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INTRODUCTION 

Numerous reports have appeared in the Uterature purporting to 
show the value of phosphoritic minerals as calcium and phosphorus 
supplements in animal nutrition. A great variance exists between 
the results obtained by different investigators. Forbes and others 
(Oy have inferred that the fluorine content of these naturally occurring 
products was the cause of the harmful and variable results obtained 
when these minerals were fed to livestock. Such an assumption 
seems to be fairly well grounded, since there is some correlation 
between the fluorine content of various grades of these minerals and 
the poor results obtained. However, the majority of the investiga- 
tors have made no attempt to determine whether the feeding of fluo- 
rine salts would produce results comparable to those produced when 
the natural minerals were fed. In the present investigations a study 
was made of the comparative effects of flourine, in the forms of 
chemically pure sodium fluoride and the natural phosphate mineral, 
in the nutrition of swine, with special reference to the effect on bone 
and tooth composition. 

REVIEW OF LITERATURE 

Different investigators have shown that fluorine in one form or 
another may prove to be extremely toxic and very often fatal. 
Baldwin (2) and McNally (24) reported several cases of fluorine 
poisoning in man. Blaizot (5), Wieland and Kurtzahn (39) and 
Marcovitch (2S) studied the lethal doses of different forms of fluorine 
for rabbits, while Heidenhain (16) reported on the lethal effects of 
sodium fluoride in dogs. Using sublethal doses of fluorine in different 
forms, Schulz and Lamb (SO), Bergara (S), Sollmann, Schettler, and 
Wetzel (32), and McClure and Mitchell (19) observed an impairment 
of growth and feed consumption in rats. 

The effects of fluorine on the various organs and tissues of the body 
have been studied by numerous investigators. Brandi and Tap- 
peiner (6) could flnd no histological changes in the blood, liver, 
kidneys, or muscles of a dog fed varying amounts of sodium fluoride. 
The same investigators found no evidence of histological change in 
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the bones, but reported the presence of crystals—presumably calcium 
fluoride—^in the Haversian canals and in the porous bone near the 
epiphysis of the long bones. Sollmann, Schettler, and Wetzel {S3) 
reported that they were unable to find histological lesions in rats fed 
8 mg of sodium fluoride per kilogram of body weight daily for 9 
weeks. Pitotti (27) observed a degeneration of the epithelium of the 
kidneys and a cloudy swelling of the liver in rabbits and guinea pigs 
fed lethal doses of sodium fluoride. Siegfried (31) noted that sodium 
fluoride and sodium fluosilicate caused a destruction of the epi- 
thelium of the intestines, even though these salts had been introduced 
into the body through other channels. Weinland (38) reported that 
the mucous membrane from the throat of a frog was killed by a 2.1 
per cent solution of sodium fluoride. Grützner (13) noted that 
nerves were equally sensitive. Maumene (26) and Goldemberg (11) 
each reported that the feeding of sodium fluoride caused an increase 
in the size of the thyroid glands of dogs and rats, whereas Chaneles 
(7), and Tolle and Maynard (36) were unable to verify these findings. 

The specific effect of fiuorine on the teeth of rats has been shown by 
Schulz and Lamb (30), McCoUum, Simmonds, Becker, and Bunting 
(21), Bergara (3), and Tolle and Maynard (36), The incisors 
became soft, elongated, and lost their normal pigmentation. 
Taylor (35), Huffman and Eeed (17), and Bohstedt and his coworkers, 
as reported by Christensen (8) also reported that the teeth of dairy 
cattle became soft and showed excessive wear when rock phosphate 
containing fiuorine was fed. The latter investigators also reported 
similar teeth changes in brood sows fed rations containing fairly 
liberal amounts of rock phosphate. The effect of fiuorine ingestion 
on human teeth has been reported by Smith, Lantz, and Smith (32). 
These investigators found that children who drank water containing 
large amounts of fiuorine developed soft teeth with mottled enamel. 
Similar observations were made by the California State Department 
of Health (1). The only known reference to any change in the 
chemical composition of the teeth due to fiuorine ingestion is that of 
Sonntag (34), who reported an increase in the fiuorine content. 

Attempts to study the effect of fiuorine feeding on bone formation 
have for the major part dealt with the use of rock phosphate as a 
mineral supplement in animal nutrition. Hart and his associates 
(15) reported improved bone formation when fioats (rock phosphate) 
were used to supplement low phosphorus rations for pigs. Forbes 
and his co workers (9), on the contrary, found that the feeding of 
rock phosphate to pigs produced less dense and weaker bones than 
when no minerals, or minerals practically free from fiuorine, were 
fed. The weaker bones were characterized by maximum magnesium 
and phosphorus content and minimum calcium and carbon dioxide 
percentages. Reed and Huffman (28) demonstrated that the feeding 
of rock phosphate resulted in a thickening of the jaw and the meta- 
tarsal bones of dairy cattle. McClure and Mitchell (19) observed an 
increase in the ash percentage of bones, accompanied by a slight 
decrease in the calcium content of the ash, in rats on high fiuorine 
rations. Tolle and Maynard (36), on the contrary, reported a 
decrease in the percentage of bone ash in rats fed a ration containing 
1.8 per cent rock phosphate. The last-named investigators also 
reported that phosphatic limestone, containing approximately 1 per 
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cent fluorine, was equal to a mixture of limestone and steamed bone 
meal for growth and bone formation in the pig. 

McClure and Mitchell (W) found that fluorine, in the form of rock 
phosphate or calcium fluoride, depressed calcium metabolism in the 
pig and that excessive fluorine intake also decreased growth and 
feed consumption. 

That fluorine is a normal constituent of body tissues has been 
shown by Zdarek (^i), Gautier (10) y Wrampelmeyer (^0), Jodlbauer 
{18)y Harmes (14), Sonntag (34-) and others. Sonntag (34) found 
that whereas normal teeth and bones of dogs contained not over 
0.3 per cent fluorine, the bones of dogs fed sodium fluoride contained 
1.73 per cent on the moisture-free and the fat-free basis, and the 
teeth 1.29 per cent on the dry basis. 

EXPERIMENTAL PROCEDURE 

Two separate experiments were carried out with growing pigs, 
housed indoors in concrete paved pens. Straw was used as bedding. 
At the termination of the experiment the animals were slaughtered 
and subjected to a routine post-mortem examination. The femurs 
and mandibles were removed for physical and chemical examinations. 
They were cleaned of adhering flesh and subjected to certain physical 
measurements, prior to the removal of the teeth for analytical pur- 
poses and the crushing and extraction of the femurs for chemical 
analysis. AU the physical measiu*ements and chemical determina- 
tions were made on the same femur from each animal in any particular 
experiment. The kidneys were fixed in 4 per cent formalin and sub- 
sequently examined histologically. 

The maximum length and smallest diameter of the femurs were 
obtained by means of vernier micrometers. The volume of the 
femurs was determined by difference in the weights of the green, 
cleaned bone in air and when completely immersed in distilled water. 
Breaking strength determinations were made with an Olsen dyna- 
mometer. Calcium and magnesium were determined by McCrud- 
den's (22j 23) method, and phosphorus by the official gravimetric pro- 
cedure. The carbon dioxide in the dry, fat-free bones was determined 
by the Van Slyke (37) method, and the volatilization method of Reynolds, 
Ross, and Jacobs (29) was used for the estimation on fluorine. 

The same basal rations were used in the two experiments. Previous 
studies in this laboratory had shown that these rations were satis- 
factory for growing pigs when properly supplemented with calcium. 
The starting ration consisted of 55 parts yellow corn, 25 parts wheat 
middhngs, 19 parts linseed meal, 0.5 part sodium chloride, and 0.5 
part cod-liver oil. When the animals had attained a weight of approx- 
imately 125 pounds, the basal ration of all lots was changed at the 
same time to one consisting of 75 parts yellow corn, 14 parts wheat 
middhngs, 10 parts linseed meal, 0.5 part sodium chloride, and 0.5 
part cod-liver oil. The change in ration was made to widen the 
nutritive ratio, and conforms to good animal-husbandry procedure. 
The rations were hand-fed twice daily. The pigs were weighed 
individually every two weeks. 

In the first experiment, which ran for 144 days, eight lots of eight 
pigs each, weighing at the start approximately 50 pounds each, were 
used. Four lots of pigs received the basal rations supplemented with 
908 g of ground limestone, and 0, 30, 60, and 100 g of sodium fluoride 
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per 100 pounds of ration. Two more lots were fed the basal rations 
supplemented with 2 parts of different rock phosphates. Rock phos- 
phate A was of Tennessee origin and analyzed 3.34 per cent fluorine, 
while rock phosphate B represented a pebble rock phosphate mined 
in Florida and contained 3.61 per cent fluorine. The pigs in another 
lot had their ration supplemented with equal parts of ground limestone 
and rock phosphate A, and the remaining lot received a ration that 
included 2 parts of steamed bone meal. 

The mineral composition of these rations are presented in Table 1. 
The calcium : phosphorus ratios of the rations of the different lots were 
variable. However, other work in this laboratory indicates that the 
variations fall within the range of maximum performance and that 
the percentages of calcium and phosphorus, or the proportion in which 
they were present in the ration, were not hmiting factors in the growth, 
or in the bone and tooth formation of these animals. 

TABLE 1.—Mineral composition of rations used for each of eight lots of pigs in 
Experiment 1 

[Upper figures represent starting ration; lower figures represent finishing ration] 

Lot 
No. 

Mineral additions to 100-pound basal ration 

908 g ground limestone  

908 g ground limestone; 30 g sodium fluoride  

908 g ground limestone; 60 g sodium fluoride  

908 g ground limestone; 100 g sodium fluoride _.. 

g ground limestone; 454 g rock phosphate, A 

g rock phosphate B  

g rock phosphate A  

g steamed bone meal  

454 

908 

Cal- 
cium 

Per cent 
0.802 
.766 
.802 
.766 
.802 
.766 
.802 
.766 
.786 
.751 
.772 
.736 
.770 
.734 
.735 
.700 

Phos- 
phorus 

Per cent 
0.527 
.422 
.527 
.422 
.527 
.422 
.527 
.421 
.676 
.570 
.827 
.721 
.824 
.719 
.822 
.717 

Magne- 
sium 

Per cent 
0.269 
.212 
.269 
.212 
.269 
.212 
.268 
.211 
.254 
.197 
.236 
.180 
.240 
.183 
.240 
.183 

Fluor- 
ine 

Per cent 

8 
0.029 
.029 
.058 
.058 
.097 
.097 

.070 

.070 

.065 

.065 
(-) 
(-) 

Ca:P 
ratio 

Per cent 
1.5 
1.8 
1.5 
1.8 
1.5 
1.8 
1.5 
1.8 
1.2 
1.3 
.9 

1.0 
.9 

1.0 
.9 

1.0 

« Trace. 

From the growth and feed-utilization data presented in Table 2, 
it is obvious that as the percentage of fluorine in the ration increased, 
the feed intake, the daily gains, and the feed utilization of the animals 
were materially reduced. These reductions occurred irrespective of 
whether the fluorine in the ration was derived from rock phosphate or 
sodium fluoride. The data, in general, substantiate the observations 
of other investigators that an excess of fluorine in the ration retards 
growth and feed consumption in various classes of animals. 

TABLE 2.- —Gains and feed requirements of various lots of pigs in Experiment 1 

Lot No. Fluorine 
in ration 

Average 
initial 
weight 

Average 
final 

weight 

Average 
daily 

gain per 
pig 

Average 
daily 

feed per 
pig 

Feed re- 
quired 
per 100 
pounds 
of gain 

1                                              ___   
Per cent 

0.029 
.058 
.097 
.033 
.070 
.065 

(") 

Pounds 
54.6 
52.0 
54.0 
52.5 
54.0 
61.1 
53.1 
52.1 

Pounds 
204.6 
192.0 
182.6 
138.0 
196.0 
139.4 
130.3 
217.0 

Pounds 
1.04 
.97 
.89 
.59 
.99 
.59 
.54 

1.14 

Pounds 
4.92 
4.48 
4.31 
3,62 
4.84 
3.89 
3.48 
5.02 

Pounds 
472.4 

2                          _--     _-- 461.3 
3                                              . _   483.1 
4                            610.5 
5                                     _      .    __ 491.7 
6 h                                    635.8 
7                               __ _ _  650.1 
g  438.7 

« Trace. 61 pig in lot 6 died at 103 days. 
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Daily observations of the different lots revealed that the pigs in the 
lots on high-fluorine rations, particularly lots 6 and 7 (2 parts rock 
phosphate) were consuming considerably more water than were those 
in the other lots. No attempts were made to record the comparative 
water consumption of the different lots in this experiment. It was 
also noted that several of the animals in the fluorine-fed lots manifested 
signs of stiffness and were rather reluctant to move. This was espe- 
cially true in the higher fluorine lots. One pig in lot 6 (2 parts rock 
phosphate B) died at 103 days. Post-mortem examination showed a 
contracted, roughened, firm, pale kidney. 

Gross examination of the femurs showed that those from lots 1 
and 8 (2 parts limestone and 2 parts steamed bone meal, respectively) 
were smooth and dense in appearance, with a normal yellowish color 
and a definite luster, while those of the other lots were rough, luster- 
less, white in color, and with some exostoses. These conditions 
became more pronounced as the amount of fluorine in the ration 
increased. It is apparent from the data in Table 3 that the breaking 
strength of the bone is affected by high fluorine intake. Those 
rations that contained approximately 0.06 per cent of fluorine or 
more, either in the form of rock phosphate or sodium fluoride, signifi- 
cantly decreased the tensile strength of the femur. The data also 
indicate that excessive fluorine ingestion increases the diameter of 
the femur. This is particularly evident when the comparative length 
and weight of the bone are taken into account. The ash content of 
the femurs (Table 3) shows some variation. In general, the percent- 
age of ash is lowest in the highest fluorine-fed lots. The difference 
in ash values are, however, only statistically significant in the case 
of lots 1 and 4 (control, and 100 g of sodium fluoride, respectively). 
Further experimental work is required before it can be stated with cer- 
tainty whether or not excessive fluorine feeding will significantly lower 
the percentage of bone ash in pigs during short or long feeding periods. 

TABLE 3.—Physical measurements and ash analyses of the femurs of pigs in various 
lots in Experiment 1 

Lot No. 
Fluor- 
ine in 
ration 

Weight Vol- 
ume Length 

Small- 
est di- 
ameter 

Breaking 
strength 

Ratio of 
breaking 
strength 
to weight 
of bone 

Ash 
Grams of 
ash/cc 

volume 

1  
Per cent 

(") 
0.029 
.058 
.097 
.033 
.070 
.065 
(-) 

Grams 
177 
164 
167 
135 
160 
133 
134 
177 

Cubic 
centi- 
meters 

135 
124 
131 
111 
126 
111 
109 
134 

Centi- 
meters 

18.4 
17.5 
16.8 
16.3 
17.1 
16.3 
16.1 
18.3 

Centi- 
meters 

2.00 
2.06 
2.21 
2.03 
2.12 
2.05 
2.01 
1.95 

Pounds 
690±62 
733±29 
647±34 
393±19 
766db31 
407±34 
456±40 
841±55 

3.94 
4.51 
3.92 
2.93 
4.81 
3.21 
3.34 
4.80 

Per cent 
61.33±0.39 
62.34± . 27 
60. 50± . 31 
58.03± . 29 
61.86± . 51 
59.42± .68 
60.78=fc .54 
6L61± .32 

0.805 
2           .825 
3  .770 
4 .708 
5_    .760 
6  .707 

.743 
8              _    __ .816 

» Trace. 

The close correlation between the amount of ash per unit volume 
of bone and the breaking strength is of special interest. Apparently 
the ash-volume ratio is a more critical factor in determining the ten- 
sile strength of the femur than is the percentage of ash in the dry 
extracted bone. 

182157—33- 
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The chemical analyses of the bone ash and dry extracted femurs, 
presented in Table 4, show that increasing percentages of fluorine in 
the ration had no significant effect on the percentage of calcium and 
phosphorus in the ash, whereas the percentage of magnesium tended 
to increase with increased fluorine intake, irrespective of the magne- 
sium content of the ration. The carbonate content of the fat-free 
bones tended to decrease with increased fluorine intake, while the 
percentage of fluorine in the bone was directly proportional to the 
amount ingested. 

TABLE 4.—Chemical analyses " {per cent) of the femurs of pigs in various lots in 
Experiment 1 

Lot No. Fluorine 
in ration Calcium Phos- 

phorus 
Magne- 

sium 
Carbon 
dioxide Fluorine 

1 
0.029 
.058 
.097 
.033 
.070 
.065 

(") 

38.39 
38.50 
38.27 
38.43 
38.10 
37.79 
37.92 
38.31 

17.48 
17.99 
17.68 
17.62 
17.89 
17.91 
18.14 
17.75 

0.790 
.959 
.972 

1.141 
1.036 
1.167 
1.137 
.823 

2.76 
2.72 
2.37 
2.34 
2.67 
1.92 
2.06 
2.81 

0.039 
2                            .             .534 
3  .775 
4  
5  
6  

1.108 
.594 

1.037 
7 1.093 
8                                               . -       .036 

« The calcium, phosphorus, and magnesium percentages are based on the bone ash; those of the carbon 
dioxide and fluorine are based on the dry, fat-free bone. 

>> Trace. 

The mandibles of the fluorine-fed pigs showed the same thickened 
condition and rough, white, lusterless appearance that was noted in 
the femurs. Enlargement of the body of the bone and the appear- 
ance of exostoses became more evident with increased fluorine intake. 
No differences in the amount of wear of the teeth from the various 
lots were noted. However, there was a tendency for the teeth from 
the higher fluorine lots to chip more easily than those from the con- 
trols. Chemical analysis of the teeth did not show any significant 
difference in the percentage of ash or in the calcium, phosphorus, and 
magnesium content of the ash. (Table 5.) The carbon dioxide content 
of the teeth was not affected, except in lots 6 and 7 (2 parts rpck phos- 
phates A and B), which gave evidence of a slight decrease. The 
percentage of fluorine in the teeth was directly proportional to the 
amount present in the ration. 

TABLE 5.—Chemical composition " {per cent) of the teeth of pigs in various lots in 
Experiment 1 

Lot No. 
Fluorine 
in ration Ash Calcium Phos- 

phorus 
Magnes- 

ium 
Carbon 
dioxide Fluorine 

1                                     (") 
0.029 
.058 
.097 
.033 
.070 
.065 

(") 

74.04 
74.96 
74.17 
74.69 
74.84 
74.44 
75.17 
75.80 

35.83 
36.32 
36.83 
36.99 
36.67 
36.70 
37.02 
36.88 

17.48 
17.77 
17.86 
17.88 
17.66 
17.57 
17.35 
17.33 

1.45 
1.54 
1.63 
1.53 
1.51 
1.50 
1.56 
1.79 

2.03 
2.09 
2.07 
2.15 
2.11 
1.83 
1.95 
2.12 

0.083 
2                 .181 
3                           .281 
4 .361 
5  .228 
6                      ,  .331 
7-       .375 
8                                  .092 

o Calcium, phosphorus, and magnesium percentages are based on tooth ash; those of carbon dioxide and 
fluorine on dry, fat-free teeth. 

^ Trace. 

Gross examination of the various organs at the time of slaughter 
revealed no abnormalities, with the exception of the kidneys from 
the pigs that had been fed rock phosphate. The kidneys were pale 
in color, contracted,  and firm in texture, and their surfaces were 
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roughened by numerous small nodules and depressions. (Fig. 1, A ) 
Tlie capsules were slightly thickened, and in some instances firmly 
adherent to the surface. Occasionally small cysts containing a clear 
or amber-colored fluid protruded above the surface of, or were more 

FiuuRE 1.—A, External appearance of kidney from a pig that wa.s fed 2 per cent rook phosnliate- B 
No 7fi o To? ïinÎ NJ '.K "Í f .'T 'i"' i""''*^'' ' P'"' ™"' ""k phosphite; C, D, maidfb tes of pigs Mo. 78 of lot 4 and No. 58 of lot 1, showing increased thickness caused by the ingestion of fluorine 

deeply situated in, the kidney. On section the cortex appeared re- 
duced m width, and frequently the medulla contained considerable 
amount of fat.    (P'ig. I, B.) 
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Microscopically the kidneys showed a nephritis with a varying 
degree of degeneration of the tubular epithelium and, as a terminal 
result, the replacement of many tubules and glomeruli with fibrous 
tissue. (PL 1.) None of the animals in the control or sodium 
fluoride-fed lots exhibited this condition. 

In an attempt to confirm the results of the previous trial, and to 
study the effects of smaller amounts of fluorine in the ration, a second 
experiment, using six lots of eight pigs each, was started. The basal 
rations were the same as those used in the first test. The experiment 
ran for 160 days and was conducted under conditions similar to those 
in the first experiment. The mineral composition of the rations are 
presented in Table 6. The amounts of the phosphatic minerals and 
limestone were so adjusted that the percentages of calcium and phos- 
phorus were the same in the rations of all lots. Fluorine waa supplied 
in varying amounts in the form of sodium fluoride or rock phosphate. 

TABLE 6.—Mineral composition of rations used for each of six lots of pigs in Ex- 
periment 2 

[Upper figures represent starting ration; lower figures finishing ration] 

Lot 
No. 

Mineral additions to 100-pound basal ration Cal- 
cium 

Phos- 
phorus 

Mag- 
nesium 

Fluor- 
ine 

Ca:P 
ratio 

1 454 g ground limestone; 454 g steamed bone meal      

Per cent 
Í 0. 714 
1   .672 
r   .714 
\   .672 
Í   .714 
\   .672 
Í   .714 
1   .672 
/   .714 
I   .671 
r   .714 
\   .672 

Per cent 
0.654 
.556 
.654 
.556 
.654 
.556 
.654 
.556 
.654 
.557 
.654 
.557 

Per cent 
0.348 
.260 
.348 
.260 
.348 
.260 
.348 
.260 
.346 
.258 
.343 
.255 

Per cent 
(«) 
(-) 

0.010 
.010 
.029 
.029 
.058 
.058 
.016 
.016 
.032 
.032 

1.1 

2 

3 

4 

5 

6 

454 g ground limestone; 454 g steamed bone meal ; 10 g 
sodium fluoride. 

454 g ground limestone; 454 g steamed bone meal; 30 g 
sodium fluoride. 

454 g ground limestone; 454 g steamed bone meal; 60 g 
sodium fluoride. 

429 g ground limestone; 227 g steamed bone meal; 222 g 
rock phosphate. 

404 g ground limestone* 444 g rock phosphate 

1.2 
1.1 
1.2 
1.1 
1.2 
1.1 
1.2 
1.1 
1.2 
1.1 

' Trace. 

The gains and feed requirements of the different lots are recorded 
in Table 7. It is evident that when the fluorine content of the ration 
exceeded 0.029 per cent the rate of gain and the economy of gain were 
decreased. Smaller amounts of fluorine, either in the form of sodium 
fluoride or rock phosphate, appeared to be without effect on growth 
or feed utilization. These observations, in general, substantiate the 
results of the first trial and other unpublished data of this laboratory. 

TABLE 7.—Gains and feed requirements of various lots of pigs in Experiment 2 

Lot No. 
Fluorine 
in ration 

Average 
initial 
weight 

Average 
final 

weight 

Average 
daily 
gain 

per pig 

Average 
daily 
ration 
per pig 

Feed 
required 
per 100 
pounds 
of gain 

1              •                                      _          - ._ 
Per cent 

(°) 
0.010 
.029 
.058 
.016 
.032 

Pounds 
39.3 
37.7 
38.8 
39.4 
40.4 
40.4 

Pounds 
243.4 
244.6 
213.6 
161.3 
246.0 
219.4 

Pounds 
1.28 
1.29 
1,09 
.76 

1.29 
1.12 

Pounds 
5.08 
4.92 
4.26 
3.41 
5.06 
4.85 

Pounds 
398.4 

2                                   . _ -  380.2 
3 389.9 
4                                   _ _..  450.2 
5 394.7 
6                                  434.0 

• Trace. 
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Photomlcrogrspli cif a section of a kidney from a pig fed 2 per cent rock pliosphate, showinB character- 
istic degeneration and presence of fibrous tissue. 
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Again^ in this experiment it was observed that the pigs on the high- 
fluorine rations consumed larger quantities of water. To check this 
observation the water and feed consumption of all lots were carefully 
recorded for two weeks. The results (Table 8) show that a high- 
fluorine intake caused increased water consumption per unit of live 
weight. 

TABLE 8.—Effect of fluorine intake on water consumption of pigs in various lots 
in Experiment 2 

Lot No. Fluorine 
in ration 

Feed 
consumed 

Water 
consumed 

Average 
weight 

Water 
consumed 

per 100 
poimds 
of live 
weight 

1 
2 
3 
4 
5 

Per cent 
(«) 
0.010 
.029 
.058 
.016 
.032 

Pounds 
945 
964 
767 
471 
927 
817 

Gallons 
165 
156 
153 
159 
165 
168 

Pounds 
212 
208 
188 
144 
212 
190 

Gallons 
77.83 
75.00 
81.38 

110.41 
77.83 
88.42 

« Trace. 

As in the previous experiment, the femurs of the pigs that had 
received 0.029 per cent or more of fluorine in their ration were rough, 
white, and lusterless, whereas the bones from the pigs on lower 
fluorine rations appeared normal. The data presented in Table 9 
again show an increase in the diameter and a reduction in the breaking 
strength of the femurs of the pigs on the high-fluorine rations. The 
percentage of ash was not significantly affected by fluorine feeding. 
However, as in the first experiment, the amount of ash per unit 
volume of bone was decreased with higher levels of fluorine intake. 

TABLE 9.—Physical measurements and ash analyses of the femurs of pigs in 
various lots in Experiment 2 

Lot No. 
Fluor- 
ine in 
ration 

Weight Vol- 
ume Length 

Small- 
est 

diame- 
ter 

Breaking 
strength 

Ratio of 
break- 

ing 
strength 

to 
weight 
of bone 

Ash 
Grams of 

ash/cc 
volume 

1  

Per 
cent 
(«) 

0.010 
.029 
.058 
.016 
.032 

Grams 
178 
182 
168 
157 
176 
179 

Cubic 
centi- 
meters 

139 
140 
132 
131 
138 

'      142 

Centi- 
meters 

18.4 
18.3 
17.3 
17.1 
18.1 
18.3 

Centi- 
meters 

1.96 
2.04 
2.12 
2.22 
2.03 
2.10 

Pounds 
],013±38 

976±55 
871±42 
550±23 

1,050±58 
827±37 

6.06 
5.33 
5.25 
3.49 
6.17 
4.76 

Per cent 
61.75±0.34 
62.85± . 42 
62.46± .41 
60. 74± . 51 
62.04± .25 
62. 62± . 30 

0.801 
2 .826 
3           .792 
4  
5  

.732 

.796 
6     - .792 

« Trace. 

The data on the chemical analysis of the femurs (Table 10) show no 
significant differences in the calcium and phosphorus contents of the 
bone ash from the different lots, while the percentage of magnesium 
increased with increased fluorine intake. Again, the carbonate con- 
tent of the dry, fat-free femiKS was reduced by high-fluorine feeding, 
whereas the percentage of fluorine in the bone was directly propor- 
tional to the amount ingested. 
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TABLE 10.—Chemical analyses " (per cent) of the femurs of pigs in various lots in 
Experiment 2 

Lot No. Fluorine 
in ration Calcium Phos- 

phorus 
Magne- 

sium 
Carbon 
dioxide Fluorine 

1  
0.010 
.029 
.058 
.016 
.032 

37. 61 
37.60 
37.64 
37.74 
37.72 
38.18 

18.52 
18.25 
18.33 
18.23 
18.18 
18.95 

0.919 
.968 

1.001 
1.211 
1.043 
1.102 

2.93 
3.01 
2.71 
2.31 
2.88 
2.78 

0.057 
2     . .316 
3  .671 
4 1.077 
5  .409 
6                 .624 

« Calcium, phosphorus, and magnesium percentages are based on bone ash; those of carbon dioxide and 
fluorine on the dry, fat-free bone. 

i» Trace. 

Gross examination of the mandibles revealed the same rough, 
white, lusterless condition in the high-fluorine lots, as noted in the 
previous trial. No difference could be detected in the amount of 
wear of the teeth from the various lots, although it was observed that 
the teeth of the high-fluorine lots had a tendency to chip more easily 
than those from the control or low-fluorine lots. The rami of the 
mandibles were increased in diameter as a result of high-fluorine 
intake. (Fig. 1, C, D.) This enlargement of the mandibles also 
caused an increase in the width of the dental arch at the point of 
the second molar. It was also found that the buccolingual dimen- 
sions, taken at the positions of the three molars, increased in direct 
proportion to the amount of fluorine in the ration. The vertical 
dimensions, taken at the same points, showed no significant differences 

The analysis of the teeth (Table 11) showed no significant difference 
in the percentage of ash or carbon dioxide on the dry, fat-free basis. 
Neither did the tooth ash show any variation in the amount of cal- 
cium, phosphorus, or magnesium. The only variable noted was in 
the fluorine content of the dry, fat-free teeth. The amount present 
was directly correlated with the percentage in the ration. 

TABLE 11.—Chemical composition*^ (per cent) of the teeth of pigs in various lots in 
Experiment 2 

Lot No. Fluorine 
in ration Ash Calcium Phos- 

phorus 
Magne- 
sium 

Carbon 
dioxide Fluorine 

1 
0.010 
.029 
.058 
.016 
.032 

73.49 
74.39 
73.96 
73.93 
74.60 
74.21 

36.74 
36.99 
37.05 
36.69 
36.77 
36.82 

17.86 
17.84 
17.65 
17.71 
17.70 
17.06 

1.65 
L67 
1.60 
1.66 
1.70 
1.74 

1.76 
1.66 
1.76 
1.76 
L64 
1.65 

0.043 
2          .127 
3  .262 
4          .373 
5                                         _       -- .124 
6-        .228 

« Calcium, phosphorus, and magnesium percentages are based on tooth ash; those of carbon dioxide and 
fluorine on dry, fat-free teeth. 

«> Trace. 

A post-mortem examination revealed no abnormalities in the 
various organs, with the exception of the kidneys of the pigs from 
lot 6 (approximately 1 per cent rock phosphate). These organs 
showed the nephritis noted in the animals in the previous trial. 
None of the kidneys of the pigs from the other lots showed any 
pathological change. 

In a third experiment pigs were fed rock phosphate at levels of 1 
and 2 per cent of their ration and sodium fluoride at levels of 30 and 
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60 g per 100 pounds of ration for two years or more, extending through 
the complete reproduction cycle. Upon post-mortem these pigs 
showed bone and kidney changes similar to, but more extensive than, 
those observed in the experiments reported herein. The condition 
of, and changes in, the teeth of these long-time fluorine-fed pigs were 
much more marked than those of pigs in the short-time experiments. 
The detailed findings of the tooth changes have been reported else- 
where (4)- SujBäce it to state that frequently the teeth of the high- 
fluorine-fed pigs were worn to the gums, and the pulp cavities were 
exposed. This condition of the teeth was reflected in the manner in 
which the pigs consumed their feed. Upon taking a mouthful of feed 
the pigs would throw their heads backward in what appeared to be 
an attempt to swallow the feed without allowing it to come in con- 
tact with the molar teeth. No noticeable effort was made to chew 
the feed. The same animals were reluctant to drink cold water. It 
was also found that sows reared and maintained on high-fluorine 
rations did not consume sufficient feed for good lactation or to prevent 
them from becoming unthrifty. 

DISCUSSION 

From the results of these experiments, it is evident that excessive 
fluorine in the ration exerts definite physiological effects upon swine. 
These effects, in general, were the same whether the fluorine was 
derived from rock phosphate or sodium fluoride. The only difference 
noted was the effect that liberal amounts of rock phosphate (1 per 
cent or more of the ration) exerted on the kidneys. Equivalent or 
even higher levels of fluorine, in the form of sodium fluoride, had no 
such effect. Two explanations present themselves as to the cause of 
this discrepancy. Either the naturally occurring product must con- 
tain some substance or material, other than fluorine, which causes a 
pathological change in the kidney, or the fluorine in rock phosphate 
is present in a more toxic form than in sodium fluoride. 

The increased water consumption of the pigs on the high-fluorine 
levels may in part be accounted for by the results of Gottlieb and 
Grant (le). These investigators recently reported that the intra- 
venous injection of sodium fluoride into dogs caused a marked diuresis. 
Although no urinary volume determinations were attempted in the 
present experiments, it was noted that the litter in the pens of the 
high-fluorine-fed pigs was much more soiled with urine than that in 
the other pens. A marked increase in urine volume must therefore 
be accompanied by an increased water intake in order to avoid a 
serious dehydration of the body tissues. 

The outstanding effect of fluorine on the femurs of pigs, noted in 
these investigations, was the decrease in breaking strength of these 
bones. Although the bones of the animals which received the larger 
amounts of fluorine were larger in diameter and contained approxi- 
mately the same percentage of ash, their tensile strength was signi- 
flcantly less than bones from those in the low-fluorine lots. Obvi- 
ously, the breaking strength of a bone is influenced by factors other 
than ash content. The close correlation between the amount of ash 
per unit volume of bone and its breaking strength suggest that the 
ash to volume ratio is a better criterion of the tensile strength of a 
bone than is the percentage of ash. The fact that the weakest bones 
possessed the greatest diameter and contained the least ash per unit 
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of volume, suggests that fluorine may cause some change in the 
cellular structure of the bones. 

The results of the effects of fluorine ingestion on the inorganic 
composition of the femurs substantiate the findings of Forbes and 
his associates {9), that the weak bones caused by rock-phosphate 
feeding are characterized by maximum magnesium and minimum 
carbon dioxide percentages, but are in disagreement with the report of 
the same investigators that the proportions of calcium and phosphorus 
are also changed. It is of interest that the high magnesium and low 
carbonate percentages were independent of the magnesium or car- 
bonate contents of the rations, the source of calcium and phosphorus 
in the rations, and the form in which fluorine was ingested. This 
shows that excessive fluorine intake alters the inorganic composition 
of the bone. Whether this change in composition as a result of 
excessive fluorine ingestion is due, in part, to a partial replacement of 
the carbonate by the fluoride, or an actual shift in the percentages 
of the different bone salts normally present to compensate for the 
increased fluorine content, requires further detailed study. 

The mandibles of pigs which had been fed toxic amounts of fluorine 
showed changes similar to those described by Huffman and Reed 
{17) in the case of dairy cattle fed rock phosphate. On cross section, 
it was observed that the marrow cavities were greatly enlarged without 
noticeable increase in the thickness of the bone wall. A marked 
difference was also noted between the types of bone marrow in the 
high-fluorine and the low-fluorine lots. The marrow of the low- 
fluorine lots was red, while that from the high-fluorine lots was pale 
yellow and appeared to have a decided increase in fatty material. 
The difference in the size of the marrow cavity and color and texture 
of the marrow was particularly evident in animals that were fed 
sodium fluoride or rock phosphate for an extended period. 

It was evident that fluorine exerted a definite effect on tooth struc- 
ture in swine. This fact was especially noticeable in animals fed 
fluorine for two or more years. These tooth changes were similar to 
those reported by Huffman and Reed {17) in the case of dairy cattle 
fed rock phosphate. The chemical analysis of the teeth did not reveal 
any striking differences in their inorganic composition, aside from the 
increase in the percentage of fluorine, the increase being directly 
correlated with the fluorine content of the ration, which substantiates 
the work of Sonntag {34) with dogs. 

The results are in agreement with the work of other investigators 
with different species of animals, in that excessive fluorine in the 
ration decreases growth and feed consumption, and the efficiency 
with which the feed is utilized. The data, in general, show that when 
more than approximately 0.03 per cent fluorine is included in the 
ration the normal performance of the pig is retarded. This is espe- 
cially true in case of long-continued fluorine feeding. Under these 
conditions, the feed consumption is impaired to such an extent in 
sows suckling pigs that lactation is adversely affected, and frequently 
the animals become so unthrifty that it is impossible to bring them 
back to good condition on the same feed. 

It should be pointed out that the average daily calcium and phos- 
phorus intake of the pigs in the different lots in the same experiment 
were not always uniform, for the reason that the percentages of these 
elements in the rations between lots varied, or the daily feed intake 



June 1,1933 Effect of FluoHne on Nutrition of Swine 1035 

between lots was not the same. The authors are of the opinion that 
these variations in calcium and phosphorus intake do not detract 
from the significance of the results obtained, in that the minimum re- 
quirements for these elements were amply satisfied in all instances. 
Forbes and his associates (9) and McClure and Mitchell (W) obtained 
good results with pigs on a daily intake of 5 to 7 g of calcium. In the 
experiments herein reported, the daily calcium intake was from 2 to 3 
times that fed by the above-mentioned investigators, and in all 
probability the requirements of the pigs for calcium and phosphorus 
were not limiting factors in the results secured. 

SUMMARY 

The feeding to pigs of rations containing approximately 0.03 per 
cent or more of fluorine derived from rock phosphate or sodium fluoride 
impaired growth and feed consumption and lessened the efliciency 
with which the rations were utilized. The femurs of the pigs were 
characterized by an increase in the diameter of the shaft, a loss of 
normal color and luster, the presence of exostoses, and a decreased 
breaking strength. These changes became more pronounced as the 
fluorine content of the ration increased. 

The bones weakened by fluorine feeding contained normal per- 
centages of ash, calcium, and phosphorus, increased amounts of mag- 
nesium and fluorine, and decreased percentages of carbon dioxide. 
The increased magnesium and fluorine contents and the decreased 
carbonate content were directly correlated with the percentage of 
fluorine in the ration. The feeding of fluorine caused an increase 
in the size of the rami of the mandibles. This enlargement was due 
to an increase in the size of the marrow cavity rather than to an 
increase in the thickness of the wall. The type of marrow in the 
cavity was also changed. 

Excessive amounts of fluorine in the ration when fed over long 
periods softened the teeth of pigs. The percentages of ash, calcium, 
phosphorus, magnesium, and carbon dioxide in the teeth were not 
significantly affected by fluorine feeding; however, the fluorine content 
was directly proportional to the amount fed. 

The fluorine from rock phosphate and sodium fluoride exerted 
the same physiological effects on swine, with the exception that 
rock phosphate caused certain pathological changes in the kidneys. 
A nephritis with resulting induration of the kidney occurred in vary- 
ing degrees in all pigs fed approximately 1 per cent or more of rock 
phosphate in their ration. 
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