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Assessment of the fluoride content of water
in wells selected randomly and
after examining schoolchildren for dental fluorosis*
B. SENEWIRATNE,' K. SENEWIRATNE,2 J. HETTIARACHCH1,2 & S. THAMBIPILLAI2

The random sampling of well water for fluoride assumes that all the wells in an area are
equally accessible and that there are no marked local variations in the concentration of
fluoride. Both these assumptions were found to be incorrect. Another sampling method is
described in which the teeth ofschoolchildren are examined for evidence of dental fluorosis
and the water drunk by those with different grades ofdental mottling is collectedfor analysis.
This method is more reliable than that of random sampling in that wells with a high
concentration offluoride are unlikely to be missed.

In the rural areas ofmany developing countries the
drinking-water is taken from individual wells and not
from a central piped supply. In such areas therefore
the usual method for the detection of fluoride-
containing water is the analysis ofrandomly collected
samples of water. There are, however, several prob-
lems associated with the random sampling of water
from wells. A true assessment of the range of fluoride
contents in a particular area is given only if all the
wells are equally accessible and if there are no
marked variations in the fluoride content of closely
situated wells. This method of collecting water is
often tedious and time-consuming, especially in areas
where roads may be poor or even non-existent.
Another method of selecting representative sam-

ples of water from an area is the examination of the
teeth of schoolchildren and then analysing the water
drunk by selected children who show different grades
of dental mottling. This method is not only more
convenient, but also has the added advantage that
wells with a high concentration of fluoride are
unlikely to be missed.

In this study, we have compared the results ob-
tained by both these methods of water sampling in a
rural province of Sri Lanka. A detailed study of the
content of fluoride in all the wells in two confined
areas was also carried out to determine the extent of
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local variations in the concentration of fluoride that
could affect the results of a random survey.

This report is the first to document the occurrence
of fluoride-containing water in Sri Lanka. Although
it has been stated in a recent monograph (1) that
sporadic cases of fluorosis were reported from Sri
Lanka, reference to the original publication cited (2)
failed to substantiate this claim.

MATERIALS ANI) METHODS

Trial locality and subjects, and grading of dental
mottling
Random samples of drinking-water were collected

from wells approximately 8 km apart in an area
covering the North Central Province of Sri Lanka.

Schoolchildren between the ages of 7 and 20 years
from two large schools in Anuradhapura and in
Polonnaruwa, situated 40 km apart within this area,
were examined for evidence of dental fluorosis (3).
The children were classified according to the follow-
ing grades of dental mottling.
Grade 1: normal.
Grade 2: doubtful changes.
Grade 3: very mild. Small opaque, paper-white

areas are scattered over both surfaces of the teeth,
but cover less than half the total surface area.
Horizontal striated lesions usually seen at the base of
the tooth have also been included in this grade. These
lesions have been noted by others (4), and the
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reasons for believing that they are due to fluorosis
have been presented elsewhere (5).
Grade 4: mild. White, opaque areas cover half or

more than half the total surface area of the tooth.
Grade 5: moderate. There are small pits in addi-

tion to the white areas.

Grade 6: moderately severe. Pitting is marked.
Grade 7: severe. The tooth is hypoplastic and the

form of the tooth is changed.
Brown or black pigmentation could be present in

any grade above grade 4. Non-fluorotic mottling (6)
and superficial brown stains on teeth, however, have
a distinctive appearance quite unlike fluorosis and
were excluded.

Seven children who had always been resident in
the study area were randomly selected from each of
the seven grades of dental mottling. They were given
plastic containers and asked to bring samples of their
drinking-water. In all instances the water was col-
lected during the dry season when there had been no
rain for about 3 months.
The extent of local variation in the fluoride levels

of water that could affect the results of random
collections was determined by analysing the water in
every well in 2 small areas covering about 1.3 km2
and 2.6 km2.

Fluoride analysis
The water was analysed for fluoride by an ion-

specific electrode (Orion). 5 ml of sample was diluted
with an equal volume of buffer solution (i.e. 57 ml
glacial acetic acid, 58 g sodium chloride, and 4 g

disodium salt of N,N'-1,2-cyclohexanediylbis[N-(car-
boxymethyl)glycine] made up to a litre with deion-
ized water). The pH was adjusted to between 5.0 and
5.5 with SM sodium hydroxide. The diluted sample
was continuously stirred with a magnetic stirrer and
the electrode potential measured with an expanded-
scale pH meter. Readings were taken till there was no
change in the potential for 10 min. This was facilit-
ated by feeding the output of the pH meter to a strip
chart recorder (Pye AR 25 series 2) run at 0.02 cm/s
with a variable resistance of about 100 ohms placed
across the input terminals of the recorder.

RESULTS

Randomly collected water

46 samples of water were collected from wells 8 km
apart. The fluoride content in them (Table 1,
Column 2) ranged from less than 0.2 to 2.2 mg/litre.

Table 1. A comparison of the distribution of water
samples (collected randomly and from selected
schoolchildren) by the levels of fluoride

Percentage distribution of water
Levels of samples collected
fluoride
(mg/litre) randomly from children

(46 samples) (49 samples)

< 0.2 2.2 0

0.2-0.5 17.5 24.5

0.6-1.0 43.5 34.7

1.1-2.0 30.4 22.4

2.1-3.0 6.4 4.1

> 3.0 0 14.3

36.8% of the samples had a fluoride concentration
greater than 1 mg/litre, and no sample contained
more than 3 mg/litre.

Water drunk by children with fluorosis
Of 1 323 children who had always been resident in

the study area, 881 (66.6%) showed dental fluorosis
(grades 3-7). The numbers and percentage distribu-
tion of children showing each of the grades of dental
mottling are given in Table 2.
The levels of fluoride in the water drunk by

49 selected children are shown in Table 1 (Column 3)
and ranged from 0.26 to 9.0 mg/litre. The propor-
tions of water samples in each fluoride concentration
range were comparable with those obtained by
random sampling with the exception of water con-
taining a high fluoride concentration (>3.0 mg/litre).

Table 2. Distribution of the schoolchildren by the
grades of dental mottling

Grade of mottling No. of children Percentage of total

1-2a 442 33.4

3 494 37.4

4 213 16.1

5 105 7.9

6 37 2.8

7 32 2.4

total 1 323 100

a Grade 1-2: normal teeth or doubtful changes.

420



FLUORIDE IN WELL WATER

These high fluoride samples had been missed by the
random sampling method. 9 samples (18.4%) of
water drunk by the children had a fluoride concen-
tration >2.2 mg/litre, which was the highest concen-
tration obtained by random sampling.

Local variations in fluoride levels
In one area covering about 1.3 km2 there were

13 wells. The water in 2 wells situated only about
140 m apart had a fluoride concentration of 0.9
mg/litre and 9.0 mg/litre, a difference of 8.1 mg/litre.
Two other wells situated about 90 m apart showed
a difference in fluoride concentration of 6.0 mg/litre.

In another area covering about 2.6 km2 there were
21 wells. Two wells situated about 325 m apart had a
difference in the fluoride concentration of
3.7 mg/litre.

DISCUSSION

The results of this study indicate that the analysis
of water drunk by schoolchildren selected on the
basis of dental mottling is an effective method of
sampling an area for the presence of fluoride-con-
taining water in wells.
The method is more reliable than random sampling

of water for establishing the range of fluoride levels,
because water from wells containing a high concen-
tration of fluoride are unlikely to be missed owing to
either an inadequate number of samples being taken
or the inaccessibility of wells. The fluoride levels in
the water also appear to correlate with the gradation
of changes seen in the affected teeth, probably
because of the cumulative effects of fluoride over a
period of years. A negative result for fluoride in an
analysis of water drunk by children with easily
recognizable dental fluorosis should therefore raise
the suspicion of an error in the estimation of fluoride
or may indicate an intake of fluoride from other
sources. There is also the possibility of dilution of the
fluoride-containing water by heavy rain.
The highest concentration of fluoride obtained by

the random sampling method was 2.2 mg/litre, while
the analysis of water drunk by schoolchildren from
the same area revealed the presence of wells with as
high a concentration of fluoride as 9.0 mg/litre.
Apart from indicating the presence of wells con-
taining higher concentrations of fluoride in a particu-

lar area, the suggested method has the advantage of
speed and convenience. It is of interest that in the
area studied, the collection of 46 random samples of
water from wells 8 km apart involved travelling
about 720 km over a period of 5 days because of the
poor condition of some of the roads. The homes of
some children who had extensive fluorosis were
located in very remote areas several miles away from
properly surfaced roads, and this explains why their
wells had been entirely missed when the water was
collected by random sampling.
The variation in the fluoride concentrations of

water from closely situated wells was sometimes
striking. Two wells situated about 140 m apart, for
example, showed a difference of as much as
8.1 mg/litre. This kind of variation in the fluoride
concentration is likely to affect the results of a
random sampling study unless a very large number
of samples is obtained. The finding of fluorine in
water certainly indicates the presence of natural
fluoride, but the converse is not necessarily true.
Negative findings of fluoride based on random sam-
pling may be due to an inadequate number of
samples being examined, rather than to an absence of
fluoride in the area.

Dental mottling resulting from fluorosis has a
distinctive appearance (3) and can be easily distin-
guished by well-recognized criteria from nonfluorotic
opacities (6). Although the presence of dental fluo-
rosis usually indicates excess fluoride in the drinking-
water, this is not invariably so. It was found that
5.1% of schoolchildren in Ibadan, Nigeria, had
mottled enamel although the fluoride in the drinking-
water was less than 0.2 mg/litre (7). A similar
observation was made in the central hill area of Sri
Lanka where 13.0% of schoolchildren showed dental
fluorosis despite unmeasurable (less than 0.2 mg/
litre) amounts of fluoride in the drinking-water (5).
The reason for such discrepancies is not clear. The
dental changes could either be due to fluorine from
other sources such as tea and food or possibly to a
disorder of fluorine metabolism.

Despite this occasional lack of correlation between
enamel mottling and fluoride in drinking-water, the
examination of the teeth of schoolchildren residing in
an area is certainly a better guide to the location of
wells with high fluoride levels in that area than
random sampling of water from individual wells.
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R_ISUMI

tVALUATION DE LA TENEUR EN FLUORURE DE L'EAU DANS DES PUITS CHOISIS AU HASARD
OU APRES RECHERCHE DE LA FLUOROSE DENTAIRE CHEZ DES ECOLIERS

On a compare la teneur en fluorure de 46 6chantillons
d'eau pr6lev6s au hasard dans une s6rie de puits distants
d'environ 8 km et celle de 49 echantillons d'eau consom-
m6e par des ecoliers atteints a un degr6 variable de lesions
d'6mail tachete.
Dans I'eau pr6levee au hasard, la teneur en fluorure

variait de 0,2 a 2,2 mg/litre, alors que dans l'eau consom-
m6e par les ecoliers, dans la meme region, on relevait des
teneurs de 0,2 a 9,0 mg/litre. Dans 9 (18,4%) des 6chan-
tillons apportes par les enfants, la concentration de
fluorure etait superieure 'a la plus forte concentration

(2,2 mg/litre) decel6e dans les 6chantillons recueillis au
hasard. Ces 6carts sont attribues A l'inaccessibilite de
certains puits et aux fortes variations locales de la teneur
en fluorure de l'eau de puits tres proches les uns des
autres. Des diff6rences atteignant 8,1 mg/litre ont ete
constat6es entre puits distants seulement de 140 m.

Selon les auteurs, I'analyse de 1'eau consomm6e par les
ecoliers pr6sentant des 1lsions de fluorose dentaire est la
methode qui permet le mieux de localiser les puits four-
nissant une eau A forte teneur en fluorure.
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