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INTRODUCTION

Dental caries is still a significant dental health
problem in Thailand (Dental Health Division, 1994).
It is generally accepted that using fluoride is ef-
fective for the prevention of dental caries. The
important mechanisms of caries prevention are
enhancement of remineralization, inhibition of
demineralization and formation of fluorapatite, which
increases resistance to caries formation (Ripa et al,
1986). Optimally fluoridated water (0.6 ppm) can
decrease the incidence of dental caries by 50-70%
and is considered the best measure for caries pre-
vention (Ismail, 1994; Mathewson and Primosch,
1995). The American Dental Association recom-
mended fluoride supplement in the case of inad-
equate fluoride in drinking water. The dosage of
supplemental fluoride depends on the fluoride content
of the water, age and medical history of the child,
in order to prevent any excessive intake of fluoride
and toxicity. Excessive fluoride intake for a long
period causes chronic toxicity in bones and teeth,
of which dental fluoride is the most common (Weeks
et al, 1993; Lalumandier and Rozier, 1995). Cur-

rently, supplemental fluoride has been adjusted to
reduce the chronic toxicity of fluoride. In areas
where fluoride in drinking water is less than 0.3
ppm, the recommendation was changed from start-
ing supplemental fluoride at birth, to starting at 6
months of age. During the period 6 months - 3 years
of age the child should consume 0.25 mg/day.
Supplemental fluoride at a dose of 0.50 mg was
recommended for children aged 3-6 years, rather
than being previously recommended for 2-3 years.
A dose of 1 mg was recommended for children
aged more than 6 years, rather than 3 years. If
fluoride in drinking water were 0.3-0.6 ppm, supple-
mental fluoride should begin at 3 years of age and
only half of the dose recommended for fluoride
content less than 0.3 ppm should be used (AAPD,
1999-2000).

Fluoride contents were different among re-
gions and types of water. Songpisal et al (1983)
studied water in Bangkok between March 1978 and
February 1979. They found the average fluoride
content in tap water was 0.12±0.04 ppm. The level
varied seasonally, reaching a minimum in summer
and gradually increasing to reach a peak in mid-
winter. In addition, they found that the fluoride
content of ground water ranged from 0.12-0.32
ppm, which was higher than tap water (Songpisal
et al, 1983). In the National Dental Health Survey
in 1994, fluoride content was measured from water
samples and revealed values of less than 0.1 to 2.86
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ppm (Dental Health Division, 1994). In remote
areas of Thailand there are reduced chances of
access to dental services due to the difficulties of
transportation. Preventive dental measures planning
at the community level seems to be very important.
Supplement of fluoride in drinking water is diffi-
cult since there are many sources of drinking water.
In addition, water used for food preparation is one
source that children may consume. Therefore, analysis
of fluoride in water is important for providing
baseline data for preventive dental measure plan-
ning in remote areas. The objective of this study
is to analyze the fluoride content of water in remote
areas of Thailand.

MATERIALS AND METHODS

Sources of water

We sampled water for drinking and for use
from schools and villages located in remote areas
along the border of Thailand (Fig 1). Forty-eight
Schools in 37 provinces of Thailand were sampled
from 173 schools which are under the jurisdiction
of the Department of Border Patrol Police using
Multiple Stratified Cluster Random Sampling. The
villages were where the schools were located. Sixty
milliliters of water were collected and the sources
of water were recorded during the period 19 July
and 8 October 1999.

Analysis of fluoride content

Fluoride content was measured by adding ad-
justment buffer (TISAB III) to the water sample
at a ratio of 1:10 to provide constant ionic strength,

decomplex fluoride and adjust pH.  Free fluoride
ion content was read by fluoride electrode (Orion
Model 96-04,96-09) which was directly attached to
an ion analyzer (ORION Model 940, ORION, USA).
Each sample was measured in triplicate and the
accuracy of measurement was evaluated each day
by measuring a standard solution before and after
performance.

Statistical analysis

Fluoride content was statistically analysed and
compared using the Kruskal-Wallis test at a sig-
nificance level of 0.05.

RESULTS

Sources of water

A total of 214 samples of water was collected
from various sources in remote areas of Thailand,
as shown in Table 1. Among these, 50 samples
were drinking water collected from schools and 49
drinking water samples collected from villages.
Sixty-five samples and 50 samples were water for
use collected from schools and villages, respec-
tively. Most of the water for drinking both in
schools (82.0%) and villages (71.4%) was rain
water. Less common sources of drinking water in
schools were mountain tap water (6.0%), village
tap water (6.0%), well water (2.0%), ground water
(2.0%) and pond water (2.0%). Other sources of
drinking water in villages were mountain tap water
(16.3%), well (8.2%) and canal or stream (4.1%).
Water for use came from many sources, ie in schools
they used rain water (29.2%) and mountain tap

Table 1
Sources of water in schools and villages.

Drinking water Water for use
Water source

 School    Village   School  Village
  No. (%)    No. (%)   No. (%)  No. (%)

Rain 41 (82.0) 35 (71.4) 19 (29.2) 5 (10.0)
Tap water (mountain) 3 (6.0) 8 (16.3) 17 (26.2) 16 (32.0)
Tap water (village) 3 (6.0) - 9 (13.8) 11 (22.0)
Well 1 (2.0) 4 (8.2) 4 (6.2) 9 (18.0)
Ground water 1 (2.0) - 5 (7.1) 3 (6.0)
Pond 1 (2.0) - 6 (9.2) -
Canal/stream - 2 (4.1) 5 (7.7) 6 (12.0)
Total 50 49 65 50
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Fig 1–Locations of water samples.

water (26.2%) and in the villages, they used mountain
tap water (32.0%) and village tap water (22.0%).

Fluoride content
The fluoride content of drinking water from

schools ranged from 0.01-0.37 ppm, while water
for drinking in villages contain 0.01-0.19 ppm of
fluoride (Table 2). The maximum level of fluoride

was found in a drinking water sample from
Piriyanukroh School in Mayo district of Pattani
Province. A water sample from Koh Tei village in
Tha Chana district, Surat Thani Province had the
highest fluoride content. The maximum levels of
fluoride in water for use from schools and villages
were 0.87 and 0.92 ppm, respectively as shown in
Table 2, and were from Hengkel Thai School, and
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Mackeyo village Sai Yok district, Kanchanaburi
Province. Water for use that had a fluoride content
greater than 0.5 ppm was found in samples from
Banna Isan School (0.58 ppm) in Samam Chaikhet
district, Chachoengsao Province and from Sutantanont
village (0.73 ppm) of Betong district, Yala Prov-
ince.

When the water fluoride content was consid-
ered by region, the eastern region was included in
the central region since there were only 2 schools
in remote areas of the eastern region. The number
of water samples for drinking and for use collected
from schools and villages in remote areas of the

central, northeast, north and south of Thailand are
shown in Table 3. There was no difference in
fluoride content when comparing drinking water in
schools and villages from various regions (p=0.23),
but there was a statistical difference where water
samples for use from schools (p=0.04) and from
villages (p=0.01) were compared.

There was a significant difference (p=0.04)
when comparing the total fluoride content in water
from various regions (Table 4). Water collected
from the central region, which also includes schools
in the eastern region, had the highest fluoride level
of 0.92 ppm compared to 0.32, 0.37 and 0.73 ppm

Table 2
Water fluoride content in 115 samples collected from schools and 99 samples from villages.

Place  Fluoride content in drinking water Fluoride content in water for use
(ppm) (ppm)

Min Max Mean±SD Min Max Mean±SD

School 0.01 0.37 0.04±0.06 0.01 0.87 0.10±0.14
Village 0.01 0.19 0.04±0.04 0.01 0.92 0.13±0.19

Table 3
Water fluoride content in remote areas of different regions.

              Fluoride content (ppm)

Central and east Northeast North South p-value

Drinking water (school)
No. of samples 12 14 12 12
F content (min) 0.01 0.01 0.01 0.01
F content (max) 0.13 0.14 0.37 0.03
Mean±SD 0.04±0.04 0.05±0.05 0.05±0.11 0.02±0.01 0.23
Drinking water (village)
No. of samples 11 12 13 13
F content (min) 0.01 0.01 0.01 0.01
F content (max) 0.12 0.11 0.16 0.19
Mean±SD 0.04±0.04 0.03±0.03 0.06±0.05 0.04±0.05 0.23
Water for use (school)
No. of samples 15 17 18 15
F content (min) 0.02 0.01 0.01 0.01
F content (max) 0.87 0.18 0.34 0.37
Mean±SD 0.19±0.24a 0.05±0.04 0.08±0.08 0.09±0.12 0.04
Water for use (village)
No. of samples 11 12 13 14
F content (min) 0.02 0.02 0.03 0.01
F content (max) 0.92 0.18 0.37 0.73
Mean±SD 0.29±0.28a 0.07±0.05 0.10±0.09 0.11±0.19 0.01

asignificant difference

Condition
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found in water samples from the northeast, north
and south, respectively.

When the 3 types of water, rain water, surface
water (including mountain tap water, village tap
water, wells, ponds, canal and stream) and ground
water, were compared, we found a difference in
fluoride content (p=0.00) (Table 5). Ground water
contained fluoride 0.04-0.65 ppm, which was higher
than other water types. Rain water contained 0.01-
0.099 ppm while surface water contained 0.01-0.92
ppm.

DISCUSSION

Our study showed that the water fluoride content
of villages and schools in remote areas was 0.01-
0.37 ppm, which was lower than the preventive
level for caries. When comparing drinking water
from each region, there was no significant differ-
ence in the fluoride content. The reason may be
that most drinking water (82.0% in schools and
71.4% in villages) were rain water, which had low
fluoride levels, ie 0.01-0.09 ppm. Our study gave
the same result as the previously reported values
of 0.002-0.02 ppm (Smith and Ekstand, 1996).
Children who drank rainwater would gain less fluoride
than the recommended level for caries prevention

(Dental Health Division, 1998). Since there might
be an inadequate amount of rainwater for drinking
all year round, in some regions they drink boiled
water which was water for use, mostly for a short
period in summer.

The maximum fluoride content of water for
use in the central and eastern regions was 0.92
ppm, and 0.73 ppm in the southern regions.

When comparing fluoride content in water for
use among various regions there were significant
differences (Table 3), related to the different sources
of water. So it is possible that fluoride in water
for use might be different. These findings are in
contrast to the comparison of fluoride in drinking
water from different regions, which was not sig-
nificantly different, since most drinking water was
rainwater (Table 1). Water for use from the central
and eastern region had higher fluoride compared
with the other regions, where the highest was from
Kanchanaburi and Chachoengsao Provinces. The
finding of the present study differs from a previous
dicussion, which reported that the northern region
had many sources of fluoride mineral, and thus
water from this region had high fluoride content
(Songpisal et al, 1983). When fluoride in various
types of water was compared, we found the highest
level in ground water, which agreed with the previous
study of Songpisal et al (1983). In the USA, ground
water contained fluoride as high as 76 ppm. In
Finland, it had been found to contain 1.0-2.0 ppm.
The reason for high fluoride content in ground
water was its greater chance of passing into un-
derground mineral sources and its accumulation
better than surface water (Smith and Ekstrand, 1996).

Since the fluoride content in water for use was
found to be at a higher level than the recommended
level (0.5 ppm), this should be taken into consid-
eration when planning preventive dental measures.
Considering fluoride in drinking water only may

Table 4
Fluoride content in water samples from different regions (p=0.04).

Region Number Minimum Maximum Mean±SD

Central and east 50 0.01 0.92 0.133±0.207
Northeast 55 0.01 0.32 0.053±0.058
North 56 0.01 0.37 0.073±0.081
South 53 0.01 0.73 0.068±0.120
Total 214 0.01 0.92 0.081±0.130

Means indicated by different letters showed significant difference.

Table 5
Fluoride content and types of water (p=0.00).

Water types
(number) Min Max Mean ±SD

Rain water (97) 0.01 0.09 0.03±.03
Surface water (109) 0.01 0.92 0.11±.15
Ground water (8) 0.04 0.65 0.31±.23a

asignificant difference

Fluoride content (ppm)
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not be enough in planning for fluoride substitution
because children might drink various types of water
when rainwater is lacking, especially during sum-
mer.
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