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Abstract

This study was conducted to determine the fluoride
intakes in 94 preschool children aged 3, 4 and 5 (n = 30,
30, 34, respectively) residing in Yokkaichi, Mie Prefecture
(< 0.16 ppm F water supply). The parents duplicated all
the diets that their children ingested on 3 separate days
during a 1-year period. The acid-diffusible fluoride in the
diet was isolated by the acid-diffusion technique and
measured with a fluoride electrode. The mean daily fluo-
ride intakes from diet alone by children aged 3, 4 and 5
were 0.30 mg (n =29, SD 0.19), 0.28 mg (n = 30, SD 0.19)
and 0.30 mg (n = 34, SD 0.19), respectively. The total esti-
mated mean values from diet and dentifrice were 0.35
mg (n =29, SD0.22, range 0.13-1.00), 0.33 mg (n = 30, SD
0.19, range 0.13-0.86) and 0.39 mg (n = 34, SD 0.18,
range 0.18-1.01), respectively. It was conciuded that the
mean (£ SD) total fluoride from diet and dentifrice in 3-
to 5-year-old Japanese children was 0.35 = 0.19 mg/day

(0.021 = 0.012 mg/kg body weight).
Copyright < 2002 S. Karger AG, Basel

The prevalence of dental caries in developed countries
has declined over the past several decades [Birkeland et
al.. 2000]. The decline has been considered mainly due to
the widespread use of fluoride. On the other hand, trends
of increased tluoride ingestion and a rise in enamel fluoro-
sis have appeared in both fluoridated and non-fluoridated
areas {Warren and Levy, 1999]. Therefore. a reduction in
the daily fluoride intake by young children has been rec-
ommended [Burt, 1992]. Burt [1992] has suggested that
the limit for safe fluoride intake is between 0.05 and
0.07 mg/kg/day in children. The adequate intake (Al) for
fluoride from all sources was set at 0.05 mg/kg/day in the
United States [Standing Committee on the Scientific
Evaluation of Dietary Reference Intakes, Food and Nutri-
tion Board. Institute ot Medicine, 1997]. Kimura et al.
[2001] conducted the duplicate-diet approach and mea-
sured the daily amount of luoride in the diets for children
aged 1-6. The duplicate-diet method is believed to be an
accurate means of assessing fluoride and nutrient intake.
However, Kimura et al, [2001] only studied 5-6 children
for each age, the ratio of boys and girls was not given and
the data were limited to diet, while other sources, such as
ingestion of fluoridated dentifrices, were not estimated.
Therefore, the present study was undertaken over three
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separate seasons during a l-year period. to measure the
daily amount of fluoride intake from the diets, and to
determine the total amount of daily fluoride intake in
children in several non-tluoridated areas of Japan.

Subjects and Methods

Subjects and Sample Collection

This study was designed to determine the fluoride intakes of 94
preschool children, who, at the beginning of this research, were aged
3,4 and 5 (n = 30, 30, 34, respectively) living in the city and the
suburbs of Yokkaichi, Mie Prefecture, Japan. Ninety-three out of 94
children were using tap water to drink or cook, while the remaining
child was consuming mineral water and distilled water. The maxi-
mum fluoride concentrations in 6 of the 7 water supplies to those
areas were less than 0.08 ppm, and in the remaining supply, it was
0.15 ppm; the average was 0.12 ppm.

Explanatory meetings were held with the parents who had volun-
tarily responded to our request for participation in the investigation.
The request was made through the head of each preschool. The par-
ents who could not attend were given individual instructions on the
duplicate sampling technique [Chowdhury et al., 1990, 1996]. Full
information sheets were provided for all parents. The same mstruc-
tions were also given to nurses, teachers and dietitians of the partici-
pating preschools.

The 24-hour duplicate diets, including snacks and beverages,
were collected on 3 separate days during a 1-year period: summer,
autumn of 1999 and winter of 1999-2000. Meals which had been
consumed by the children were examined for leftovers, i.e. uncon-
sumed food which would include, for example, bones, and fruit peels.
Identical material was removed from the duplicate meal so that these
unconsumed materials would not be included in the analysis. In
addition, a record of the nature and approximate quantity of food
consumed, expressed in household measures, was maintained. Ta-
bles of nutrient substances stated on processed foods were also
recorded. The duplicated diets were collected in plastic jars and
stored in cool containers (4°C) during collection and transfer. The
weight of each child was taken from the monthly physical measure-
ments at the preschools.

Determination of Fluoride from Diet

After recording the weights, the diet samples were homogenized
with known volumes of distilled water for 10 min in the container of
a commercial food blender (HGB-SS, Waring, USA). After packing
by a vacuum package machine (TospackV-222, Tosei, Japan), sam-
ples were stored at —30 °C until analysed. The acid-diffusible fluoride
in the liquid homogenate was analysed using the hexamethyldisilox-
ane-hydrochloric acid diffusion technique [Taves, 1968], and mea-
sured with a fluoride electrode (model 96-09, Orion, Cambridge,
MA, USA) connected to an ion analyser (model EA920, Orion). The
calibration standards were also acid-diffused. Multiple recovery
studies using sodium fluoride were carried out to determine the va-
lidity of the analytical procedure.

As the value of fluoride intake from the summer diet of one 3-
year-old boy was extremely high (4.0 mg/day), statistical analysis was
performed with the Smimov test for extreme values. The value
obtained was significantly different from the normal distribution and

Fluoride Intake in Japanese Children Aged
3-5 Years

this outlier was excluded (p < 0.01). The data of fluoride intakes were
finally obtained from 93 children with 29 (14 boys. 15 girls) aged 3.
30 (15 boys. 15 girls) aged 4. and 34 (19 boys. |5 girls) aged 5.

Estimated Fluoride Intake from Dentifrice

Each time of assessment. a questionnaire was completed to deter-
mine the frequency and volume of dentifrice used. Parents were
requested to draw one dose of dentifrice in the upper-view and side-
view drawings of the toothbrush figure. The quantity of fluoride
ingested from dentifrice used was derived by using the mean percent-
ages of dentifrice ingestion for each age obtained from previous data
at the same preschools [Murakami et al., 2002). The study found that
the mean percentages of fluoride ingestion from dentifrice for chil-
dren aged 3-6 years were 34.1, 23.9. 19.7 and 15.7%, respectively.
Data for the 6-year-olds was included to reflect the actual age of some
of the children over the 1-year project. All the dentifrice used by the
children was found to contain approximately 1,000 ppm F, which is
typical for fluoride dentifrice available in Japan.

Statistical Analysis

Means, standard deviations, ranges. 95% confidence intervals.
and analysis of variance (ANOVA) were used in the analysis of the
fluoride intake data. Prior to multiple group comparisons, homogene-
ity of variance was assessed by the Levéne test. The data were ana-
lysed by the Statistical Package for the Social Sciences (SPSS 10.0 J).

Results

The fluoride blanks from the hexamethyldisiloxane-
hydrochloric acid diffusion method lay in the range of
0.006-0.029 pg. The recoveries of fluoride that had been
added to the food samples ranged from 95.5 to 98.8%,
with a mean o1 98.4%.

Seventy-nine percent of 94 children (3 years: 70%, 4
years: 73%, and 5 years: 91%) used dentifrice. and of
these 95% (95, 95. and 94%. respectively) used fluori-
dated dentifrice. Statistical analysis of the data using the
chi-square test found no significant difference (p > 0.05)
among the percentages of 3-year-olds (67%). 4-year-olds
(70%) and S-year-olds (85%) using dentifrice with tuo-
ride. The mean amounts of dentifrice used per brushing
for 3-, 4- and S-year-olds who used dentifrice were 0.24 g
(SD 0.12, range 0.07-0.53), 0.23 g (£0.11, 0.09-0.48)
and 0.30 g(£0.14, 0.13-0.64). respectively, and the mean
amounts of dentifrice used per day were 0.39 g (SD
+0.22, range 0.11-0.70), 0.36 g (£0.26, 0.09-1.03) and
0.46 g(£0.22,0.13-0.82), respectively.

The data of fluoride intakes were obtained from 93
children with 29 (14 boys, 15 girls) aged 3 years, 30 (15
boys, 15 girls) aged 4, and 34 (19 boys, 15 girls) aged 5 at
the beginning of the preschool. Table { gives the body
weight and dft index.
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