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CRAPTER 2 

mmoDinsTzoM 

The potentlid parot>X«m of Auorooiai in oattLo and sbeop Wndii to 

boooiMi InMNMioingljr iaiKirtont aa eortaln indoatrioa using Auorino 

boarlng natorlaXa at high t«np«ratttre leeato in farm areas. Several 

faetore adding to the haaard of flooroaie in livestock aret (1) the 

UM of odiwral supploBMmte with a high Auorine^ oontttntf (2} mlMMr 

aajq^es with a high Auorino eont«it| «ad (3) paatores eontaidnatedi 

h^ upepXaah of Auorine«hearing soil, the rather large nuoher of 

•ouroes of Auorine, eaeh espeble of causing variable degrees of 

fluorosis in cattle and sheep nake it desirable to erastantly improve 

the present methods of diagnosis. 

Present disipiostie msssures include e etmlsr of teeth ohangse^ 

deteradnations of Auorine content of bonea and feedS| and gneral 

clinical obeervatione. Qroas appearaaee cf the teeth of cattle and 

eheept suiqxnrted bgr a etudjr of^Auorine contMit of feeds and boees 

for the pexiod eonsemedi give en eanellent hietory of on aniaal*s 

ineisor teeth. Howevwr^ these dlsgnostie measures do not eonstitate 

s definite <iiaantit8tlve measure of aeate or ehronio fluorine intoalcation 

the element Auorlne» because of ite extmae ohaoBieel actiidl^jy 
never oocure in the free state in nature but rather in csoadbination with 
other eleamnte. Cknipooade o<mtaining Auorine are commonly called 
Auorldea. 1%««fore| in this thesis the word "fluorine" refera to ttai 
Auorine content of the pertLcular Auturide in q^tLon. 
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in and «hMpj| aapeeially if tha aaioal haa dawloped Ita paroMi* 

nttckt inoiaors prior to the ingestlon of inoreaeed aaeuate of fluorinea 

Ihe fluorine ooneeatrati(»i of urine froe eattle and aheep haa alao bean 

uaed aa an aid in diagnoaing fluoroaia aeveral inTe8tigat(nra} hovarert 

aore data are needed to dnoonatrate idiether urinary fluorine eoncentration 

ean be need aa a q^antitati'va aeumre in caaea of acute, or ohronio 

fluoroaia* 

Inveatigations reported herein were deaigned primarily to studT 

aevaral aapeota of reliability of urinary fluorine oonoantratlona 

aa a diagnoatlo nnaaure of flucaroaia in oattla and aheep* Speclfio 

objeetlvea of the atuiiy^ waret 

1* 7o dat«niiia^validity of ualng tha apaeifia gravity aa 

a method of atandardizing urinary fluorine concentratlona 

in oattla and ahaap} 

2* to datannina the eorrelation betaeen urinary fluorine 

ooneentrationB and dietary flxuarine intake in eattle and 

aheepi 

3« To eatabliah, f<nr oattlen the asaaretion pattern of urinaiisr 

fluorine concentration at various perloda after fluorine 

Ingeetionf 

to atudy the n^tlonahip betaeen the rib fluorine aonteni 

and tha urinary fluorine eoncentration in eattlej 

$• to study the effects of aluainnia aulfata and aluadima 

ahlorida "fluorine alleviatorS|" upon the fluorine ooncan-

tratlon of urine in cattle end ahaap* 



CHAPtSR II 

BSVIEW OF LXmATUKB 

Mwjy studies h«*e hom eondaetsd to deteradne tiw effects of 

fluorine OQ aen and aniaelsi hoveverji until recent Teare^ many of these 

Studiei hare been made under field conditions* Excellent reviews of 

most of these studies have been laresented by BeBds and Thoass (1933), 

McGluro (1933), Dean (1936), Roholn (1937), Pierce (1939), Greenwood 

(19U0), Kitchen (1951), Schmidt and Rand (1952), and HitcheU and 

Ednon (195l-52)» 

Huorine studies with animals have been mads primarily with 

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

and horses* These studies deal primarily with the effects of fluorine 

m «us fioiraal body* A limited number of controlled experiments have 

been conducted on the use of xirinary fluorine conoentimtion as a 

diagnostic aid for flucm'osis in cattle and sheep* 

Roholm (1937) repOTted that in 1805 Qay-hussac euggeated that 

fluorine was probably to be found in urine like other ossifying 

substances* Two years later, Berselias was successful in demonstrating 

the presence of fluorine in urine* 

Blakmnore £t jd.* (19U8) found that in advanced elinically 

deteetable fluorosis, urinary fluorine values varied fron 3^ ppm to 

68 ppm (corrected to a specific gravity of 1*02|0) with a preponderance 

of the vslues well over 25 ppm as compared to valu^ for normal cattle 

of 2 ppm et Iffoybzidge and up to 6 ppn for cattle grasing pastures on 
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fXuorldtt^rioh soil «t Oanbxldgo* For •nimli on the o4g» of tive affitettd 

bdt thotfing •igns of dtntnl fluoroaiaf urinary fluorine TaliuHi of the 

order of U ppa were exieounterwd* the fluorine <»ntettt of urine froa 

young growing stock of other areas has been found as hl^ as 7 vitiw 

oat evidence of dental fluoroais* Blakeeore c<sicluded that urinary 

levels of 10 ppn were soaei^t critleal from the diagnostlo point of 

view. He further reported that one cow^, ehowing a urinary flucacine 

eoneentration of 28 ppa^ when renoved to Cambridge and placed csi a noreal 

ration for eight months rapidly improved and was in eoGcellent condition 

when slaughtered* Ho gross skeletal lesions were observed at postaortea 

examination* It was concluded that thd urinary excretion of fluorine 

was not only affected by the current rate of absorption frcmi feed but 

also by the rate of loss from the skeleton of stored fluorine* Urinary 

fluorine analysis was demonrtrated to be a convenient way to diagneee 

fluorosls, either from a high present or past consun^tion of fluorine* 

Aeeording to B* Kruger examination of the urine of 

diseased animals may possibly be en^lf^ed for early diagnosis of 

fluorine poisoning from a fluorine-bearing substance* Cattle fed 

fluorine-bearing fodder containing 815 to 1250 ppa fluorine discharged 

urine oontalning 21*3 to 89.6 milligrams fluorine per liter, as compared 

wi'th normsl fluorine content of about 0,U milligrame per liter* 

Studies on the devolopsient of fluorosls in dairy cattle by Miller 

(1955) rtiowed that urinary fluorine concentrations incree»ed in direct 

proportion to the dietary fluorine Intake level* Fluorine was added to 

the ration traa eodtm fluoride* Cattle fed the basal ration only. 
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4aBer(it«di lmB» than 5 pp« of fluorlna in the iirine (corrected to a 

opottifle gravity of l*OttO)« Wmx 20 ppm of fluorine was added to the 

ration^ the urixiazy fluorina ooncentratlon averaged approxLnately XU Pl*| 

idien 30 ppm of fluorine waa fed, the urinary fluorine ooncvitration 

averaged 22 ppm. Feeding kO ppm of flucorlne Increaeed the lorinary 

fluorine level to y) ppi* Fifty ppa of added dietary fluorine resulted 

in an average urinary fluorine ocmeentratlon of approximwtely 38 ppeu 

Miller further concluded that urinary fluorine values greater 

than 20 ppm mould indicate advwcee effeeta on the teeth If the fluorine 

iiigestlon occurred vhile the teeth were forming, but would result In 

no lose In mUk production* Urinary fluorine values consistently sbove 

UO ppa for four years would indicate the Ingestion of excessive fluorine 

which could cause a reduction in sUJc production and possibly sevimre 

weight losses* 

According to Schmidt et^* (195U} the urinary excretion of 

fluorine consistently reflected the relative intake of sodium fluoride 

by an eaqperlmental herd of daisy cattle* Urine eau^ples taken eight to 

twelve hours aftmr the daily dose of sodium fluoride was fed showed a 

variable Inerease in fluorine over sam^des takan twenty-two to twenty-

four hours after Ingestion of the 8up|d.sm«it* They concluded that the 

measurement of urinary exeretioa of fluorine indicated the relative 

current levels of fluorine ingested* 

Phillips (1952) stated that, although there was considerable 

variation in the amount of fluorine eliminated through the kidneyj, therw 

was a roxigh correlation betwewa the amount of fluorine voided in the 
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xaim md the aaiount ingested in the ration. Fortheraorey there was a 

greater oonoentratlon o£ fluorine In the urine a few hours after eating 

as eoopared to twent7*three hofurs after eating. PhiUipe farther eon* 

eluded that a high urinary fluorine neasiureiaent as a qualitative aeastire 

Indicates elevated fluorine Ingestion, but single sanple analyses were 

too variable to be (fiantitativa. 

Hobbs e|1^* (1951) stated that the quantitatlon of the dLetary 

ingestlon of fluorine being excreted In the urine was possible onlgr 

fros twenty«fou3r*hour collection periods* These workers (195U} further 

concluded that the fluorine oontent of urine should be used as a 

diagnostic Mature only in conjunction with other factors such asi 

(1) fluorine content of feeds and water oonsuaed} (2) a study of teeth 

erupted at various periodsi (3) fluorine content of booesi (li) genersl 

conditLcm of the hsrd« along with a consideration of the feeding Xevelf 

nanageraent oonditions« etc*} wad(5) observations on individaal aniatls 

concerned. 

Hany field studies with human subjects are also recorded in the 

literature. Hachle et (19U3)# McClure and Klnaer (19UU)» and 

Lar^nt et jd. (19lt9) stated that fluorine in urine was a good indication 

of fluorin# in the food supply* They further concluded that the corre 

lation of the urinary fluorine with the aMunt of fluorine ingested was 

very high* 

Certain compounds have been found to partially alleviate some of 

the effects of increased Guorine ingeetion. Marcovitch and Stanley 

(l^l2) reported that sulfate and bydrated line are capable of 
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saving aniaaXs trom an otheimiss lethal dose of sodiun flumdde* Boric 

acid also had sane value as an anUdote through ijm formation of a 

fluoborate* The alvonlnum sulfate forms sryolite^ which was found to he 

SMOh less toode. 

TszdcataranSQSn ax>d Crlstaiasuranar (1?U8) confirmed the ameliorating 

effect of aluadnam salts in lluorotls induced in albino rats and have 

stunm that the skeletal storage of fluoilne was appreciably reduced bgr 

the preeenoe of altaninum In the diet* 

Hobbe «t (195U) reported the addition of aluainoi# sulfate to 

detarease the fluorine content of bonws and to reduce the symptomatle 

effeote of fluorine on developing incisor teeth of cows, eues, and laSbs 

fed rations containing elevated levels of fluorine, as compared with 

axdmals fed eimilar rations without the added aluminum sulfste* The 

results of feeding 0*5 per cent of aluminum sulfate in rations containing 

up to 50 ppm of fluorine for cattle, and aluminum chloride in ratione 

cwntaining 100 ppa of fluorine for wether laabe, indicate that theee 

eo^pounds tied up £0 to I41O per <mt of the fluorine In the fecee mcid 

d^irsesed Its ou'^put in the urine* 

t ■*., , ' t ■> 
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EXBmsmxeskL prdceduks 

A seri«g of fluorine oaqporiaioto idth oattlo and aheop haa been 

undinray at tiia Bnliwroity of Teuaaaaea aineo 19U8. Thaaa aaperlaenta 

ifara initiatad aa followsi Eaqperlaaat I, 19U8| BsEparlnaat II, 1950j 

EaEpariaont IH,1952j ia^ariaant IV, 1952} Bapariaant V, 1951} Eaqp«ari«ant 

VI, 19531 Saq»erla»nt I, 1950, and Eaperlaant H,1950, Oanarally, tha 

prlnary objeetliraa of thaaa exparincnta vara to atadjr tha affaota of 

varioua letala of fluorine upon tha eritaria listed in labla I« Raaulta 

reported in thla thaaia ware darired tton the cwaolative data for cattla 

in Eapariaanta I, II, IV, V, and abaap in Bsqparlnaat X* 

tha results praaantad tMurain are oonMrnad jarinarily with tha 

source and ooncantration of fluorine in the urine. Other data from 

axpariBtanta have been diaousaad by Hbbba^al.(195U) cht will 

ba reported at a later data. 

Sinoa aoaa phaaaa of this study wwa initiated using aaiaala frra 

more than one of these exparimenta, thia chapter ia divided into two 

aaeUona. SecUon I deals primarily with tha laroeadore used for aaoh 

eapearljeental group, Mid Cotton II daaaribaa tha spaoifio urina phaaaa 

of aaeb group uaad. these have been appro{a?iately grouped as Wsaaag 1 $• 

Seation I 

Exoerimwat I 

twenV-^o^ Barefwd heifers were purchased as yearlings 
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la the Mid-weat in 19U8. fhe helfere wen divided into eight uniftre 

Xote of three enieele each baaed on souroe» eeightf t^^» grede^ end 

eondltion (Table II}* All cattle ware hip branded for positive 

identlfieatioa* 

These eattle were fed a balanced ration oonsisting of chopped 

adjoad hajr libitua and four pounds of conc«ntrate (-Uiree parts com 

and one part cottonseed meal) pw Iwad per day* These cattle w«re 

restricted to a dry-lot for the first five yasrs of the experiment* In 

the summer of 1953 the animals in this esperlmsnt were allowed access 

to pasture Kid the concentrate reduced to two pounds pm* head per day* 

Ho hay was fed during the pasture period* l^isse cattle were also 

allowed access to pas-^e during the summers of 195U end 1955* 

Fluorine was added to the concentrate mixtore from sodium 

fluoride* The SMunt of fluoride added to the ration for each group 

was calculated as parts per ndllion (ppa) «i the basis of the total 

sir^-dry ration consumed* All animals were individually fed* At the 

end of each twenty-eight day period feed eonsun^tion was checked and 

the amount of fluorine was adjusted according to the average daily 

consumption for each lot* 

Ejcperiment II 

The eattle used in this alleviator eiqperimsnt were gmde Hereford 

heifers purehsssd as yearlings in Texas in the summer of 1950* The 

heifers ware allotted on the basis of type, grade, weight, and condition 

into ten lots of three animals each* All arrimals ware hip branded for 

positive identification. Fluorine at each level was fed to two eom|)srsbls 

lots of eattle, one lot receiving fluorine alone, and the other lot 
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IX 

PUN OF CATTLE EXPERIMENT I 

Total F Approximate Time onNumber F added 
to ration in ration range of age* sxperlmaniLot of 

PP^ (months) (months)niuriber cows 

1 3 8 108 - U3 96 

2 3. 108 - 113 9610 18 

3 20 28 108 - 113 96 

38 108 - U3 9630 
U8 108 - 113 96

h 3 
UO$ 3 

108 113 966 3 50 58 -

108 - 113 9670 787 3 
8 2C 100 108 108 - 113 96 

*Age of cattle and time on eaqperlment when urine collections 
were made* 

^One two-year-old heifer was lost in calving in 19U9 «nd another 
cow was sacrificed due to systemic mastitis in 195U* 

®One heifer was lost from this lot due to failure of healing 
after a rib resection. 
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receiving fluorlna plus O.S par titnt alumimm sulfata. 

Biaae cattle were fed e belaimed ration ooneiBting of chopped 

■i*»d iuqr ad libituw and four pounds of concentrate (three parts com 

mad one pert cottonseed neal) per head per day* All animals were 

restxleted to a dry let for the first two ^ars of the experiment* In 

the s^asaer of 19$3# the animals In tMs ej^eriment ware allowed access 

to pasture and the concentrate reduced to two pounda par head per day« 

Mo hay was fed while t^e cattle were on pasture* fhesa cattle were 

also allowed eecess to paature during the aunmers of 19Sk and 1955* 

The levels of fluorine end alualnua sulfate added are shown in 

TAle III* The procedure for calculating the amount of fluoride "dded 

to the ration was the same as that for Ixpariaent I* Aluminum aulfats 

was calculated as a percentage of the total ai]N>dry ration o<8BSUeade 

Experimant lY 

The oattla used In this saqpMlatni were grade H«i^ford heifers 

purchassd as yearlings in tba summsr of 1952* All snimsls wars tattoosd 

and hip braiHlsd for positive idsntifloatlon* 

The heifers were divided into eleven lots on "toe basis of type* 

grade* welght| and condition* IRwse animals were ii^vlduelly fed 

rations once daily containing levels of fluorine ranging from 0 to 600 

ppn* The fluorine was added to the ration from either raw rock phcsiduits 

CMC sodium llucudde* The ejqwrimsntal plan for theae cattle is shown in 

tahls IV* Fluorine et each level was fed to two comparable lots of 

cattlef ens lot receiving fluorine from sodium fluoride end the companion 
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TABLE IT 

PLAN OF CATTLE EXPERIMENT IV 

11 

Lot 

no. 

Of 

cows® 

Total P 
in ration 

ppm 

F added ppn 
Raw rock Sodium 

phosphate fluoride 

Approximate 
range of age 
(months) 

Time on 
experiment" 
(months) 

UO 3 7 « 
ew 39 - U5 30 

UlA 2 57 50 30 

UlB 2 57 50 30 

100 39 - U5 30U2A 1 107 
100 39 - li5 30U2B 1 107 

302001 207 
eet 30200h3B 1 207 

hhk 2 307 300 11 30 
30300 

600 

m 2 307 

USA. ic 607 
30U^B 1 607 600 

• 

®Only one animal per lot was used in some cases as this was a 
pilot experiment. 

^Age of cattle and time on experiment when urine collections 
were made. 

®This cow died after being on experiment six months. 
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lot nwdTlng fluc^ntt firom raw x>ook pho(Bid[uita« fhesa wlwfla ww# jtad 

a c(mo«ntrate loix^re (thrM parts com and one part cottonseed meal) 

and chopped niased hay* The nethod of calculating the aiaount of aodlua 

fluoride and raw rocdc phoaidiate wee the acme as that f<Nr Experinent X* 

In additim to the e:Q>erlnental ration^ these cattle uere alXoired free 

aceese to salt and water and were restricted to a dxy lot during the 

entire experlmnt. 

Experiment? 

Sixty heifers, approximately fifteen to eighteen months of agsi 

were pundtesed in Texas in July of 1951 for this experiamt* Theee 

cattle wmre divided into four lots of twelve animals each and two lote 

(Lota 52 and 56) of aix animals each on the basis of type, grade, weight, 

end condition. All animale were hip branded for positive identification. 

Pasture for animals in Lot 51(sontrol) wee selected In an area 

approximately sixteen air mllea from an aluminum mnelting plant. Based 

on distance and fluorine analysis of vegetation, Ihls paatore bad a 

Bormal fluorine content. Paaturea for the rmaining lote were selected 

on the basis of ehamieal analysis to have high fluorine eontaadnatim. 

Pasture eamplee were taken at periodic intervals of the high fluorine 

end control paaturee. The average fluorine content of these pesturee 

and the plan of experiment are shown in Table V« 

At the initiation of the experiment, three animals wnre eeeriflced 

end analyses were made of bonea to obtain initial, or bus, fluorine 

content. After approxiinately 100 days on hl^ fluorine paetures^ Lot 52 
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TABLE V 

ELAN OF CATTLE EXPERE'IENT V 

Pasture I Pasture II Av, 
Number Number Av. F Number Av. F initial 

Lot of of analyses of analyses weight 
number cows days^ ppm days ppm lbs. 

51 12 1080 10 575 
52 6 102 U27 978 10 558 

53 6 209 298 871 10 550 
5U 12 h09 167 671 12 55U 

55 12 639 126 UUl 13 558 
56 12 828 118 252 lU 5U8 

®Gattle in all lots except Lot 51 grazed pastures with average 
fluorine analyses indicated for the length of time specified* 

.r 

.. " 'S *'c' " i 
> i ,.A i(, J'- - -i 

.k.', tfi-a^.vjui-— - *•- >,'• I iisH" 
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was removed from the high areas, three animals were killed and the 

remainder of the animals in this lot mmd to the control area* At 

approximately 200, UOO, 600, and 80G-day intervals, animals tr<m Lots 

53* 5U» 55, and 56, respectively, were either killed or rib biopsies 
taken to determine fluorine content of bones. The remaining animals 

of each lot were then moved to control areas. 

Experiment X 

Seventy-two crossbred feeder wether lauibs, eight to twelve months 

of age and averaging approximately eighty-eight pounds in weight, were 

used in this study. These animals were fed for approximately a two-

month pre-experiraental period in an effort to rid them of internal 

parasites, get them on feed and accustom them to individual feeding 

facilities. All animals were docked and treated routinely with 

phenothiasine. During this period, the daily ration of chopped lespedeza 

hay and a concentrate mixture (eighty per cent ground yellow com and 

twenty per cent wheat bran) was gradually increased until i animals 

were consuming approximately one pound of hay and one pound of concen 

trate per head per day. They had free access to salt and water. 

Individual feed records were obtained for all animals during the last 

four weeks of this period. The animals were fed in the early morning 

and late evening, feeding one-half pound of concentrate at each feeding. 

Twelve of these lambs, selected at random, were placed in 

metabolism stalls for a three<^eek preliminary training period. During 

this three-week period, final changes and adjustments were made in the 
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iraetabolism stalls to standardise the balance procedure which was used 

throughout the experiment. 

Following ttiis preliminary period, seven-day collections were 

made on twelve laitibs to determine the digestibility of feeds and mineral 

balances on representative animals to be used as the control. Repre 

sentative samples of urine were taken dally flrora each animal ffom which 

an individual composite sample for the seven-day collection period was 

analysed for fluorine. 

These seventy-two feeder wether lambs were weighed, paint-branded 

and divided into six lots of ten animals each and three lots of four 

animals each, using the criteria of weight, previous feed consumpUon 

and general appearance. The six lots (Lot I through VI) with tea ani 
mals each and the three lots (Lota VII through IX) with four animals 

each were assigned to treatments at random as shown in Table VI. 

Each mat was assigned an individual stanchion which was given 

a number corresponding to the number on the animal. Each lot of animals 

had a separate loafing pen with free access to salt and clean, fresh 

water. 

The concentrate mixture, consisting of eighty per cent ground 

yellow com and twenty per cent wheat bran, was mixed every two weeks. 
Fluorine in the form of sodixun fluoride was added in parts per million 

(ppm) to the concentrate mixture as shown in Table VI. The sodium 
fluoride added to each batch of feed was pre-ndxed with a small amount 

of concentrate previous to mixing with the bulk of the concentrate. 

After mixing each batch of feed, the mixer was thoroughly cleaned to 
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TABLE VI 

PLAN OF SHEEP EXPERIMENT I 

Lot 
muiiber 

Treatment 
F added Alleviators 
ppn per cent 

Total F 

in ration 

PPB 

Number 

of 

lambs 

Av, 
initial 

weight 
lbs. 

I - (Control) 6 10 88.U 

n 25 31 10 88.3 

m 50 56 10 88.1 

IV 75 81 30 88.2 

V 100 106 10 88.3 

VI 200 206 10 88.3 

VII 300 0.1 Al2(S0l^)3 106 k 88.0 

vni 100 0.5 Al2CS0i^)3 106 k 88.2 

IX 100 0.1 AICI3 106 k 88.0 

4--

-V 

• ^.. 
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prevent any contamination. Alundnura avilfate hydrate (Al2(SOj^)3.l8 HgO) 

end alundnm chloride hydrate (A1C12.6 HgO) were added in the amounts 

ee shown in Table VZ. The percentage of alleviator was based on the 

total ration and mixed with the concentrate as described for sodium 

fluoride. The concentrate mixture for each lot was then stored in 

separate galvanized containers. 

Section II 

Phase X 

Rie urine samples used in this phase were collected from animals 

in Experiment I. Daily collections were mads for seven days while these 

cattle were in mtabolism racks (Hobbs et al. 1950)« Daily water 

consumption records were maintained. The urine excreted daily was 

measured for each animal and the specific gravity taken and corrected 

to 15*5® Centigrade. 

All fluorine deteradnstio is were made using a slight modification 

of the method described by Willard and Winter (1933)• 

Phase 2 

Cattle from Experiment I were again used in the first study of 

this i^ase. Single voidations of urine and one and seven-day composites 

of urine were taken for use in this first study. 

The second part of this i^ase was made with cattle from Eaqperlment 

II. Tlie procedure for the second part was the same as that describsd 

above except that collection of three—day composite samples of urine 

https://Al2(SOj^)3.l8
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were made and analyzed for fluorine# The procedure used for fluorine 

determination has been described under Phase 1* 

Phace 3 

In study urine sanplee were collected from nineteen grade 

Hereford cows (Table Vn) at two, six, ten, sixteen and twenty-four 

hours after ingestion of fluorine either from sodium fluoride or raw 

rock phosi^ate. Cattle from both Experiment I and IV were used in an 

attempt to determine if age influenced the urinaiy fluorine excretion 

pattern. These lots, 1, 6, 7t and 6 hereinafter in this phase be 

referred to as part of Phase 3« 

The cattle were brought into the bam and fed in their usual 

manner. They were not allowed access to water during the first sixteen 

hours. However, during the remaining eight hours, they were tamed out 

into a dry-lot and allowed to drink in order to keep the daily routine 

as nearly the same as posrsible. 

To collect the urine samples, the cattle were locked in individual 

stanchions and were restrained Iqr use of a side rope and tail hold. Kie 

vulva and surrounding areas were cleaned by paper towels aid warm water 

to avoid contamination of the sample. The urine samples were obtained 

by use of a chrome plated cow catheter one—fourth inch in diameter and 

nine inches long that had been thoroughly disinfected in a solution of 

algicide. Attached to the posterior end of the catheter was a two-foot 

string as s precautionary measure against loss of the catheter. The 

catheter was held in the right hand while the left index finger was being 
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TABLE VII 

PLAN OP PHASE 3 

Number Total F F added ppm Approximate Time on 
Lot of in ration feaw rock Sodium range of age® eaqjeriraent® 
no. cows ppm phosphate fluoride (months) (months) 

1, 1 7 108 - 113 96•a 

6^ 3 57 50 108 - 113 96 
fG 

. 

-3 77 70 108 - 113 96 
«»3 107 100 108 - 113 96 

UO 1 7 39 - U5 30 
UlA •2 57 50 39 - U5 30 
iOB 2 57 50

- 3039 - U5 

«•2 307 300 39-145 30 
2 307 300 39 - U5 30 

®Age of cattle and time on experiment when urine collections 
were made. 

^his lot used for first and second trials. 

®These lota used for second trial. 
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InMrt^d into the urethera orlfioe. Tha catheter was then paeeed OTar 

or under the index finger into the urethera, being careful to avoid the 

diverticmlum. When urine could not be obtained imaadiately after insertion, 

the catheter was worked back and forth in order to coax urination* This 

method of catherieation was desirable in obtaining quantities of urine 

up to 300 alUiliters* Whenever possible, urine was collected by normal 

urination or by palpation of the perineal region with the back of the 

hand* 

Phase U 

Cattle f^m Esqperiment V were used in this studsr* Bans settles 

taken frc« these cattle were either by biopsy or autopsy* The urine 

samplea were taken either by catherisation as desczl.bed in Phase 3> or 

by palpation of the perineal region or normal urination* 

The proeedure for fluorine determination of urine and bones has 

been deaorlbed under Phase 1* 

Phase S 

Cattle from Eiq)eriaent II were used for the first part of thia 

phase* Wether lasbe frtxn fisqperlaent Z were used in the second pert of 

the study* %e meUiod of collection employed hee been described by 

Hobbe et al.(1951) and Griffity (1953). Composite eaaples of urine 

wen taken et the end of a eeven-day metabolism trial period for fluorine 

determination aa described under Phase 1* 



ClIAPTER 17 

RESOLTS 

Fhaat 1 
Validity of Using Spodfic Cfravlty aa a Method of 
Standardising Urinary Fluorine Concflntraticma 

Tha pKl»ary functions of the kidbMy and tha urine are aidely 

known# Munerous inTestigations have been laade concerning the secretion 

and/or ercretion of urine froM the bodyi however, this nschanism is 

quite cOTiplex and Is not fully understood. 

One factor involved ie the large oaount of Individual variation 

in daily water consuaption. Dukes (1955) stated that while there is a 

large variation in water intake, there is a direct correlation in the 

antount of water cortstuaed and the qaentily of urine excreted. 

This wide variation in water consunption was apparently observed 

by Blakcoore et al. (19U8) in their inveetigaticms of fluoroeie in cattle 

in Sng^nd* These workers used ths urinary fluorine concentration from 

these cattle as an aid in the diagnosis of fluorosis. They further 

proposed that variations in speeific gravity of different urine samples 

made it difficult to coEq;>are the fluorine concentration of these saaqiles. 

It was stated that the variations in specific gravity were due to 

variations of water intake among cattle. These workers suggested 

correcting for such iq>parent vazlationa by etandardlBlng all values to 

&a arbritrary specific gravity of 1.0^0. This correction is simply made 

by multiplying the observed fluorine value ty the last two figures of 
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the arbitrary standard specific gravity of the urine and dividing by the 

Xaat two figures of the observed speciflo gravity* 

This fomula has been accepted and used by many workers (Phillipe, 

1952} Hobbs £t^* 1951» 195U| and Schmidt^^* 195U)« However, a 

search of the literature has not revealed the original basis of such a 

formula* The wide variation in water consumption among individual 

animals does n.t in itaelf justify the use of Uds formula. Its 

justification could only be possible by asstuidng that all solid material, 

other than fluorine, remained eonatant, and that any change in specific 

gravity ie due to fluetuati<m in water intake by the animal* 

The data presented in this phase w<n>e collected from animals in 

Sxperiment I, Pliase 1, that were being used in digestibility studies 
s 

previously dsscribed in Chapter 111* The current rate of|intake, ae 
well as the dietary fluorine histories of these cattle, w^re known* 

The average daily water consumed, average daily urinary output, 

and average opecific gravity of \irins for cattle in Phase 1 are shown 

in Table VIII. In general, «ieee data showed a ccacrelation of 0.3U38 

beteeen water intake end urinary output* This correlation was not 

significant at the 0*5 level of confidence* Indi^/iduel enimal conparleons 

indicated a large amount of variation* The correlation between the 

amount of urine voided aand the speeifie gravity of thia urine was 0*132U« 

This correlation was not etaHetieally significant* It was observed in 

some eaeee that animals refusing to drink either in the morning or after* 

noon would excrete as much urine as for a previous day* This would 

indicate that when the water intake is greatly varied there ie a drew 
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TABLE TLU 

AVERAGE DAILY WATER CONSUMPTION, URINARY EXCRETION AND SPECIFIC 
GRAVITY OF URINE FROM BATTLE IN EXPERIMENT I 

F added Numtber Water Urine Specific 

Lot Animal in ration of consumed excreted gravity 

number number pm 8aiir(0.es (c»c.) (c.c.) of urine 

U2 7 21*,995 601*1 1.0381* 

1 13 
21* 

7 
7 

27,1*26 
20.915 

5360 1.01*01 
1.01*11* 

Average 2l*,UU5 53UU 1.01*00 

U6 10 7 23,61*9 591*1 1.0391 

2 16 
U 

10 
10 

7 
7 

26,91*3 
23,891 

^020 
i8^ 

1.0383 
1.01*01 

Average 2it,828 5600 1.0392 

3 U7 20 7 23.795 531U 1.01*00 

Average 23,795 5311* 1.01*08 

U 
31 
U8 
30 

30 
30 
30 

7 
7 
T 

26,163 
25,092 
21*.280 

59UO 
1*763 
5966 

1.031*8 
1.01*16 
1.0361 

Average 25,178 5556 1.0375 
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.TABLE Vin 

AVERAGE DAILI WATER CONSUMPTION, URINARI EXCRETION AND SPECIFIC 
GRAVITY OF URINE FROM CATTLE IN EXPERIMENT I (Continued) 

F added Nximber Water Urine Specific 
Animal in ration of consumed excreted gravity 

nmriber number ppn samples (c.c.) (c.c.) of urine 

9 Uo 7 2I+,638 U718 l.OUOl 

5 23 UO 7 20,U3B U57li I.O36U 

U9 UO 7 25,667 609U 1.0381 

Average 23,581 5129 1.0382 

1 50 7 27,922 52U6 i.ouio 
6 6 50 7 18,965 U566 1.036U 

50 50 7 21,906 1.0371 

Average 22,931 U9U1 1.0382 

2 70 7 25,862 6218 1.0318 

58 70 7 26,5U3 5700 1.03877 
21 70 7 2U.U30 1.033U 

Average 25,611 5683 I.03U6 

100 7 22,036 U607 l.OUOO29 
1.03188 61 100 7 18.225 

Average 20,131 5258 1.0359 
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body etores or an ineraaaed diuretic action brought about in the animal. 

The results of average obsejrved analyses and average corrected 

analyses of fluorine cwitent in single voidation, one-day conpositey 

and seven-day ct^iposite urine samples are presented in Table IX. There 

was Bore variabilily within the coxrected analyses than among the 

observed fluorine analyses for each type of sampling. 

These data would further indicate that the correction formula 

proposed by Blakemore^al. (19U8) would not be Jvistified under the 

conditions of these eatperiraents at the Tennessee station. A method 

similar to the one proposed by these workers would definitely be 

advantageous. Perhaps In future years, with a more complete knowledge 

of kidney and urine functions in relation to fluorine excretion, such 

a formula can be derived. These data (Table IX) indicate the observed 

analyses to be rooire accurate than the corrected analyses. Additional 

Information on this subject is presented in Phase 2 of this 'Uxesis. 

Phase 2 

Comparison of K»e Fluorine Concentration of Sin^e Voidations and 
One, Three, and Seven-Day Canposito Voidations of Urine Prom 

Cattle 

The urine samples used in this study wore collected from cattle 

in Experiments I and II that were being used in digestibility studies 

previously described. The current rate of fluorine intake, as well as 

the dietary fluorine history of these cattle were known. Samples for 

analyses were taken from single voidations, and from composites of one, 

three and seven-day voidations. 
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Sines many workers have used the method described by Blakemore 

(I9I48) for presenting fluorine content of urine, all data in this thesis 

will be presented both methods, corrected for a specific gravity of 

1«0U0, and the observed analysis, unless otherwise specified* The term 

"coiTected" as used in this thesis means that the value or values have 

been calculated to a standard specific gravity of l.OUO. The term 

"observed" fluorine analysis means the values observed by the analyst* 

The results of average obsez^d analyses «id average corrected 

analyses of fluorine content in single voidatlon, one-day composite, 

and seven-day composite uxlne samples are presented in Table IX. The 

results are the average urinary fluorine analyses determined from two 

metabolism trials, the first conducted when the cattle had been on 

test twenty-four months and the second when tliey had been on test 

thirty-six months. In general, there were no significant differences 

among virinary fluorine concentraticms for either corrected or observed 

for the three methods of collection. However, statistical differences, 

depending upon method of collection md whetJaer or not the analyses 

were reported as observed or as corrected to a specific gravity of 

1.0l|0, were noted in two of the eight lots. In Lot 1 (control) there 

was a eignificant difference between the corrected analyses for the 

single voidatlon samples and the observed analyses for the one-day 

samples. There waa also a significant difference between the corrected 

analyses of one-day and seven—iay s£mp?.es. Furthermore, there was s 

significant difference between the single voidatlon corrected analyses 

and the seven-day observed analyses for Lot 6. 

https://s�mp?.es
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Fluorine analyses of both singlo-voidation and seren-day ccanposita 

samples were closely correlated with the amounts of ingested fluorine 

(Table X). Analyses for this study were made after the cows in Eaiperi-

ment I had been on test thirty-six months. Observed fluorine analyses 

showed a close relationship (r .966 for single-voidation and r - .960 

for seven-day ccaaposites) to fluorine intake than analyses corrected 

(r•.896 for single voidation and r - .95U for seven-day composites) 

to a standard specifio gravityj but both were highly significant. 

A further study of the validity of fluorine analyses for single 

voidation samples only was made. In Table XI are given the urinary 

fluorine values of single voidation samples from cows in Esqwriraent I 

after twenty-four months on test and again after thirty-six months on 

test. If both the corrected aid observed analyses are considered, 

there would be apparent differences in the data shown in the table for 

lots 5, 6, 7, and 8. There wore, however, no statistically significant 

differences found in this comparison, probably due to the variations in 

analyses within lots. 

Studies were made of the correlation between total milligrams 

of fluorine excreted in urine and the concentration of fluorine (ppm) 

in urine for single voidation and seven-day composite samples. The 

data shown in Table XII, were obtained after cattle in Experiment I 

had been on test thirty-six months. Statistical analyses of these data 

indicate that there was a high correlation( r .9U9, .907, .85U, end 

.910) between the fluorine analyzed for both observed and corrected 

values and total milligrama excreted. This was true for both the single 
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35 

and aeven-day roidatlona* Both correlations were significant at the .01 

per cent lewel* 

Since the total milligrans of fluorine excreted |»resents an 

excellent baseline for cenparison, it would seen that the obaerred 

▼aluea should be as good to \uie as the corrected values* 

A comparison of average obsesrved fluorine analyses and average 

fluorine analyses corrected to the standard specific gravity was made 

for single voidation, one->dayj thjpee-dayj, and sevwn-day composite urine 

saa|ilMt from cows in Experiment IX (Table XIII)* As was the case with 

data in Table XL, there were eases of apparent differences within lots^ 

but these differences were not statistically significant* There were 

several cases of variations between cozreoted and observed fluorine 

analyses for each type of collection* 

Cosq;>arison of treatments showed highly significant differences 

in the urinary fluorine content among cattle receiving no fluorine, 20, 

30, UO, and 50 ppm fluorine as sodium fluoride. Also, there was a 

statistically significant difference in the urinary fluorine conc«itrations 

between the lots of cattle receiving no alleviators as coi^pared to 

corresponding lots receiving 0*5 per cent aluminum sulfate in their 

ration. 

Phase 3 ^ 
Daily Excretion Pattern of Urinary Fluorine in Cattle 

This ihase was initiated primarily to determine the fluorine 

content of cattle uxine at various intervals following fluorine ingestim* 
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It vae iK^wd that thie infonaation might maka virinaiy fluorine analjnwe 

mare appilleable and accurate under field conditions. Age, variation in 

letele of fluorine intake, and two dietaiy sources of fluorine were 

considttred in tliis stud;>". Mature cows from Sssperiment I that were 

approximately- 109 months old and cows from Experimoat IV VtiAt werei 

apparoxlma-bely f<art^«-two mon-Umt old were used. Ttiese cows recei-red 

fluorine from either raw rock phosphate or sodium fluoride at levels 

ranging from con-trol to 300 ppm fluorine in the total air-dry ration, 

Tiie \irine san^iles were coUected, ei-ther hy catherizaticm, 

palpation of -the perineal region, or during normal urination at 

In-tervals of two, sizy ten, sixtemi and -twenl^-four hours after 

Ingestion of fluorine. During the first sixteen hours the cows were 

Impt in the barn wi-thout water. During the remainder of tto twenty-

four hour period they were given access to water and the run of a 

dry lot in repLica-tion of their daily routine. > 

From -the reports found in -the literature concerning -the peak 

of conc^tration of fluorine in the urine, Phillips (1952) stated -that 

the peak is from two -to six hours after ingestion and that a marked 

decrease occurs tweaty-two to twenty-four hours afterward. Data 

presented in Table XI7 apparently support this hypothesis|hcwever, 

-ttiere are some -vazla-tions and the data are too limited to be conolusi-ve. 

Schmidt (195U) reported similar findings but his data indiea-ted an 

increase in urinary fluorine content up to eight hours md a markmi 

decrease in tmn-fy-two to twenty-four hours. 

Ihe excre-bion data paresented in Table HV do indicate, however. 
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TABLE m 

THE OBSERVED FLUCRIKE CX)NCENTRATKNS OF URIIiE AT INTERVALS 
AFTER FLUORINE INGESTION 

F added Number of 

Lot 
no. 

Animal 

number (months) 
jsai 

NaF RRF interval 
Hours after ingestlort 
2 6 10 16 2I4 Av. 

Av. F content (ppm) 

1 2U 108-113 «• 1 u h k 3 h 3.8 
l»o 140-1 39-U5 m 

- 1 u u 5 It k lt.2 

6 1 108-113 50 2 26 30 26 20 36^ 27.1 
6 6 106-113 50 «■ 2 32 3U 36 32 31 33.2 
6 50 108-113 50 - 2 22 22 2U 2k 18 22.0 

UlA Ui-i 39-145 50 me 1 28 214 18 18 21 21.8 
UlA Ul-S 39-U5 50 - 1 26 20 23 20 5 16.8 

UlB lii-U 39-U5 me 50 1 13 17 16 20 6 lU.U 
UIB lil-5 39-U5 «» 50 1 23 12 13 10 3 12.2 

7 
7 

2 
21 

108-113 
108-113 

70 
70 -

1 
1 

60 
38 

58 
36 

53 
-C 

25 
22 

23 
U8 

U3.8 
36.0 

7 58 108-113 70 - 1 31 5U 53 28 26 38 .It 

8 61 108-113 100 - 1 3U 3U 27 25 17 27 .U 

UUa UU-1 39-U5 300 2 58 62 50 142 3U U9.3 
UUa Ult-2 39-145 300 - 2 66 6U 5U 147 33 5U.8 

Ul4B UU-U 39-ii5 ell' 300 1 18 31 31 26 8 22.8 
lliiB UU-5 39-145 m» 300 X 25 38 31 22 2U 28.0 

^Cattle 108 to 113 montiis old had been on eaqperiaent ninety month# 
and cattle 39 to U5 months old had been on experiment thirty months. 

b.One sasqf^e. 

^o sample. 
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that irtiila thare ar« maror variations in the urinary eoncentxation of 

fluojrine^ the siean level of fluorine concentration for each lot tested 

occurred between el^t to twelve hours after ingestion. Furthsmorey 

the peak for all lote« with the exception of Lots 6 and 7f WM between 

two to six hours* The observed fluorine analyses used in this phase 

ware not corrected to a standard specific gravity* 

The coapariscn of urinaxy fluorine omcentratLona frora two age 

groups of cattle receiving fifty parts per million of fluorine from 

eodiua fluoride in their raticm is presented in Table X?* While there 

is much individual variation^ these data iiuiicate a trend toward a 

les8«r concentration of urinary fluorine fr<»i the younger animale when 

coiapared to the ol^r cattle* This nay have been due to the fact that 
i 

the bonee in the older cattle had reached a point of aaturatica and 

therefore^ excreted a higlMr concentration of fluorine in the urine* 

Hobbs et^*(1955) have shown that there nay be up to 35 to 

I4O per cent less fluorine stored in the bones of animals receiving raw 

rock phosphate ae eonqpared to aniiaala receiving fluorine from sodium 

fluoride. CoBg)arison8 of urinary flxwrine concentrations from two 

aouroM of fluorine at two different levels are givwi in Tables XVI and 

IVII* There was a very marked decrease in fluwine concentration in 

the urine of Lots UlB and I4I4B as ccnqpared to Lots itli and UUA* This 

redaction of fluorine in both bone and urine content is thought to be 

due to the difference in the solubility and resulting availability of 

the two products* No data on the fluorine content of the feoes were 

available to substantiate this lypothesia* 
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TABI£ Vf 

COMPARISOM OF OBSERVED URINARr FLUORINE CONCENTRATIONS IN CATTLE 

RECEIVING FIFTY FPM FLUORINE FROM NAF ON EXPERIMENT FC® 
THIRTY AND NINETY MONTHS, RESPECTIVELY 

Age of axiiiaal 
109 Bontha U2 months 

Animal no. 1 6 50 ia-1 Ul-2 
Hours after Fluorine in urine 
ingestion wom 

Ar. Av, 

2 30.5 25.6 23.6 27.9 28.2 26.0 27.1 

6 30.k 31.1 25.U 29.0 23.8 20.0 21.9 

10 28.0 28.8 21.7 2U.5 18.1 22.6 20.U 

16 22.3 25.5 10.0 19.3 18.2 19.9 19.0 

2U 36.U 29.6 26.0 30.7 20.6 U.8* 12.7 

This cow had lurinated twice prior to eathdrleatd.oni* 
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TABLE X?I 

COMPARISON OP OBSERVED URINARI FLUORINE CONCENTRATIONS FROM CATTI£ 
BECEIVIi^Q 50 FPM FLUORINE FROM SODIUM FLUORII® AND 50 PFM 

FLUORINE FROM RAN ROCK PHOSPHATE 

Level and 

source of F 50 ppn NaF 50 ppm RRP 

Animal no« Ul-l Ul->2 Ul«>U Ul»5 
Reduction®Hours after Fluorine in urine 

Av. Av. 

2 28.2 26.0 27.1 12.6 22,6 17.6 9.5® 35.0 

6 23.8 20.0 21.9 17.0 11,5 1U.2 7.7 35.0 

10 18.1 22.6 20.U 16.5 12.8 IU.6 5.8 28.0 

16 18.2 19.9 19.0 19.9 9.9 lii.9 U.l 22.0 

2k 20.6 U.8*> 12.7 6.0 2.9 U.U 8.3® 65.0 

•calculated reduction in fluorine attributed to the relative 
insolubility of RRP and resulting in the unavailability of fluorine. 

^his cow had \arinated twice prior to catherlsation. 

•staUstically significant at .05 level. 
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TABLE XVII 

CCMPARISON OF OBSERVED URINARY FLUORINE CONCENTRATIONS FBCM CATTLE 
RECEIVING 300 PFM FLUORINE FROM SODIUM FLUORIDE AND 300 PFH 

FLUORINE FROM RAW ROCK PHOSPHATE 

Level and 
source ot F 300.j>pm NaF* 300 ppn RHP 

Animal no« UU-l Ulf2 UU-U UU-*$ 
Hours alter Fluozlne in urine Reductioir 
Ingestion POi F ppm Per cent 

Av, Av. 

2 U6 61 5U.5 18 25 21.5 33 61 

6 66 6U 65.0 31 38 3l».5 30 If? 

10 U8 56 52.0 31 31 31.0 21 

16 29 58 U3.5 26 22 2U.0 20 k$ 

2U hZ 22 32.0 8 2U 16.0 16 50 

Average of two trials. 

^Calculated redaction in fluorine attributed to the relative 
insolubility of RRP« and resulting in the una-vallabillty of fluorine. 

• . 

( A f 
* /.t • ]-• 

I i/f it •ji'i i' ^ r •>' AV .. ^Vl 
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The fluorine eonoentrations of urine Aron animals in the raw rock 

phoephate«>8odlum fluoride conqparison studies indicate that the concen 

trations of fluorine in the urine may vary considerably with age of the 

axxlinali and the source and level of fluorine intake* The exact length 

of time after ingestion that is beet for obtaining representative urine 

samples cannot be determined* These data would indicate, however, that 

a range of ei^t to sixteen hours after fluorine ingestion for these 

mature cattle under the conditions of this experiment* 

Phase U 
Influence of Rib Fluorine Content Upon Urinary Fluorine 
C^Ksentratlon After Cessation of High Fluorine Intake 

Cattle in Expeximrait V were used In this study* Qeneral obser 

vations on the responee of the fluorine ccsitent of ribs to fluorine 

eotisumption, and to cessation of fluorine eonsiimption should be outlined 

here prior to presenting the data on urinary fluorine concentration of 

these animals* Rib eampLes were recovered from representative members 

of the different lots at the beginning of the test and at intervals of 

approximately 100, 200, I4OO, 6OO, and 600 days* It should be pointed 

out that all cattle graaed pasture ccmtaining U27 ppm fluorine for port 

of their experimental period* liowever, "the amount of fluorine decreased 

over the aqmirimental period of 828 days due to the installation of a 

recovery system In the aluminum smelting plant* 

The results of these rib fluorine analyses for the various 

intervals are presented in Figure 1* These data support Ue folXoiiiilc 
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observationst (1) Fluorine content of ribs increased rapidly during 

the period the animals grased pastures of high fluozdne content; (2) 

When the animals were removed to control (uncontaminated) pastures^ the 

fluorine content of the ribs was significantly reduced)(3) The degree 

of reduction of rib fluorine content varied inversly in these cases» 

with the length of time the cattle had grazed high fluorine pastures; 

(U) The rate of reduction of rib fluorine content was greatest insnedi-

ately after removal of the animals from high fluorine pasture and 

leveled off after approximately 200 to 700 days. 

The urine samples from these animals were obtained by catherization 

in one day. On that date, cattle which had been on the high fluorine 

pasture had been xemoved from l^t pasture for the following number of 

days} Lot $2, 978 days; Lot 53» 871 days; Lot 9U, 671 days; Lot 55, 

UUl days; and Lot 56, 252 days. 

The data on fluorine concentration in these urine sanq;des are 

presented in Table XVIII. No significant differences in the urinary 

fluorine content was observed aiix>ng the different lots, even though there 

were differences in rib fluorine concentration and in length of time the 

cattle had grazed on high fluorine pasture. In these cases, \urinary 

fluorine did not indicate the amount stored in the rib but did reflect 

the dietary intake. 

Phase 5 
Influence of Fluorine Alleviators Upon the Urinary Fluorine 

ConcenU'stion of Cattle and Sheep 

Cattle from Esqperiment XX were used in the first part of this 



�

 

 

 

 

S&BLE xmi 

URINAay FLUORINE CONCEHmTIOH AMD RH FLU0HIM5 
CQNtENI OF CATTLE IN SZFEItlHEHT ¥ 

Pastaro I 
Muober Av.r Mo. of Average F e<Mitent (ppn) 

Lot of analyses urine Urine* 
muBber daya ppn aampleB Observed Correcteir' Hib^ 

m51 10(control) 7 1 k Boo 
52 102 U27 3 1 5 1775® 

53 209 298 3 2 9 2900 
5U U09 167 k 2 5 3U0O 

55 639 126 6 2 5 Ul*5o<* 
56 828 n8 8 2 6 k900 

|Saiq)le8 takiMi on July 6^ I95U* 
^aeed on average analyaea of the ninth and ten-Ux ribs of one 

aniaal froa each lot taloan July 9t 195U or Jxily 12, 195U. 
^verage of three animala. 
Average of two aniaals. 

*tJrine analyaea corrected to a atandard apbcifio gravity of 
l.OliO. 
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Allttil*tor study* (Ibe urine coUeotlcxie were aade at the moA of 

months <m tMt and again at tho end of forty-Kdi^t aonths on test*) 'Sht 

influence of the added aluBdnum sulfate (0*$ per cent of the total air» 

dry ration) and of time on the observed urinary fluorine concentration 

is shown in Table XIX* These data indicate a nariGed decrease in the 

fluorine concentration of the urine in the lots receiving the alleviator 

as compared to their companion lot reviving no alleviator* These data 

are in close agre«B»nt with those reported by Hobbs et «d* (1?5U) on 

tbe bones of these same cattle* These workers demonstrated a 20 to iiO 

per cent decrease in flu<8ine stored in the bones of the alleviator 

lots as compared to their eoaqienion lot* 

Ftirther study of the data in Table XII ahows that the average 

fLttorlne coneentratioa in the urine was greater at the end of forty-

ei^t BMiths on test than at the end of twelve moniths on test* Thie was 

true in the lots receiving aluainun aulfata as well as in the lots not 

recsiving alunLnum sulfate* The pere^atages of reduction in urinary 

fluorine concentrations were approadaately the sane for each period* 

It should also be aotcd that the observed fluorii^ analyses for Lot 22A, 

(one sasple) at the end of twelve nmths on test was higher than tha 

analysea of urine fbca cows coonaing larger concentration of flucnrinc* 

The seecmd part of this study was conductsd using shei^ fren 

Eaqpsriaent X* The effects of alleviators upon^fluorine content of 

the urine is shown in Table XX* There was a highly significant decrease 

betwesa all lots rMsiving 100 ppm fluorine plus alleviators and Lot 7 

receLving 100 ppm fluorine from sodium fluoride in the ration. There was 
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TABLE XIX 

THE IHFLOSHGE OP ALOMIHOH SDLFAIK AHD TIME BKW (̂SS]®BD 
ORINART FLOCRINE OONCENIBATION OF CATTUS ON DIFPSRENT 

OIETARI LEVELS OP FLUORINE 

Treatment Reduction^"■ # Observed analyses® 12 Montha US Montte 
Lot added addra 12 Months" UO Months" P Per p Per 
no. pjm per cent Av. pen F Av. cm P WB rot vms 

m2CA 3.1(2) 5.5(2) 0.5 16.2 1.5 27.32(m 0.5 2.6(2) U.0(2) 

•2U 20 n.7(3) 16.0(2) 5*2 UU.5 U.7 29.U21B 20 0.5 6.5(2) U.3(3) 
•22A 30 U2.0(l) 25.7(3) 32.9 78.U U.7 U5.522B 30 0.5 9.1(3) 1U.0(2) 

m23A Uo 16.6(3) 27.0(2) 5.2 31.U U.5 U2.623B ItO 0.5 n.U(2) 15.5(2) 

2UA SO « 26.U(1) Ul.5(2) 12.6 U8.5 19.8 U7.72UB SO 0.5 13.6(3) 21.7(2) 

the tLme these collections were made cattle had been on teat 
twelve and fortp<-eight month^i reepectlvely. 

^Calculated reduction In obaerved fluorine concentration due to 
the addition of aluBdnom eulfate. 

^Analyses are based on 8even«.dap composite eanples. 
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no signlfieant dlfforaocos In th* urinary fluorine cimeentratlone enoag 

Uie lots reaving «Ilevlator8» IBomf data are in close agreement with 

the bone data eubeecjoently collected from these animals, 

IQie average observed parts per million urinary fluorine* overall 

average observed fluorine concentration* and the averas^ daily ttHligrams 

of fluorine excreted from laidw fed known levels of fluorine end allevi* 

ators for different intervals of time ere shoun in table XXI, the 

variation in the fluorine eoncentratlon from one period to another 

should be pointed out. 

In general* -Uw urinary fluorine concentration of tha last period 

eaa blgh^ than that of other periods. Furthermore* there vas a highly 

significant correlation of 0,778 betneim the amount of fluorina ingaeted 

and the amount analysed in the urine* this correlation betMeen urinary 

fluorine and dietary fluorine maa eigoifleant at the *01 level of 

confidence. 
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*fkmx Xfx 

EFFECTS OF ALLETIATORS UPON OBSERVED QRIHAiil FLUCSllNE CORCENTRATIOli 

Treatment Days on test 
Lot Added Alleviator ill 69 103 133 
number F ppm per cent (At. total ngs. of F in urine for 7 days) 

T 100 «s 1U3.86® 17U.37^ 135.70® 209.25**»* 

fit 100 ♦ 0,1 Al2(SOi^)3 107.5S 17.77 75.86 132.20* 

fill 100 ♦ 0.5 Al2(SGjj)3 116.70 IU.38 69.5U 153.99® 

IZ 100 ♦0.1 AICI3 100.72 23.17 88.57 130,15® 

*5U <ligni trm b«gliming of vxp^xiMmt 
b63 days from beginning of eaqperlsent. 

^112 days fron beginning of eacperinent* 

^3days frcm begiiming of eaqperiment* 

*(bM miBSi 



CH&PTEa? 

(HSimL DISCOSSXOX 

tbm ri^«bilitgr and adftptabilltif of uxlnarsr fliKolns azulyves as 

ona dlagnostdLo nsasurs of fluaaroois in eattXo and sheep were the primarj 

objeotlres of this stndjr* An att^iqpt was aade to evaiaate for Vm fieXd 

workert (1} the waliditar of "standardising" srinary fXuoirine values to 

a given speeifie gra'd.t^i (2)^nathod of urine sanpling that irould be 

praetioal and yield accurate results} (3)^best tine to collect urine 

saiigd.e8 for fluorine analysis in relation to the tine fluorine-bearing 

feed was ingestedt (U) the effect of fluorine previously stored in the 

body night have upon the accuracy of urinary fluorine naalyaes, and 

(5) the effect of fluorine "alleviatore" nqpon the ocnocmtration of 

fluorine in the urine. Coneidsration wae also given to tdui effects 

thst ths age of an animal and total period of fluorine intake would 

have on urinary flurartne concentrations. 

InvBStigatioiui of t}» validity of standardising uziiuury fluorins 

values to a given speeifie gravity were aade in Phases 1 and 2. ^ese 

studies did not reveal jiuitification for correoldng the otoerved 

fluorine ecmeentration of a urine sanple to conform to a given speeifie 

gravity. Such a correction my doable or halve the obeerved urinary 

fluorine value and thus mask ths diagnmiis. Such adjustnents of ths 

observed tirinary fluorine value should, on ths basis of this study* bs 

used with caution if at all. 

The coUectiLon of eonpcwite urine samples for one* three, or 

https://saiigd.e8
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seven Is Irapractieal iinder field conditions* Uork in Phase 2 

Indieates that the uxlnary fluoviiw values of single voidationsy idiere 

an adsqiaate nasber of saaqfLos wkps taken, are on tiM average as valid 

as the values tron the c<»^8ite sanies. At the sane tine, it was 

shoHn that there are oeeasional wide variations in urinary fluorine 

values for any type of sampling* Begardless of the type of urine 

eolleeti<»is repeated, semiring is iwcessary to overcose the error caused 

by these variations* 

In Phase 3» it was danonstrated, as bm been done bgr other eorkers, 

that urinary fluorine values tend to drop sharply twenty-tso to teenty* 

fovir hours after ingestion of fluorine->bearing feeds* Work vith a 

limited madier of animals Indicated that urine samples collected eight 

to sixteen hours after cattle have ingested fluorine-bearing feeds 

would give fluorine analyses a]q>roaching tiie average for those animals* 

Hm results in Phase 3 indicated that iirinary fluorine values 

tend to slightly lover in yoimg animals than in older anlasls ingest 

ing cmaperable levels of fluorine* It was also dsmonstrated that 

urinary fluorins levels from cattls eonsviming fluorine from ram rock 

phosi^ate were 22 to 61 p«r cent lower than urinary fluorine levels 

from cattle consuming ecmiparable amounts of fluorine from sodium fluoride* 

Urinary fluorine values have been repcHrted by Blakonaore (19Ud) as 

reflecting etoree of fluorine in the skeleton. In Phase U* it was 

found that high fluorine concentration in the ribs 2$0 days after 

cessatlM} of high fluorine intake had no influence on urinary fluorine 

valuee* Data from periods close to the eessatlcm of fluorine intake 

wexe not available. 



5U 

In soiae industrial and natural situations of fluorine eontmiination, 

it may be iiq»S8lble to eoaqpletely ocmtrol the eontasdnation. MadLnte* 

nanos of eattle and sheep in these areas wgr depend upon the use of 

aluadnum eulfate or other fluozdne alleviator in the diet of these aniiaals* 

In Phase $, data were presented on the uxdnary fluorine values frcsa eattle 

and sheep receiving these alleviators* In general* the alleviators 

reduced urinary fluorine ccmcentration 2? to U7 per cent in these species* 

Other general information obtained in this study would show that 

urinary fluorine values from cattle receiving up to 8 ppa fluorine in 

the ration (control) ranged fdrom 1 to 7 i^* 

From all {hasea of this study* certain general informaticm on 

urinary fluorine concentrations was derived* There was a close corre 

lation* under controlled conditiona* betweai urinaz^ fluorine values 

and levels of ingested fluorine* Data on valuea of urinary fluorine , 

from all i^aees indicate 'Uiat there is oecasicutal wide variation 

betwe«i urinary fluorine values from cows of the same age and receiving 

the same levels of fluorine frc»a a given source* This further shomi 

that fluorine analyses of urine samples should function as a diagmoatie 

aid of fluorine only idien sui^rted hy fluorine analyses of feed and 

bones* appropriate studies of teeth* and general obs^rvatloxu of the 

farm and animals la (pestion* 



CHAPm n 

SUHMABT 

Th« liTinary fluorina concentrations ware etodied on one bondvad 

twenty-three eattle and eeventgr-two eheep* These animals weara fed various 

levels of fluorine either frc® sodium fluoride, raw rock phosj^te, or 

pasture contaminated with fLuoxixie* Sons of the experimental animals 

also z's^ived alumiiaim sulfate and fduainum chloride (fluorine allevi 

ators) in their rations* Tt» aa^or results of these etudies may^ 

susBnazlsed ae foUowst 

1* Otwierved urinary fluorine analyses were found to be less 

variable end more valid than values corrected to a standard 

or constant specific gravity* 

2* eaccretlon pattern of urinary fluorine concentrations 

indicated that for most reliable results single voidation 

eamiaes should bs taken eight to sixteen hours after fluorine 

iiigestion. Where sufficient samples were taken, urinary 

fluorine analyses of single voidation samples were, <m the 

average, as valid as the values frwn one, three, and seven 

day composite samples* 

3, Urinary fluorine concentrationa ffom cattle receiving up to 

8 ppm fluorine in their ratitm (cootrbl) ranged from 1 to 7 

ppa. k urinary fluorine concentration of 3 to 11 ppm was 

found for sheep receiving up to 6 ppm fluorine in their 

ration (contival)* 
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tMiuny fluorine eeaeentratione vmre not influmieed by hi^ 

fluorine eoncentration In the ribe 250 days after ceeeation 

of high fluorine intake, 

5« Urinaiy fluorine oonottntratlQna of cattle and cheep were 

reduMd by the additl<m to the ration of 0«1 and 0*5 per cant 

aluminum eulfate and 0*1 per(^t alumlnam chloride* 

6* fhe urlnazy fluorine eoncentration of cattle and sheep ehould 

function as a dia^oetic aid of fluorine only vhen eunported 

by fluorine analyeee of feed mid baneS| appropriate etudiee 

of teet^ and general oteearratlone of the fare and mimJg 

in (laeBticm* 
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