








INFLUENCE OF EXCESS FLUORINE INTAKE IN DRINKING WATER ON BOVINES

A prominent feature revealed by the records for the second season is that only 34
of the 49 heifers were served, the remaining 15 showing prolonged anoestrus after
calving. It is significant that 13 of the latter belonged to Groups 2, 4 and 5 which
received the high fluorine levels of 8, 8 and 12 ppm respectively, while only two of the
5 ppm Groups | and 3 showed this extended post-calving anoestrus. The conception
rate of the 34 animals that did resume ovarian activity before the end of the scason was
very good, averaging 1-06 services per conception.

1 the third season 42 cows were served amounting to an increase of eight overl
the previous season. This improvement in post-calving resumption of ovarian
activity is more apparent than real and st be attributed to the lor  period of
rest enjoyed by the 15 aninials not served the previous year. In comparison with the
two previous seasons the conception rate was poor, the deterioration being particu-
larly marked in the three groups receiving more than 5 ppm fluorine. The number of
services per conception was 2-50, 260 and 5-50 respectively as against 2-00 and 1-28
for the two 5 ppm groups. The poor conception rate of the ten cows in Group 5
resulted in only two calves being born to them that season.

The fourth season was characterized by an all-round decline in fertility. Con-
trary to expectations the percentage of cows that came into oestrus and were served
was lower in the 5 ppm group than in the others with the higher fluorine intake. The
prolonged anoestrus in cight of the 19 animals is largely due to the high fertility dis-
played by them in the preceding three seasons when the eight cows concerned displaye
normal resumption of the oestrous cycle after each calving and conceived readily.
Further it is not improbable that the strain of regular conception and calving up to this
point might have been aggravated by the cumulative effect of the 5 »m intake of
fluorine in the drinking water over a four-year period.

As regards the conception rate, however, both the breeding results and the clinical
examination of the genitalia reveal evidence of pronounced disturbance in ovulation
and fertilization in the three high fluorine intake lots during the fourth season, the
number of services per conception having risen to 220, 11-00 and 15-00 for Groups
2,4 and S respectively. Thus Group 4 yielded only one calf from 11 services applied
to eight cows and Group 5 produced one calf from seven cows after 15 services. Of
the 30 cows in these three groups, 23 were served in the fourth season by a total of 37
services from which seven calves were born. This gives a calving rate of 23-3 per
cent and a conception rate of 5-28 services per conception. In the two 5 ppm fluorine
groups only 11 of the 19 available cows came into oestrus and were br¢ They
received a total of 14 services which produced seven calves, representing a calving rate
of 36- 8 per cent and a conception rate of 2-00 services per conception.

Apart from unduly prolonged post-calving anoestrus caused by static ovaries
occurring in all the animals from the first calving till the termination of the experiment,
clinical examination of the ovaries did not reveal important aberrations during the
first two seasons in the 19 heifers that received 5 ppm fluorine. During the third and
fourth seasons there was one case of a follicle rupturing prematurely, one wi  anovu-
lation, one showing a corpus luteum persistence and one cow developed a large ovarian
cyst in the fourth year.

The 20 receiving 8 ppm fluorine (Groups 2 and 4), showed rather more evidence of

inctional ovarian disturbance in the last two breeding seasons when there were seven

cases of delayed ovulation, three of anoestrus and four showing corpus luteum
persistence.

While the ten animals with a fluorine intake of 12 ppm in the d ing water
also did not reveal any noteworthy interference with ovarian activity excepting static
ovaries in the first two seasons, quite marked deviations from the normal were observed
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the third and fourth breeding seasons. These included five cases of anovulatory
trus, one of delayed ovulation, one with corpus luteum persistence and one showt
orption of the foetus. The relative high incidence . anovulation is important

s was obviously one of the principal causes of the poor conception rate.

An interesting feature of the results is the wide difference in the fertility lev
pearing in the third and fourth seasons between the two Groups, 2 and 4, whicr
eived 8 ppm fluorine. This divergence manifested itself after the two lots he
>wed a marked similarity in breeding efliciency in the first two seasons. In the
rd and fourth seasons the ten cows in Group 2 produced 11 calves from 26 servic
ing a conception rate of 2-36 services per conception and a calving rate 55 per

-t per year. Over the same period the ten cows in Group 4 delivered six calves from
services, the conception rate being 4-00 services per conception and the calving rate
30 per cent per annum. The only difference in their treatment was the addition .
fluorinated superphosphate to the drinking water of Group 4. The purpose of this
1s to ascertain whether the phosphate would counteract the effect of fluorine on the
nealth of the animals. It appears, however, to have had exactly the opposite effect on
renroductive ability.  In this connection reference should be made to the statement by
tchell & Edman (1952) that feeding of partially defluorinated phosphates constitutes
> of the hazards of fluorine to livestock, and Truter & Louw (1952) admit that
luorination by the method they described was only partial. A logical conclusion,
refore, is that the fluorine intake of Group 4 might have been more than 8 ppm.
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The intake of fluorine for nine months before the first breeding had no immediate
erse effect on the oestrous cycle, conception and pregnancy in heifers. Actually
the group with the highest fluorine intakc (12 ppm) put up the best breeding perfor-
mance in the first season. Thereafter, however, the ferulity of this group deterio-
rated rapidly.

1¢ records of the group receiving 8 ppm also prove conclusively that the con-
sumption of fluorine on this level in the drinking water will lead to serious interference
with reprc  ction though the decline is not as rapid as in the higher intake lot.

Some caution must be exercised in evaluating the breeding records of the animals
that received 5 ppm fluorine, since their conception rate was good throughout, not
exceeding two services per conception in any season. The latter fact suggests that at

ame was there any serious interference with fertilization in those animals that did

w normal oestrus and were served. The marked drop in the calving rate of the

1Y cows in this lot during the second half of the investigation, however, is ample

evidence of undue inhibition of ovarian activity and of the onset of oestrus after

calving.  The evidence adduced justifies the conclusion that for normal reproduction
: fluorine content of the drinking water should be under 5 ppm.

The sequence in which the physiological aberrations in the genital organs of the
e imental animals appeared was as follows: firstly an unduly long suppression of
ovarian activity after calving, the ovaries being in a static condition and feeling smooth
a  firm on rectal palpation. Thus 13 of the 30 heifers in the groups receiving 8 and
2 ppm, remained in this state so long after their first calving that they could not be
served in the second season. Next to be observed during the succeeding breeding
seasons was that in an appreciable proportion of those that did come into oestrus
and were served, normal ovulation did not occur. In this connection the high inci-
dence of anovulatory oestrus in Group 5 is significant. Finally it was evident that in
some of those cows that did ovulate normally there was some or other impediment to
tilization at present unknown. This resulted in a very pronounced dropin the con-
cepntion rate of the two higher fluorine intake groups during the third and fourth
ns.

It is significant that evidence of interference with reproduction was shown long
sfore there were any symptoms of ill health, inappetence or mottling of the teeth.

Proof of impairment of breeding ability by the long continued intakc of fluorine
in amounts of 5 and more parts per million in the drinking water requires elucidation
of 1e mechanism whereby the harmful effects are produced.

Those workers who did report adverse effects on reproduction, tend to the view
that this is brought about indirectly through rcduced feed intake, anorexia and the
other adversc effects on the teeth and general health of the animals. It is under-
s able that ovarian activity and the oestrous cycle will be suppressed in animals
S ing from chronic fluorosis, malnutrition and poor health. In this investigation,
hawever, not one of the animals showed signs of poor health or loss of appetite up to

:nd of the fourth breeding season, though erosion, pitting and mottling of the teeth
recame increasingly evident. Furthermore the data on body weights furnished by

rgh (1965), show that with one exception there was a steady increase in
weight till the conclusion of the experiment. The exception referred to is
5 3 which showed an average loss of weight of 5-9 Kg in the last year. Yet the
ty of this lot was not affected to any greater extent than that of any of the other
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groups. Since, ther~fore, general health and bodily condition cannot be incriminat

it can be postulatr  that the harmful effects on fertility result from direct adverse
influence of excess 1orine on the endocrine organs that control reproduction, and
that the thyroid is probably the gland primarily affected.

Steyn (1949) states that the incidence of goitre in human beings in endemic
fluorosis areas in South Africa is above average and that there appears to be no doubt
that the action of fluorine is antagonistic to that of iodine and thyroxine. For th=t
reason he considers that the prevalence of goitre in the endemic goitre areas can 2
attributed, not to an ex« mnous iodine deficiency in the food and water, but to an
endogenous deficiency of «vdine caused by excessive intake of fluorine.  Wilson (1941)
found that the distribution of endemic goitre in the Punjab and in England is related
to the geological distribution of fluorine and to the distribution of human dental
fluorosis. Blood & Henderson (1963), too, point out that an excessive intake of
fluorine has been suggested as a conditioning factor in the development of hyper-
plastic goitre, but that evidence on this point is conflicting.

That the thyroid is intimately connected with reproductive efliciency is we
known. Hafez (1962) for instance states: * It is quite apparent that normal func-
tioning of the thyroid gland and proper secretion of its hormones, thyroxine and
iodothyronine are a prerequisite for good reproduction . Pitt-Rivers & Trobier
(1964) point out that in the spontancously ovulating mammals hypothyroidism results
in prolonged di-oestrus or even anoestrus, and there is a possibility that decreased
gonadotrophin secretion from the hypothyroid animal’s pituitary could lead to distur-
bances in the oestrous cycle. It follows accordingly that excessive intake of fluorine
may spark off a chain reaction commencing with interference with uptake of iodine by
the thyroid whereby thyroxine secretion is decreased, this in turn retarding o 1hibiting
the secretion of the gonadotrophins by the anterior pituitary. Ultimately static
ovaries, anoestrus, anovulation and prevention of fertilization are produced, resulting
in reduced fertility or even complete sterility.

Several workers have pointed out that the nutritional level of animals may have an
influence on the severity of the symptoms produced in fluorosis. The animals in this
experiment were maintained entirely on veld grazing and consequently the food intake
was below borderline for six months of the year. This might have produced depres-
sion of fertility to an extent that may not occur in animals on a well balanced ration.
Nevertheless, these conditions apply in practice to many of the ranching areas in South
Africa and it is known that reproductive efficiency in those areas is poor, mainly on
account of long periods of anocestrus after calving. It may be more than mere
coincidence that the regions where the breeding performance is poor are those where
the fluorine content of the soil and water is above average. The danger to stock in
those areas is aggravated by the fact that on account of the low rainfall the drinking
water is almost exclusively derived from underground sources, mainly from boreholes.

The indications are, therefore, that excess fluorine in the drinking water may play
an important role in depressing fertility, especially in ranching stock in many parts of
South Africa and it presents a problem which should receive high priority in any
detailed investigation into herd infertility that may be planned for the future.

SUMMARY

Observations were made over four breeding seasons to determine the effect of
excessive intake of fluorine in the drinking water on the breeding efficiency of cat
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