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Sources of Dietary Fluoride Intake in 6-7-Year-Old English
Children Receiving Optimally, Sub-optimally, and
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Abstract

Objectives: Due to increased consumption of pre-packaged drinks, tap water
may no longer be the principal source of water intake and consequently fluoride
intake. Little is known about the importance of solid foods as fluoride sources and
how the relative contribution of foods/drinks to fluoride intake is affected by residing
in fluoridated or non-fluoridated areas. This study investigated the relative contribu-
tions of different dietary sources to dietary fluoride intake and compared this in
children residing in optimally artificially fluoridated, sub-optimally artificially fluori-
dated, and non-fluoridated areas. Methods: Thirty-three healthy children aged 6
years were recruited from fluoridated and non-fluoridated communities and
categorised into three groups based on fluoride content of home tap water: opti-
mally fluoridated (<0.7 mgF/L), sub-optimally fluoridated (>0.3 to <0.7 mgF/L) and
non-fluoridated (<0.3 mgF/L) drinking water. A 3-day dietary diary collected dietary
information. Samples of foods/drinks consumed were collected and analyzed for
fluoride content. Results: Drinks provided 59%. 55% and 32% of dietary fluoride
intake in optimally, sub-optimally and non-fluoridated areas respectively. Tap water,
fruit squashes and cordials (extremely sweet non-alcoholic fruit flavoured drink
concentrates) prepared with tap water, as well as cooked rice, pasta and vegetables
were important sources of fluoride in optimally and sub-optimally fluoridated areas.
Carbonated soft drinks and bread were the most important contributors to dietary
fluoride intake in the non-fluoridated area. Conclusion: The main contributory
sources to dietary fluoride differ between fluoridated and non-fluoridated areas.
Estimating total fluoride intake from levels of fluoride in tap water alone is unlikely to
provide a reliable quantitative measure of intake. Studies monitoring dietary fluo-
ride exposure should consider intake from all foods and drinks.
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Introduction
An adequate, regular intake of fluo-

ride is accepted as having a protec-
tive effect against dental caries (1,2);
however, the overexposure of chil-
dren to systemic fluoride can affect
tooth development. Excessive intake
of systemic fluoride up to the age of 3
increases the risk of dental fluorosis
of the aesthetically important perma-
nent incisors as well as the first per-
manent molars, while excessive fluo-
ride intake from 3 to 6 years can put
the later developing permanent ca-
nines, premolars and second molars
at risk of dental fluorosis (1). For this

reason the WHO has recommended
that levels of fluoride exposure be
monitored regularly (3,4), especially
in children and before introducing
any community-based fluoridationor
individually-based fluoride supple-
mentation program.

The sources of ingested fluoride
include fluoridated water, fluoride
supplements and foods and drinks
prepared with water or which con-
tain fluoride naturally, as well as in-
advertent ingestion of fluoride con-
tained in toothpastes and other oral
health products. However, diet in-
cluding water can contribute up to

70% of total daily fluoride intake in
children up to age 6 (1). Therefore,
determining and monitoring the con-
tribution of fluoride from the diet to
total fluoride exposure, is important.

Fluoride intake from water, con-
sumed either directly, or indirectly by
adding water to beverages and food,
has been estimated in several studies
(1,5-9). However, few studies (10,11)
have investigated the relative contri-
butions of all dietary components to-
wards total fluoride exposure. These
studies found drinking water as the
main source of fluoride for children
residing in optimally (>0.7 mgF/L)
and sub-optimally (0.3-0.6 mgF/L)
fluoridated areas. However, the only
study that reported the contribution
of different dietary sources to fluoride
intake in an industrialized country
(11) was conducted over 20 years ago
and was based on collection of a 2-
week food supply for an average child
(termed as market basket) rather than
the actual, individual food consump-
tion. Due to recent trends towards
drinking more bottled water, moves
towards a greater consumption of
drinks/foods made outside the home
(12) and the fact that foods/drinks
sold in a fluoridated area may have
been manufactured in a non-fluori-
dated area or vice versa, the fluoride
concentration of the home water sup-
ply may no longer be a reliable index
of dietary fluoride exposure. To con-
firm if this is the case, current and re-
liable information on major dietary
sources of fluoride in the modem day
diet of children and the impact of the
fluoride content of water on total di-
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etary fluoride intake is needed. There-
fore, the aim of this study was to in-
vestigate the relative contributions of
different dietary sources to dietary
fluoride intake and to compare this
in children, aged 6 years, residing in
fluoridated and non-fluoridated ar-
eas.

Materials and Methods
Subjects. Ethical approval was

obtained from the Local Research Eth-
ics Committees in the study areas.
Schools were identified by contacting
the Education Authorities in the
North East of England. Using a clus-
ter random sampling technique with
schools as the sampling unit, four
schools from non-fluoridated areas
and two schools from fluoridated ar-
eas were selected. Healthy children
aged 6 years, of both genders, with no
metabolic disorder who had resided
lifelong in the region were identified
through the selected schools. An in-
formation leaflet containing detailed
study information was enclosed with
a letter to parents of the cliildren, and
the nature of the study was verbally
described to children and parents
who expressed an interest in the
study. Informed written consent was
obtained from the parents of the chil-
dren who agreed to take part in the
study.

In total, 33 healthy children were
recruited; 18 from schools in the fluo-
ridated area and 15 from schools in
the non-fluoridated areas. To confirm
the fluoride content of each child's
home tap water supply, three samples
of home tap water from each individ-
ual's home were analyzed using a
fluoride-ion-selective electrode after
addition of TISABII and a direct
method of fluoride analysis (13). The
subjects were then categorised into
three groups based on the fluoride
content of their home tap water sup-
ply: those receiving optimally fluori-
dated (>0.7 mgF/L), sub-optimally
fluoridated (>0.3 to <0.7 mgF/L) and
non-fluoridated (<0.3 mgF/L) drink-
ing water.

Anthropometric measurements.
Children were visited at home by a
nutritionist and anthropometric mea-
surements were taken. Heights of the

children were measured to the near-
est cm, in socks but without shoes,
and weight was measured to the near-
est 0.1 kg without shoes and heavy
clothing. Body Mass Index 1BMI=
Weight(kg)/Height(m-)) was calculated
for each child.

Dietary assessment. Dietary infor-
mation was collected using a food di-
ary completed over 3 consecutive days
(two weekdays and one weekend day)
followed by a private interview on the
fourth day by a nutritionist. For this
purpose, a diary was given to each
parent with instructions for its
completion, stressing lhe importance
of recording all foods and drinks con-
sumed over the 3-day period. The
study was also explained thoroughly
to each child and they were encour-
aged to cooperate with their parents
in recording (or drawing) foods and
drinks consumed. Information re-
corded included: description of the
food or drink, the amount consumed
described using household measures,
time of consumption and recipes of
home-prepared foods/drinks. In or-
der to determine portion size, a food
portion atlas (14) was used. In addi-
tion, the volumes/weights of glasses,
cups and bowls etc. used by subjects
were measured (by a measuring cyl-
inder/portable electronic balance) im-
mediately after the interview. Food
diaries were coded using an electronic
version of the cxirrent UK food com-
position tables (15) and entered into a
purpose-designed MS Access data-
base. Queries were run to generate re-
ports for the following outcome vari-
ables: anthropometric and food diary
data (average daily intake of energy,
macronutrients and fluoride intake).

The validity of the dietary infor-
mation was estimated by calculating
the mean energy intake (MJ) of chil-
dren and comparing this with the Es-
timated Average Requirements (EAR)
(16) and corresponding data reported
for British children in the UK National
Diet and Nutrition Survey (NDNS)
(17). In addition, the predicted Basal
Metabolic Rate (BMR) was calculated
using the Schofield equations (18)
and was used to estimate the Physi-
cal Activity Level (the ratio of esti-
mated energy intake to predicted

BMR) of each child. The PAL was then
compared with the reference range for
this age group (19).

Collection and analysis of food
and drink samples. Samples of home
tap water were collected from each
child's home. Samples of food and
drink consumed by the children dur-
ing the 3-day dietary assessment pe-
riod were collected. Samples of home-
made food/drink were obtained and
manufactured food /drinks were pur-
chased from local shops as appropri-
ate. Samples of school meals were ob-
tained from schools where relevant.

The fluoride contents of waters
and non-milk based drink samples
were measured directly using a fluo-
ride-ion-selecti ve electrode after addi-
tion of TISABII (14). Food and milk-
based drink samples were analyzed
using the modified silicon-facilitated
diffusion method (20-22).

Since no data for fluoride content
were available in any food composi-
tion table, data for the determined
amount of fluoride contained in food
and drink samples (\ig/\OOg of food/
drink) was added to all consumed
food/drink items listed in the elec-
tronic version of the food composition
tables using the purpose-designed
MS Access database programmed for
this study. The program was de-
signed to allow the inclusion of val-
ues for the fluoride contents of certain
food items that required water in their
preparation and cooking, separately,
for each of the three groups, accord-
ing to the F content of their home wa-
ter supply.

In order to determine the relative
importance of different foods/food
groups to dietary fluoride, all the food
and drinks were categorized into sub-
groups (Table 1). The percentage con-
tribution of these food groups to total
dietary fluoride intake was deter-
mined.

Data analysis. Descriptive data
analysis was carried out using SPSS
to derive the mean (sd) of daily dietary
fluoride intake, and percentage con-
tributions of different groups of drinks
and foods to total dietary fluoride in-
take in the three areas studied based
on the fluoride concentration of the
home water supply. The study was
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Table 1
Foods and drinks categories for dietary fluoride analysis

Drinks

(i) tap drinking water
(ii) bottled drinking water

(carbonated/non-carbonated)
(iii) infusion of black and herbal tea

prepared from tap water and tea
(iv) coffee prepared with tap water
(v) hot-chocolate prepared by adding

boiled tap water to chocolate
powder

(vi) milk
(vii) squash and cordials (extremely

sweet non-alcoholic fruit
flavoured drink concentrates)
prepared by adding tap water

(viii) n on-carbon a ted soft drinks such
as ready- to-drink fruit juice

(ix) carbonated soft drinks including
sparkling juice drinks.

Foods

(i) fruit and raw vegetables
(ii) soup and gravy prepared by add-

ing tap water
(iii) bread purchased from shops
(iv) rice, pasta, vegetables boiled with

tap water
(v) fish and seafood
(vi) breakfast cereals without milk
(vii) meat and meat products
(viii) confectionery, cakes and sweets in-

cluding chocolate confectionery
Cix) other foods such as dairy products,

butter and oil, sauces etc

I Table 2
Mean (sd) age, anthropometric parameters, daily intake of energy and

macronutrientsforchildren receiving optimally, sub-optimally
and non-fluoridated home water supplies

Age (y)
Height (cm)
Weight (kg)
BMP (kg/m')
Energy (Mj)
Fat (g)
Carbohydrate (g)
Protein (g)

• Optimally nuoridated water (>0.7 mgF/L in wuter)
' Sub-optimally fluoridated water (^,3 - <0.7 mgF/L in water)
' N on-fluoridated water i<0.3 mgF/L in water)
^ Body Mass Index

OF water"
n=6

6.9 (0.7)
116(5)

21.9(1.1)
16.4 (1.9)
6.7 (0.9)

65.1 (11.1)
213.0 (35.0)

52.5 (7.9)

SF water*
n=9

6.6 (0.4)
118(6)

22.3 (3.5)
15.9 (2.1)
6.4 0.5)

62.2 (21.9)
198.0 (35.2)
52.1 (15.0)

NF water^
n=18

6.9 (0.4)
122(6)

25.0 (5.1)
16.7 (2.7)
7.5 (1.3)

73.1 (13.1)
236.3(51.5)
58.2(11.9)

AH subjects
n=33

6.9 (0.7)
119.8(5.7)
23.7 (4.4)
16.4 (2.4)
7.0(1.3)

68.7 (16.0)
221.6(46,9)
55.5 (12.2)

not specifically designed to make a
gender comparison, therefore mean
values were reported for all variables
by group except for the energy intake
data which were used to compare re-
sults with reference values to deter-
mine the vahdity of food diaries. A
Pearson correlation coefficient was
used to report the trends in the rela-
tionship between fluoride concentra-
tion of home supply water and total
dietary fluoride intake and dietary
fluoride intake from drinks and foods
separately.

Results
Thirty-three children were re-

cruited into the study (16 boys and 17
girls) and all completed the 3-day food
diary and anthropometric assess-
ments.

According to the fluoride content
of the children's home tap water sup-
ply, 18 children received non-fluori-
dated water (O.O8±O.()3 mgF/L), 9 re-
ceived sub-optimally fluoridated wa-
ter (0.47±0.09 mgF/L), and 6 children
received optimally fluoridated water
(0.82±0.13 mgF/L).
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The mean (sd) age, height, weight
and BMl for aU children was 6.9 (0.7)
yr, 119.8 (5.7) cm, 23.7 (4.4) kg, and
16.4 (2.4) kg/m^ respectively. The
mean (sd) energy intake was 7.0 (1.5)
MJ for boys and 7.1 (1.2) MJ for girls.
The mean (sd) PAL was 1.6 (0.4) for
the boys and 1.8 (0.3) for girls. The
mean daily intakes of fat, carbohy-
drate and protein for all children were
68.7 (16.0), 221.6 (46.9) and 55.5 (12.2)
g, respectively with little variation in
energy and macronutrient intakes be-
tween groups (Table 2).

The mean total daily dietary fluo-
ride intakes of children according to
the fluoride content of their home
water supply are presented in Table
3. The mean (sd) total daily dietary
fluoride intake for children receiving
optimally-fluoridated water was
0.591 (0.280) mg/day, while for those
children receiving sub-optimally-
fluoridated water it was 0.349 (0.108)
mg/day, and for those receiving non-
fluoridated water it was 0.188 (0.088)
mg/day. The mean daily dietary fluo-
ride intake expressed on a body
weight basis was 0.027 mg/kgbw/
day in children receiving an opti-
mally-fluoridated home water supply,
0.016 mg/kgbw/day in children re-
ceiving sub-optimally-fluoridated
water, and 0.008 mg/kgbw/day re-
ceiving a non-fluoridated water sup-
ply.

For children receiving optimally-,
sub-optimally- and non-fluoridated
water, the absolute intakes of fluoride
from drinks were 0.382 (0.193) mg/
day, 0.210 (0.134) mg/day and 0.062
(0.069) mg/day respectively.

The percentage contribution of
various food group sources to total di-
etary fluoride intake are presented ac-
cording to fluoride content of home
water supply in Table 4. The percent-
age contribution of all drinks to total
daily dietary fluoride intake was 59%,
55% and 32% for children receiving
optimally-, sub-optimally- and non-
fluoridated water respectively.
Squash and cordials (extremely sweet
non-alcoholic fruit flavoured drink
concentrates), prepared by adding tap
water, contributed 31%, 21% and 7%
of the total daily dietary fluoride in-
take in children receiving optimally,
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Table 3
Mean (sd) dietary fluoride intake (pg/day) from various sources

of drinks and foods for children receiving optimally, sub-optimally
and non-fluoridated water

All drinks (pg/day)
Bottled water
Tap water
Tea
Coffee
Hot- chocolate
Milk
Squash and cordials (extremely
sweet non-alcoholic fruit flavoured
drink concentrates) prepared by
adding tap water
Non-carbonated soft drinks
Carbonated soft drinks

All foods (pg/day)
Fruit and raw vegetables
Soup and gravy
Bread
Rice, pasta, boiled vegetables
Fish & sea-foods
Breakfast cereals
Meat and meat products
Confectionery, cakes and sweets
Others
Total dietary intake (pg/day)

OF water'
n=6

382 (193)
< 1 (<1)
83 (10)
29 (70)
20 (50)

<1
3(2)

214 (221)

4(8)
28 (32)

209 (128)
15 (15)
2(3)

12(11)
117 019)
< 1 (<1)

2(1)
5(3)

n(5)
45 (20)

591 (280)

SF water*
n=9

210 (134)
<1(<1)
81 (72)

C
2(5)

15 (33)
2(1)

95 (122)

4(3)
12(12)

139 (44)
19 (28)
<1(1)
20 (17)
54(49)
2(3)
5 01)
6(4)
10(9)

22 (23)
349 (108)

NF water^
n=18

62 (69)
<1(<1)

7(8)
9(29)

01
2(5)
2(2)

10(6)

8 05)
23 (33)

126 (78)
16 (21)
<1 «1)
20 (14)
16 (21)
7(28)
6(8)

17(21)
15(9)

28 (25)
188(88)

' optimally-fluoridated water (>0.7 mgF/L in water)
* Sub-optima I ly-fluori da ted water (>0,3 - <0.7 mgF/L in water)
* Non-fluoridated water (<0.3 mgF/L in water)
' Not consumed

Figure 1
Relationship between fluoride concentration of

home water supply (mg/L) and total dietary fluoride intake (mg/d);
Pearson Correlation Coefficient = +0.78, p<0.001

O.I 02 0.3 0.4 0.5 0.6 0.7 0.8

F concentration of supply water (mg/L)

0.9 1.0

sub-optimally and non fluoridated
water respectively. In contrast, due to
differences in the source of drinks
consumed, children living in sub-op-
timally fluoridated homes received
24% of their daily fluoride intake from
tap water alone while those in opti-
mally-fluoridated and low fluoride
homes received 11% and 4% of their
total daily fluoride intake from tap
water alone respectively. Further-
more, the contribution of tea, recog-
nized as a good source of fluoride, to
total dietary fluoride intake was low.
Only one child in the optimally-fluo-
ridated and two children in non-fluo-
ridated areas consumed tea and over-
all it represented only 3% of total di-
etary fluoride intake for children in
these areas.

With regard to fluoride intake from
foods, the food group requiring water
in their preparation and cooking, 'rice,
pasta and boiled vegetables' contrib-
uted the largest proportion of fluoride
in optimally and sub-optimally fluo-
ridated areas and accounted for 16%
and 17% of total daily fluoride intake
respectively, in contrast, in the non-
fluoridated area, 'bread', which can
contain up to 40% water, was the larg-
est source of fluoride, contributing
12% of intake, followed equally by
'rice, pasta and boiled vegetables'
(9%), 'meat and meat products' which
can contain bone, (9%) and 'confec-
tionery, cakes and sweets' (9%).

There was a significant positive
correlation between the fluoride con-
centration of home tap water and to-
tal dietary fluoride intake (Pearson
correlation coefficient = +0.78,
P<0.001) (Figure 1). The two outliers
receiving water fluoridated at 0.6 and
0.7mgF/L, but with low dietary F in-
take were children who did not drink
tap water or squash made with tap
water. In addition, a strong positive
correlation between the fluoride con-
centration of home tap water and fluo-
ride intake from drinks was found
(Pearson correlation coefficient =
+0.81, P<0.001) (Figure 2). In contrast,
the correlation between fluoride con-
centration of home tap water and fluo-
ride intake from foods was not statis-
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Table 4
Mean (sd) percentage contribution of different food groups to total daily

dietary fluoride intake for children receiving optimally, sub-optimally and
non-fluoridated water

All drinks(%)
Bottled water
Tap water
Tea
Coffee
Hot- chocolate
Milk
Squash and cordials (extremely
sweet non-alcoholic fruit flavoured
drink concentrates) prepared by
adding tap water
Non-carbonated soft drinks
Carbonated soft drinks

All foods (%)
Fniil and raw vegetables
Soup and gravy
Bread
Rice, pasta, boiled vegetables
Fish & sea-foods
Breakfast cereals
Meat and meat products
Confectionery, cakes and sweets
Others

OF water'
n=6

59 (20)

n (12)
3(8)

4(10)
<1(1)
1(2)

31 (30)

2 (3)
6 (6)

41 (20)
2 (2)

<1 (<1)
5 (7)

16 (13)
<1 (1)
1 (1)
2 (3)
2 (2)

12 (13)

SF water^
n='J

55 (23)
<1 (<1)
24 (18)

Oi

<1(2)
4(10)

<1 (<1)

21 (25)

1(1)
4(4)

45 (23)
8(12)

NF water^
n=18

32 (20)

6(7)
17 (18)
<1(1)
1(3)
2(2)
3(2)
6(7)

4(5)
3(10)

1(4)
1(1)

7(5)

4(6)
11 (10)

67 (20)
7(7)

<1(3)
12(8)
9(11)
2(9)
3(4)
9(8)
9(8)
15(9)

' Optimally-fluoridated water (>().7 mgF/L in water)
' Sub-optimally-fluoridated water (>0.3 - <0.7 mgF/L in water)
' Non-fiuoridated water (<0.3 mgF/L in water)
'' Not consumed

Figure 2
Relationship between fluoride concentration of home watersupply

(mg/L) and intake of fluoride from (a) drinks (mg/d): Pearson
Correlation Coefficient = +0.81, p<0.001, and (b) foods (mg/d); Pearson

I Correlation Coefficient = +0.31, p=0.08

I o Drinks

• Foods

(a)

^ ^ ^ ^ - (b)

0J2 0.4 0.6 0.8

Fluoride concentration of sapply water (mg/L>
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tically significant (Pearson correla-
tion coefficient = +0.31, P-0.08) (Fig-
ure 2(b)).

Discussion
This paper provides, for the first

time, comprehensive descriptive in-
formation on dietary sources of fluo-
ride intake in English children aged
6 years receiving optimally-, sub-op-
timally-, and non-fluoridated water
in their domestic tap water. However,
in view of the relatively small num-
bers of children studied, in common
with most previous fluoride intake
and excretion studies carried out in
young children, some caution is nec-
essary in the interpretation of the re-
sults.

in this study, a 3-day food diary
with interview along with collection
of food/drink samples was used, a
method which allowed more detailed
qualitative and quantitative informa-
tion to be recorded, such as source of
fluoride; data which may not be col-
lectable using other methods such as
the duplicate plate technique in
which al] food samples are pooled.
These other methods such as 'market-
basket' collection, self-reported drink
consumption, and food frequency
questionnaires which have been used
in some studies are also less likely to
provide an accurate quantitative mea-
sure of dietary intake of fluoride and
its sources (23).

Validation of dietary intake was
estimated by comparing energy in-
take of the children studied with Esti-
mated Average Requirement (EAR)
(15) and national data, and also by
calculating PAL; the ratio of Energy
Intake to BMR. Tliese are suitable and
simple checks on the validity of group
estimates of energy intake (19, 23).
The energy intake of boys in the
present study, at 7.0 MJ was slightly
lower tlian the EAR of 7.2 MJ for boys
aged 4-6 years (15), but higher than
the value of 6.4 MJ for British boys re-
ported in the National Diet and Nu-
trition Survey (16). The mean energy
intake for girls (7.1 MJ) was higher
than the EAR of 6.5 MJ and the value
of 5.9 MJ reported for British girls aged
4-6 years, liie mean PA Ls for boys and
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girls in the present study were higher
than the mean PALs of 1.39 and 1.48
reported for 3-8 year old males and
females with healthy BMIs (24), re-
spectively, but were similar to the PAL
of 1.6 reported for children aged 5-9
from industrialized countries (25).
These validations indicated that col-
lection of dietary data was likely to be
satisfactory in this study.

The study was undertaken in three
groups of children receiving drinking
water containing low, sub-optimal or
optimal levels of fluoride to provide
information on effect of fluoride con-
centration of supply water on total
dietary tluoride intake and the con-
tribution of different foods/food
groups to fluoride intake in these
groups. Children in non-fluoridated
areas consumed almost three times
less mgF/day from their total diet
compared with the children receiving
optimally fluoridated u'ater, while the
amount of dietary fluoride (pg/day)
contributed by drinks was six times
higher for children receiving opti-
mally-fluoridated water compared
with those receiving a low fluoride
home tap water supply.

The mean dietary fluoride intake
of 0.008 mg/kgbw/day obtained for
the children receiving non-fluori-
dated water, was similar to the mean
dietary intakes of 0.008 mg/kg bw/
day estimated for 3-4 and 7-8 year old
children resident in non-fluoridated
areas of New Zealand, and of 0.007
mg/kg bw/day for 11 children aged
16 to 40 months from a non-fluori-
dated area of Puerto Rico (26), al-
though lower than the value of 0.018
mg/kg bw/day reported for 7 Japa-
nese children aged 5 and 6 years old
residing in a non-fluoridated area
(27), 0.023 mg/kg/bw for 32 Iranian
children aged 4 years living in a non-
fluoridated area (28), and 0.014 mg/
kg bw/day for 14 American children
aged 16 to 40 months (26).

For the children receiving opti-
mally fluoridated water, the mean di-
etary fluoride intake of 0.027 mg/kg
bw/day found in the present study,
was higher than the value of 0.019
mg/kg bw/day reported forboth3to
4 year old New Zealand (29) and 16
to 40 month old American children

(26) living in fluoridated areas (1.0
mgF/L) and that reported for 11 Ger-
man children aged 3 to 6 (just two
children were 6 years old) living in a
non-fluoridated area but receiving
fluoridated salt (0.011 mg/kg bw/
day) (30). However, the children in the
present study were receiving a daily
fluoride intake lower than the 0.055
mg/kg bw/day reported for Mexican
children aged 15 to 36 months resid-
ing in a non-fluoridated community
but receiving fluoridated sah (31).

With regard to sub-optimal fluori-
dation, a mean dietary intake of 0.047
mg/kg bw/day has been estimated
for 3 to 5 year old Chilean children
residing in a community with a fluo-
ride concentration of 0.5 to 0.6 mg/L
(32), which is higher than the 0.016
mg/kgbw/day obtained for the chil-
dren receiving sub-optimally fluori-
dated water (0.5 mgF/L), in the
present study.

The proportional contribution of
all drinks to total daily dietary fluo-
ride intake was similar in optimally
and sub-optimally fluoridated groups
at 59% and 55% respectively, al-
though for children receiving non-
fluoridated water, drinks contributed
only 32% of the total daily fluoride
intake. Widely differing data have
boon reported for contribution of all
drinks to daily dietary fluoride intake:
18% for 15 to 36 month old Mexican
(31) and 71% for 1 to 6 year old Ger-
man children living in non-fluori-
dated areas but receiving tluoridated
salt (30); 73% for American children
agod 16to 40 months receivingfluori-
dated water (26); 54% for Chilean
children aged 3 to 5 years (32) and
79% for Iranian children agod 4 year;
and 47% and 66% for 16 to 40 month
old children living in non-fluoridated
areas of Puerto Rico and Indiana, re-
spectively. Crosby and Shepherd
(1957) reported the volume of wator
consumed in summer to bo more than
twico that in winter; also Zohouri and
Rugg-Gunn (10) have reported that
dietary fluoride intake was 35 to 54%
higher in summer than in winter. Tho
differences in the contribution of fluo-
ride ingested from all d rinks, reported
between studies, may be due to the
effect of temperature on fluid con-

sumption, differences in dietary cul-
ture, as well as differences in the diet
analysis methods which were often
inadequate to accurately quantify fluo-
ride intake. Children consuming lo-
cally produced drinks and drinks
made up using home wator supplies
are more likely to roceive a fluoride
intake from drinks which reflects lo-
cal water fluoride levels, compared
with those children receiving pro-
packaged manufactured drinks
which will reflect the fluoride condi-
tions in the area of manufacture.

While there are several reports on
the dietary sources of fluoride of in-
fants and toddlers, there are few data
on the sources of dietary fluoride of
young children. Tho present study
indicated that tap wator alone, as a
drink, was not the predominant
source of fluoride intake for 6-year-
old English children. The contribu-
tion of drinking wator to total dietary
fluoride intake ranged from 4% in the
non-tluoridatod area to 24% in the
sub-optimally-fluoridated area which
is lower than those data reported for
North American children agod 6
months - 2 yoars: 14%, 46%. and 54%
in communities with non-, sub-opti-
mally and optimally fluoridated wa-
ter (11), rospectively. Zohouri and
Rugg-Gunn (10) reported that drink-
ing water provided 36% and 38%. of
dietary fluoride for 4-year-old Iranian
children living in non- and sub-opti-
mally-fluoridated areas, respectively.
Schamschula et al. (33) found that 9%
and 21 % of the total daily dietary fluo-
ride of Hungarian children aged 3 to
4 years, came from drinking wator in
areas where the concentration of fluo-
rido in tho water supply ranged from
0.06 to 0.11 mg/L and 0.5 to LI mg/
L, respectively.

For all drinks consumed, squash/
cordials (extremely sweet non-alco-
holic fruit flavored drink concen-
trates) prepared by adding tap water,
were tho main sourcos of fluorido in-
tako for Fnglish children living in
optimally and sub-optimally fluori-
dated areas while for children resid-
ing in tho non-fluoridated area, car-
bonated soft drinks wore the main
source of fluoride from drinks.
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Except for the studies of Ophaug
ct al. (1985) of North American infants
and toddlers aged 6 months - 2 years,
and Zohouri and Rugg-Gunn on 4-
year-old Iranian children (10), no
other study has identified the contri-
bution of different food groups to di-
etary fluoride intake in children. Al-
though the 'fish and seafood' group
is generally recognized as a relatively
got>d source of fluoride intake (34), in
this study less than 1% of total dietary
fluoride intake came from this food
group. In contrast, the study of
Ophaug (U) the percentage of the
dietary fluoride intake contributed by
'meat, fish , poultry' group ranged
from 7.1% for the US toddlers resid-
ing in non-fluoridated areas to \7.\%
for those residing in fluoridated ar-
eas. The effect of water-borne fluoride
on the fluoride content of cooked 'rice,
pasta, vegetables' was found to be
substantial in the present study. This
group of foods, which were prepared
and boiled/cooked with tap water,
was the main contributor to dietary
fluoride intake in optimally- and sub-
optimally-fluoridated areas. In con-
trast, in the non-fluoridated area, the
'bread' group made an important con-
tribution to the children's total di-
etary fluoride intake. Tea can contrib-
ute substantially to total dietary fluo-
ride intake among tea consumers in
both fluoridated and non-fluoridated
areas since the fluoride content of tea
is considerably high (34). In the
present study, however, the mean per-
centage contribution of tea to total di-
etary fluoride intake was low because
only 3 children consumed tea. Since
iron absorption is reduced by tea con-
sumption, it should not be promoted
as a soitrce of fluoride (35).

ln conclusion, this study showed
that foods can make a substantial pro-
portional contribution to total dietary
fluoride intake, particularly among
children residing in non-fluoridated
areas. The main contributory sources
of dietary fluoride differed between
fluoridated and non-fluoridated ar-
eas. The concentration of fluoride in
home supply water still impacts upon
dietary fluoride intake in young chil-
dren. However, estimating total fluo-
ride intake from levels of fluoride in

tap water alone is unlikely to provide
a reliable quantitative measure of in-
take and it is important that fluoride
intake from all foods and drinks
should be considered when monitor-
ing fluoride exposure. There is a need
for further research in this area to in-
clude larger scale fluoride intake and
excretion studies for all age groups to
determine differences in sources of
fluoride exposure between age groups
and between individuals with differ-
ent socio-economic status.
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