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Abstract 
This paper reviews the history and validity of recommended “optimal” levels of 

systemic fluoride intake and the available information on levels of fluoride intake 
in young children from foods and beverages (including water), dentifrices, dietary 
fluoride supplements, mouthrinses, and gels. Most of the studies emphasize the 
substantial variation in ingestion among individuals. Often, a substantial propor- 
tion of individuals received fluoride well beyond the mean exposure reported in 
the study. Limitations in the existing data make it dificult to determine the total 
distribution of fluoride intake from all sources. Therefore, hypothetical combina- 
tions of possible daily fluoride intake from the three main sources (diet, dentifrices, 
and supplements) are presented for those aged 6, 12, 24, and 36 months, with 
associated mean intake per kg body weight. Findings suggest that some chifdren 
exceed the “optimal”leve1 of fluoride intake from single sources alone, while others 
can from a combination of sources. Moreover, if current recommended “optimal” 
levels, which have been derived on an empirical basis, are actually lower than 
what has been quoted in the literature, then more children could be ingesting 
excessive amounts of fluoride, which could increase their risk of developing 
objectionable dental fluorosis. The variation and complexity of fluoride ingestion 
from all sources should be considered in the evaluation of recommendations for 
use of dietary fluoride supplements. [J Public Health Dent 1999;59(4):211-231 

_ -  _ _  --- ~ .. ____ ____. 
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The cariostatic effect of fluoride 
now is considered to be due mainly to 
its presence in oral fluids posterup- 
tively via its ability to decrease the rate 
of enamel demineraliza tion and en- 
hance remineralization of early cari- 
ous lesions (1-3). At lower levels of 
intake, fluoride confers caries protec- 
tion (1-3), while excessive intake dur- 
ing the period of enamel forma tion can 
cause enamel fluorosis (4-6). The con- 
centration of fluoride in the oral fluids 
is determined mainly by oral exposure 
to fluoride in food and beverages (in- 
cluding water), dentifrice, and other 
fluoride-containing agents (7,8). Sys- 
temic intake of fluoride from any of 
these sources results in the absorption 
of fluoride and its distribution to tis- 
sues, including the salivary glands, 
from where it is secreted back into the 
mouth (8,s). Therefore, all sources of 
systemic fluoride are of interest. 

When considering recommenda- 
tions for “optimal” fluoride use with 
goals of maximizing dental caries pre- 
vention while minimizing objection- 
able dental fluorosis, data from con- 
trolled, longitudinal, clinical trials of 
precisely determined levels of fluoride 
ingestion, dental caries, and fluorosis 
are desirable (10). However, no such 
studies have been conducted due to 
logistical, ethical, and financial con- 
straints; thus, the currently available 
dormation has been obtained from 
less comprehensive studies (1 0). The 
level of fluoride intake sufficient to 
confer caries protection and beyond 
which dental fluorosis may occur (op- 
timal level) is, therefore, not known 
accurately. Many aspects concerning 
fluoride, including fluoride intake and 
its relationshp with caries and dental 
fluorosis, have been reviewed at a 
number of recentmeetings (11-15) and 

in other publications (16-18). In this 
paper, recommended “optimal” levels 
of fluoride intake are discussed and 
the available dormation on levels of 
fluoride intake in children from food 
and beverages (including water) as 
well as from fluoride dentifrices, die- 
tary fluoride supplements, mouthrin- 
ses, and gels are highlighted and up- 
dated. 

4. 0 timal Levels of Fluoride Intake - 
It is well established that enamel 

fluorosis can occur only while the 
enamel is forming (4,5). Generally, it 
also has been agreed that to avoid an 
undesirable degree of dental fluorosis 
the daily fluoride intake in children 
definitely should not exceed 0.10 
mg/kg of body weight (bw) (19-21). 
This threshold value of intake above 
which dental fluorosis occurs was de- 
rived from McClure’s assessment of 
levels of fluoride intake from food and 
beverages (including water) by chil- 
dren in 1943 when fluoride dentifrices, 
rinses, gels, and supplements were not 
available (22). Using rough estimates 
of type and quantity of food and bev- 
erages (including water) consumed 
and less sensitive techniques than the 
fluoride electrode to measure fluoride 
content, McClure estimated that chil- 
dren aged 1-12 years living in fluori- 
dated areas (1 ppm)  received 
0.16-0.103 mg F/kg bw from food and 
water alone, with most in the lower to 
middle part of this range, and the fluo- 
ride intake rarely exceeded 0.10 
mg/kg bw. At these levels of dietary 
fluoride intake and in the absence of 
any other major source of fluoride, 
such as fluoridated dentifrices and 
supplements, very little fluorosis (ap- 
proximately 7-16% mild or very mild) 
was observed at the time (23,24). 

Based on these observations, a daily 
fluoride intakein excess of 0.10 mg/kg 
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TABLE 1 
Fluoride Intake (Means and Ranges) from Diet Alone, Reported from Different Countries 

Fluoridated Areas Nonfluoridated Areas 

Study Age 
Dietary survey studies 

McClure (USA, 1943) 

Burt (USA, 1992) 

Ham and Smith (USA, 1974) 
Singer and Ophaug (USA, 1979) 

Ophaug et al. (USA, 1985) 

Featherstone and Shields (USA, 1988) 
Dabeka et al. (Canada, 1982) 

Hattab and Wei (Hong Kong, 1988) 
Schamschula et al. (Hungary, 1988) 

Brunetti and Newbrun (USA, 1983) 
Chowdhury et al. (New Zealand, 1990) 

Duplicate-diet studies 

Mean 
(Range) 

Chowdhury et al. (1993) 
Mean 
(Range) 

Mean 
(Range) 

1-3 years 
4-45 years 
7-9 years 
.3-6 months 
6-12 months 

1-3 years 
3-6 years 
6-8 years 
2 years 

2 months 
4 months 
6 months 
6 months 
2 years 

6 months 
3-6 months 
6-9 months 
9-12 months 
6-11 months 

4 years 

3 4  years 
11-13 months 

34 years 

7-8 years 

. -  
mg/Day 

0.42-0.83 
0.56-1.11 
0.70-1.38 

0.33* 
0.43* 
0.65' 
0.90* 
1.00* 
0.61 
0.63 
0.68 
0.76 
0.42 
0.62 
0.40 
0.42 
0.48 
0.56 
0.23 
0.72 

0.33 

0.26 
(0.09-0.55) 

0.36 
(0.09-0.74) 

0.43 
(0.20-0.81) 

0.03-0.10 
0.02-0.09 
0.02-0.07 
0.04-0.07 
0.04-0.06 
0.04-0.07 
0.03-0.05 
0.03-0.05 

0.13 
0.10 
0.09 
0.05 
0.05 
0.05 
0.06 
0.06 
0.05 
0.03 

0.03 
(0.01-0.06) 

0.019 
(<0.01-0.04) 

0.015 
(0.01-0.03) 

0.05 
0.10 
0.15 
0.35 
0.21 
0.20 
0.25 
0.27 
0.28 

0.22 

0.08 
(0.04-0.31) 

0.15 
(0.05-0.31) 

0.23 
(0.09-0.50) 

0.01 
0.02 
0.02 
0.04 
0.03 
0.03 
0.04 
0.04 
0.03 

0.01 
(0.0044.04) 

0.01 
(<0.01-0.02) 

0.01 
(<0.01-0.02) 

'Uppermost limit of intake. 

bw generally is accepted to cause den- 
tal fluorosis and intake levels of 
0.05-0.07 mg F/kg of body weight fre- 
quently are quoted in the literature as 
being "optimal" for dental health in 
children aged 1-12 years (19,25,26). 
However, some investigators consider 
these "optimal" levels to be threshold 
levels and have suggested that daily 
fluoride intake in excess of only 
0.05-0.07 instead of 0.10 mg/kg bw 
could cause dental fluorosis (6). 

Burt (27) reviewed the history of the 
term "optimal" fluoride intake. He 
traced how McClure's information in 
1943 (22) came to be interpreted as a 
recommendation by several other 

workers (19,25,26). He pointed out 
that Farkas and Farkas (25) had quoted 
a number of personal opinions, many 
from nonexperts; that Ophaug et al. 
(26) had cited Farkas and Farkas, and 
Forester and %huh (19); and that For- 
ester and Schulz had cited a source to 
which no reference was given. Based 
on a report by Ekstrand (28), Burt esti- 
mated that the upper limit of fluoride 
intake for young children should be 
about 0.05 mg per 100 kcals (418.4 kJ) 
of energy intake. His estimates 
matched well with the range of "opti- 
mum" fluoride intake in children re- 
ported by other  investigators 
(7,22,26,29-33) (Table 1). Burt con- 

cluded that, "despite its dubious gene- 
sis, empirical evidence suggests that 
0.05-0.07 mg F /kg bw per day re- 
mains a useful upper (threshold) limit 
for fluoride intake from all sources in 
children" (27). Although not specified 
in his article (27), Burt meant "all 
sources" to include all dietary and 
nondietary sources combined (Burt 
BA. Personal communication, Dec 22, 
1993). However, most of the published 
reports on fluoride intake in children 
are of dietary fluoride intake only and 
do  not include important potential 
sources of nondietary fluoride intake 
in children, especially fluoridated 
dentifrices and supplements. If these 
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Sources were included, then more chil- 
dren would be receiving intake be- 
yond the recommended levels consid- 
ered to be ”optimal” for substantial 
caries protection and minimal risk of 
objectionable dental fluorosis. 

Burt (27) stated in his review that 
there is not enough evidence to con- 
clude that fluoride levels in the diet 
have changed much since the time 
McClure conducted his study in 1943. 
However, this conclusion is based on 
the assumption that McClure’s esti- 
mation was accurate and that methods 
used today yield similar results. Such 
direct comparisons between studies 
are difficult because methods used in 
the collection and analysis of diets 
have varied. Substantial variation ex- 
ists in the published data for fluoride 
content of foods, probably because of 
the use of different analytical tech- 
niques and analytical difficulties (34). 
It is possible that crude distillation 
methods for the analysis of fluoride 
used by McClure in 1943 could have 
led to an overestimation of the fluoride 
content in foods and that findings 
from current studies using the more 
sensitive fluoride electrode probably 
reflect truer levels of fluoride in food 
and beverages (35). If so, then it is 
possible that fluoride in the food chain 
has increased since water fluoridation 
was introduced in 1945. 

However, relatively more sensitive 
means of measuring fluoride intake 
(35,36), such as the duplicate-diet ap- 
proach to collecting food samples (37- 
39) and the microdiffusion technique 
and the fluoride electrode in the isola- 
tion and measurement of fluoride (35), 
appear to indicate a substantially 
lower level of fluoride intake from 
food and beverages (including water) 
in children than has been reported in 
studies using other methods (Table 1). 
Brunetti and Newbrun (37) collected 
duplicates of all food and fluid con- 
sumed over 2 to 4 days by 10 healthy, 
3- to 4-year-old children in a fluori- 
dated area in the United States. Their 
average dietary intake was 0.33L0.14 
mg F/day. The range and fluoride in- 
take on a body weight basis were not 
stated. A similar lower level of average 
dietary intake (0.36 mg/day) was 
found in children aged 3 to 4 years in 
a study conducted in New Zealand 
using a three-day duplicate-diet ap- 
proach (38). The uppermost limit of 
fluoride intake from food and bever- 
ages (including water) alone in 65 in- 

fants aged approximately 12 months 
was 0.06 mg/kg bw (39); in 34 children 
aged3 to4yearsitwasO.O4mg/kgbw; 
in 34 children aged 7 to 8 years, it was 
only 0.03 mg/kg bw (38). The dupli- 
cate-portion technique provides the 
most accurate data on the type and 
quantity of food consumed by an indi- 
vidual (36). However, the logistics of 
using this approach to determine fluo- 
ride intake levels in large-scale studies 
make it unfeasible. 

Most of the other reports on fluoride 
intake in infants and children in the 
United States and other parts of the 
world (Table 1) are based on the analy- 
sis of food items in composite food 
groups, standard food tables, diet re- 
cords, market-basket collections based 
on dietary surveys, or hospital diets. 
All these methods only estimate the 
quantity of each food consumed using 
existing survey data, usually only re- 
porting estimated mean intake. Vast 
differences exist in the amounts of 
food eaten by subjects of the same age, 
in food habits, in the type of commer- 
cially available foods and beverages, 
and in the fluoride content of these 
food items. The duplicate-diet studies 
suggest that levels of fluoride intake in 
children from food and beverages (in- 
cluding water) could be much lower 
than previously reported. These stud- 
ies and the fact that, on average, water 
fluoridation could have led to only an 
increase or to no change in national 
fluoride intake levels further 
strengthen the argument that 
McClure’s (22) findings were probably 
an overestimate. 

It is possible that the uppermost 
limit of fluoride intake (threshold for 
dental fluorosis) today is still 0.05-0.07 
mg /kg bw /day, as suggested by Burt 
(27). However, today this figure must 
be clearly stated and recognized to in- 
clude fluoride intake not only from 
food and beverages (which is probably 
less than 0.05-0.07 mg F/kg bw as 
found in duplicate-diet studies), but 
also nondietary sources of intake such 
as dentifrices, dietary fluoride supple- 
ments, mouthrinses, and gels. It is im- 
portant to bear in mind that this 
threshold level of fluoride intake 
above which dental fluorosis could oc- 
cur is still only an estimate and that the 
threshold level of intake could be even 
lower than 0.05-0.07 mg/kg bw. In 
fact some investigators (6,40) suggest 
that the borderline dose of fluoride 
intake above which dental fluorosis 

may develop in the permanent denti- 
tion could be as low as 0.03-0.0-2 
mg/kg bw. However, it is not clear 
whether these lower ”thresholds” 
(6,40) are fluoride intake levels from 
food and beverages (including water) 
alone or from all sources. 

Clearly, in a biological sense, it is the 
total ingested and bio-available fluo- 
ride that is important in Consideration 
of dental caries prevention and the oc- 
currence of objectionable dental 
fluorosis. An important issue in the 
consideration of what constitutes the 
threshold level of fluoride intake is the 
differentiation between intake from 
foods and beverages (including water) 
only versus total fluoride intake from 
food and beverages (including water), 
plus dentifrices, dietary fluoride sup- 
plements, rinses, and gels. In addition, 
more accurate information on back- 
ground levels of children’s fluoride in- 
take from food and beverages (includ- 
ing water) alone is desirable if appro- 
priate dosages for fluoride supple- 
ments are to be recommended in the 
future. Also, if the threshold level is 
lower than previously believed, then 
the dosage of dietary fluoride supple- 
ments may need to be reduced even 
further, if they are needed at all. 

Fluoride Intake from Milk and 
Formula 

The fluoride intake of infants Lox  
milk, including breastmilk, cow’s 
milk, milk-based commercial formu- 
las, and soy-based formulas, is of inter- 
est because it is the main source of 
nutrition in the first year of life when 
the permanent anterior teeth are in the 
developmental stage. The fluoride 
content of breastmilk is very low and 
consistently is found to be less than 
0.01 ppm (41,42). Cow’s milk also con- 
tains very low levels of fluoride, gen- 
erally below 0.05 ppm (42,43). COW’S 
milk in some modified form (pasteur- 
ized, homogenized, evaporated, con- 
densed, dried whole, or dried skim) is 
the basis for most dk-based  formu- 
las, whether ready-to-feed, liquid con- 
centrate, or powder concentrate. The 
fluoride levels of milk-based formulas 
available in most countries are re- 
ported to be higher than those found 
in human or cow’s milk (44-50). Prior 
to 1979, the fluoride levels of commer- 
cially prepared infant milk- and soy- 
based formulae available in the United 
States varied from 0.1 to as high as 0.9 
ppm (30,4548). The variability in the 

____-_ 
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fluoride concentrations of commer- 
cially available formulas is related 
mainly to the water fluoride levels 
used where the products were manu- 
factured (30,43,49). However, a more 
recent report indicates that US manu- 
facturers have voluntarily reduced the 
fluoride content of water used in proc- 
essing their products resulting in 
much lower levels (0.054.37 ppm) of 
fluoride in infant formulas (10,49). A 
report published in 1987 based on data 
collected in 1982 indicated that fluo- 
ride levels of Canadian ready-to-feed 
formulas contained much lugher lev- 
els (0.4-2.3 ppm; mean=0.9 ppm) of 
fluoride (10,43). It has been recom- 
mended that infant concentrated for- 
mulas should not contain more than 
0.4 ppm fluoride (28). 

Some infants react to cow'smilk and 
are fed soy-based formulas. These con- 
sistently have been found to contain 
higher levels of fluoride than mik- 
based formulas (43,4842). In a recent 
study of infant formulas available in 
Iowa (53), the fluoride level in five 
ready-to-feed soy-based formulas 
ranged from 0.17 to 0.38 pprn (mean= 
0.27 ppm) and in 16 milk-based formu- 
las ranged from 0.04 to 0.55 ppm 
(mean=O.l7 pprn). Fluoride levels of 
powder and liquid concentrates of 
soy- and milk-based formulas when 
reconstituted with deionized water 
were similar to the ready-to-feed lev- 
els. One formula for infants with sen- 
sitivity to intact protein was found to 
contain a higher level of fluoride (0.55 
ppm), probably because of the inclu- 
sion of calcium phosphate salts, which 
often are contaminated with fluoride. 
When reconstituted with fluoridated 
tap water, infant formulas (especially 
those that are milk-based) generally 
provide substantially higher levels of 
fluoride than those reconstituted with 
fluoride-deficient water (43,45-53). 

The low levels of fluoride in human 
and cow's milk as compared with 
commercial milk- or soy-based formu- 
las available in some countries have a 
significant impact on the daily fluoride 
intake of infants and young children. 
For example, the daily dietary fluoride 
intake of an infant would be less than 
0.01 rng/day if fed only one liter of 
breastmilk containing <0.01 pprn and 
intake would be less than 0.05 mg/day 
if fed only one liter of cow's milk con- 
taining <0.05 ppm. However, an infant 
fed one liter of liquid concentrated in- 
fant formula containing 0.3 ppm fluo- 

TABLE 2 
Distribution of Total Daily Water Fluoride Intake, Standard Weight, and Range 

of "Optimal" Fluoride Intake by 98 6-month-old Infants (Ref. 56) 
____ _ ~ _ _ _ _ _ _ _ _ _  

Water Fluoride Weight "Optimal" Fluoride 
Percentile Intake (mg) (kg) Intake (mg) 

10 <0.01 6.3 0.32-0.44 
25 0.01 6.9 0.35-0.48 
50 0.24 7.5 0.384.53 
75 0.62 8.2 0.41-0.57 
90 0.93 8.7 0.44-0.61 

__ _ ~ I  - __ - _I-. __ 

_ _ _ _  - -_ 
'Assuming 0.05-0.07 mg F/kg bw. 

ride and reconstituted with deionized 
water would receive from 0.15 
mg/day, which is substantially more 
than that received by infants fed exclu- 
sively breastmilk or cow's milk. Much 
higher fluoride (0.65 mg/day) intake 
occurs when ingesting one liter of con- 
centrated liquid infant formula (0.3 
ppm) reconstituted with fluoridated 
water (1 pprn). Fluoride intake from 
formula may approximate 1 ppm 
when receiving one liter of concen- 
trated powder infant formula (0.3 
ppm) reconstituted with fluoridated 
water (1 pprn). Thus, infant formulas 
reconstituted with higher fluoride 
water can provide 100 to 200 times 
more fluoride than breastmilk or 
cow's milk (28). Also, McKnight- 
Hanes et al. (50) recently suggested 
that if infants consuming soy-based 
formulas only were to receive fluoride 
supplements, then they could receive 
greater than currently recommended 
"optimal" daily dosages of fluoride 
and be at risk for developing dental 
fluorosis. 

Therefore, if dietary fluoride sup- 
plements are to be recommended for 
very young infants in low fluoride ar- 
eas, the type of feeding as well as the 
fluoride content of the water used in 
reconstituting formulas need to be 
considered carefully because some in- 
fants on infant formulas may require a 
reduced dosage or no supplementa- 
tion compared to their counterparts on 
breastmilk or cow's milk. Because 
feeding habits change frequently dur- 
ing early infancy, adequate assess- 
ment and monitoring of these factors 
by the prescribing physician or den- 
tists is often very difficult or not prac- 
tical. 

Fluoride Intake from Water __-- 

Approximately 52 percent of the US 

population receives adjusted fluori- 
dated water and 4 percent receives 
naturally fluoridated water, which to- 
gether totaled some 144 million people 
in 1992 (54). This number represents 62 
percent of the US population on public 
water supplies. The proportion of the 
population on public water supplies 
that are fluoridated varies substan- 
tially among the states, ranging from 2 
percent to 100 percent. Seven states 
reported fewer than 25 percent of 
those served by public water systems 
receiving fluoridated water whde 20 
states and the District of Columbia re- 
ported more than 75 percent served 
(54). Approximately 23 percent of the 
population in the West had access to 
fluoridated public water supplies 
compared with 78 percent in the Mid- 
west, 63 percent in the South, and 50 
percent in the Northeast (55). 

The quantities of water ingested by 
young children show substantial vari- 
ation. In a recent study (56), data from 
dietary questionnaires, existing infor- 
mation concerning public water sup- 
plies, and fluoride assays of the in- 
fants' home and child care drinking 
water (including tap water, bottled 
water, and/or filtered water) were 
used to determine in detail the fluoride 
intake from water itself and when 
used to reconstitute infant formulas 
and other beverages. The estimated 
total daily water intake for 98 infants 
aged 6 months varied from 0 to 38 
ounces (mean=17 ounces) with ap- 
proximately 75 percent of this water 
being derived from water used to re- 
constitute infant formulas. The esti- 
mated fluoride intake from only water 
mixed with concentrated formula 
ranged from 0 to 1.12 mg/day 
(mean=0.28 mg/day). Estimated total 
fluoride intake from water from all 
sources (water by itself, and mixed 



Vol. 59, No. 4, Fall 1999 215 

with concentrated formula, beverages, 
baby foods/cereals, and other foods) 
ranged from 0 to 1.29 mg/day  
(mean=0.36 mg/day). 

Table 2 relates selected percentiles 
of the distribution of estimated total 
water fluoride intake from the Iowa 
study (56) to the standard distribution 
of body weights in kilograms of US 
6-month-old infants, and the associ- 
ated "optimal" total fluoride intake of 
0.05-0.07 mg/kg bw. At the low end of 
our distribution of fluoride intake 
from water, for example the 10th and 
25th percentiles up to the median, 
water fluoride intake was substan- 
tially lower than the total daily "opti- 
mal" fluoride intake. However, for the 
upper percentiles, from below the 75th 
percentile on, the estimated water 
fluoride intake by itself exceeds the 
"optimal" total fluoride intake. Spe- 
cifically, 25 percent of ow study sam- 
ple, or those beyond the 75th percen- 
tile, had estimated water fluoride in- 
gestion exceeding 0.62 mg F per day, 
while only 10 percent of 6-month-old 
infants, or those beyond the 90th per- 
centile, would be expected to have 
body weights corresponding to an op- 
timal total fluoride intake beyond 0.61 
mg. Individuals with fluoride intake 
from water exceeding the generally 
recommended "optimal" total fluo- 
ride intake would be at a substantial 
risk for the occurrence of dental 
fluorosis, as would others who had 
lower fluoride intake from water, but 
also ingested fluoride from dietary 
fluoride supplements and/or denti- 
frice. Results concerning 79 infants 
aged 9 months also showed substan- 
tial variation in water intake and esti- 
mated fluoride intake from water (57). 
However, smaller percentages were 
receiving large quantities of water in 
reconstituted formula; thus, smaller 
percentages of the 9-month-old in- 
fants were at risk for exceeding the 
"optimal" fluoride intake from water 
alone (57). 

In determining fluoride intake from 
tap water, it is important to consider 
the effect of water filtration systems 
being used in the home. The majority 
of home filtration systems are carbon 
or charcoal filter systems that gener- 
ally do not remove fluoride. However, 
the more expensive home distillation 
and reverse osmosis systems remove 
the majority of the fluoride. One type 
of reverse osmosis membrane is capa- 
ble of removing 90 percent or more of 

the fluoride, while the second type is 
able to remove only about 65 percent 
of the fluoride. 

Bottled waters are promoted as a 
safe source of dean drinking water 
and sometimes are used instead of tap 
water for the reconstitution of &ant 
formulas and other beverages. Bottled 
waters can show considerable vari- 
ation in fluoride content. Although 
most bottled waters contain less than 
0.3 pprn fluoride, several, especially 
artesian waters and certain imported 
mineral waters, contain approxi- 
mately 1.0 pprn fluoride or more 
(10,53,58). For example, fluoride assay 
of 55 bottled waters available in Iowa 
in 1992-93 showed that 86 percent of 
them contained <0.3 ppm, 5 percent 
contained 0.3-0.7 ppm, 4 percent con- 
tained 0.71-1.00 ppm, and 5 percent 
contained >1.0 ppm fluoride (53). In 
the United States, bottled waters must 
be tested for fluoride content only 
once per year (10). The Food and Drug 
Administration also allows them to 
contain up to 4.0 ppm fluoride under 
the Safe Drinking Water Act, but does 
not require their fluoride levels to be 
listed (10,59). The bottling of water by 
one company for sale by another com- 
pany under another brand name fur- 
ther "confuses the tracking of bottled 
water fluoride levels" (10). 

Fluoride Intake from Beverages 
Studies among children in some 

countries such as the United States, 
Canada, and Hong Kong report a sub- 
stantial increase in the consumption of 
beverages and a reduction in average 
tap water consumption (60-62). Spe- 
cifically, soft drink consumption in the 
United States has more than doubled 
over the last 25 to 30 years, with a 
decline of sirmlar magnitude in aver- 
age water consumption (lo,@). In a 
report (63) on water consumption in 
the United States, the sources and 
mean percentages of total water intake 
(including water itself, water added to, 
and water present naturally in differ- 
ent products) in non-breast-fed infants 
under 1 year of age were 33 percent for 
baby formula; 25 percent for milk and 
milk beverages; 16 percent for tap 
water; 15 percent for baby foods; and 
12 percent for other beverages, foods, 
and juices. In children aged 1 to 10 
years the sources and percentages of 
total water intake were 42 percent 
from "other" beverages (including 
carbonated), juices, and foods; 30 per- 

cent from tap water; 25 percent from 
milk and milk beverages; and 3 per- 
cent from tea and coffee (63). These 
results illustrate the relatively small 
intake of tap water by itself and its 
prominence in other beverages among 
infants and young children. 

Because the main component of 
most beverages is water, the fluoride 
content of these products closely par- 
allels the fluoride content of water 
used in their processing (30,48,60,61). 
Fruit juices processed in plants sup- 
plied with fluoridated water have 
been found to contain more fluoride 
than those processed in plants sup- 
plied with nonfluoridated water 
(30,48). In a study in North Carolina, 
the fluoride content of 280 available 
beverage products was found to be 
highly variable, ranging from <O.l to 
as much as 6.7 ppm (64). Many carbon- 
ated beverages had fluoride levels 
close to 1 ppm, juices ranged up to 1.70 
ppm (mean=0.36 pprn), and punches 
up to 1.44 pprn (mean=.33 ppm) 
(lo,@). Using three-day liquid intake 
diaries and beverage fluoride mi- 
crodiffusion assay results, Pang et al. 
(64) estimated the mean daily fluoride 
intakes from beverages, excluding 
water and milk, to be 0.36 mg for 2-3- 
year-old children, 0.54 mg for 4-6- 
year-old children, and 0.60 mg for 
7-10-year-old children. However, be- 
cause concentrated beverages were re- 
constituted with deionized water and 
water itself was excluded, it is possible 
that these values underestimated the 
fluoride intake of some children (10). 
In analyses of ready-to-feed juices and 
juice drinks available in Iowa, fluoride 
levels ranged from 0.03 to 2.80 pprn 
(mean=0.56 ppm) (65). Grape juices 
had the highest fluoride levels ranging 
from 0.05 to 2.80 ppm (mean=1.08 
pprn). In another report (66) as much 
as 6.8 ppmfluoride was found ingrape 
juice. The authors reported that the 
high fluoride content of grape juices 
was believed to be the result of the use 
of fluoride-containing insecticide 
spray (66). 

Not only can the fluoride concentra- 
tions vary among products, but fluo- 
ride levels in the same product can 
vary also depending on the fluoride 
level of the water used in its process- 
ing. Limited information is available 
from the manufacturers concerning 
the consistency of and actual fluoride 
levels of their products. For these rea- 
sons, and with the apparent continued 



216 Journal of Public Health Dentistry 

expansion of the availability of differ- 
ent beverages, the tracking of fluoride 
content of beverages and the assess- 
ment of fluoride intake from these 
SOuces can be very complex. For ex- 
ample, all of one company’s infant 
juices distributed to Iowa were report- 
edly manufactured with fluoridated 
water and we found that 94 percent 
had fluoride levels above 0.70 pprn 
(65). In contrast, the other company’s 
products were produced at three dif- 
ferent sites, two nonfluoridated and 
one fluoridated, and the same product 
(brand, flavor) had different levels of 
fluoride depending on the site of 
manufacture, with neither site nor 
fluoride level listed on the product 
(65). In some cases we have been able 
to successfully link product code in- 
formation with information from the 
manufacturer such as production sites 
or water fluoride levels; however, this 
linkage involves very detailed inquir- 
ies of manufacturers and of parents 
about their children’s intake. 

Added to this problem of variable 
fluoride levels is the fact that bever- 
ages prepared with fluoridated water 
often are distributed and consumed in 
communities without controlled 
water fluoridation, contributing to 
“diffusion” of fluoride’s benefits (67), 
also sometimes called the halo effect. 
For example, Clovis and Hargreaves 
(61) reported substantial variation in 
their estimates of fluoride intake from 
fluids alone among 400 12-year-old 
Canadian children. Their findings 
ranged from 0.40 to 2.45 mg in fluori- 
dated (mean=1.08 ppm) areas and 
from 0.02 to 0.82 mg in nonfluoridated 
(mean=0.23 ppm) areas. Both groups 
received soft drinks and juices manu- 
factured in fluoridated Edmonton and 
the main source of fluoride in the non- 
fluoridated community was carbon- 
ated beverages prepared with fluori- 
dated water. Although “fluoridated” 
products are reported to have been 
distributed to ”nonfluorida ted” areas, 
it can also work in reverse. Recent in- 
quiry has established that a major 
brand of soft drink distributed to Min- 
nesota and Iowa was manufactured 
with water from a deep well contain- 
ing low fluoride (0.1 pprn), although 
the production site is located near a 
large fluoridated metropolitan area 
that had been assumed to be the water 
source. Another variation of tlus diffu- 
sion effect is when children attending 
child care facilities in a fluoridated 

area receive water with a higher level 
of fluoride than that in their area of 
residence (10). The relative magnitude 
of this diffusion effect throughout the 
United States requires further study. 

Another important source of fluo- 
ride ingestion is tea (31,68-70). Raw tea 
leaves can contain as much as 400 pprn 
fluoride (68). When infused with 
deionized water, the fluoride content 
of tea has been found to range from 0.1 
to4.2 ppm fluoride, with an average of 
about 3 ppm (68-70). A cup of tea (200 
mL) daily, therefore, could yield on 
average about 0.6 mg F/day. Where 
tea drinking is common, it can be an 
important source of fluoride intake. 
For example, average daily fluoride 
intake from tea among ”high tea con- 
sumers” was reported by Hargreaves 
(70) to be about 1 mg. He reported that 
18 percent of nonnative Canadian chil- 
dren and 85 percent of native Indian 
children drank tea routinely (10,70). In 
the United Kingdom nearly 70 percent 
of children younger than 7 years of age 
and some infants as young as 12 
months of age were found to be drink- 
ing tea (68). 

Besides tea leaves, infant cereals, in- 
fant chicken products, fish products, 
and some sea foods containhigh levels 
of fluoride. Infant chicken products 
have been found to contain about 0.6 
to 10.6 pprn fluoride (30,45) and tinned 
fish up to 40 ppm fluoride (71). Dried 
sea foods, which constitute a signifi- 
cant part of the diet in some cultures, 
also contain high levels of fluoride 
(about 3-290 ppm) (71). The high lev- 
els of fluoride in these products are a 
result of the inclusion of bone and 
shell, which accumulate fluoride (72). 

Therefore, just because a child re- 
sides in a fluoridated or nonfluori- 
dated area is not a sufficient indicator 
of that child’s ingestion of fluoride 
from water. Today’s decisions about 
the need for dietary fluoride supple- 
mentation and any specific recom- 
mendations about dosage must con- 
sider identification of all main sources 
of fluid intake and the specific effects 
of a possible diffusion effect. 

Fluoride Intake from Dentifrices 
Nearly 90 percent or more of all den- 

tifrices sold in the United States, Can- 
ada, and other western countries con- 
tain fluoride, commonly in the form of 
either sodium monofluorophosphate 
or sodium fluoride (73). The fluoride 
concentration in dentifrices in the 

United States ranges from 1,000 to 
1,500 ppm (10,73,89). Fluoride denti- 
frices are used almost universally and 
are an important source of fluoride 
intake because fluoride ingestion from 
toothpaste is common in children 
(10,89). Data from the National Health 
Interview Survey (NHIS) series show 
that 33 percent of children under age 2 
years and 91 percent of those aged 2 to 
4 years were using fluoride dentifrices 
(55). Many studies report that the 
amount ingested, which can range 
from essentially none to 100 percent 
(10,74-89), is inversely related to age 
and directly related to the amount ap- 
plied to the toothbrush. In one study 
of 2-3-year-old children (&I), the age 
during which there is an increased risk 
of developing dental fluorosis of the 
maxillary incisors (90-92), subjects 
used an average of approximately 0.25 
to 0.30 g of dentifrice per brushing and 
ingested up to 50 percent or more of it 
(10,89). This level of toothpaste inges- 
tion is expected to provide an average 
of approximately 0.15 mg of fluoride 
per brushing when using a fluoridated 
(1,000 ppm) dentifrice. Therefore, in- 
gestion of toothpaste can contribute 
substantial amounts of fluoride and it 
has been concluded that some young 
children may be ingesting enough 
fluoride from dentifrice to cause den- 
tal fluorosis (10,89,93,94). In one study 
the use of “children’s flavored” denti- 
frices resulted in the use of larger 
quantities of denhfrice (95), whereas 
another unpublished study found no 
differences in the amount of children’s 
flavored and standard flavored denti- 
frice used by children (96). 

Table 3 provides detailed summary 
data on fluoride intake from denti- 
frices among young children (10,89). 
These estimates of fluoride intake are 
for each brushing, and because many 
children brush more than once daily, 
the actual amount of fluoride intake in 
some children could be higher than 
shown in the table (10,89). Dentifrice 
use and ingestion clearly are quite 
variable (75-89). About 20 percent of 
children have intake levels well be- 
yond the mean results most often 
quoted in the literature (10,89). ”Thus, 
the use of only mean figures can be 
misleading and both the mean and the 
distribution should be considered in 
policy-making efforts. Virtually all 
authors have noted that some children 
could ingest more fluoride from den- 
tifrice alone than is recommended as a 
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TABLE 3 
Dentifrice Use and Ingestion (Refs. 10,89) 

_ _ - -  - ___ . _- __ - _____I_. _ _  __ _ _ _  - - ____ __ - _ _  

Dentifrice per Brushing (g) 

Study (Ref.) 

Ericssod (74) 

Hargreaves (75) 
Barnhart (76) 

Glass (77) 
Baxter (79) 

Dowel1 (80) 
Bruunt (82) 

Salama (83) 
Simard (84) 

Naccache (85) 

Simard (86) 
Naccahe (87) 

Maurice (88) 

Age (Yrs) 

4 
6 

3-45 
2 4  
5-7 

11-13 
20-25 
8-10 
5-1 6 

5-6 only 
3 
3 
7 
9 
9$ 
16 
163 
3-10 
2-3 
4 
5 
3 
5 
1 
2 
4 
7 

1 4  

Number 

10 
10 
44 
62 
56 
73 
60 
67 
85 

8 
115 
63 
31 
27 
24 

9 
25 
19 
5 
9 

9 
23 
25 
15 
36 
81 
77 
59 

Used 

Mean 

0.45 
0.45 
1.38 
0.86 
0.94 
1.10 
1.39 
1.04 
- 
- 

0.55 
1 .I 
1.5 
2.3 
1.6 
3.4 
2.1 

0.46 
0.78 
0.65 
0.50 
0.47 
0.16 
0.62 
0.45 
0.50 
0.43. 
0.47” 

1 .o¶ 

Range 

- 
0.34-2.94 
0.19-2.41 
0.15-2.08 
0.31-2.00 
0.42-3.29 
0.23-2.5 7 

- 
0.07-1.97 
0.17-3.0 
0.20-3.7 
1.204.3 
0.54-2.5 
2.154.9 
0.724.9 
1 .o-1 .o¶ 

- 
0.03-0.51 
- 

- 
0.01-2.39 
0.03-1.27 

Ingested 
_. .- _____ 

90% Mean Range 90% 

- 0.13 0.04-0.30 - 
- 0.12 0.06-0.19 - 

2.04 0.38 0-1.16 0.80 
- 0.30 - 0.73 
- 0.13 - 0.27 
__ 0.07 - 0.12 
- 0.04 - 0.12 

1.57 0.12 0-0.41 0.23 
- 0.19 up to 0.75 0.47 
- 0.27 - - 

1.6s 
2.35 
3.15 
1.85 

2.75 

____- 

- - - - 
- - - 
- - - 
- - - 
- - _. 

- - - 4.35 

1 .o¶ 0.36 0.08-0.82 - 
- - - 

- - - 0.28 
- 0.39 
- 0.22 
- 0.18 
- 0.11 

- 0.33 
- 0.22 
- 0.16 

0.89 
0.92 

- - 
- - 
- - 
- - 

- - - 0.40 
- - 
- - 
- - 

- - - 
- - - 

Mean Yo 
Ingested 

30 
26 
28 
35 
14 
6 
3 

12 
- 
- 
- 
- 
._ 

- 
- 
- 
- 

36 
59 
48 
34 
41 
30 

65 
49 
34 

- 

- 
- 

*Average of results obtained with two different dentifrices. 
tResults from two-week usage and dietary period. 
$Dentifrice tube orifice was 21% smaller than for other subgroups. 
¶All subjects used 1.0 g. 
§For this study these are 75th percentiles, not 90th. 
*Single observation. 
“Weekly use and diary period. 
Note: The quantity of fluoride in mg can be calculated from the quantitiy of dentifrice in g as follows: if 1,OOO ppm fluoride, then number of mg 
fluoride=number of g of dentifrice; if 1,100 ppm fluoride, then number of mg fluoridt=l.l times the number of g of dentifrice; and if 1,500 pm 
fluoride, then number of mg fluoride=1.5 times the number of g of dentifrice. 

total daily fluoride ingestion. When 
combined with fluoride from other 
regular sources such as beverages, 
food, and dietary fluoride supple- 
ments, the total quantity of fluoride 
ingested increases and larger percent- 
ages of children are beyond the “opti- 
mal range” of fluoride intake (10,89, 
94). The use and ingestion of denti- 
frices, therefore, can contribute signifi- 

cantly to the total daily fluoride intake 
in children and in some studies has 
been associated with dental fluorosis 
(10,89,97-99). To reduce the risk of 
fluorosis, it has been suggested that 
use of higher concentration fluoride 
dentifrices by preschool children be 
avoided, that only small quantities of 
paste be used under parental direction 
and supervision, that further develop- 

ment and testing of lower concentra- 
tion fluoride dentifrices be encour- 
aged, and that dentifrice tubes dis- 
pense smaller quantities (10,13,15,27, 
89,93,94,100,101) “so that inappropri- 
ate eating of fluoride dentifrice is 
avoided” (10,89). 
In making recommendations for the 

use of and appropriate dosages of die- 
tary fluoride supplements in children, 
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therefore, it is very important to deter- 
mine background levels of fluoride in- 
take not only from food and beverages 
(including water), but also from denti- 
frice ingestion. 

fluoride Intake from Mouthrinses 
The use and ingestion of fluoride 

mouthrinses is a potential source of 
fluoride intake in cluldren. Fluoride 
mouthrinses available for weekly use 
(daily if at high risk for caries) contain 
0.20 percent NaF (about 910 ppm fluo- 
ride) and the ones for daily use contain 
0.05 percent NaF (about 230 ppm fluo- 
ride). National Health Interview Sur- 
vey (NHIS) data in 1989 (55) showed 
that 1 percent of those under 2 years of 
age and 9 percent of those 2 to 4 years 
of age used fluoride mouthrinses. A 
reported increase in use of mouthrin- 
ses from 1983 to 1989 by preschool 
children occurred primarily among 
black children, children living in pov- 
erty, and those whose head of house- 
hold had no college education. Na- 
tionally, about 25 percent of school- 
aged children reportedly used 
fluoride mouthrinses at home and 14 
percent did so at school. Black children 
of school age also were more likely to 
use mouthrinses than preschool chil- 
dren of this race (55). 

The amount of rinse ingested fol- 
lowing the use of mouthrinses is vari- 
able and has been reported to be in- 
versely related to age and experience 
with rinsing, and directly related to 
rinsing time and volume of rinse used 
(9,74,93,102). In one study (74), follow- 
ing rinsing with 7 mL of 0.05 percent 
NaF mouthrinse, 3-year-old children 
swallowed an average of 26 percent of 
the mouthrinse (0.44 mg F), 4-year-old 
children 24 percent (0.42 mg F), and 5- 
and 6-year-old children 22 percent 
(0.35 mg F). Another study (102) found 
that, after excluding the few children 
who swallowed the whole rinse, the 
mean quantity of fluoride ingested by 
98 inexperienced and 376 experienced 
preschool children aged 3 to 5 years 
was 0.40 mg F for a 0.05 percent NaF 
rinse and 1.60 mg for a 0.2 percent NaF 
rinse. These amounts were approxi- 
mately 25 to 35 percent of the total 
rinse. Mean ingestion figures mask the 
importance of ingestion of all the 
mouthrinse by some children and are, 
therefore, underestimates of their im- 
portance on an individual basis. Even 
if 5 mL of a 0.2 percent sodium fluoride 
solution were to be used by young 

children instead of 10 mL as recom- 
mended for older children and adults, 
a maximum of 4.6 mg of fluoride could 
be ingested. If only 40 percent were to 
be swallowed, the child would receive 
1.8 mg of fluoride and if  20 percent 
were to be swallowed, 0.9 mg of fluo- 
ride could be ingested from this source 
alone. Fluoride mouthrinses are, 
therefore, generally not r ec om- 
mended for use by children younger 
than school age because of their inabil- 
ity to avoid swallowing much of it (9). 

Although fluoride mouthrinses are 
not used routinely by young children 
and are in fact intended to be used only 
with caution prior to school age, the 
use of fluoride mouthrinses by chil- 
dren in the United States is wide- 
spread (103,104), as seen in the NHIS 
data (55). If even a small percentage of 
those US chirdren rinsing are in pre- 
school, Head Start, or kindergarten 
rinse programs, it means that a large 
number of children are probably in- 
gesting a substantial dose of fluoride 
(1.0 to 1.5 mg) on at least 20 to 30 
occasions throughout the year. 

Fluoride Intake from Professional 
and ___ Self-applied Fluoride Gels _ _  - 

The amount of fluoride ingested fol- 
lowing professional topical applica- 
tion of a fluoride gel (typically contain- 
ing 12,300 ppm fluoride for APF) is 
variable, but generally ranges from 10 
to 35 mg of fluoride when not using 
suction and from 2 to 7 mg fluoride 
when using suction with subsequent 
expectoration (105-108). Clearly, these 
large quantities of ingested fluoride 
would exceed “optimal” fluoride in- 
take. But because these applications 
are relatively infrequent, generally at 
3- to 12-month intervals, exposure to 
these high levels is not a regular occur- 
rence and it is unclear whether they 
influence fluorosis risk. However, ap- 
propriate precautions should be taken 
to minimize gel ingestion and they 
should be recommended only for car- 
ies-active children or those with in- 
creased caries risk (15,93). 

Fluoride gels also are available for 
self-use. The estimated amount of 
fluoride ingested when 5 drops of 0.5 
percent fluoride gel (1.25 mg F) were 
applied on a toothbrush and teeth 
brushed for one minute among a small 
number of children aged 7 to 13 years 
varied from 0.37 to 1.22 mg 
(mean=0.78 mg), or 30 percent to 98 
percent (rnean=67%) of the amount 

used (109). For preschool children, 
who probably would ingest even more 
fluoride, these gels potentially consti- 
tute a substantial additional source of 
ingested fluoride that should be con- 
sidered when making patient recom- 
mendations, if any, for dietary fluoride 
supplementation. 

D i e t a e u o r i d e  Supplements 
Dietary fluoride supplements in the 

form of tablets, drops, lozenges, and 
rinses are recommended for use by 
children in low fluoride areas so that 
they receive amounts of fluoride simi- 
lar to those received by their counter- 
parts resident in fluoridated areas. Be- 
cause of problems with compliance, 
however, few children receive them 
on a continuous basis (10). For those 
children who do take fluoride supple- 
ments regularly, they constitute a sub- 
stantial source of daily fluoride intake 
(10). 

National Health Interview Survey 
data from 1989 (55) show that about 15 
percent of those under 2 years of age, 
16 percent of those aged 2-4 years, and 
8 percent of those aged 5-17 years 
used dietary fluoride supplements. In 
the NIDR national children’s survey, 
54 percent of those aged 5-17 years 
reported some lifetime use of supple- 
ments (110). In each age group, the use 
of supplements was greatest among 
whites, children not living in poverty, 
children whose heads of household 
had some college education, and those 
living in the west and northeast re- 
gions of the country (55). 

Early estimates of fluoride intake of 
children from food and beverages (in- 
cluding water) provided by McClure 
in 1943 (22) served as a basis for calcu- 
lating dosages of fluoride supple- 
ments for children residing in low- 
fluoride areas. However, use of sup- 
plements with 0.5 to 1.0 mg F/day, 
using McClure’s findings as a guide, 
by very young children in nonfluori- 
dated areas was associated with some 
dental fluorosis in 67 percent of chil- 
dren taking these supplements (111). 
As discussed before, it is possible that 
McClure had overestimated the true 
levels of fluoride intake from food and 
beverages (including water) and as a 
result the fluoride supplement dos- 
ages recommended for use in low fluo- 
ride areas were too high. The observed 
high prevalence of dental fluorosis led 
to a reduction in the fluoride dosage 
from 0.5 mg/day to 0.25 mg/day for 

. -. - ~. 
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children younger than 2 years of age 
(20,21). Although it is now known that 
excessive intake of fluoride even after 
2 years of age can cause dental 
fluorosis in the permanent anterior 
teeth, the recommended dosage for 
children 2 years of age and older has 
remained at 0.5 to 1.0 mg/day. 

Young children who ingest higher 
dosages of supplements than are indi- 
cated or ingest them while receiving 
optimally fluoridated water are a t  in- 
creased risks of fluorosis (112). Al- 
though the majority of US physicians 
and dentists prescribe supplements 
for some of their patients, relatively 
few assay their patients” water sup- 
plies for fluoride (10). Some states 
have no organized programs for pro- 
viding water fluoride assay services, 
further compromising the provision of 
appropriate fluoride supplement pre- 
scriptions (113). Inone study, approxi- 
mately one-third of child patients re- 
ceived an “incorrect” fluoride supple- 
ment even after the provider and/or 
the parent had the water tested for 
fluoride (114). Also, those most likely 
to receive supplements on a regular 
basis are those of higher socioeco- 
nomic status who also are most likely 
to be receiving other fluoride expo- 
sures and therefore are at increased 
fluorosis risk (10). 

Use of fluoride supplements has 
been identified as the major risk factor 
for dental fluorosis in a number of re- 
cent studies (98,115,116). One of the 
possible reasons for this occurrence is 
that estimated levels of fluoride intake 
from food and beverages (including 
water) by children might be higher 
that their actual intake, resulting in 
much higher dosages of fluoride from 
dietary fluoride supplements for chil- 
dren living in low fluoride areas than 
fluoride intake from other sources by 
children living in fluoridated areas. In 
addition, determinations of fluoride 
supplement dosage recommendations 
did not include possible fluoride in- 
gestion from dentifrices. Also, the 
amounts of fluoride derived from food 
and beverages in nonfluoridated areas 
have not been subtracted from those 
received in fluoridated areas. Other 
possible reasons for the frequent iden- 
tification of dietary fluoride supple- 
ments as a risk factor for dental 
fluorosis are the lack of appropriate 
water fluoride assays resulting in the 
prescription of inappropriate dosages 
of supplements by physicians and 

dentists, and the low statistical power 
of most studies to assess other poten- 
tial risk factors, such as fluoride denti- 
frices (89,117,118). Because supple- 
ment use i s  a risk factor for dental 
fluorosis, currently recommended lev- 
els of fluoride supplementation, espe- 
cially in children older than 2 years of 
age, need to be reassessed. The recom- 
mended dosage schedule was recently 
reduced in Canada, with emphasis 
placed on the conservative use of die- 
tary fluoride supplements by limiting 
them to children at high risk of caries 
(15). 

Although dietary fluoride supple- 
ments in low-fluoride areas are meant 
to provide amounts of fluoride equal 
to those ingested in fluoridated areas, 
the form of delivery is quite different 
from that of fluoride derived from 
food and beverages (including water) 
where consumption is spread over a 
whole day. The possible effects on hu- 
man teeth of divided (as provided 
from food and beverages) or single (as 
provided by supplements) doses of 
fluoride are not well understood. In 
experiments with rats, enamel 
fluorosis developed with single-peak 
plasma fluoride levels of 0.2 ppm or 
more and in the presence of even 
lower levels (4.1 ppm) with week- 
long plasma fluoride levels (119,120). 
With the knowledge that the continu- 
ous presence of low levels of fluoride 
in the oral environment posterup- 
tively is more beneficial to caries pre- 
vention than single systemic doses, 
many have called for reconsideration 
of the rationale for the use of dietary 
fluoride supplements or for them to be 
used only for children at high risk of 
dental caries (10,15,27,114,121). 

If fluoride supplements are to be 
used, then accurate information on not 
only fluoride content of the residential 
water source, but on background lev- 
els of fluoride intake from food and 
beverages, type of feeding, kind of 
water used in reconstituting foods and 
beverages, use of beverages versus 
water at home or at child care, the 
possibility of a diffusion effect, and the 
use and ingestion of dentifrice and 
even mouthrinses and gels may need 
to be considered in making recom- 
mendations for appropriate dosages 
of fluoride supplements in children. 
These complex sets of data are difficult 
to obtain even on a research basis, 
much less in daily dental and medical 
practice. 

Estimated Total Fluoride Intake 
Although a determination of the 

distribution of fluoride intake from all 
sources is difficult using existing data 
(lo), Pendrys and Stamm (115) pre- 
sented estimates for 2-year-olds from 
the three most important sources- 
namely, diet, dietary fluoride supple- 
ments, and dentifrice. Their estimated 
means (and ranges) of daily fluoride 
intakes in a fluoridated (1 ppm) area 
were: 0.6 mg (range=0.5-0.6) from diet 
(including water and beverages), 0 mg 
from dietary fluoride supplements,0.3 
mg (range=O-2.0 mg) from dentifrice, 
with a total mean intake of 0.9 mg 
(range=0.5-2.6). For a nonfluoridated 
area (0 ppm) they estimated that diet 
contributed 0.3 mg (range=0.2-0.3), 
dietary fluoride supplements 0.5 mg, 
and dentifrices 0.3 mg (range=0.2-2.0 
mg), with a total intake of 1.1 mg 
(range=0.7-2.8 mg). Their data prob- 
ably present too narrow a range of 
fluoride intake from the diet and in- 
take from fluoride supplements prob- 
ably are underestimated because 
many children receive ”inappropri- 
ately high supplement dosages or re- 
ceive supplements when none are in- 
dicated” (10). The wide ranges of esti- 
mated intake from dentifrice reviewed 
earlier are reflected in their estimates. 

Table 4 shows a number of different 
hypothetical conservative combina- 
tions of possible daily fluoride intake 
from the three main sources for those 
aged 6, 12, 24, and 36 months, with 
associated mean intake per kg bw. For 
simplicity, extreme dietary and denti- 
frice intake patterns have been ex- 
cluded. These data emphasize the im- 
portance of considering all sources of 
fluoride intake when formulating 
policies on the use of dietary fluoride 
supplements. Many rows of the table 
show levels of fluoride intakes that 
appear to be low or moderate values 
when considering individual sources, 
but result in substantial or ”excessive” 
fluoride intake when combined. For 
example, a 10 kg infant aged 12 
months receiving 0.5 mg from diet, 0.5 
mg from dentifrice, and 0.25 mg from 
supplement, which are within the “op- 
timal” levels of intake separately, 
could receive a total of 1.25 mg F/day 
or 0.125 mg F/kg bw from the three 
sources combined and thereby clearly 
exceed the recommended “optimal” 
level of 0.05-0.07 mg/kg bw. Simi- 
larly, a 12 kg infant aged 24 months 
receiving 0.5 mg from diet, 0.5 mg 

_ _ _ ~  - 
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TABLE 4 
Hypothetical Examples of Daily Fluoride Intake by Preschool Children from Three Main Sources 

(Diet, Dentifrice, and Dietary Fluoride Supplement) 
~~~ ~~~ ~ ~~ ~~ 

Fluoride Intake (mg/Day) from Total Fluoride Intake (mg/kg bw) by Age (Months) 

6 mos (8 kg') 12 mos (10 kg) 24 mos (12 kg) 36 mos (14 kg) 
_ _ _ _ _ ~  ~- - 

Diet Dentifrice Supplement Total 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 

0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
1, .m 
140 
1.00 
1 .m 
1 .00 
1 .00 
1 .00 
1 .oo 
1 .oo 
1.00 
1 .oo 
1 .oo 
1 .00 
1 .oo 
1 .oo 
1.00 

a.50 

0 
0 
0 
0 
0.25 
0.25 
0.2s 
0.25 
0.50 
0.50 
0 .!a 
0.50 
1 .oo 
1 .oo 
1 .oo 
1 .00 
0 
0 
0 
0 
0.25 
0.25 
0.25 
0.25 
0.50 
0.50 
0.50 
0.50 
1 .oo 
1 .00 
1 .oo 
1 .00 
0 
0 
0 
0 
0.25 
0.25 
0.25 
0.25 
0.50 
0.50 
O H  
0.50 
1 .oo 
1 .oo 
1 .00 
1 .oo 

0 
0.25 
0.50 
1 .oo 
0 
0.25 
0.50 
1.00 
0 
0.25 
0.50 
1 .oo 
0 
0.25 
0.50 
1 .oo 
0 
0.25 
0.50 
1 .00 
0 
0.25 
0.50 
1 .00 
0 
0.25 
0.50 
1.00 
0 
0.25 
0.50 
1 .00 
0 
0.25 
0.50 
1 .oo 
0 
0.25 
0.50 
1 .oo 
0 
0.25 
0.50 
1.00 
0 
0.25 
0.50 
1.00 

0 
0.25 
0.50 
1 .oo 
0.25 
0.50 
0.75 
1.25 
0.50 
0.75 
1 .oo 
150 
1 .00 
1.25 
1.50 
2.00 
0.50 
0.75 
1 .oo 
1.50 
0.75 
1 .00 
1.25 
1.75 
1 .oo 
1.25 
1.50 
2.00 
1.50 
1.75 
2.00 
2.50 
1 .oo 
1.25 
1.50 
200 
1.25 
1.50 
1.75 
2.25 
1.50 
1.75 
2.00 
250 
2.00 
2.25 
2.50 
3.00 

0 
0.031 
0.063 
0.125 
0.031 
0.063 
0.094 
0.156 
0.063 
0.094 
0.125 
0.189 
0.125 
0.156 
0.189 
0.250 
0.063 
0.094 
0.125 
0.189 
0.063 
0.125 
0.1% 
0.219 
0.125 
0.156 
0.189 
0.250 
0.189 
0.219 
0 .29  
0.313 
0.125 
0.156 
0.189 
0.250 
0.156 
0.189 
0.219 
0.281 
0.189 
0.219 
0.250 
0.313 
0.250 
0.281 
0.313 
0.375 

0 
0.025 
0.050 
0.100 
0.025 
0.050 
0.075 
0.125 
0.050 
0.075 
0.100 
0.150 
0.100 
0.125 
0.1% 
0.200 
0.050 
0.075 
0.100 
0.150 
0.050 
0.100 
0.125 
0.175 
0.100 
0.125 
0.150 
0.200 
0.150 
0.175 
0.200 
0.250 
0.100 
0.125 
0.150 
0.200 
0.125 
0.150 
0.175 
0.225 
0.150 
0.175 
0.200 
0.2% 
0.200 
0.225 
0.250 
0.300 

0 
0.021 
0.042 
0.083 
0.021 
0.042 
0.063 
0.104 
0.042 
0.063 
0.083 
0.125 
0.083 
0.104 
0.125 
0.167 
0.042 
0.063 
0.083 
0.125 
0.042 
0.083 
0.104 
0.146 
0.083 
0.104 
0.125 
0.167 
0.125 
0.146 
0.167 
0.208 
0.083 
0.104 
0.125 
0.167 
0.104 
0.125 
0.146 
0.189 
0.125 
0.146 
0.167 
0.208 
0.167 
0.189 
0.208 
0.250 

0 
0.018 
0.036 
0.071 
0.018 
0.036 
0.054 
0.089 
0.036 
0.054 
0.071 
0.107 
0.071 
0.089 
0.107 
0.143 
0.036 
0.054 
0.071 
0.107 
0.036 
0.071 
0.089 
0.125 

0.089 
0.107 
0.143 
0.107 
0.125 
0.143 
0.179 
0.071 
0.089 
0.107 
0.143 
0.089 
0.107 
0.125 
0.161 
0.107 
0.125 
0.143 
0.179 
0.143 
0.161 
0.179 
0.214 

0.071 

._ 
'Mean body weights. 
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from dentifrice, and 0.50 mg from sup- 
plement would receive a total of 1.5 
mg F/day or 0.125 mg F/kg bw. An 
average weight 36-month-old child re- 
ceiving 0.5 mg from diet, 1.0 mg from 
dentifrice, and 1.0 mg from supple- 
ment would receive a total of 2.5 mg 
F/day or 0.179 mg F/kg bw. In addi- 
tion, extreme dietary intake patterns, 
increased brushing frequency, or in- 
creased ingestion of fluoride denti- 
frice, mouthrinse, gel, or supplement 
could increase substantially the total 
ingestion (10,115). Many mtake com- 
binations toward the estimated top 
end of the range of total intake inTable 
4 certainly exceed the optimal. And 
one must keep in mind that intake is 
spread over a wide range of body 
weights and an exact threshold dose 
has not been established (10). 

__ Conclusions __ 
The majority of studies, despite 

their many methodological and other 
differences, have consistently found 
that the level of fluoride intake is quite 
variable among individuals. A sub- 
stantial percentage of individuals in- 
gest levels well beyond that of the 
mean for thatsource (10). Also,inmost 
reports, a smaller proportion of chil- 
dren, often 10 percent to 20 percent of 
the study population, received several 
times as much exposure as the mean 
(10). Because of this finding, most 
authors commented that some chil- 
dren in their studies probably ingested 
sufficient quantities of fluoride from 
only the single source or category be- 
ing studied to exceed the "optimd" 
fluoride intake and be at increased 
risks of dental fluorosis (10). Although 
most of the results are presented as 
mean ingestion values, this substantial 
variation above and below the mean 
must be considered carefully when 
studying the complexity of fluoride in- 
gestion (10,89). 

By extrapolation, if approximately 
10 percent to 20 percent of individuals 
receive "excess" systemic fluoride in- 
take from a single source alone, then 
the likelihood of "excess" fluoride in- 
take from all sources would be at least 
30 percent to 40 percent or more (10). 
In fact several reports of prevalence 
rates for mostly mild fluorosis are in 
the 20 percent to 80 percent range 

Because detailed data are not avail- 
able from comprehensive, individual 
studies concerning the distribution of 

(10,99,104,101,116,122-125). 

total fluoride intake from multiple 
sources, determination with any pre- 
cision of the relative proportional con- 
tribution from each of these sources on 
a population basis is very difficult. 
However, a reasonable conclusion is 
that most preschool children, whether 
living in fluoridated or nonfluoridated 
regions, are regularly ingesting non- 
trivial quantities of fluoride from den- 
tifrice, from beverages and from foods. 
When these quantities are added to- 
gether, they may be sufficient to place 
a substantial proportion of children 
into a category of increased fluorosis 
risk, even though few studies of 
fluorosis have been designed to inves- 
tigate these relationships in sufficient 
detail or had adequate statistical 
power for documentation. Dietary 
fluoride supplement use is less wide- 
spread, but is a substantial source of 
ingestion among those using them and 
their use has been shown to be associ- 
ated with increased fluorosis risk. 

When considering fluoride recom- 
mendations on a group basis, all major 
sources of fluoride ingestion, such as 
diet, dentifrice, and fluoride supple- 
ments, must be considered so that totai 
daily intake of fluoride can be esti- 
mated (10). To this end, efforts should 
be renewed to determine and regu- 
larly monitor the fluoride levels of 
beverages and foods and have their 
fluoride levels made available to the 
profession and the public. If necessary, 
fluoride levels of infant formulas and 
other products should be modified 
(10). In addition, attempts must be 
made to avoid excessive ingestion of 
fluoride dentifrice and further investi- 
gate the cariostatic effect of lower fluo- 
ride concentration dentifrices. Finally, 
dietary fluoride supplements should 
be used conservatively, with appro- 
priate prior consideration of such fluo- 
ride exposures as intake from multiple 
water sources, other beverage sources, 
and dentifrice ingestion patterns (10). 
Determination of dietary (food and 
beverage) exposures are very complex 
and least controllable (10). Therefore, 
major consideration should be given 
to adjustment of the recommended 
dietary fluoride supplement dosage 
schedule and efforts to limit the exces- 
sive ingestion of dentifrice by young 
children while at risk of dental 
fluorosis (10). Such efforts will help to 
ensure that fluoride provides maxi- 
mum caries protection while minimiz- 
ing the risk of objectionable dental 

fluorosis (10). 
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