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SUMMARY 

During 197.5-76 numerous dairymen complained 
that cattle exhibited inanition, reduced milk pro
duction, infertility and high mortality. Classical 
signs of fluorosis were observed in several herds. 
Bone ash fi'om e ight herds averaged 2,406 ppm F 
and were within the toxic range of 1,640 to 6,900 
ppm F. Blood data collected previously from three 
of these herds indicated pernicious anemia, de
pressed serum calcium, cholesterol and thyroxine, 
and increased eosinor·H ls. Yet, a satisfactory ex
planation was lacking. 

Urine and blood W(' l'e ,'(,ll ected from 72 Holstein 
cows at uniform sta! ~(': (.1' lactation in six herds 
c '. hibiting minimal ; ( 1 "oJ: 'rate and severe dental 
;l1' d bone fluoroti c L,·:tl)p~·). Indicating previous ex
jJPsure to high fluor~d!)iIlL 1- (' , None were receiving 
th oride in excess o f' ILl i\,) l'l(',nal Research Council 
',Lmdard (30 ppm' ;l.~ :'~1.lllp ling, however. Urine 
d uOl'ide averaged ,.;,~ ~ 2.ht ppm F, was lowest in 
herds fed mineral iji\jl t ill· ')' S only ad lih itl1 m and 
more variable in f!, ('Iu:-i~ : IH'nls (P=.003) , 

Urine fluorid e al )( ' .... '\('r;d j)i ood param ('tl'j"1 \\ e re 
"i gnificantly neg; t Li . h c( q i I' lated witl! day\-· in
lactation. When t lf('d'- of "L~t~e of lacblfli)li wc re 
(cmoved by least '·f uares :l1l,ji;:sis of variance , blood 
se rum thyroxine (1'4) ;1]"1(1 tn iodothyr(Jll i ne 3) 
(radioimmunoas ~-';'.y) dl'~.'n:::l,,;,~d with ilH_'reac;ilJ g 
It r in e F (P = . 0: J all d P .:. :J 2.5 , res p el: Ci v e ] y ) . 

Eosinophils were ;ncr(;,l',;cd ;,r'= .004) alid dlOies--

terol depressed (P=.061) by fluoride. 
Red blood cells, hemoglobin, hematocrit, serum 

calcium and bilirubin were highly correlated with 
thyroid hormones. Cattle afflicted with fluorosis de
veloped anemia, hypocalcemia , hypocholes
terolemia, and eosinophilia. 

Administration of thyroprotein (iodinated casein) 
in feed to cows in a fluorosis herd dramatically in
creased milk production, serum thyroxine, milk 
iodine and stimulated hemapoiesis of red blood 
cells, hemoglobin and neutrophils while reducing 
eosinophils to normal. 

Services required per conception and days open 
post-calving were significantly less in low fluoride 
herds with minimal fluorosis and increased with 
increasing severity of the syndrome. 

Mineral supplements containing .5,000 to 6,000 
ppm F and protein supplements enriched with 
phosphorus, containing 220 to 1,088 ppm F were 
the main sources of excess fluoride. 

Other dicalcium phosphates and mineral mix
tures contained 1,000 to 1,633 ppm F and appeared 
to produce the fluorosis syndrome at a lower fre
quency in "normal" herds since fluorotic lesions 
were common in 2.5 herds examined. Dental and 
bone lesions were on calves and yearlings in 
fluorosis herds. The data indicate that excess 
fluoride inhibits the thyroids thus depressing 
metabolism and hemapoiesis over time. 

._ ... _' __ . _ ........ --_._._-------------------------_....1 i 
i~,.-________ ... --.-.-.------ .. --------
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Fluorosis from Phosphate Mineral 
Supplements in Michigan Dairy Cattle 

hy DONALD HILLMAN, DAVID BOLENBA UGH and EDWARD M. CONVEYl 

INTRODUCTION 

During 1975 and 1976 more than 75 dairym e n 
complained that cattl e fail e d to produce the normal 
amount of milk, lost body w e ight rapidly afte r calv
ing, and fail e d to exhibit e strus or rebree d as e x
p ected. D eath hom unde te rmined caus e s ranged 
from 10 to 15% of adult cows and involuntary cul
ling was excessive . Ve te rinarians re ported that cat
tl e re spond ed poorly to the rapy. Some calve s ap
p e eued h ealthy at birth but fail ed to grow normally 
by 2 mo of age and many die d from unde termine d 
caus es up to a year or more of age . Of the h erds 
reported h ere, no d e tectabl e concentrations of PBB 
(polybrominated biphe n yls) w e re d e te cted in milk 
and tissue fat sample s analyzed in state and private 
laboratorie s. 

Low blood serum thyroxin e, ane mia , hypocal
c e mia , ex opthalmus , p e riorbital s w e lling , 
hypochole ste rol e mia, rough hair coats and e nlarged 
thyroids h om calves , and a dramatic re sponse in 
milk production in two h e rds fed iodinated case in 
(thyroprote in) w e re obs e rved during initial investi
gations. Iodide a s EDDI (e thylene diamine dihy
draiodide), fe d at rates e xceeding 400 mg p e r h ead 
dail y in some h e rds , was suspected of d epre ssing 
th yroid fun ction. However , a re lationship b e tween 
iodide intake and thyroid function could not b e e s
tablished in a separate study of farm h e rds , although 
blood serum th yroxine conce ntrations w e re below 
normal (8) . 

Subse que nt examination reveale d some cows in 
the six control h e rds us ed in the iodide study (8) 
exhibited moderate to severe d e ntal fluorotic le
sions and exostosis of m etatarsal bone s. Furthe r
more, on these bnns, som e mineral supple m e nts 
contained up to 6 ,300 ppm fluorid e while prote in 
supplem ents contained up to 1,088 ppm fluorid e 
from soft rock phosphate . Thus, the purpose of this 
study was to d e te rmine whe th e r chronic fluorid e 
toxicity (fluorosis) affects cattl e h ealth on som e 
dairy hums. 

'TIll' alilhor" ar l', rl's p lT li ",' I, ' , I'rol'('"o r alld 1': ,\ ll' II Sio ll SplT ia li s l. (;raLl ll a[ (' 
Ass is la nt, ami Ass {) c iak I' rui'l's sor. iJ l' Jla rl llll' lIl o f I) "in' SCil' II (T. \ l il 'l,i ,t>;;t ll Stall' 
L' ll iH' rs ih ·. !:':as ll,' "l s ill .t>; -IH/Q-l 
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LITERATURE REVIEW 

Fluorine (F) is unive rsall y pre se nt in live stock 
feedstuffs. Fluorosis involve s progre ssiv e de
ve lopme nt of characteristic e ffe cts re sulting hom 
prolonged ingestion of fluorid es . Rock phosphate s 
and phosphatic lim e ston e s supply most of th e 
fluorid e in livestock feeding. Wate r in some areas is 
a significant source of fluorid e, and forages con
taminated with airborne fluorid e hom industrial 
plants or dust hom high fluorid e soils are othe r 
possibl e source s of excessive fluoride consum ed by 
livestock (18). 

Small amounts of fluorid e norm ally ingeste d b y 
animals are large ly e xcrete d in urine and fec e s and 
re lative ly minor amounts are d e posite d in bones 
and teeth. Whe n fluorid e intake exceeds th e safe 
thre shold limit for the particular animal , bon e con
ce ntrations of fluoride increas e and fluorosis gradu
ally d e ve lops (18) . 

The harmful e ffe cts of raw rock phosphate con 
taining about 3.5% fluorin e and a comm ercial min
e ral suppl e m e nt fed to dairy cattle as l.5% of the 
grain ration ove r a 5-yr period w e re first reported by 
Reed and Huffillan (59) at the Michigan Agriculhual 
Colle ge in 1930. They obs erve d discol oration and 
e xcessive w ear of the tee th , bone re mode ling, poor 
growth , reduced milk production and high mortality 
of cattle fed rock phosphate or the comme rcial min
e ral supple m e nt. Limestone had no e ffect and 
boneflour improved grO\vth of young cattle . When 
calcium fluosilicate and sodium fluoride were fe d to 
cattle (83) and swin e (32 , 33), gross e ffe cts re se m
bled those hom rock phosphate . 

Fluorosis hom phosphate sources was reporte d in 
dairy cattl e in Canada in 1954 (10) and England in 
1972 and 1977 (30,31 ). Th e characteristic skele tal 
and d e ntal flu orotic le sions d e scribed b y Michigan 
worke rs (59 , 83) w e re confirme d in Wisconsin e x
p e rim e nts (53) whe n incre asing arnounts of rock 
phosphate comprising 0.625, l.25 and 2.5% of the 
grain mix w e re fe d to cattl e hom 4 1110 of age 
through 2 .5 lactations, and in se veral e xp erim e nts 
where sodium fluorid e (NaF) was fe d as the source 
of fluorin e (41 , 48 , 67, 73 , 7.5 , 77 , 79 , 81 ). 



Fluorotic staining and excess ive wear of incisor 
tee th are the first signs of excess fluoride intake. 
Discoloration of the enamel occurs in unerupted or 
developing incisors, but may not b e seen in cattle 
exposed to excess ive fluoride after permanent teeth 
are fully d eveloped (about 4V2 yr of age). Incisors 
may be yellowish to dark brown, mottled, or chalky, 
sometimes in patches. 

Bilateral pitting, staining or hypoplasia of the 
enamel may indicate animal age at the time of ex
cessive intake . Molars become soft and excessively 
worn; they are more difficult to see in the live ani
mal. Cattle have difficulty masticating feed and are 
reluctant to drink cold water, apparently because 
their teeth hurt. Th e enamel content of teeth de
creases with increasing severity of the visual lesions 
and fluorid e content (44). 

Osteofluorotic (bone) lesions may occur when the 
dietary fluoride ingested is above normal for an ex
tended time (45). 

Periosteal exos tosis (overgrowth and enlarge
ment) of th e m e tatarsal (lowe r hind leg) and 
metacarpal (front leg) bones and joints occurs in 
advanced cases and is more pronounced in young 
cattle ingesting e levated fluorin e levels (20). Palpa
ble and detectable les ions may occur on the mandi
ble and ribs, and the mandible may be notably thick
ened. In advanced cases there may be spurring 
and bridging of the joints (65). 

Ankylosis (stiffness and/or adhesion) and swell
ing of the joints occurs in advanced cases resulting 
in intermittent lame n ess, frequ ent shifting of the 
weight from side to side and an arthritis-like condi
tion of the hip joints (31, 65). Osteofluorotic lesions 
and calcification of tendons, hlscia, cartilage and 
their insertions generally accompany intermittent 
lameness (45,65,81). 

Fluoride concentrations in bones and teeth in
crease in proportion to the daily intake and expo
sure duration. Thus, bone and tooth fluoride incli
cate previous fluorid e exposure. Rib bones of adult 
cattle normally contain less than 1,000 ppm F and 
averaged 350 to 650 ppm F for control cattle ex
posed to low levels (3 to 5 ppm) of die tary fluoride 
for 5 yr (81). Ribs and tail bone normally contain 
1.5 to 2 times or more the fluorid e found in leg 
bones. 

Rib fluorid e increased to 1,700 to 2,200 ppm in 
cattle fed 20 to 50 ppm F, as sodium fluoride, in the 
diet for 9 mo, and to 5,500 to 7,000 ppm in cattle fed 
50 ppm F for 63 mo in Wisconsin experiments 
(81). Others reported similar relationships (67). 

Excessive fluoride concentrations in bone are 
generally considered evidence of fluoride toxicity. 
Greenwood e t al. (20) suggested about 1,600 to 
2,100 ppm F in bones as borde rlin e toxicity for 
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2-yr-old cattle; 2,300 to 3,800 ppm F in cows aged 4 
to 6 yr. Lameness and osteoarthritis of hip joints was 
associated with bone fluoride concentrations of 
2,000 to 8,000 ppm F in England (3) and Texas (47). 

Calcium depletion of bone may cause the osteo
planic lesions associated with severe skeletal 
fluorosis in dairy cattle. Impaired calcium and 
phosphorus retention have been shown with rats 
(12,35) and cattle (12). Reduced calcium absorption 
from the gut of calves fed excess fluoride resulted in 
resorped bone calcium supplying most of the ex
changeable calcium pool (56, 57). The ability of 
fluoride to precipitate calcium may cause hyperex
citability and muscle spasms (37). 

N on-skel e tal effects of prolonged excess ive 
fluoride intake have been described but their 
physiological bases have not been adequately es
tablished. Inanition (starvation syndrome) charac
te rized by excessive loss of body weight postpartum 
and a ketosis-like syndrome is common in cattle 
afflicted with fluorosis (10, 53, 59). Sudden dramatic 
drops in milk production of some cows coincided 
with peak fluorid e intake when th e fluoride was 
contained in the grain ration (78). Anorexia (loss of 
appetite) was also associated with fluoride intake 
ranging from 1.4 to 1.7 mg F/kg body weight as NaF 
after 2 to 5 yr exposure (67, 70, 73, 77, 78). 

The effects of fluoride on milk production are 
apparently secondary, and coincide with inanition, 
anorexia and lame ness produce d by excessive 
fluoride intake over time (70, 78). Cows produced 
93, 82 and 60% as much milk (fat-corrected milk) 
when fed 28, 55 and 109 ppm fluorid e as compari
son controls fed 10 ppm F in Utah experime nts (70). 
Similar effects on milk production were reported 
after developme nt of fluorosis in 1 V2 to 5 yr depend
ing on rate and duration of fluoride intake (10, 53, 
59 , 78) whil e some experiments reported no 
m e asurable e ffect (47, 48). 

Prognosis for recovery of seriously afflicted cattle 
is poor. Cattle previously exposed to 1.2 to 2.0 mg 
F/kg body w e ight for 4 yr and afflicted with 
fluorosis showed no improvem ent in dental or bone 
lesions , health, or milk production over a 2-yr 
period when offered a low fluorid e dairy ration, but 
bone fluoride was reduced 30 to 60% while blood 
fluoride tended to remain high (55). 

The amount of dry matter and energy consumed 
and apparent protein absorbed from the digestive 
tract were reduced during lactation with increasing 
fluoride concentrations in the diet (12 to 109 ppm) 
when feeding was begun as calves (24) . Run1en bac
te ria were re duced 50% in sheep fed 100 ppm F 
(NaF) (26). Similarly, growth of actinomycetes mi
crobes in the rumen and biosynthesis of vitamin B12 
were reduced by feeding fluosilicate (61); folic acid 



activity in blood was reduced by sodium fluoride 
(28). The effects of 40 ppm F (NaF) were more 
severe in underfed than in full-fed cattle (74) . 

A 6 wk or more delay in the first estrus period 
following parturition was associated with inanition 
and anorexia resulting in poor nutrition and health 
of cows fed excessive fluoride (.53). 

Fluorine is a potent enzyme inhibitor (27). Exces
sive fluoride intake may impair energy metabolism. 
Excessive fluoride also depresses phosphorylation 
by the glycolytic system (S, 7, 64); while citrate 
metabolism decreases (S, 7) because fluoride in
hibits the enzyme enolase (64, 87) by forming a 
magnesium-fluoride-phosphate complex (87). 

Fluoride affects the hemapoietic system in some 
circumstances (28). Feeding excessive fluoride re
duces hemoglobin concentrations in blood (73) 
while fluosilicate feeding reduces red blood cell 
numbers and cell size (61) . The resulting anemia 
was associated with the inhibitory effect of fluoride 
on growth of actinomycetes microorganisms in the 
rumen of cattle, and decreased vitamin B12 

synthesis. 

There is evidence that fluoride affects white 
blood cells, too. Blood eosinophils increased (11.8% 
of leukocytes) in cattle fed 100 ppm F (28). Prema
ture death of three (of eight) cows in the high 
fluoride study group provides basis for speculation 
as to a decreased resistance to infection, and that the 
higher eosinophils may be an early manifestation of 
toxicity (28). A decrease in the percent of multinu
clear leukocytes in blood (82) and changes in the 
myelocytes in bone marrow of cattle fed increasing 
amounts of fluoride, further suggest (28) that 
fluoride may affect hemopoiesis. 

Some animals given high fluoride develop en
larged thyroids (6, 19, 26, 39). Goldemberg (21) 
claimed that ingestion or injection of2 to 3 mg F per 
day for 6 mo increased thyroid gland weight S to 6 
times and retarded growth of white rats. He called 
the effect "cretenism fluorique" and suggested that 
endemic goiter may be due to fluoride. Phillips et 
al. (SO, SI, S2) could not confirnl these results on 
rats, guinea pigs or chickens, but the thyroids of 
guinea pigs that died of chronic fluoride poisoning 
were enlarged (6). 

Although protein-bound iodine was not affected 
in lactating cows fed sodium fluoride (28), fluoride 
did inhibit thyroid honilone secretion of mice (39), 
and three-fluorotyrosine inhibits normal thyroid 
function and has been used therapeutically to treat 
hyperthyroidism (19). Rantanen et al. (.58) noted that 
the bone changes produced in pigs by fluoride were 
reduced or reversed by thyroidectomy and the re
tending effect of F on cortical hone remodeling did 
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not occur when iodinated casein was given as 
thyroid replacement therapy. Thus, they suggested 
that the effect of fluoride may be mediated through 
thyrocalcitonin produced by the thyroid. 

The adrenals exhibited congestion and some 
hyaline and connective tissue response in cows fed 
excessive fluoride in Wisconsin experiments (S3); 
and the adrenal glands were enlarged when rats 
were fed toxic amounts of fluoride (S4). 

Kidneys of cattle fed 4 .88 mg F Ikg body weight as 
rock phosphate contained cysts or abscesses accom
panied by inflammation, fatty generation and pres
sure atrophy (S3). The heart was flaccid with fatty 
and hyaline degeneration; hemorrhagic endocardia 
was also evident (S3). Kidney nephrosis and fibrosis 
resulted from feeding 1% rock phosphate in pig ra
tions but did not occur in pigs fed similar or higher 
levels of sodium fluoride, calcium fluoride or phos
phatic limestone (32, 33). Thus, fluoride may not be 
the only toxic substance in rock phosphate . Rock 
phosphate contains varying concentrations of lead, 
arsenic, aluminum, titanium, vanadium, silicon, iron 
and cadmium in addition to calcium, phosphorus 
and fluorine (29). 

Respiratory disorders in humans have been at
tributed to excessive intake of fluoride fi'om indus
trial sources (13,19,46,60,69) . 

The fluoride content of milk is increased slightly 
when excess fluoride is fed. ~1ilk normally contains 
0 .16 ppm F or less and increases to about 0.51 by 
feeding fluoride (20, 70, 77). The femurs of rats 
contained 28, S6 and III ppm F when fed milk fi-onl 
cows given 0, 30 and so ppm F in their diet as NaF 
(77). Considerable fluoride is bound to the protein 
in milk (11). 

The fluoride content of metacarpal bones hom 
newborn calves increased from 11 ppm in controls 
to 86, 136, 104 and 140 ppm F when the dam was 
fed 20, 30, 40 and .50 ppm F as NaF (77), thus, 
fluoride can be transferred across the placenta. 
Similar linear increases OCCUlTed in pigs (17). The 
average birth weight of calves born from cows ex
posed to excessive fluoride hom rock phosphate 
was reduced by more than 12% (53). The signifi 
cance of increased fetal fluoride on subsequent 
bone and tooth development or other physiological 
processes of cattle apparently has not been studied. 

The growth rate of gilts and their weanling pigs 
was reduced by including ISO ppm F in the diet 
(IS). Decreased length, width volume and fresh 
weight of the humerus in baby pigs hom sows fed 
additional fluoride (NaF) indicated a depression of 
skeletal growth of the fetus which persisted in the 
4-wk-old pigs and reduced collagen formation (16). 
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The National Research Council (45) recommends 

that diets for dairy cattle contain less than 30 ppm 
fluoride based largely on experiments conducted 
with sodium fluoride and bone fluoride concentra
tions as evidence of toxicity. 

METHODS AND PROCEDURES 

There was no satisfactory explanation for the 
hypothyroidism, anemia, eosinophi lia , hypocal
cemia and hypocholesterolemia found in an inves
tigation of cows in 26 herds. Herds S 1, B2, C4 and 
V3 were typical problem herds. Initial complaints 
were similar, i.e. excessive los s of body weight after 
calving, depressed milk production, a ketosis-like 
syndrome unresponsive to th erapy, delayed estrus 
and failure to rebreed as expected, a high incidence 
of uterine infections , lam eness and mortality. Sub
sequently, dental and bone lesions suggestive of 
fluorosis were observed on most cows in these 
herds. 

To determine whether the blood criteria could be 
correlated with fluoride concentrations in urine and 
to provide a basis for comparison with problem 
herds, six herds varying from minimal (herd Wand 
B) to moderate (MCP) and severe (Sl) visual signs 
of excessive fluoride intake were chosen for study. 
With the exception of S 1, herds were representative 
of "normal" dairy herds producing more than 7,500 
kg milk per lactation . Since Coppock et al. (9) re
ported that cows limit their intake of dicalcium 
phosphate when offered only free choice, herds W 
and P were selected because mineral supplements 
were fed only free choice and not force-fed in the 
ration. 

Fluoride intake could nut be measured accurately 
under th e se hum conditions, and the high fluoride 

Table 1. Herd description and analyses performed 

Herd Signs of fluorosis 

Ident. Cows Dental Bones(b) Hoof(b) Blood 

No. score(a) Cells SMA'2 

% 

W .56 2 2 12 j 

B 45 1-2 .5 10 12 j 

~1 120 .3-4 1.5 20 12 j 

G 80 1-.3 .5 10 12 j 

P 120 1-4 10 15 12 j 

Sl 1.52 4-5 2.5 58 12 j 

B2 120 4-.5 .34 40 1.3 j 

C4 80 4-.5 3.3 3.5 9 j 

V3 80 cl-5 20 25 10 j 

(a ) I)clltal S('or, 's - appw.\i,llak rall g .. as ill rcllTL'lI CC 2, 
(h ) Pc rCl'lIt ,,/, C()\\ 'S ill l'" c h I' l' rel , h(]\\ ' ill ,t'; Si,t'; Il S ,,/'h()l1 c " r h()(]/'"hl1orll1alitit" s. 

supplements had been discontinued in all herds at 
th e time of sampling . 

Twelve lactating cows in each herd were selected 
for study by the herdsman: 2 cows «30 days), 2 
(31-120 days), 4 (120-200 days) and 4 (200-300 days) 
in lactation. Milk, blood and urine were taken from 
each cow after th e AM milking within a 3-wk 
period. Teeth, hoofs and bone abnormalities of rep
resentative cattle were photographed. 

Whole venous blood (containing EDTA) was 
examined for RBC, Hbg, Hmct, WBC and differen
tial counts.2 Forty milliliters of venous blood was 
allowed to clot and cells removed for serum analysis 
of calcium, phosphorus, glucose, cholesterol, 
bilirubin, albumin, total protein , uric acid, blood 
urea nitrogen, alkaline phosphatase enzyme and 
SCOT (serum glutamic oxalacetic transaminase en
zyme) by SMA12 auto analyzer2 according to th e 
manufacturer's procedures. 

Blood serum thyroxine (T4) for herds V3 and B2 
was determined in a local medical laboratory2 by 
competitive protein binding3 and for herd C4 by the 
tetrasorb method described by Convey et al. (8). 
Serum T4 and T3 (triiodothyronine) were deter
mined by radioimmunoassay4 (RIA) for all speci
mens to be compared with urine fluoride . The co
efficient of variation averaged 4.49% for T4 and 
10.35% for T 3' 

Table 1 describes the h e rds , analysis performed 
and fluorid e sources. Blood and urine data were 
analyzed for statistical significance by least squares 
regression and analysis of variance procedures. 

~ I " ,l;oratoIY ()/' Ciilli c a l \kdiL'ill( ", I ,all s illt'; . \11 -IWJ]O, 
'i\ la llilll'krocil C h l'lllica l Works. 211d al](1 <Iallin c kwdl SIIT t"h , St, 1.'"li s. \I() h:3 l hO , 
" I",di"a" a' S' StC' II IS L,ti)()rahllY, I Il l' .. 1.511 ~as l I)cl AIIl(] B()I1!.., '" rd . Ca rs oll. CA 

~J()7 -1(i, 

Specimens Fluoride sources sampled(c) Milk 
Urine Bone cow/day Mineral Protein 

T4 T3 F F Supp. 

kg Fed. , Re f. Table Re f. Tabl e 
.5 6 

j j j 0 2.3.8 acllib , Y2K , VzL Soybean 

j j j 0 2.5.9 Cone. Z(1977) Soy 
j j j 0 2.3.0 L 
j j j 0 2.3.1 Cone . 1% D Soy 
0 0 j 0 22.2 acllib, Y2P, 1/2S Soy 
j j j j 19.7 ad lib. A A 
j 0 0 j 7.8 acllib . B,C,J B,C,E (b) 

j 0 0 j 1.3.1 C(b) 
j 0 0 j 26.3 Cone.l Y2% C(h) 

(c ) SOll rc c ,,/' s lI ppl l' llll' l1 ts h"d h l'l' lI c hall g l'd at till'" ,,/' saillpiin ,t';: kUl'r in elicall' s s illg ll' SPCC ill]( ' Il S id c lltifi e d ill T,hle , .5 . 6. 
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Bone specime ns and teeth were colle cted at n e c
ropsy or slaughte r. Soft tissue s w e re removed from 
bone by boiling in wate r. Long bones (me tatarsal, 
m etacarpal) w ere bis ected with a band saw into a 
dorsal and plantar half and the sawdust was col
le cte d as describ ed by Sutti e and Kolstad (76). 
Teeth were extracte d from the mandibl e afte r boil
ing; and whole coccyge al vertebrae w ere used for 
analysis. 

Fluoride content of bone s and teeth was dete r
mined by fluorid e ion e lectrode (22) or the distilla
tion proce dure of the Association of Official Analyt
ical Chemists (1) . Both methods agree d w e ll with 
th e diffusion technique (68) using spectrometric d e
tection (2). The m e thod prove d re liable for tee th, 
bone, urine and fe e ds. Recove ries of 20 ug F ave r
aged 96.5% with a coeffici ent of variation of 6% . 

Water samples w e re analyze d for fluoride content 
in the Michi gan D epartme nt of Public H e alth 
Laboratorie s , Lansing . Tissue spe cimens w e r e 
examined at n ecropsy or afte r slaughter, by ve teri
nary pathologists at the Michigan State University 
Diagnostic Laboratory . 

Thyroprote in (iodinate d casein) was adminis
te red to 13 lactating cows in one herd (B2) at th e 
initial rate of 19 g p e r day for 2 wk and reduced to 10 g 
the third wee k. Blood specimens w e re collecte d 
as described earli e r prior to and afte r 1 and 3 wk of 
thyroprote in fee ding. Milk from e ach cow was 
weigh ed one day weekl y and sampled for iodide 
analysis . Thes e data w ere analyzed for statistical 
significance b y analysis of variance using the paire d 
t-tes t . 

RESULTS AND DISCUSSION 

Clinical Histories and Observations 

The syndrom e was similar in afflicte d cattl e of all 
h erds obs e rved . However, the severity in te rms of 
perce ntage of cattl e pre se nting specific abnor
malities varied amon g h e rds. The time and duration 
of initial exposure to e xce ss fluoride was unknown 
thus variation in duration of exposure may explain 
differe nces in se ve rity . The following syndrom e 
typifie d h erds with the greate st proble m: 1) lactat
ing cows lost e xce ssive body w e ight post-calving 
(inanition) while offe re d a di e t providing ade quate 
e n ergy and prote in; 2) cows hlil ed to attain normal 
p e ak levels of milk production ; 3) h erd ave rage milk 
production declined 1,000 to 2 ,000 kg p er lactation 
over a 1- to 2-yr p e riod ; 4) most cows appeared 
h ealthy b efore calving and some produced norn1al 
amounts of milk for 2 to 4 wk-milk production the n 
dropped dramati call y and cows exhibite d a ke tosis 
like syndrom e unre sponsive to the rapy . Th e post
cal ving inanition d e scrib ed b y Phillips e t al. (53) 
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occurring in cattle fe d e xcess ive fluorid e re se mbles 
the displaced abomasum syndrom e. 

Reproduction 

In the problem h e rds , 20 to 30% of cows remaine d 
ope n or w e re cull ed as non-breed ers. Reproduction 
data w e re coll ected from h erds W, B, G , M and S 1. 
Se rvice s per conception w ere 1.4, 1.5, 1.8, 2.1 and 
2.9, re spe ctively. Se rvice s p e r conception w e re 
lowe r (P < .05) for h erds Wand B than S 1 (P < .05), 
and tended to increas e with visual evidence of 
fluorosis. 

Days from calving to conception ave raged 79, R5 , 
88,96, and 137 for h e rds W, B, G , M and Sl , re spe c
tive ly. The data support brme r complaints of re
productive proble ms in fluorosi s h e rds. 

Other Clinical Problems 

Adult cow mortality ave raged 15% p e r ye ar in th e 
four proble m h e rds . D eaths w ere commonly as
sociate d with post-calv ing ute rine infections , mas
titis and gene ral infections that normally re spond to 
the rap y. An atypical pne umonia with little tempera
ture e levation was involve d in SOll1e cas e s. Oth e rs 
w e re associate d with inanition , appare nt abomasal 
displace m ent, and re sultant ke tosis syndrome . 

Dental Signs of Fluorosis 

Normal incisor teeth with luste rous white enamel 
in control h e rds W, B, and G are shown in Figs. 1 
through 4. D ental le sions w ere obs erved on incisors 
of adult cows in each of th e four proble m h e rds (see 
Figs. 5 through 9).5 Discoloration of the enamel var
ied from a mild yellowish to mottle d , brown, and 
black and could not be r e mov e d b y scraping. 
Chalky patch e s (Fig. 5), bilateral discoloration and 
bilateral pitting of th e enam el of som e cows incli
cated they had received excessive fluorid e at th e 
time those teeth w ere d eve lopin g . 

In some cows th e surface of tee th was dull or 
contain ed ve rtical rivul e ts sugge sting h ypoplasia of 
the enam e l. E xce ssive w ear and mottling of teeth 
was evide nt on most cows. Som e tim e s th e eroded 
teeth w ere more notable on one side of the mouth. 

Moderate to se vere d ental lesions (Fig. 10)5 we re 
found on most cows in control h e rd P, possibly b e
cause they had previously consumed conside rabl e 
fluorid e hom min e rals fe d h ee ch oice. Attempts to 
obs erve molars of live animals w ere largely unsuc
ce ssful. A postm orte n1 specime n exhibitin g abnor
mal w e ar is shown in Fig . 11. The fourth molar (ash ) 
contain ed 4 ,510 ppm fluorid e . 
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Fig. 1. Normal incisors of IO-yr old cow, herd W. Teeth 
show white lustre and little wear. 

Deciduous and p e rmanent teeth of cattle 1 to 21/2 
yr old had typical stains and le sions (Figs. 12, 13 
and 14),5 and ofte n were e roded completely to the 
gums. Teeth from som e calves aged 3 to 4 mo w e re 
stained and mottle d (Fig. 15). Th ese teeth con
taine d 727 ppm fluorid e . Black teeth w e re found in 
calves less than 6 wk old (Fig. 16).5 Apparently 
placental transfer of fluoride hom dam to fe tus was 
sufficient to produce the se e ffects on d eveloping 
teeth in utero. This may explain som e problems 
found with d e ciduous teeth in cattle at 1 to 2l!2 yr 
old. 

Enlarge m e nt of joints was evident by palpation as 
bony structure and range d from 2% of cows in h e rd 
W to 20% to 34% in h erds Sl , B2, C4 and B3 (Figs. 
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Fig. 2. Normal incisors of 8-yr cow, herd B. 

Fig. 3. Normal incisors of 7-
yr cow, herd C. 

17, 18, 19 and 20). Periosteal exostosis and os
teoporosis of metacarpal and/or metarsal bones of 
cows are shown in Figs . 21 and 22. Num erous cows 
w e re culled becaus e of lamene ss and an arthritis 
like condition of hip and shoulder joints. 

Stiffness and lame n ess were generally associate d 
with the exostosis of bone, e nlargem e nt of joints 
and redde n ed swelling of joints in all h e rds. 

Exostosis of metatarsal bone s was evident on 
2-yr-old h e ifers in several herds. In the four problem 
h e rds , 20 to 58% of the cows had curl ed and/or 
sprawling hoofs (Fig. 23), while only 5 to 15% of 
cows in control herds had this problem. These find
ings concur with other reports of fluorosis in farm 
h e rds (10 , 31). 



Fig. 4. Normal incisors of 2-yr
old, 1st calf heifer, herd G. 

Fig. 5. Chalky, pitted incisors of 4-yr-old cow, herd S. Teeth contained 3,940 ppm F. 

Fluoride Content of Bones 

Fluoride (F) concentrations in ashe d samples of 
bone s and teeth from adult cows in e ight herds 
ranged from 88.5 to 6,918 ppm (ash) and average d 
2,406 ppm in 22 specimens (Table 2). Fluoride con
tent of ribs and coccygeal (tail) vertebrae was about 
twice that in m e tatarsal and metacarpal bone s, 
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which concurs with other reports (67 , 7.5, 81 ). The 
fluorid e content of spe cime ns from e ach of the 
Michigan cattl e (Table 2) was above the 3.50 to 1,000 
ppm reporte d for controls rece iving no additional 
fluorid e other than from n atural feedstuff") in exp er
iments (.53, 67, 7.5, 81) and comparable to bone 
fluoride found in cattle afflicted with fluorosis in 
England (31) and Texas (47). 



Fig. 11. Excessive wear on molar teeth, herd S1. Fourth molar contained 4,910 ppm fluoride. 

Fig. 15. Stained and mottled teeth of 4-mo-old calf herd S1. Teeth contain 727 ppm fluoride (ash). 
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Fig. 17. Exostosis of metacarpal bone (S-273). Hoofs 
are curled, fetlock joints are red and swollen. Cow was 
lame. 

Fig. 18. Exostosis of metatarsal joint, herd V3. 
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Fig. 19. Exostosis of bone in front of metatarsal joint 
C-51 (see Fig. 8). 



Fig. 20. Classical bone exostosis of steer, herd B2 (see 
Fig. 14). 

(! - So 

Fig. 22. Metatarsal bone from steer in herd B2, show
ing bone overgrowth (exostosis) and porous structure (os
teoporosis of cross-section (center). 

Fig.21. Metatarsal bone of C-50 showing exostosis contained 2,100 ppm fluoride. 
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Fig. 23. Typical curled hoofs of S-253. Associated with 
fluorosis on 58% of cows in herd S 1. 

Table 2. Fluoride content of bones and teeth of adult 
cattle from Michigan herds 

Herd Specimen 

Sl 

B2 

Cow , 5 yr, tail verteb rae 
metatarsal 

Cow, 4 yr, 2nd molar 
4th molar 

Cow, 2 yr, metatarsal 

#1 Cow, 2 yr, rib 
#2 Cow, rib 
#3 Cow femur 
#4 Cow femur 
#5 Cow mandible 
#6 Cow mandible 

V3 #10 Cow , 4 yr, metatarsal 
metacarpal 

C4 Cow, 4 yr, mandible 
tail vertebrae 
metatarsal-whole bone dust 
metacarpal-exostosed bone 

.5(a) Cow,4 yr, me tatarsal 
6 Cow, 7 yr, mandible 

Cow, 5 yr, metatar.~al 
7 Cow,.5 ~! r, rib 

8 
metatarsal 

Cow,8 yr, mandible 
Cow, .5 yr, metatarsal 

(d ) lle n ls .5. 6.7 ",)(1 K !lot s tl)(lied ,'mlll",- . 

Teeth 

F (ash) 
ppm 

6918 
3564 
4510 
3940 
1680 
2044 
2024 
226.5 
1541 
1793 
88.5 

2299 
1446 
2103 
1640 

]023 to 1290 
240.5 

1740 
223.3 
1323 

3100 
1700 

2334 
1334 

The second and fourth permanent molars of a 
4-yr-old cow in herd Sl submitted to necropsy con
tained 4,510 and 3,940 ppm fluoride. The fourth 
molar was severely eroded into the dentine (Fig. 
11). 
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The deciduous teeth of a calf (aged 4 mo) from 
herd S 1 contained 727 ppm fluoride, and the man
dible 991 ppm F (Table 3). The teeth of this calf 
were notably mottled (Fig. 15). 

The tail vertebrae of another calf aged 3 mo con
tained 2,146 ppm fluoride; while the mandible had 
209, first deciduous ilicisor 92, second molar 78, 
phalanges 386 and hoof ash 496 ppm F. Data incli
cate large variations in F content of various skeletal 
parts of the same animal. Since the incisor teeth of 
calves are fully erupted at birth and the fluoride of 
enamel is accumulated in unerupted teeth (44) ap
parently considerable fluoride was obtained in 
utero. Calf suppleinents contained 35 to 107 ppm F, 
and the grain ration of herd S 1 contained 114 ppm F. 

Bones and teeth of calves (5-6 mo old) that were 
born from cows in herd S 1 after the high fluoride 
supplements were discontinued tended to be lower 
in fluoride content than those in animals born dur
ing the period of high fluoride exposure. 

Also, the fluoride content of deciduous incisors 
from cattle 1 V2 to 2 yr old from herd B2 (Table 4) was 
similar to that found in comparable teeth from much 
younger calves in herd S 1. The fluorid e content of 
deciduous teeth (2nd pair of incisors and 2nd molar) 
was more than twice that of the first pair of perma
nent incisors of these cattle (Table 4). In most cases, 
the crown (enamel and dentine) of deciduous in
cisors was so severely eroded that only the stalk 
remained for analysis. This condition was observed 
consistently in young cattle of herds where adult 
cattle exhibited dental lesions. 

Data in Tables 3 and 4 and other observations 
indicate the teeth of calves containing 700 to 1,000 
ppm fluoride may erode completely from eating 
abrasive feeds. 

Sources of Fluoride 

The fluoride contents of samples of mineral sup
plements and other feedstuffs containing added 
phosphate minerals are listed in Tables 5 and 6. 

NIineral supplements A and B contained about 
6,000 and 5,000 ppm fluoride with acceptable varia
tion in results from three laboratorie s. The fourth 
laboratory reported about 17% less fluoride. "Soft 
rock phosphate" was indicated as an ingredient on 
the registration tag of supplement A. The other 
mineral supple ments contained various concentra
tions of fluoride ranging from a low of 17 ppm for 
monosodium phosphate to 130 to 200 ppm in clical
cium phosphate from processed bone and to a high 
of 1,633 ppm in other dicalcium phosphates. 



Table 3. Fluoride content of bones and teeth from young cattle 

Herd Calf# Age Bone 

Identity 

Sl 0430 4mo Mandible 
Sl 5647 3% mo Metatarsal 

5627 51/2 1110 Metatarsal 
Sl 5611 6 mo Metatarsal 
Sl 2 3 mo Tail vertebrae 

Mandible 
Tarsal 
Metatarsal (dark) 
Metatarsal (white) 
Phalanges 
Hoof(ash) 

B2 .3901 2 yr Tail vertebrae 
Metatarsal 
Metacarpal 

B2 3921 2 yr Tail vertebrae 
Metatarsal 
2nd decid. incisor 
1st perm. incisor 

Table 4. Comparison of the fluoride content of decid-
uous and permanent teeth of heifers under 2 yr of age, 
herd B2 

No. Age Deciduous Deciduous Permanent 
(yr) incisor molar incisor 

ppm (ash) 
901 < 2 80.5 880 40 1 
903 < 2 954 1032 386 
904 < 2 955 1057 .3.51 
908 < 2 1140 1280 637 

-- --
Avg 963 1062 444 

Protein supplements A and B (Tab le 6) were dis
tributed b y th e same companies as mineral supple
ments A and B and appeared to reflect the high 
fluoride phosphate mineral included in the mixture. 
Protein supplement C contained fluoride similar to 
B and was widely distributed in Michigan. The 
fluorid e in grain mixes and pellets corresponded to 
th e concentrations in protein and mineral supple
ments us ed as ingre die nts. Each of the high es t 
fluorid e supplements were fe d on hums where cat
tle exhibited classical signs of fluorosi s (Table 6). 

Feed analys es indicated that several mineral and 
protein supplements sold in Michigan hom 1974 to 
1976 contained excess iv e fl uoride. Su ttl e (72) 
analyzed 1.5 samples of 16% protein commercial 
dairy feeds from Michigan in 1968. They ranged 
fl:om 3 to 95 ppm fluorid e. The fluoride content in 
feeds may have increased during th e phosphorus 
shortage of 1973 to 1974. Farm grown forages con-
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Deciduous teeth 

F 1st incisor Molar 

F Ash F Ash 
(ppm) (ppm) (%) (ppm) (%) 

991 727 727 
233 183 (68.4) 204 (71.3) 
226 265 (65.7) 140 (70.6) 
368 377 (66 .3) 240 (69 .9) 

2146 93 78 
209 
329 
132 
241 
386 
496 

1019 
897 
520 
981 
568 
840 
755 

Table 5. Fluoride content of minerals 

Supplement Fluoride 

ppm 
A. 15% Ca, 7% P 6235(a) 

15% Ca, 7% P 5900(a) 
15% Ca, 7% P 6013 
15% Ca, 7% P ,5020(a) 

B. 12% P-min e ral mix (1975) ,5314(a) 
12% P-min e ralmi x (1975) 4170(a) 

C. Dicalci um phosphate .18% F 163.3 
D. Dicalci ul1l phosphate .21 % F 1580 
E. Mineral mix (1974) 1490 
F. D-14P 1359 
G. D-17P 1187 
H. C-18P min era l mix 1290 
1. C-16P min eral mix 910 

J. HI Phosphate (NI) min e ral mi x 1100 
K. D icalcium phosphate 1238 
L. CS mineral mix 1063 
M. MVS mineral supplement 804 
N. CS min eral mi x 1080 
O. C blend 243 
p. CS mine ral mi x 1164 

Q. GRVP mineral mix 1108 
R. MVP 676 
S. Monosodium p hosphate 17.3 
T. Hi phosphate min e ral 383 
U. D-17P (1977) 386 
V FF (1977) min e ral mi x 61.5 
W. Salt, min e ral hl ock 427 
X. Dicalcium phosphate, processed hone 130(a) 

Dical cium phosphate, pressed bon e 200(a) 
y. VT. mineral mi x 1477 
Z. H -min eralllli x (1976) 1200 

H-min eraJ mix (1977) 640 

(a )He s lilts rrom other indepcndcllt laborator ies includill g: W isconsi n AIUJ1lni 
H"search Foundatioll Lah. , "ladisoll: :--1 ich igan DepartJ1lc llt or Agri clI ltli re Lab. , 
La ll sing; a nd N lltritional Env ir0111l1l'lltal Allaktica l Lab. , Inc. , Ii o lt , :-- 11 . 
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tained onl y trace (2-4 ppm) or nonde tectabl e 
amounts of fluoride , although on e specime n con
tained 1.5.7 ppm F. 

Wate r supplie s from hums sampled contain e d 0.1 
to 0.8 ppm F. This is an insignificant amount and 
would only contribute 10 to 100 mg to the daily F 
intake of high produc ing dairy cattle . By compari
son , mine ral and prote in supple m e nts A contrib
ute d 1,143 mg to the daily intake . 

Table 6. Fluoride content of protein supplements and 
grain mixes or pellets from Michigan farms 

Source 

A. 38% suppl e m e nt 

B. 38% suppl e me nt 

C. 32% suppl e m e nt (1976) 

D . .38% supplem e nt (1977) 

E. Dry cow 
Calf stalte r 

F. Liquid prote in suppl e mc nt (N P N) 

G. Grain p e ll e t (1974) 22% prote in 

F 

(ppm) 

1088 

230 

220 

120 

93 
89 

o 
24 

H. Grain mi x-lO% prote in suppl e m c nt (1976) 22 

1. Farm mi x 1% min e ral plu s SBM (1 976) 8 

J. C ustom e le vator mi x (1976) .5.2 

K. Pellete d grain mi x (1977) 7 .. 5 

L. P e lle te cl grain mi x (1977) 7.4 

Fluoride Content of Milk 
Milk from 11 individual cows was analyzed for 

fluoride during the early stage s of this investigation. 
Th e fluorid e content of milk vari e d from 0.072 to 
0.64 ppm F and was high e r in sample s ashed prior 
to analysis than non-ash ed sample s; th ese findings 
concur with those of Dalzie l e t a1. (11) sugge sting 
that fluorid e is bound to the prote in in milk. The 
milk value s are comparabl e to those re porte d b y 
Utah (70) and Wisconsin (77) worke rs who indicate d 
that milk normally containe d le ss than 0.16 ppm F 
but is increased to 0.2 to 0 . .51 ppm F over time b y 
feeding NaF. Furthe r analys e s w e re discontinue d 
b e cause of their limite d diagnostic value and diffi
culty of the analysis. 

Relationship Between Urinary Fluoride 
and Blood Criteria 

Urinary fluorid e conce ntrations hom 72 cows in 
th e six h e rds studie d ave raged .5.31 ±s .d. 2.84 ppm 
F, and range d hom 1.04 to 1.5.7 ppm F. Shupe e t a1. 
(66) note d considerable variation in urine fluorid e 
and suggeste d rep eated sampling to e stablish a re li
able m ean. Most variation was diurnal and related 
to tinle of sampling afte r fe eding fluoride. H e rds 
w e re sample d only once and w e ll afte r exposure to 
high dietary fluoride. Urinary F re fl e cts curre nt F 
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intake and is highly re lated to duration of e xposure 
or total fluorid e consumed (66). 

Extrapolating from th e Utah (66) and Wisconsin 
d ata (7.5 , 77), urine F conce ntrations were e quiva
le nt to fluorid e intake ranging within 1 to 22 ppm F 
in th e di e tary dry matte r over an unde termin e d tim e 
p e riod . H e rd W average d 2.92±s.d. 1.79 ppm F in 
urine-significantly lowe r than all oth e r herds sam
pl ed (P < .O.5). Herd P was se cond lowe st in urin e F 
ave raging 3.48±s.d. 1.64 ppm F. H e rds Wand P 
w e re offe re d phosphate minerals onl y fre e choice . 
Findings support th e h ypothesis that cattle fe d only 
free choice mine rals have lower fluorid e intake. 

Th e standard d e viations for urinary F in h e rds S 1 
(3.8 ppm) and M (3.2 ppm ) appeare d larger than 
thos e in the othe r four h e rds (1..5 to 2.6 ppm ). 
Poole d variances of h e rds S 1 and M: w e re greate r 
(P < .Ol) than thos e in th e othe r four h e rds. Thus , 
h e rds with mode rate to se ve re clinical signs of 
fluorosis have large r variation in urin e fluorid e . 

The previous source s of e le vated fluorid e intake 
from min e ral and prote in supplements and bone 
fluorid e conce ntrations within the toxic range w e re 
confirm e d b y analysis for h e rd Sl but not ~1. Uri
nary F was n e gativ e ly cone l ate d with days-i n
lactation . L east squares analysis of variance using 
age in months (Xl ), days in lactation (X2 ) and urin e 
F (X:3) as inde p e ndent variable s was use d to d e ter
mine the ir partial e ffe cts on each d e p e nde nt blood 
paramete r. Blood se rum thyroxine (T 4 ), triiodo
thyronine (T3) , and blood eosinophils w e re dire ctly 
affecte d by fluorid e (P < .O.5) afte r eliminating partial 
effects due to age and stage of lactation. Fluoride 
d e pre ssed chole ste rol at a lowe r leve l of significance 
(P = .06) . 

Thyroid Hormones 

Blood s e rum thyroxin e (T 4) \,vas d e pre ssed 
(P = .031) as urinary fluoride increas e d has e d on 
least square s analysis. In addition , T" \vas highe r 
with advanced stages of lactation (clays in milk ). T .l 
was not re lated to age of th e cow. 

Th e regre ssion equation for pre dicting T" was: Y 
(micrograms T 4/cll) = 4 . .5.3 - 0.006 (age, months ) + 
0.006 (days in lactation) - 0.098 (urine F ppm) (Fig. 
24). The effects of stage of lactation and age are 
re latively small compare d to th e effects of fluorid e. 
The standard e rrors of coe ffici e nts w e re : age (.006), 
days in lactation (.001) , ancl urin e F (.044). T 4 COll

ce ntrations (Tabl e 7) w ere lowe r (P < .05) for cattle 
in each of th e h e rds exhibiting classical dental and 
bone fluorosis (Sl , B2 , C4, V3) and e levated bone 
fluoride. 



Table 7. Urinary fluoride, thyroxine (T~), triiodothyronine (T 3), calcium, phosphorus and cholesterol in blood serum of 
dairy cows with varying severity of fluorosis 

Herd No. Urine F T4 T! Calcium Phosphorus Cholesterol 
obs. ppm ug/dJ ng/ml mg/dl mg/dl mg/dl 

x SE x SE x SE x SE x SE x SE 

\V 12 2.92 .. 52 4.60 .34 1.75 .072 10.1 .1.5 .5,4 .28 203 16 
B 12 .5.37 ,43 -1.83 .19 1.68 .058 9 .. 5 .11 5.8 .21 162 9 
~l 12 6.39 .92 .5.30 .38 1.77 .084 9.6 .11 .5 .7 .34 203 17 

G 12 6.33 .74 -1.82 .28 1..59 .077 9,4 .1.5 6.1 .37 207 14 

P 12 .3.47 .47 9.3 .12 .5.8 .-13 174 15 
S l(a) 12 6.29 1.08 3 .. 59 .26 1.26 .084 9.1 .17 -1 .9 .24 189 16 

C-1 9 2.21 .. 54 9 .. 5 .14 7.2 .60 123 12 
\ '.3 10 3.3.5 .47 9 .. 5 .1.3 .5.9 .28 196 11 

B2 1.3 3 .. 39 .42 8.9 .12 6.4 .2.3 9.5 7 
i\leans (x) significantly different (P .05) 

W < all C4 < all Sl < W,B,NI ,G B2 < i\I,W S1 < B2,C.! B2 < all 
Sl , V3 , B2 Sl,P,G < W \V< C-1 C4 < V3,Sl,M ,W,G 
< W,B,M,G 

(a ) I)("llial 1i1l()J"",i , l'( lIi1irlll("d I,,· (,I('\ 'at"ti 1)() Il( ' 1IIIIlriti(· ill h("rd ~ SJ. C-1. \ ':1 '"Id 13'2. CII \\ ' , \\ '('IT IIl1irllrlllh tii ,t rilllil l' d tl,mllglillJlt Lll'lalillil ill " II Ill'rtk SE i, th l' standard 
I'rrlll' III' I I ll' 11I('ali (\) 
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Fig. 24. Thyroid hormones decreased with increasing 
concentrations of fluoride in the urine. 

Average serum T 4 of h e rd M was the highest of all 
herds sampled. Five of the 12 cows were sampled 1 
yr earlier (8). All were at similar stages oflactation at 
both samplings. The mean T4 in 1976 was 2.51 ±OA8 
ug/dl compared to 5.08±1.36 ug /dl when sampled 
in 1977. The difference was significant by the 
paired t-test (P<.Ol). 

The reason for the change in serum thyroxine 
over the period of a year is unknown. Four of the 
fiv e cows had been fed graded leve ls of iodide 
(.500-1000 mg /d) to measure I secretion in milk just 
prior to the 1977 sampling. Whether or not these 
levels of iodide influe nce d the thyroid activity is 
unknown. Average thyroxine for herd Sl sampled at 
the same time as the control h erds was low and 
comparable to other fluorosis herds . 
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Triiodothyronine (T3) was depressed with in
creased urine F (P=.025). As number of days-in
lactation increased, T3 tended to increase ( P~.07). 
Age was not significantly correlated with T 3 of adult 
lactating cows. The regression equation for predict
ing T;1 was Y (nanograms T3 per ml) = 1.69373 -
.00067 (age, months) + .0007 (days in lactation) -
.02958 (urine F ppm). Standard errors of the coeffi
cients were: age (.00163), days in lactation (.0004) 
and urine F (.0 1284). 

Th e simple correlations between T3 and red 
blood cells (1'= .51), h emoglobin (r=.54), h ematocrit 
(r=.53), serum calcium (r= .52) and bilirubin were 
significant (P < .Ol) and larger than the correlation of 
"-c on days in lactation (1'= AO). T 3 was also corre
lated (P < .Ol) with albumin (1'=.32), blood urea ni
trogen (r= . .34) , cholesterol (1'= .33), glucose (1'= .37), 
serum glutamic oxalacetic transaminas e enzyme 
(1'=-.33) and T4 (1'=.74). 

Blood Cell Criteria 

Leukocyte (WBC) values for each of the nine 
h erds are in Table 8. The percentage of eosinophils 
increased with increasing urinary F (P<.O l) (Fig. 
25). Hoogstratten e t al. (28) also observed high 
eos in ophils in cattle fed exces s i ve fl uorid e . 
Eosiniphils were not related to age, nor days-in
lactation although the latter approached signifi
cance (P = .08). Eosinophils did not differ signifi
cantly among herds suggesting that eosinophilia 
cows were distributed throughout several herds. 
Th e t en d ency of fluoride to increase percent 
eosinophils was associated with increased signs of 
fluorosis on cows in these herds (see herds B2, C4 
and G, Table 8). 
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Figure 25 

12 Blood Eos in oph il s in Re lat ion to Urinary Fluor ide of' Cattle 
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Y= 0.16 + .71 (F lu oride) 
Sig. P = .004 
N = 72 
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Fig. 25. Eosinophil fraction of white blood cells in
creased with increasing concentrations of fluoride in 
urine. 

Red blood cell numbers, blood hemoglobin con
tent, hematocrit (packed cell volume), and mean 
corpuscular volumes were significantly (P < .05) 
lower in herds exhibiting high incidence of 
fluorosis (S 1, C4, V3 and B2) than in the other herds 
(Table 9). These results indicate that cattle with 
lesions on teeth and bones, and e levated fluoride in 
bones frequently develop anemia. The highest 
hemoglobin content (12.09+.27 g/dl) was in herd W 
which also had the lowest urinary fluoride (2.92 ppm). 

Development of anemia in respons e to fluoride 
concurs with other reports (61, 73), and may be 
caused by the inhibitory e ffect of fluoride on vita
min B12 and folic acid (28) synthesis in the rumen 
(61). Morrow (43) observed that blood hemoglobin 
was negative ly correlated with interval to first 
breeding, days open and services per conception of 
200 cows in Michigan dairy herds. ~!{orrow noted 

Table 8. Leukocytes (WBC) and percentage of differential leukocytes in blood of cattle with varying degrees of fluorosis 

Herd No. Total WBC Mature neutrophils Banded neutrophils Lymphocytes Eosinophils Basophils 
obs. lOOO/mm3 % % % % % 

x SE x SE x SE x SE x SE x SE 

W 12 8.23 .42 39.7 1.9 0 52.5 1.4 6.1 1.1 .08 .08 
B 12 8.23 .69 36.6 3.8 0 51.6 3.1 8.0 1.0 .16 .11 
M 12 7.27 .57 37.6 2 .8 0 ,55.6 2.6 5.3 1.2 0 0 
G 12 6.94 .41 34.2 3 .0 0 52.2 3.3 10.8 2.0 .5 .1,5 

P 12 6.73 .29 47.9 2.2 0 43.7 2.8 6.0 1.0 .08 .08 
Sl(a) 12 7.93 .78 35.1 3.9 0 56.6 4.0 6.6 1.0 .08 .08 
C4 9 7.91 .55 36.4 6.7 0 53.2 5.9 9.6 2.6 0 0 
V3 10 7.21 .67 42.0 3.3 0.8 .4 50.2 2.3 5.0 1..5 .8 .24 
B2 13 7.80 .45 31.5 1.7 1.4 .9 55.0 2.6 11.5 2.0 .07 .07 

Means (x) significantly differe nt (P< .0.5) 
N. S. B2,G,Sl< P V3,G> all 

(a ) D c nta l and bonc A"owtic IeSi011 S confi rill e d h v ana lvs is J()r h('rci s 51 , C -I , \ '3, 132; v is lla l lcs io " s \\-ere apparcnt on It'dh of so n1l' co ws in he rd s \1. c: a11d P.:\o c \ 'idencc' ofcxcc ss 
Auorid(' in hcre! \ V ; Illinor in 13 . C attle we re sa illpled at uniforlll s tage s throu g hout lactati o n in all he rds. 

Table 9. Red blood cell values suggesting anemia of cows in fluorosis herds Sl, C4, V3, B2 

Herd No. Urine F Red blood Hemoglobin Hematocrit 
obs. cells 

ppm permm3 xlO6 g/dl % 
x SE x SE x SE x SE 

W 12 2.92 .52 6.46 .16 12.09 .27 33.4 .70 
B 12 5.37 .43 6.46 .20 11.57 .32 32.2 .78 
M 12 6 .39 .92(b) 6.05 .17 11.54 .25 31.3 .66 
G 12 6.33 .74 6.22 .16 11.40 .24 31.4 .,58 

P 12 3.48 .47 5.96 .12 10.91 .23 30.6 .61 

Sl 12 6.29 1.08(b) 5.69 .18 9.93 .27 27.8 .69 
C4 9 5.58 .19 9.79 .35 26.2 1.00 
V3 10 5.65 .18 9.92 .34 25.8 1.10 
B2 1.3 5.39 .12 9.94 .24 27.6 .60 

Means significantly diffe re nt (P< .05) 
W< all B2< G,W,B Sl ,C4,V3,B2 V3,C4< P 

S 1,C4,V3 < WB < W,B ,M,G B2,Sl< W,B,M,G 

(a ) I-le n ls Sl,C-I ,\ '3, 13 2 v is11al fluorid c les io11 s confirillcd h v e il' vate d bOlll' 11,)()ri ck. Vi s 11,,1 F les ion s wcre Oil SOllll'CO\\'S in h e rd s \1. C . I'. 
(Il ) U rinal'" F va rian ces s ig nifieanth ' ,e;rca tcr th a n othns ( P= .03) 
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Mean 
corpuscular 

volume 
u 3 

x SE 

52.1 .69 
49.9 .84 
52.0 .96 
50 .9 .66 
,51.4 .41 
48.7 1.10 
46.5 1.00 
44.3 1.00 
50.5 .79 

V3< B2,B,Sl 
C4 < W,YI ,G,P 
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that hemoglobin could b e increased 1 to 2 g/dl by 
feeding additional protein whe n the protein content 
of th e diet was low, but low hemoglobin did not 
change by adding dietary protein in h e rds already 
fed a ration adequate in protein . 

The mean h emoglobin of dairy cows from 87 
British herds was 12.0 g/dl ± 1.1 (s.d.). Whitlock et 
al. (89) defined anemia in dairy cattle as two stan
dard deviations b e low th e population m e an or 9.8 
g /dl or less. They found that 10.6% of 7,025 British 
cows were anemic by that standard. The overall 
mean of the Michigan cows sampled in this study 
(104 cows, 9 herds) was 10.8±1.2 g/dl, well below 
the average in Britain. 

Th e effect of fluoride on total white blood cell 
numbers (WBC ) was not significant, but WBC 
tended to b e lowe r in h e rds with e vidence of 
fluorosis (Tab le 8). 

Serum Metabolic Criteria 

The e ffe ct of fluoride on serum cholesterol ap
proaches statistical significance (P=.06). Choles
te rol was depress e d to about one-half of normal in 
h e rds B2 and C4 (P < .05) (Table 7). Se rum choles
te rol tended to be lower for h erds B, C, P, and S 1 but 
since m e ans lie between th e highe st and lowe st 
herds th ey did not differ significantly. 

Blood se rum calcium (mg/dl) was lowe r in h e rds 
S 1, P and C than W, and serurn calcium in h e rd B2 
was lower than in Wand M. Serum calcium ave r
aged 10.1 mg/dl in h e rd W. H e rd W had the high e st 
average calcium of all h e rds sampled, and th e low
est concentrations of fluorid e in urine . Serum cal
cium was positive ly corre late d (P < .Ol) with the 
thyroid hormone T 3 . 

Th ese results suggest that fluoride may account 
for th e low se rum calcium, chole sterol and glucose 
observe d by .Me rce r et al. (40) in Michigan cattle in 
1975. Th e d epre ssions were evident in the data 
from seve ral of their control h e rds and one of the ir 
herds had se ve ral cows with signs of fluorosis con
firm e d b y e levate d bon e fluorid e in our study. 

Se rum phosphorus was higher in h erds B2 and C4 
than Sl , and C4 was high e r than W (Table 7). Phos
phorus mine ral supple m ent was fed only ad libitum 
to herd Wand this may account for the lower phos
phorus concentrations in se rum since some cows do 
not eat dicalcium phosphate whe n give n free choice 
(9). Serum phosphorus fluctuate s rapidly (within 3 
to 4 days) d ep e nding on die tary intake. Th e low 
phosphorus value s for S 1 also re fl ect low phos
phorus intake at th e tim e of sampling. Hewitt (25) 
noted a relationship b etwee n high blood se rum 
phosphorus and dairy cattl e infe rtility in Swe d e n. 
The possible re lationship of high serum phosphorus 
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and high fluoride intake from phosphate min erals 
has not b een studied. 

Total serum prote in was not corre lated with any 
blood parame ters and diffe re nces among h e rds 
w e re not significant. 

Prote in nutrition via BUN does not explain th e 
anemia and hypothroidism of h e rds V3 and S 1 since 
the ir BUN was comparable to h erds W, B, C and M , 
which had higher blood cells and thyroid hormones. 
The effects of e xcess fluoride may b e more severe 
when die tary prote in intake borders on requirement 
since reduced feed consumption, reduce d apparent 
protein absorption (24) and depressed rumen mi
crobial population (26 , 61) were observed when ex
ce ssive fluoride was fed to cattl e and sheep. 

Oth er blood serum metabolites, e .g. glucose, uric 
acid, bilirubin , albumin, total prote in , alkalin e 
phosphatase and SCOT, were significantly re lated 
to one or several blood parame ters. Th ese secon
Llary re lationships may b e important but a direct 
re lationship to fluoride was not found. 

Response to Thyroprotein 

F eeding 2 kg additional soybean m e al daily fail e d 
to produce any m easurabl e response in milk pro
duction ov e r a 2 -wk p e riod. Under most cir
cumstances, milk production responds rapidly (2 to 
3 days ) when dietary prote in is adde d to a d efici ent 
ration. 

Preliminary blood samples had indicate d anemia, 
hypocalce mia, hypocholeste rol e mia and hypo
thyroidism. Injections of vitamin B12 , iron-dextran 
and selenium-vitamin E by the attending ve teri
narian 6 wk earlier had no apparent affect on health 
or milk production. 

In herd B2, 13 cows wer fed 19 g ofth yroprote in 6 

p e r h e ad daily for 2 wk, 10 g during th e third wee k. 
Blood serum thyroxin e increase d (P < .Ol ) from 
3.4±1.5 ug/dI to 14.1±4.4 b y the seventh day (Table 
10). Milk production increas e d (P < .Ol) dramatically 
from 8.8±.S.1 kg to 14.4±7.6 kg during the first 
week, p eake d (l6.0 ± 9.0 kg) during th second 
week; th e n d eclin e d (P < .Ol ) to 13.9±7.8 kg during 
the last week when th yroprotei n was reduced. Milk 
production of untreated cows in the h e rd was un
changed during this period. The milk production 
response (85 to 100% increase) \vas similar to that 
observed b y Te nn e ss ee workers (4 2) when 
hypothyroid cows were fed 8 g th yroprote in , and far 
greate r than th e 7% temporary incre as e reported b y 
Cornell workers (62) when norm al cO\VS received 10 
or 20 g thyroprotein. 

{; l'rot " "lCllt' . :\ l! ri -TI T iL I lI l · .. ""''' ,1' ( :it \ , \ I( ) , 



Table 10. Hematology, serum metabolic values, thyroxine and milk production before and after feeding thyroprotein 
to 13 lactating cows in herd B2 

12-30-75 

Mean S.D. 

RBC/ mm 3 , million 5.39 .4 
Hb, g/dl 9.9 .8 
Hd,% 27 .7 2.3 
MCV, u3 51.0 2 .9 
MCH , uug 18.4 .5 
MCHC , % 37.0 .9 
vVBC/ mm 3 , thousand 7.8 1.6 
Ne utrophils , % 33.0 4.7 
Lymphocytes, % 55.0 9 .6 
Monocyte 0.5 .9 
Eosinophils , % 12.0 7.3 
Choleste rol , mg/dl 95.0 27.0 
Calc:ium , l11g/dJ 8.9 .4 
Phosphorus , mg/dJ 6.4 .8 
Bilirubin 
Album e n , gm/dl 2.5 .2 
Total protein , gm /dl 7 .. 5 .. 5 
Uric acid , mg/dJ 1.0 .3 
BUN , mg/dl 5.7 1.3 
Glucos e, mg/dl 65.0 5.8 
Alk.-Phosphatase K- U 8.,3 3.3 
SGOT, U 116.0 13.8 
Th yroxin e CC )llg/dl 3.4 1.5 
Milk iodide , ppm 4.2 .08 
Milk, kg/day 7.8 5.1 
Postpartum days, avg 118 

Milk iodide increas e d from 0.42 ± .OS ppm 1- to 
2.S ±0.S6 ppm 1- while feeding th yroprote in for 7 
days, and to 2.7 ± 1.52 ppm 1- after reducing thyro
prote in to 10 g the third wee k (P < .OOl). Milk from 
individual cows ranged hom 1.2 to 4.4 ppm 1- while 
fe eding thyroprote in. 

H emapoie sis was stimulate d by feeding th yropro
tein, as shown by increased red blood cell numbers, 
hemoglobin, serum cholesterol, calcium, glucose 
and mean corpuscular h emoglobin content (MCHC) 
(Table 10). 

Total leukocytes (WBC) w e re unchanged. How
ever, percent n eutrophils were increased (P<.OOl). 
Eosinophils w e re re duce d from 12.0±7.3% to 
5.6±4.5% (Sig. P < .Ol) while feeding thyroprotein. 
Pre viously, e osinophils range d from 3 to 2S% and 
the range was re duced notably to 1 to 7% of leuko
cytes . The e ffect of thyroid th e rapy on eosinophils 
concurs with a pre vious obs e rvation that 
eosinophils were increased whil e thyroid hormon e s 
w ere depre ss ed by fluoride. 

Th ese findings support th e hypoth es is that 
thyroid function was d epresse d by e arlier exposure 
to high fluoride . Teeth and bone le sions w e re evi
dent on the se cows. 

19 

1-7-76 1-23-76 Sig. 

Mean S.D. Mean S.D. p < 

5.83 .64 .05 
10.86 .92 .01 
27.5 2.77 N.S. 
47 .0 3.27 .01 
18.6 1.01 N.S. 
40.5 1.76 .001 

7.66 1.35 N.S. 
44 .8 7.94 .001 
46.4 8.29 .1 

5.6 4.52 .01 
81.0 20.0 85.0 20.0 .05 

9.4 .47 9.3 .4 .05 
6.1 1.04 5.2 .6 .01 

.26 .09 
2.4 .19 2.8 .21 .001 
7.6 .53 8.0 .67 .001 

1.2,5 . 3 N .S . 
4.0 1.5 4.0 1.2 .01 

69.0 6.14 85.0 10.24 N.S. 
9.2 3.6 13.7 6.1 .001 

112.0 14.0 101.0 15.7 .05 
14.1 4.4 12.01 2.76 .001 

2.8 .86 2.7 1.52 .001 
14.4 7.6 13.9 7.8 .001 

125 140 

Necropsy and Histopathology Findings 

Major organs of five cows (from four herds) with 
visible signs of fluorosis were examine d for micro
scopic lesions. Four cows had moderate to severe 
kidn ey lesions characterized by proliferation of 
fibrous connective tissue and/or mononuclear cell 
infiltration (subacute to chronic inte rstitial ne
phritis). The pathologist7 noted that the lesions re
sembled thos e describ ed by Phillips e t al. (53) in 
chronic fluorine toxicosis, but also could b e at
tributed to other causes . For example, two cows had 
kidney stones . 

In addition, significant kid.ney les ions were found 
in one of three calves in th e 3-wk to 3-mo age group 
hom th e same farms. 

Liver lesions characterize d by increase d p eripor
tal connective tissue and by infiltration of mononu
clear cells were obs e rved in three of th e fiv e cows. 

Thyroid Weights of Calves 

Three fe male calve s fi'om herd S 1 were submitted 
for study and tissues were examine d for les ions , 

7C()lI rll' S\ () r J)r. A. I ~ . I)"d, ', J)epar l lll( ' lIl ()I ' Pa l!.()I () ).': \ . \li chi ,~ ' "1 Slall' l ' lliu ' r,ih 
\'ci c rill a "" ' l)ia,~ n()' li c Lah()ral()J'\ , 



microbial growth and bone fluoride conte nt at the 
University Ve terinary Diagnostic Laboratory.s 

All thre e cal ves had subacute to chronic 
pneumonia. There was heavy growth of Pasturella 
Multocida from lung sections submitte d for culture. 
Thyroids and adrenals were normal microscopi
cally. Howeve r, the thyroid w e ights p e r kilogram of 
body weight w e re 176.37, 303.53 and 523.12 mg/kg. 
These w ere about 2 , 3 and 5 time s th e normal 
weight (38 , 49). The w e ight of adre nal glands was 
normal (68 to 76 mg/kg live w e ight) . E stimate d 
growth rate was poor for all calves (390 to 460 g/day). 

Fluoride concentrations in bone ash (Table 3) 
ranged from 140 to 337 ppm F. Fluoride data of 
bone s of normal calve s of similar age w e re not 
found in the lite rature re vie w. The thyroid glands 
were enlarged but since the calves w e re also af
flicted with pasture lla pneumonia the prior offe n
sive agent could not b e d e te rmin ed in the abs ence 
of controls. 

CONCLUSIONS 

Classical signs of chronic fluorid e toxicity w e re 
obs e rved in more than 25 h e rds of dairy cattl e , i. e . 
d e ntal fluorotic lesions and exostosis of bone s . 

Evidence of e xcess iv e fluorid e intake was con
firmed with bon e ash ranging fronl 1,640 to 6 ,900 
ppm fluorid e and ave raging 2,406 ppm in 22 speci
m e ns from adult cows in e ight h e rds. Mine ral sup
ple m e nts containing 5 ,000 to 6,000 ppm F and pro
te in supple m e nts containing 220 to 1,088 ppm F 
w e re the principal source s of fluorid e in h e rds se
vere ly affecte d. 

Cattle affli c t e d with fluorosi s d e v e loped 
hypothyroidism. Blood se rum th yroxine (T 4) and 
triiodoth yronine (T 3) w ere depres se d in re lation to 
increasing fluorid e concentrations in urine . 

Eosinophils, as a p ercentage of white blood cells , 
w e re increas ed with urine fluorid e (P = .004) and 
may b e an early manifestation of toxicity and re
duce d re sistance to diseas e. 

Cattle affli cte d with fluorosis also d e ve lope d 
anemia. The thyroid hormones (T3,T 4) w e re posi
tively corre late d with re d blood cell numb e rs, 
hemoglobin, se rum choleste rol , calcium, glucos e 
and albume n. Urinary fluoride ranged from 1 to 16 
ppm and averaged 5.13 ppm F. The h erd with the 
lowe st ave rage urinary fluoride (2.9 ppm) h ad the 
highest h emoglobin and calcium concentrations in 
blood. 

H( :"",H' .. a tiClIl ,, 1' 1) ... J..: . J..: . J..: "ah ", . 1)I' pa .. tll1(' ll t " I' Patlw l" .",. \ 1 il ·hi .,,' "1 S ta t" Ll lli ",' ''
,it, . I' a,t I """ill " . \11 IKK1-1. 
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Herds fed mine rals only free choice, not forc e-fed 
in the ration, had the low e st urine fluorid e indicat
ing less consumption of mine ral s and lowe r flu oride 
intake . 

Administration of thyroprote in (iodinate d cas e in) 
to hypothyroid cows afflicted with fluorosis resulte d 
in dramatic incre as es in thyroxine , milk production, 
h emapoi e sis, serum albumin and calcium whil e re 
ducing eosinophils to normal , furth er supporting 
th e re lationship of thyroid activity to animal h ealth 
and p e rformance . 

A d epressing effect of fluoride on serum ch oles
terol approache d significance (P=.061) sugges ting a 
possible inte rfe rence with blood antigen sen sitivity 
and an important precurs or of ste roid h ormone s. 

.Milk production was d epre ss e d in h e rds se ve re ly 
afflicted with fluorosis. Reproductive ine ffi ciency 
due to d e layed estrus, uterine infections that faile d 
to re spond to treatme nt and failure to conceive afte r 
rep eated ins eminations , resulted in 20 to 30% of 
cows ope n or culled as non-breed e rs . Service s p e r 
conce ption and days ope n w e re high e r in fluorosis 
h erds than in h e rds with minimal signs of fluorosi s. 

Curled and abnormal hoofs w ere associated with 
the fluorosis syndrom e . 

D eciduous teeth of n e wborn calves w ere yel
lowish to brown in fluorosis h e rds suggesting con 
side rable placental transfe r of fluoride to the d e
ve loping fe tus. D eciduous teeth of yearling cattl e 
w ere mottl ed and se vere ly erode d indicating that 
the te eth were soft and prevented consuming suffi 
cie nt feed to maintain normal growth whe n fed onl y 
hay. 

Thyroids of calves w e re e nlarge d 2 to 5 tim e s 
normal w e ight but since calves were afflicte d with 
pneumonia the prior offensive agent could not b e 
de term ine d. 

Nephrosis and fibrosis w ere found in the kidn eys 
of cows affli cte d with fluorosi s. 

Mode rate to se vere fluoroti c les ions w ere found 
on teeth and bon e s of cows in 25 h e rds fe d mineral 
supple m e nts containing 1,000 to 1,633 ppm fluorid e 
and /or corre sponding am ounts of flu oride in prote in 
supple m e nts e nrich e d w ith calcium-phosphate 
mine rals from th e sam e sources . Th e se supple
m e nts may have an advers e effect on th e h ealth and 
p e rformance of som e cows in "normal" d airy h erds 
ove r time but at a lower fre que n cy than high e r 
levels of fluoride . Th e e ffects of fluorid e are insidi
ous and since the m aximum safe level over tim e is 
disputable, flu oride intake sh ould b e as low as pos
sibl e. The 30 ppm m axim um die tary fluorid e rec
omme nded b y th e N ati onal Research C ouncil may 
b e too high for high producing d airy cattl e fed 
phosphate source s of fluorid e . 
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Fig. 6. Incisors of 6-yr-old cow show
ing fluoride stain, herd V3. 

Fig. 9. Severely eroded incisors cause 
difficulty in eating and drinking cold 
water. 

Fig. 13. Fluoride stains on 21/2-yr-old 
steer, herd 82. See exostosis of metatar
sal bone, Fig. 22. 
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Fig. 7. Incisors of S-yr-old cow C-SO 
showing brown fluoride stain and ex
cessive wear. 

Fig. 10. Fluoride stains on incisors of 
4-yr-old cow indicating excessive fluo
ride intake continuously while teeth 
were developing. Herd P fed commer
cial mineral supplement only free 
choice. About one-half of cows in herd 
were similar indicating some cows con
sumed more fluoride than others. 

Fig. 14. Fluoride stains on perma
nent incisors of 2-yr-old heifer C-282. 
Note discoloration and erosion of decid
uous teeth. Herd C4. 

Fig. 8. Inside view of incisors of C-SO 
showing excessive wear. Teeth were im
pacted with feed. 

Fig. 12. Erosion of deciduous incisor 
teeth. Yearling heifer, herd 82. Cattle 
could not eat enough hay to grow nor
mally. Deciduous teeth ranged from 800 
to 1,200 ppm fluoride. 

Fig. 16. Teeth of newborn calf show
ing fluoride discoloration in fluorosis 
herd. 
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