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All animal tissues and plants contain fluorine 
in very small amounts. It is found in soils, rocks 
and water. 
No convincing evidence has been as yet pro- 

duced to show that it performs any useful 
function in animal nutrition, or that it is essen- 
tial for animal metabolism. During the past 15 
years, however, evidence has been accumulated 
to show that the prolonged ingestion of abnor- 
mal quantities produces a chronic toxic state, 
the earliest visible sign of which is called 
' 
mottled enamel' of the teeth or chronic dental 

fluorosis. Its most common source is drinking 
water, and the level above which effects are pro- 
duced is about one part of a million, equivalent 
to grain of fluorine to a pint of water. How- 
ever, it is interesting to note that increased 
immunity to dental caries is supposed to be 
associated with an increased intake of fluorine 
(Wilson, 1941). 
The presence of fluorosis in the Madras presi- 

dency was investigated first in 1937 by Shortt 
and others. In 1940, Raghavachari and 
Venkataramanan recorded the wide distribution 
of fluorides in the water in the province, and 
they indicated the districts of Bellary, Kurnool 
and Guntur as an endemic area. These districts 
are separated from Raichur, Mahboobnagar and 
Nalgonda districts of Nizam's Dominion by the 
river Krishna. This led us to believe that those 
districts of our Dominion which were adjacent 
to the Madras presidency might have waters 
containing fluorine, and that we might find cases 
of chronic fluorine intoxication. Therefore, 
while doing nutrition and diet suYveys of the 
districts, we took an opportunity to look for 
cases of fluorine intoxication and to determine 
the fluorine content of water used for drinking 
(see Map). In all these districts, well-water 
contained fluorine ranging from 0.25 part to 4 
parts per million, and we came across children 
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showing mottled enamel of the teeth. A good 
many cases of bone involvement and joint 
affections in elderly people were also seen cli- 
nically; unfortunately the diagnosis could not 
be confirmed by .r-rav examination. 
Table I shows the parts per million of 

fluoride content of water in different districts, 
with their geological strata. The water from 

these wells is in actual daily use. These wells 
are mostly dug in rocky strata to a depth of 
CO to 80 feet. 
Examination of water from different districts 

showed that the occurrence of flourine was wide- 
spread, and that water flowing over granitoid 
rocks invariably contained fluorides. These 
places, with their geological strata, have been 
shown in the accompanying Map. 

Before giving the results of the survey, it will 
be of interest to define the various appearances 
of the teeth in chronic fluorine poisoning. 

In chronic fluorine intoxication, the teeth and 
bones suffer most. Mottled enamel is one of 

the first signs, the outer surface of the front 

teeth being most affected. Opaque, paper-white 
patches or horizontal or curved bands begin to 

appear. Sometimes the whole of the surface of 
the tooth becomes chalky-white in appearance. 
-?The tooth may remain chalky-white, or, later 

on brown, yellowish, or black marking may 
appear. 
The process is very slow in appearing and in 

progressing. This sign appears during the 

period of calcification of the enamel of teeth, in 
.those who reside in-an area where the fluorine 
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content of water is well over the threshold level, | 
that is, above one part per million. As the 
condition progresses, pits appear. 

Histologically, it is said that there is a lack 
of cement stibstance between the enamel rods. 

Table I 

Fluoride content (in parts per million) of water in different districts, with 
their geological strata 

Districts 

Nalgonda 

Mahboobnagar 

Raichur 

Taluka 

Jangaon 
Suryapet 

Nalgonda 

Amrabad 

Nagarkurnool 
Kolapur (S) 

Alampur 

Miryalguda j 

Name of village 

Pangiri 
Pankhad 
Yellareddyguda 
Cherugutta 
Narkatpally 
Naryanpur 
Katangur 
Munikuntla 
Damarcherla 
Settipalam 
Lachmapur 
Mananur 
Dharawaram 
Farhabad 
Kolapur 
Yadreddipalli 
Kopnoor 
Bukkapur 
Chinnapadu 
Hundevalli 
Imampur 
Manopadu 
Alampur 

Fluorine con- 

tent of water 
source, in parts 
per million 

Between 
Less 
Between 

Less 
Between 

2 and 3 
1 
2 
2 
2 
3 
2 
2 
2 
3 
1 
1 and 
1 and 
1 and 
1 and 
3 
2 and 

and 
and 
and 
and 
and 
and 
and 
and 

Over 
Between 

Less 1 
Between 1 and 

1 and 
1 and 
2 and 
4 and 

Geological 
formation 

Granite 

Shales 
Granite 

Quartzite 
Granite 

Limestone 

Shales 

Limestone 

In severe cases, the enamel prisms are not well 
calcified. 
The severity of the lesions increases with the 

concentration of fluorine in water and the length 
of time of its ingestion. Normally, there is no 
effect on general health, and in very mild cases 
there may be nothing more than some white 
spots. But there is some relation between the 
food intake and effects of fluorine intoxication, 
as its effects are enhanced in ill-nourished 

people, and decrease with better food, as will 
be shown later. 

Chalkiness, staining and pitting of the enamel 
of teeth depend upon the concentration of fluorine 
in water and also upon the length of time of its 
ingestion. In our series, chalkiness of the ena- 
mel was found in those villages where fluorine 

? concentration was between one and two parts 
per million, and mostly in children between the 
ages of six and fourteen. A concentration of 
two parts per million and over induces first 

deeply-stained and later on pitted enamel, 
mostly seen between the-ages of sixteen and 

twenty. But it was surprising to find that these 
various changes in teeth were seen in persons 
up to the age of thirty; after this age these tooth 
manifestations were not seen, even though they 
were inhabitants of the place for more than 

forty years. Does this mean that this sign dis- 

appears as age advances ? This point needs 
further investigation. 
The total number of children and adults 

examined between the ages of jour and twenty, 
was 4,243. Out of these, 16 per cent showed 

chalkiness of teeth and 21.7 per cent mottled 
and pitted enamel as shown in table II. 

Table II 

Manifestations of fluorosis between the ages of 
4 and 20 

Districts 

Nalgonda 
Mahboobnagar 
Raichur 

2,173 
1,405 
665 

a 

13 

10.3% 
4.8% 
1.0% 

T3 
G 
03 

bfi 

33.a 
? ii 
s-U 

3.2% 
4.0% 
14.5% 

Fluorine con- 
tent of water 

source, in parts 
per million 

Between 1 and 2 
Between 2 and 3 
Above 3 

During the routine survey at Yadreddipalli 
of the Mahboobnagar district, it was observed 
that the percentage of fluorine intoxication 
amongst the local population was higher, though 
fluorine concentration in water was only 1.5 
parts per million, whereas the Christian settlers 
of the same village showed a lower incidence of 
fluorine intoxication though the water they 
consumed had a fluorine concentration above 
2.5 parts per million. These Christian settlers 
had been staying in the village for more than 
two decades. 
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Socially and economically, the Christian 
settlers staying in the village were better off; 
this led us to believe that there would be a 

corresponding disparity in the state of their 
nutrition, and we carried out detailed surveys 
of these two groups. 
Diet surveys of both the groups were carried 

out for seven consecutive days; and it was 

observed that cereals consumed by both the 
communities were the same in quantity. Vege- 
tables were almost absent from both the diet 

"Schedules, but green chillies were consumed in 
very good amounts by both the groups. The 
Christian settlers however consumed larger 
quantities of pulses and small amounts of milk 
and its products, and oil and ghee, whereas the 
local population used them in almost negligible 
amounts. 

Table III 

Diet in ounces 

Christian settlers 

Local population 

S 
o 

a 

6.7 

3.1 

14.3 

18.5 

4.5 

5.5 

1.5 

0.5 

0.08 

0.08 

c 
o 

? 
XI 
O 

0.01 I 0.3 ! 0.8 

0.02 ' 0.2 

-M 

1.0 3.1 

1.7 

Ph 

d 
to 

a 
'S 
a 
o 

O 

0.7 

Table IV 

The analysis of the above diets 

Christian settlers 

Local population 

Protein in 

GRAMMES 

Fats in 
GRAMMES 

CI 
C 

9.1 

0.7 

81.2 

73.7 

96.3 

74.4 

21.2 

1.0 

20.4 

18.8 

41.16 

"PS 
X S 

o.s 

592 

19.8 542 

II 
!s S 
c3 $ 
O M 

0.45 

0.32 

o 
x ; 
a i 
CQ | 
O I 

P* i 

1.9 

2.08 

O 

45.4 3,067 

43.1 2,635 

1,035 

705 

Vitamins 

h? 
i?i 

PQ 

a 
bC 

B 

o 

601 

272 

62 

53 

It is seen from tables III and IV that the diet 
received by Christian settlers is decidedly better 
than that of the local population. The diet of 
the local population is very deficient in its fat, 
calcium and vitamin contents. Vitamin C in 
both diets appears to be adequate, but since 
investigations were carried out during winter, its adequacy was maintained by green chillies 
alone, as the amount of leafy and non-leafy 
vegetables taken is almost negligible. During 
other seasons, dry chillies take the place of green 
?nes, and this would necessarily lower the 
vitamin C intake. 
The fluorine content of water consumed by the Christian settlers was between 2 and 3 parts 

per million, and the incidence of fluorine intox- 
ication 10 per cent, whereas the fluorine con- 

tent of water consumed by the local population 
was 1.5 parts per million, and yet the 

incidence of fluorine intoxication was 17 per 
cent. These facts suggest a relation between 

better food and -lower incidence of chronic 

fluorine intoxication. 

Summary 

Chronic fluorine intoxication is present in 

Raichur, Mahboobnagar and Nalgonda, the 

districts adjacent to the Madras presidency. It 

is not localized to these .districts only. Its incid- 

ence is widespread in the Dominion. Analysis 
of water for fluorine shows that the water which 

flows over granitoid strata invariably contains 
fluorine. 
A fluorine content of water less than one part 

Pei' million appears to be innocuous; within 
this limit, it is supposed to prevent dental decay. 
Above this threshold, i.e. 1 part per million, jt 
produces various manifestations of chronic 
fluorine intoxication, which chiefly affect the 

enamel of teeth and bones. The severity of 

the lesions increases with the concentration of 

fluorine in water and the length of time of 

ingestion. . 

The incidence and severity of the disease have 

some definite relation to the economic and 

nutritional status of the communities. 
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