora may adjust itself to the conditions 
imposed by the presence of flttorine. 



l!hW9 appeared to be no apparent difference between iote in the 

heigbt of eulturai growth or the dietribution of the verloue tTpee of 

organimw ieolated. Anlmale receiving 100 p«p«a. fluorine with and with~ 

out altwiwuiff eoa^NHtnde gave a aimilar baeteriological pictwe in reepeot 

to their rumen cmtente. 

V ?;•. w 

A" 

a: 

«.'' 

if: 



CHAPTER? 

SUMMARI 

Til* •ffeots of fltiorin* and allevi&tora were studied periodlcallj 

on feeder ludis over a period of lAO days. The basal ration consisted 

of one pound of ooncentrate (80 percent ground yellow com and 20 percent 

wheat bran) am! <me pound of chopped lespedesa hay per head per day. 

Sodium fluoride was added to the concoitrate mixture of the first 

six lots (I through VI) in the following aiwuntst 0, 25, 50, 75, 100, 

and 200 p.p.m. P, respectively, lots VU through IX received 100 p.p.a. 

P added as soditim fluoride plus 0.1 percent aluminum sulfate hydrate, 

0.5 percent aluminum sulfate hjrdrate, and 0.1 percmt aluminum chloride 

hydrate, respectively. The basal hay and concentrate averaged 6 p.p.m. 

fluorine. 

Under the conditions of the eiqmriamnt the lambs receiving 200 p.p.m. 

fluorine consumed slightly less feed and gained sli^tly less wei^t than 

mnimals in the other lots. The ai^>areat digestibility values of crude 

protein, crude fiber, ether extract, and nitrogen-free extract did not 

show any significant differences that coxild be attributed to the various 

treatments. 

hi ganeral, as the level of fluorine intake increased, the retained 

fluorine increased as measured by bone storage and balance studies. 

Calcium and nitrogen balance studies did not show any significant dif 

ferences that could be attributed to the intake of fluorine or alleviators 

used in this study. Differences were noted in the phosphorus balance 
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■txidles} honrever, thess differenc«g apparmtly were not associated with 

the fluorine intake^ but there was an indication that the alleviators 

used in this study nay decrease the ii^osphorus retention* 

SodiuB, potaseiusi, magnesiuaif and ealciun levels of blood froa 

these lanbs apparently did not show any significant differences that 

em be associated with the various levels of fluorine and alleviators. 

The fluorine content of mandibles and metacarpals increased as 

the ingested fluorine of lesibs increased. Bones from lambs receiving 

100 p.p.m. fluorine with alleviatcu's had a lower fluoxdne eonemtratiom 

than those of lambs fed similar ratims without alleviators. The eon~ 

centration of fluorine in bones of all lambs increased as a function of 

tiSM. 

Various levels of fluorine md alleviators fed to lanbs^ under 

the cmditions of this esqperinent, were not measurably associated with 

the fluorine concentration of the livers, hearts, kidneys, lungs, and 

spleens of these laBd>8. 

2n general, the urinary fluorine increased as the fluorine intake 

increased, and the alleviators used in this study decreased the urinary 

fluorine as compared to urine from lambs receiving a 1 ay treatment 

without alleviators. 

The pathologieal and bacteriological studies did not show any 

consistent differences that could be significantly correlated with levels 

of fluorine intake or alleviators} however, there may be some indication 

of a decrease in the ccmcentration of rumen micro-organisaui in laid>s 

receiving the higher levels of fluorine. 
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