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Knowledge of levels of fluoride ingestion and excretion is important in planning optimum
fluoride therapy for young children. In previous literature, it has been assumed that only about
one-third of ingested fluoride is excreted in young children. The aims of the present study were
(a) to measure total fluoride intake, urinary fluoride excretion and fluoride balance, and (b) to
investigate the effect of air temperature on fluoride intake and urinary fluoride excretion, in
young children. Children (4 years old) living in a city, a small town and rural areas of Fars
province, Iran, where drinking water contained 0×30–0×39mg F/l, were invited to participate.
Selection of subjects was by random sampling of kindergartens or health centres. The children
were surveyed twice, once in summer and once in winter. Diet was obtained by 3 d diaries with
interview. Samples of most foods and drinks were analysed for fluoride content. Ingestion of
fluoride from toothpaste was estimated for each child. Each child’s urine was collected over 24 h
and analysed for fluoride content. Seventy-eight of the 116 volunteers completed all aspects of
the study, which was conducted in 1995–6. For all children, the mean fluoride ingestion from diet
was 0×390 (SD 0×122) mg/d or 0×028 (SD 0×008)mg/kg body weight per d. Fluoride ingestion from
diet was higher in summer and higher in rural areas. The mean ingestion of fluoride from all
sources was 0×426 (SD 0×126)mg/d and the mean fluoride urinary excretion was 0×339 (SD

0×100)mg/d. The difference between ingestion and urinary excretion was +0×087 (SD 0×143)mg,
equivalent to 80 % excretion. Faecal excretion was not estimated. The results indicate fluoride
retention at 4 years to be much lower than previously assumed.

Fluoride: Children

Food, including water, toothpaste and other caries preven-
tive agents such as tablets, are the main contributors to
fluoride intake. The more widespread use of fluorides is
likely to have increased fluoride ingestion and recent studies
in the USA have shown increases in the prevalence of
enamel fluorosis in non-fluoridated and fluoridated areas
(Pendrys & Stamm, 1990). This trend has also been reported
in Europe (Woltgens et al. 1989) and New Zealand (Cutress
et al. 1985). In an attempt to advise on fluoride intake,
ingestion of 0×05 to 0×07mg/kg body weight per d has been
considered as ‘optimal’ during mineralization of the teeth,
for greatest resistance to dental caries and freedom
from dental fluorosis (Levy et al. 1995). Mild mottling
may begin to occur when daily fluoride intake is 0×1mg/
kg body weight per d during this period of mineralization,
which is between birth and about 5 years for the aestheti-
cally important incisor teeth. However, such recommenda-
tions are based on limited data, as there have been few
studies where total fluoride intake (from diet, including

water, dentifrice and dietary supplements) in children, has
been measured.
Dietary fluoride intake for infants and children younger

than 2 years old in fluoridated and non-fluoridated areas has
been reported in several studies. The daily amounts of
dietary fluoride intake have ranged from 0×23 to 0×76mg
in fluoridated areas (Singer & Ophaug, 1979; Dabeka et al.
1982; Ophaug et al. 1985; Featherstone & Shields, 1988;
Hattab & Wei, 1988; Guha-Chowdhury et al. 1990) and
from 0×08 to 1×23mg in non-fluoridated areas (Wiatrowski
et al. 1975; Singer & Ophaug, 1979; Dabeka et al. 1982;
Ophaug et al. 1985; Featherstone & Shields, 1988; Guha-
Chowdhury et al. 1990). However, there have been fewer
studies which have determined daily fluoride intake from
diet for 3–6-year-old children residing in fluoridated areas
(Schamschula et al. 1988b; Burt, 1992; Pang et al. 1992;
Guha-Chowdhury et al. 1996), a range from 0×36 to 0×90
mg, while there have been very few studies on the dietary
fluoride intake for 3–6-year-olds living in non-fluoridated
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areas: a mean of 0×22 mg/d was reported by Schamschula
et al. (1988b), and 0×15 mg/d by Guha-Chowdhury et al.
(1996). In none of these studies was the effect of tempera-
ture on water intake, and consequently on fluoride intake,
considered: this is a relevant factor in many countries.
In many communities, fluoride dentifrices are likely to

have made an important contribution to the total fluoride
intake in young children. Several studies have revealed that
28–49% of dentifrice used is ingested by children aged 3–6
years and the mean amount of fluoride ingested per brushing
episode is reported to range from 0×18 to 0×44mg (Ericsson
& Forsman, 1969; Hargreaves et al. 1972; Simard et al.
1989; Naccache et al. 1990, 1992; Guha-Chowdhury et al.
1996). Dietary fluoride supplements have been recom-
mended for children at risk of dental caries living in areas
receiving fluoride-deficient water supplies.
There is only one report of total fluoride intake from all

the previously mentioned sources in young children. In this
recent study, which involved the collection of duplicate
portions of all foods and drinks consumed by sixty-six 3–4-
year-old children living in low-fluoride areas (0×2–0×3mgF/l
water) of New Zealand, the total fluoride intake, from diet
and toothpaste but excluding dietary fluoride supplements,
ranged from 0×17 to 1×21 mg/d, with a mean of 0×49 mg/d (or
0×027mg/kg body weight per d) (Guha-Chowdhury et al.
1996). Other available data on the total fluoride intake from
all sources of fluoride in young children are based on
estimations from different studies and not based on the
measurement of actual intake by a group of children.
Urinary analysis has long been recognized as the major

variable for assessing ingestion of fluoride by assuming that
about 50% of ingested fluoride would have been excreted in
urine in adults and about 30% in children (World Health
Organization, 1986). There are several studies on the con-
centration of fluoride in spot samples of urine from children
while only in a few studies have the total volume and weight
of fluoride excreted in 24 h urine samples been measured
(Crosby & Shepherd, 1957; Rugg-Gunn et al. 1993; Warpeha
& Marthaler, 1995), partly due to the difficulties of obtaining
24h urine collections, especially in young children.
The number of studies on fluoride balance is limited,

especially for young children, and data are conflicting.
Ekstrand et al. (1984) found that breast-fed infants, with
daily fluoride intakes ranging from 5 to 19mg, were in
negative fluoride balance, whereas the fluoride balance was
positive for formula-fed infants who received daily fluoride
intakes ranging from 891 to 1012mg. The only report of

fluoride balance for children aged 3–4 years is an abstract
by Brunetti & Newbrun (1983). They reported a very low
fluoride balance of +0×05 mg F/d (15% of ingested fluoride
retained). This 85% excretion of ingested fluoride was very
much higher than the up to 30% assumed by World Health
Organization (1986). There is a need for further information
on this issue.
The aims of the present study were (a) to determine

fluoride intake, urinary fluoride excretion and balance, and
(b) to investigate the effect of climate temperature on fluoride
intake and urinary fluoride excretion, in 4-year-old children.

Materials and methods
Preliminary investigation

The study was undertaken in Fars Province, south-west Iran.
As there was no recent and reliable information on the
fluoride concentration in drinking water in Iran, water
samples were collected from twelve sites in Fars province
in a preliminary study. These were obtained from the water
tap that people used for drinking and cooking, at three
different times of the day. The fluoride content of each water
sample was determined using a fluoride-ion-selective elec-
trode (model 96–09, meter model 720A; Orion, MA, USA)
after adding one part of total ionic strength adjusted buffer
III (Orion Research Inc., Cambridge, MA, USA) for every
ten parts of each sample. The results revealed a range of
mean concentrations for these sites of 0×16–4×05mg F/l.
As a result of these preliminary studies, the main study

was undertaken in six localities, but the results reported in
the present paper refer only to the four localities receiving
water containing 0×30–0×39mg F/l (Table 1). The remaining
two localities had mean water fluoride concentrations of
0×56 and 4×05 mg/l. Three types of locality were selected: an
area with predominantly high-socio-economic status inha-
bitants in a big city (Shiraz; population 1×3 million); Darab,
a small town (population 0×2 million) 300 km south of
Shiraz; and two rural areas (Table 1) situated 10–30 km
from Darab. The main study took place in May–July 1995
and December 1995–March 1996, with mean maximum day
temperatures of 298 and 58 respectively.

Subjects
Consent for this study was obtained from the local Civic
Welfare Organization in Iran. In total, 130 healthy children
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Table 1. Fluoride concentration (mg/l) in the drinking water in four different Iranian localities, in summer and winter
(Mean values and standard deviations)

Summer Winter Average of both seasons

Area Mean SD n Mean SD n Mean SD n

Urban:
Shiraz 0×32 0×10 9 0×31 0×10 25 0×32 0×10 34
Darab 0×38 0×05 7 0×32 0×05 15 0×35 0×05 22

Rural:
Dehkhir 0×35 0×06 4 0×34 0×04 13 0×34 0×04 17
Hassan-Abad 0×39 0×08 8 0×22 0×06 10 0×30 0×10 18



a g e d 4 y e ar s fr o m b ot h s e x es, r esi di n g si n c e birt h i n ar e as
wit h a b o ut 0 ×3  m g F/l i n d o m esti c  w at er  w er e s el e ct e d, a n d
i nf or m e d p ar e nt al p er mi ssi o n f or e a c h c hil d’ s p arti ci p ati o n
w as s o u g ht.  T h e st u d y p o p ul ati o n  w as r e cr uit e d vi a ki n d er-
g art e ns i n t h e t w o ur b a n ar e as a n d h e alt h c e ntr es i n t h e t w o
r ur al ar e a s, b y r a n d o m s a m pli n g of t h es e u nits. P ar e nts  w h o
a gr e e d t o t h eir c hil d’ s p arti ci p ati o n  w er e i nt er vi e w e d t o
o bt ai n s o m e g e n er al i nf or m ati o n a b o ut t h eir c hil dr e n s u c h as
t h e c hil d’ s t o ot h br us hi n g h a bits a n d di et ar y h a bits i n e a c h
s e as o n.  T h e h ei g ht a n d  w ei g ht of e a c h c hil d  w er e  m e a s ur e d,
t h e s a m e st a di o m et er ( 2  m m) a n d s pri n g s c al es ( 5 0 g)
b ei n g us e d f or all c hil dr e n.

Di et ar y ass ess m e nt

Di et ar y i nf or m ati o n  w as c oll e ct e d b y a 3 d di et ar y di ar y
f oll o w e d b y a pri v at e i nt er vi e w o n t h e f o urt h d a y ( H a c k ett
et al . 1 9 8 3;  A d a ms o n et al . 1 9 9 2), o n c e i n s u m m er a n d o n c e
i n  wi nt er.  Di ari es,  w hi c h  w er e p o c k et-si z e a n d r o b ust, s o as
t o b e c arri e d e asil y,  w er e gi v e n t o e a c h p ar e nt  wit h i nstr u c-
ti o ns o n h o w t o c o m pl et e t h e di et ar y di ar y a n d t h e i m p or-
t a n c e of r e c or di n g all f o o d, a n d es p e ci all y dri n k, c o ns u m e d
o v er t h e 3 d p eri o d.  T h e pri v at e i nt er vi e w o n t h e d a y
i m m e di at el y aft er c o m pl eti n g t h e 3 d di ar y  w as h el d t o ( a)
e ns ur e t h at all f o o d a n d dri n k it e ms  w er e e nt er e d i nt o t h e
di ar y, ( b) cl arif y t h e n at ur e of t h e f o o d or dri n k, a n d o bt ai n
t h e r e ci p e of a n y h o m e- m a d e f o o d a n d dri n k if n e c es s ar y,
a n d ( c) d et er mi n e t h e  w ei g ht s of f o o d a n d dri n k c o ns u m e d
fr o m h o us e h ol d d es cri pti o ns u si n g c ali br at e d  m e as ur es a n d
m o d els ( A d a m s o n et al. 1 9 9 2).

M e as ur e m e nt of fl u ori d e i nt a k e fr o m f o o ds a n d dri n k

S e v er al s a m pl es of al m ost all t y p e s of f o o d a n d dri n k
c o ns u m e d b y t h e c hil dr e n  w er e c oll e ct e d,  w ei g h e d a n d
fr o z e n u ntil a n al ysis.  T h e a ci d- diff usi bl e fl u ori d e i n t h e
s a m pl es  w as is ol at e d b y t h e h e x a m et h yl disil o x a n e diff usi o n
m et h o d of  V e n k at es w arl u ( 1 9 9 2)  wit h  mi n or  m o difi c ati o n
( Z o h o uri  &  R u g g- G u n n, 1 9 9 9) a n d  m e a s ur e d usi n g a
fl u ori d e-i o n-s el e cti v e el e ctr o d e.  Of a t ot al of 9 1 7 k g of
diff er e nt ki n ds of f o o d a n d dri n ks c o ns u m e d b y t h e c hil dr e n,
8 0 0 k g ( 8 7  %), i n cl u di n g t h e  m ai n l o c al st a pl e f o o ds ( e. g.
br e a d, c o o k e d ri c e a n d c o o k e d v e g et a bl es),  w as a n al ys e d f or
fl u ori d e c o nt e nt.  T h e fl u ori d e c o n c e ntr ati o n of t h e r e m ai n-
i n g 1 3  % of f o o ds a n d dri n ks n ot c oll e ct e d f or a n al ysis b ut
c o ns u m e d b y t h e s u bj e ct s,  w as esti m at e d usi n g t h e  m ost
a p pr o pri at e p u blis h e d d at a ( T a v es, 1 9 8 3;  L o p e z  &  N a vi a,
1 9 8 8; S c h a ms c h ul a et al. 1 9 8 8 a ).  T h es e c o n c e ntr ati o ns of
fl u ori d e ( g/ 1 0 0 g f o o d)  w er e a d d e d t o c o m p ut eri z e d st a n d-
ar d f o o d t a bl es ( H oll a n d et al. 1 9 9 1).  T h e di et ar y d at a  w er e
t h e n a n al ys e d t o d et er mi n e t h e d ail y i nt a k e of n utri e nts,
c al c ul at e d f or e a c h c hil d as t h e  m e a n o v er 3 d (s u m m er or
wi nt er) a n d 6 d ( b ot h s e as o ns).

Esti m ati o n of v ali dit y of di et ar y i nf or m ati o n a n d a n al yti c al
m et h o d

T h e v ali dit y of di et ar y i nf or m ati o n  w as esti m at e d i n t w o
w a y s: first, b y c al c ul ati n g t h e p h ysi c al a cti vit y l e v el ( P A L)
f or t h e s u bj e cts a n d, s e c o n d, b y c o m p ari n g t h e e n er g y
i nt a k es of t h es e s u bj e cts  wit h t h os e o bt ai n e d i n ot h er

st u di es.  B M R f or 4- y e ar- ol d c hil dr e n  w as c al c ul at e d fr o m
b o d y  w ei g ht usi n g st a n d ar d e q u ati o ns d et er mi n e d b y
S c h ofi el d ( 1 9 8 5) as f oll o ws:

m al e  B M R ( MJ) = 0 ×0 9 5 ( w ei g ht ( k g)) + 2 ×1 1 0;
f e m al e  B M R ( MJ) = 0 ×0 8 5 ( w ei g ht ( k g)) + 2 ×0 3 3.

T h e P A L  w as c al c ul at e d b y di vi di n g t h e  m e a n r e c or d e d
e n er g y i nt a k e of t h es e c hil dr e n b y t h e c al c ul at e d  B M R. F or
m ost p e o pl e i n t h e  U K, a P A L of 1 ×4 is a p pli c a bl e ( D e p art-
m e nt of  H e alt h, 1 9 9 1) i m pl yi n g  m o d er at e p h ysi c al a cti vit y.
A  m e a n e n er g y i nt a k e of l ess t h a n 1 ×4 × B M R f or a gr o u p of
a d ults al m ost c ert ai nl y i m pli es u n d er esti m ati o n of di et ar y
i nt a k e ( Bi n g h a m, 1 9 9 4).  As t h e s e c o n d  m et h o d of d et er mi n-
i n g v ali dit y, t h e  m e a n e n er g y i nt a k e of t h es e c hil dr e n  w as
c o m p ar e d  wit h p u blis h e d d at a a n d r ef er e n c e v al u es
( D e p art m e nt of  H e alt h, 1 9 9 1).

T o e v al u at e t h e v ali dit y of t h e a n al yti c al  m et h o d f or
fl u ori d e a n al ysi s, 0×1 0, 0 ×2 0 a n d 0 ×5 0 g fl u ori d e  w er e
a d d e d t o a p pr o xi m at el y h alf of t h e f o o d s a m pl es b ef or e
diff usi o n a n d t h e p er c e nt a g e fl u ori d e r e c o v er y  m e a s ur e d.
T h es e f o o d s a m pl es  w er e a n al ys e d al o n gsi d e s a m pl e s  wit h-
o ut t h e a d d e d fl u ori d e.  T o  m e as ur e t h e r eli a bilit y of t h e
m et h o d, fl u ori d e  m e as ur e m e nt of t h e f o o d s a m pl e s  w as
r e p e at e d i n 1 0  % of s a m pl es.

M e as ur e m e nt of fl u ori d e i n g esti o n fr o m t o ot h p ast e

C hil dr e n  wit h t o ot h br us hi n g h a bits  w er e as k e d t o br us h t h eir
t e et h, b as e d o n t h eir us u al h a bits usi n g t h eir n or m al t o ot h-
br us h a n d t o ot h p ast e.  T h e br a n d of t o ot h p ast e us e d b y t h e
c hil d  w as n ot e d.  T o ot h p ast e  w as dis p e ns e d b y p ar e nt or
c hil d o nt o t h e t o ot h br us h, a n d t h e br us hi n g  w as p erf or m e d
b y t h e c hil d  wit h or  wit h o ut assist a n c e; fi n all y, t h e c hil d
w o ul d e x p e ct or at e or ri n s e o ut t h eir  m o ut h if d esir e d.  T h e
a m o u nt of t o ot h p ast e us e d  w as  m e as ur e d b y  w ei g hi n g t h e
c hil d’s t o ot h br us h b ef or e a n d aft er dis p e nsi n g t h e t o ot h-
p ast e.  D uri n g t o ot h br us hi n g a n d ri nsi n g, all e x p e ct or at e d
s ali v a, li q ui ds a n d t o ot h p ast e  w er e c oll e ct e d i n a  wi d e-
m o ut h pl asti c c o nt ai n er a n d a n y t o ot h p ast e a d h eri n g t o t h e
f a c e or h a n ds c oll e ct e d usi n g a s p at ul a a n d tr a nsf err e d t o t h e
c o nt ai n er.  T h e t o ot h br us h a n d s p at ul a  w er e t h or o u g hl y
ri ns e d  wit h t a p  w at er i nt o t h e c o nt ai n er.  Aft er  m e as uri n g
t h e v ol u m e a n d t h or o u g hl y  mi xi n g t h e c o nt e nt s of t h e
c o nt ai n er, t w o s a m pl es of t h e  mi xt ur e  w er e p ut i nt o p ol y-
st yr e n e t u b es a n d fr o z e n at − 2 0 .  T h es e pr o c e d ur es  w er e
u n d ert a k e n o n c e i n s u m m er a n d o n c e i n  wi nt er. S a m pl es of
t h e a ct u al t o ot h p ast e us e d b y e a c h c hil d  w er e n ot c oll e ct e d
f or a n al ysis of fl u ori d e c o n c e ntr ati o n, b ut s a m pl es of e a c h
t o ot h p ast e o n s al e i n t h at r e gi o n  w er e p ur c h as e d.  R e g ar dl ess
of  w h et h er t h es e p ur c h as e d s a m pl e s of t o ot h p ast e s  w er e
l a b ell e d f or fl u ori d e c o nt e nt, all of t h e m  w er e a n al ys e d f or
fl u ori d e c o n c e ntr ati o n.  T h e c o n c e ntr ati o ns of fl u ori d e i n
t o ot h p ast es a n d e x p e ct or at e d s ali v a  w er e  m e as ur e d usi n g a
fl u ori d e-i o n-s el e cti v e el e ctr o d e aft er pr e p ari n g a si n gl e
a q u e o u s e xtr a ct of t o ot h p ast e or s a m pl e a n d s e p ar ati o n of
fl u ori d e i n s o di u m  m o n ofl u or o p h os p h at e t o ot h p ast es b y
a ci d p h os p h at as e ( E C 3. 1. 3. 2) ( D u c k w ort h et al. 1 9 9 1).
T h e a m o u nt of fl u ori d e us e d p er br us hi n g e pis o d e ( g),
f or e a c h c hil d o n e a c h of t w o o c c asi o n s  w as c al c ul at e d b y
m ulti pl yi n g t h e  w ei g ht of t o ot h p ast e us e d ( g) b y fl u ori d e
c o n c e ntr ati o n i n t h e t o ot h p ast e us e d b y t h at c hil d ( g/ g).
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T h e a m o u nt of fl u ori d e e x p e ct or at e d ( g), f or e a c h c hil d o n
e a c h o c c asi o n,  w as c al c ul at e d b y  m ulti pl yi n g t h e  w ei g ht of
e x p e ct or at e d li q ui d ( ass u mi n g 1  ml = 1 g) b y t h e c o n c e ntr a-
ti o n of fl u ori d e i n t h e e x p e ct or at e d li q ui d ( g/ g) aft er
s u btr a cti n g t h e fl u ori d e c o n c e ntr ati o n of t h e t a p  w at er ( as
t h e c hil dr e n us e d t a p  w at er t o ri n s e t h eir  m o ut h a n d  w as h t h e
br us h aft er us e). Fl u ori d e i n g e st e d p er br us hi n g ( g)  w as
o bt ai n e d b y s u btr a cti n g t h e a m o u nt of fl u ori d e e x p e ct or at e d
fr o m t h e a m o u nt i niti all y p ut o n t h e t o ot h br us h.  Usi n g t h e
i nf or m ati o n o n fr e q u e n c y of br us hi n g, t h e a m o u nt of fl u or-
i d e i n g est e d p er d a y  w as c al c ul at e d f or e a c h c hil d.  T h e
r e c o v er y of fl u ori d e a d d e d as s o di u m  m o n ofl u or o p h os p h at e
t o s a m pl es of e x p e ct or at e d li q ui d  w as  m e as ur e d t o esti m at e
t h e v ali dit y of t h e a n al yti c al pr o c e d ur e.

M e as ur e m e nt of fl u ori d e e x cr eti o n

A c hil d’s p ott y, f u n n el a n d a 1 ×5 litr e pl asti c c oll e cti o n
b ottl e  wit h s cr e w t o p,  w hi c h c o nt ai n e d 2 ×5  ml c hl or h e xi di n e
di gl u c o n at e ( 2 0 0  ml/l) as pr es er v ati v e,  w er e gi v e n t o e a c h
f a mil y.  T h e p ar e nts  w er e i nstr u ct e d h o w t o c oll e ct t h eir
c hil d’ s uri n e d uri n g 2 4 h: t h e i m p ort a n c e of c oll e cti n g all
uri n e o v er t h e 2 4 h p eri o d  w as str ess e d.  Aft er c oll e cti o n,
p ar e nts  w er e q u esti o n e d a b o ut t h e c o m pl et e n ess of t h e
c oll e cti o n a n d, if t h er e  w as d o u bt, arr a n g e m e nts f or a f urt h er
2 4 h c oll e cti o n  w er e  m a d e.  Uri n e v ol u m e  w as  m e as ur e d a n d
t w o s a m pl es pl a c e d i n 7  ml p ol yst yr e n e t u b es a n d fr o z e n.
T h e 2 4 h uri n e c oll e cti o ns  w er e als o u n d ert a k e n i n s u m m er
a n d  wi nt er d uri n g t h e s a m e p eri o d as t h e di et ar y ass ess m e nt.
T h e fl u ori d e c o n c e ntr ati o n of s a m pl es  w as  m e a s ur e d b y t h e
fl u ori d e-i o n-s el e cti v e el e ctr o d e.

Esti m ati o n of t h e v ali dit y of 2 4 h uri n e v ol u m e

T h e v ali dit y of 2 4 h uri n e v ol u m e  w as esti m at e d b y  m e a s ur-
i n g uri n ar y cr e ati ni n e b y t h e J aff é m et h o d ( B o n es  &
T a uss k y, 1 9 5 1) usi n g a c o m m er ci al kit ( U ni- Kit II;  R o c h e
Di a g n osti cs,  W el w y n  G ar d e n  Cit y,  H erts.,  U K) a n d c o m-
p ari n g t h es e d at a  wit h st a n d ar ds, usi n g t h e f or m ul a pr o p os e d
b y  H ar m s  & S c h arf e ( 1 9 9 7):  m g uri n ar y cr e ati ni n e/ k g p er d
= 1 5 + ( 0×5 × a g e y e ar) 3.  Uri n ar y cr e ati ni n e f or 4- y e ar- ol d
c hil dr e n r a n g es fr o m 1 4 t o 2 0  m g/ k g p er d.

D at a a n al ysi s

D es cri pti v e d at a  w er e o bt ai n e d.  As n o h y p ot h es es  w er e
pr o p os e d, n o a n al yti c al st atisti cs h a v e b e e n d et er mi n e d.

R es ults

W at er s a m pl e s

T h e fl u ori d e c o n c e ntr ati o ns of ni n et y- o n e s a m pl e s of dri n k-
i n g  w at er, t w e nt y- ei g ht s a m pl e s c oll e ct e d i n s u m m er a n d
si xt y-t hr e e s a m pl e s c oll e ct e d i n  wi nt er, ar e gi v e n i n  T a bl e 1.
T h e o v er all  m e a n fl u ori d e c o n c e ntr ati o n i n all ar e a s  w as
0 ×3 5  m g/l.

Fl u ori d e a n al y s es

T h e o v er all  m e a n r e c o v er y of fl u ori d e a d d e d t o si xt y f o o d
s a m pl es b ef or e diff usi o n, r a n g e d fr o m 8 3 t o 1 0 5  %,  wit h a
m e a n of 9 8 ( S D 5)  %.  R es ults of t h e d u pli c at e a n al ysi s of
t w el v e f o o d s a m pl e s  w er e  wit hi n 3  %. I n all, 1 1 7 s e p ar at e
f o o ds a n d dri n ks ( e x cl u di n g dri n ki n g  w at er  w hi c h  w as
a n al ys e d i n e a c h ar e a o n a n u m b er of o c c asi o ns ( T a bl e 1))
w er e a n al ys e d o ut of a t ot al of 1 7 2 diff er e nt f o o d it e ms
c o ns u m e d b y t h e c hil dr e n.  T h e  m e a n fl u ori d e c o n c e ntr ati o n
w as b el o w 1 ×0 g/ g f or  m ost of t h e m, a n d f or t hirt y of t h e m,
b el o w 0 ×1 g/ g.  T h es e 1 1 7 f o o ds a n d dri n ks  w er e t h e  m aj or
c o m p o n e nt s of t h e di et ( 8 0 0 k g f o o d c o ns u m e d o ut of a t ot al
of 9 1 7 k g) a n d c o nt ai n e d 9 0  % of t h e fl u ori d e i n t h e di et, s o
t h at t h e r e m ai ni n g di et ar y it e m s ( w h os e fl u ori d e c o n c e ntr a-
ti o n  w as o bt ai n e d fr o m p u blis h e d s o ur c es) c o nt ai n e d o nl y
1 0  % of di et ar y fl u ori d e.  T h e  m e a n r e c o v er y of s o di u m
m o n ofl u or o p h o s p h at e a d d e d t o all t o ot h p ast e s a m pl e s  w as
9 6 ( S D 5)  %.  T hr e e of t h e t o ot h p ast es o bt ai n e d c o nt ai n e d n o
fl u ori d e.  All s a m pl e s  w er e a n al ys e d i n d u pli c at e.  T h e  m e a n
t ot al fl u ori d e c o n c e ntr ati o n (n 2) of t h e t hr e e c o m m er ci all y
a v ail a bl e Ir a ni a n c hil dr e n’s t o ot h p ast es r a n g e d fr o m 3 4 8 t o
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T a bl e 2. Di stri b uti o n of s u bj e ct s  w h o v ol u nt e er e d a n d  w h o p arti ci-
p at e d i n all p art s of t h e pr e s e nt st u d y, a c c or di n g t o s e x, i n t h e f o ur

ar e a s of Ir a n

( V al u e s ar e n u m b er s of s u bj e ct s)

S u bj e ct s  w h o  P arti ci p a nt s i n
v ol u nt e er e d all p art s of st u d y

Ar e a B o y s  Girl s  T ot al  B o y s  Girl s  T ot al

Ur b a n:
S hir a z 2 2 1 9 4 1 1 7 1 5 3 2
D ar a b 2 0 2 2 4 2 1 2 1 6 2 8

R ur al:
D e h k hir 9 1 3 2 1 5 5 1 0
H a s s a n- A b a d 6 6 1 2 4 4 8

T ot al 5 7 6 0 1 1 6 3 8 4 0 7 8

T a bl e 3. Fl u ori d e i nt a k e ( m g/ d) fr o m t h e di et d uri n g s u m m er a n d  wi nt er i n s e v e nt y- ei g ht c hil dr e n fr o m f o ur diff er e nt l o c ati o n s i n Ir a n

( M e a n v al u e s a n d st a n d ar d d e vi ati o n s)

Di et ar y fl u ori d e i nt a k e ( m g/ d)

L o c ati o n . . . S hir a z ( n 3 2) D ar a b ( n 2 8) D e h k hir ( n 1 0) H a s s a n- A b a d ( n 8)

S e a s o n M e a n S D M e a n S D M e a n S D M e a n S D

S u m m er 0 ×3 3 8 0 ×0 8 5 0 ×4 3 7 0 ×1 0 8 0 ×6 0 7 0 ×1 7 6 0 ×5 4 5 0 ×2 0 1
Wi nt er 0 ×2 9 9 0 ×0 9 7 0 ×2 9 0 0 ×0 9 2 0 ×5 4 4 0 ×1 9 5 0 ×2 9 8 0 ×0 4 8
B ot h s e a s o n s 0 ×3 1 8 0 ×0 7 7 0 ×3 6 4 0 ×0 7 0 0 ×5 7 5 0 ×1 5 6 0 ×4 4 0 0 ×1 1 4



992mg/g, while the corresponding range for the eight adult
toothpastes was from 957 to 1219mg/g.

Main study
The parents of 116 (89%) of the 130 children invited to
participate consented to the inclusion of their children in the
study; seventy-eight children (67% of those who volun-
teered) completed all aspects of the study (Table 2). The
mean heights of the boys and girls were 0×993 (SD 0×0588)m
and 1×001 (SD 0×064)m respectively. The mean weight of
the boys was 14×4 (SD 1×5) kg and it was 14×2 (SD 2×5) kg for
the girls. The mean BMI was 14×7 (SD 1×58) for boys and
14×2 (SD 1×84) for girls. There was little difference in energy
intake between boys (5×63MJ/d) and girls (5×46MJ/d) and the
mean energy intake for both sexes combined was 5×56 (SD
1×06)MJ/d. These energy intakes were higher than standards
for British children (Gregory et al. 1995) but the PAL value of
1×7 for these Iranian children was higher than the value of 1×4
for British children (Gregory et al. 1995) indicating a more
active lifestyle for Iranian children and that under-recording of
dietary intake was unlikely. For all children, the percentages
of food energy derived from protein, fat and carbohydrate
were 10, 29 and 61% respectively.
Of those who completed all aspects of the study, only

thirty-three children (thirty children in Shiraz and three
children in Darab) used a fluoridated toothpaste. Thirty of
these thirty-three children agreed to participate in and
completed the study investigating fluoride ingestion through
toothbrushing. The mean quantity of fluoride ingested

during brushing was 0×109 (SD 0×125) mg in summer and
0×095 (SD 0×052)mg in winter, with an average of 0×102 (SD
0×073)mg fluoride for both seasons. As most of the children
brushed their teeth just once daily, the mean daily fluoride
intake from toothpaste (0×104mg) for those who brushed
with a fluoride toothpaste was almost equal to average
fluoride ingestion per brushing episode.
Table 3 shows the fluoride intake from diet for all

children in different areas. Despite similarity of the fluoride
content of drinking water in these areas, fluoride intake
tended to be higher in the rural areas than in the urban areas.
Consumption of fluoride from diet was higher in summer in
all areas.
The mean daily fluoride intakes of the seventy-eight

children from diet, toothpaste ingestion and both sources,
in the four areas, given as mg F and on a body-weight basis,
are presented in Table 4. As none of the 4-year-old children
in the rural areas and few of children in Darab used a
fluoride-containing dentifrice, the total daily fluoride intake
in these children was equal or nearly equal to the dietary
intake. Of the total fluoride intake of the children in Shiraz
25% came from toothpaste ingestion.
The mean values of 24 h urinary creatinine excretion for

these children were 17×9 and 18×6 mg/kg per d in summer
and winter respectively. This is within the accepted range of
14–20mg/kg per d (Harms & Scharfe, 1997) and indicates
satisfactory urine collection. Table 5 summarizes the infor-
mation on fluoride excretion in urine. About half of the
children had a 24 h urine volume between 300 and 499ml/d.
A slightly lower mean 24 h urine output was observed with
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Table 4. Daily fluoride intake from diet, toothpaste ingestion* and both sources, expressed as mg/d and mg/kg body weight per d, in children from
four different areas of Iran

(Mean values and standard deviations)

Area

Shiraz (n 32) Darab (n 28) Dehkhir (n 10) Hassan-Abad (n 8)

Fluoride intake Mean SD Mean SD Mean SD Mean SD

Diet
mg/d 0×318 0×077 0×364 0×070 0×575 0×156 0×440 0×114
mg/kg body weight per d 0×023 0×005 0×026 0×004 0×039 0×011 0×029 0×008

Toothpaste
mg/d 0×104 0×073 0×011 0×033 0 0
mg/kg body weight per d 0×007 0×005 0×0008 0×002 0 0

Diet and toothpaste
mg/d 0×422 0×126 0×374 0×065 0×575 0×156 0×440 0×114
mg/kg body weight per d 0×030 0×009 0×028 0×005 0×039 0×011 0×029 0×008

* The numbers of children who used a fluoride toothpaste were: Shiraz 30, Darab 3, Dehkhir 0, Hassan-Abad 0.

Table 5. Volume of urine excreted in 24h, urinary fluoride concentration and fluoride excretion during summer and winter for
children in four different areas of Iran

(Mean values and standard deviations for seventy-eight children)

Summer Winter Both seasons

Variable Mean SD Mean SD Mean SD

Volume of 24h urine (litres) 0×457 0×214 0×474 0×213 0×465 0×172
Fluoride concentration of 24 h urine (mg/l) 0×770 0×358 0×690 0×295 0×730 0×263
Daily urinary fluoride excretion (mg) 0×352 0×116 0×327 0×126 0×339 0×100



the higher environmental temperature of summer, while the
mean urinary fluoride concentration was higher in summer
than in winter. The mean weights of fluoride excreted in the
two seasons were similar.
Fig. 1 illustrates the percentage frequency distribution

according to weight of fluoride (mg/d) excreted in urine. A
high proportion of children (fifty-five out of seventy-eight,
71%) excreted between 0×20 and 0×39mg fluoride/d in
urine. A similar frequency distribution is given in Fig. 2
for weight of fluoride ingested from all sources. Most of the
children (49%) ingested between 0×30 and 0×39mg F/d. A
positive (P, 0×005) correlation was found between fluoride
intake and urinary fluoride excretion (Fig. 3). The slope of
the best fit line (+0×25) was different from the solid line in
the figure which represents, hypothetically, 100% excretion

of ingested fluoride. The 95% CI for the slope was +0×054 to
+0×443.
Table 6 presents fluoride intake and urinary fluoride

excretion for the seventy-eight children in the four areas.
Averaged over all children and both seasons, the difference
(fluoride intake minus urinary fluoride excretion) was
+0×087 (SD 0×143)mg/d, with some variation between the
four areas. This represents 80% excretion of ingested
fluoride.

Discussion
This is the first report of fluoride intake and urinary fluoride
excretion in children over 2 years of age, except for one
published abstract (Brunetti & Newbrun, 1983). It shows
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Fig. 1. Percentage frequency distribution of seventy-eight children according to weight of
fluoride excreted (mg) in 24h urine collections in areas of Iran with an average of 0×35mg F/l
in drinking water.

Fig. 2. Percentage frequency distribution of seventy-eight children according to weight of
fluoride ingested (mg/d) in areas of Iran with an average of 0×35mgF/l in drinking water.



t h at, c o ntr ar y t o c urr e nt o pi ni o n ( W orl d  H e alt h  Or g a ni z a-
ti o n, 1 9 8 6), uri n ar y fl u ori d e e x cr eti o n  w as, o n a v er a g e, 8 0  %
of fl u ori d e i nt a k e.  C hil dr e n a g e d 4 y e ars  w er e t h e s u bj e ct s of
t h e pr es e nt st u d y, as  m ost p er m a n e nt t e et h ar e f or mi n g at
t hi s a g e a n d it is t h er ef or e a p erti n e nt a g e t o i n v e sti g at e
fl u ori d e r et e nti o n; di et ar y a n d t o ot h br us hi n g h a bits ar e
b e c o mi n g est a blis h e d a n d c hil dr e n ar e us u all y a bl e t o
c o ntr ol t h eir uri n ati o n a n d c o o p er at e i n t his t y p e of st u d y.

All as p e cts of t h e st u d y  w er e u n d ert a k e n i n s u m m er a n d
wi nt er i n or d er t o ass ess a n y s e as o n al c h a n g e s, as  w at er is a
m aj or s o ur c e of fl u ori d e i nt a k e, a n d t o esti m at e t h e a v er a g e
fl u ori d e i nt a k e a n d e x cr eti o n. I n a d diti o n, a hi g h er r eli a bilit y
of t h e esti m at es of di et ar y i nt a k e  w as li k el y i n r e p e at e d s h ort
s ur v e ys c o m p ar e d  wit h t h e s a m e n u m b er of d a ys s ur v e y e d
i n a si n gl e p eri o d ( H a c k ett et al . 1 9 8 3).  T h e r e p e at e d 3 d
di et ar y di ar y  m et h o d  wit h i nt er vi e w b ef or e a n d aft er c o m-
pl eti n g t h e di ari es pr o vi d es a g o o d esti m at e of t h e  m e a n
i nt a k e a n d distri b uti o n of i nt a k e f or gr o u ps ( A d a ms o n et al.
1 9 9 2).  W h e n e x pr e ss e d o n a b o d y- w ei g ht b asi s, t h e  m e a n

e n er g y i nt a k e of t h es e c hil dr e n  w as i n br o a d a gr e e m e nt  wit h
U K a n d  W H O r e c o m m e n d ati o ns ( D e p art m e nt of  H e alt h,
1 9 9 1).  Bi n g h a m ( 1 9 9 4) r e p ort e d t h at t h e r ati o e n er g y
i nt a k e :  B M R ( P A L) is a s uit a bl e a n d si m pl e c h e c k o n t h e
v ali dit y of gr o u p esti m at es of e n er g y i nt a k e.  T h e P A L r ati os
of 1 ×7 f or b ot h s e x es i n t h e pr es e nt st u d y ar e c o m p ati bl e  wit h
st a n d ar ds ( 1 ×8) b ut hi g h er t h a n t h at r e p ort e d f or  Britis h
c hil dr e n ( 1 ×4) ( Gr e g or y et al . 1 9 9 5).  T h er ef or e, t h e  m et h o d
of c oll e cti n g di et ar y i nf or m ati o n i n t h e pr es e nt st u d y
a p p e ar e d t o b e v ali d, at l e ast f or f o o d e n er g y. I n or d er t o
pr e v e nt a n y u n d er esti m ati o n of t a p  w at er i nt a k e ( as a  m aj or
s o ur c e of fl u ori d e i nt a k e b ut  wit h o ut a c o ntri b uti o n t o
e n er g y i nt a k e), p ar e nts  w er e as k e d t o us e a j ar or b ottl e
f ull of  w at er at t h e b e gi n ni n g of t h e st u d y a n d  m e as ur e
t h e a m o u nt of  w at er l eft i nsi d e at t h e e n d of e a c h d a y.
T h e i m p ort a n c e of r e c or di n g i n t h e di ar y t h e n u m b er of
gl ass es or c u ps of all dri n ks c o ns u m e d a w a y fr o m h o m e
w as str o n gl y e m p h asi z e d.  W hil e t h e r e c or d e d  w at er i nt a k e
of 1 1 3 6 g/ d i n t hi s st u d y  w as l es s t h a n t h e t h e or eti c al

2 1I nt a k e a n d uri n ar y e x cr eti o n of fl u ori d e

Fi g. 3. R el ati o n s hi p b et w e e n t ot al fl u ori d e i nt a k e a n d uri n ar y fl u ori d e
e x cr eti o n f or s e v e nt y- ei g ht 4- y e ar- ol d c hil dr e n i n Ir a n. (- - - -),  B e st fit str ai g ht
li n e f or t h at r el ati o n s hi p; ( — —), h y p ot h eti c al 1 : 1 r ati o.  T h e r el ati o n s hi p c a n
b e e x pr e s s e d a s: a m o u nt of fl u ori d e e x cr et e d ( m g) = 0 ×2 5 + 0 ×2 5 fl u ori d e
i nt a k e ( m g), (P 0 ×0 0 5, r 2 0 ×0 8).

T a bl e 6. T ot al fl u ori d e i nt a k e ( m g), uri n ar y fl u ori d e e x cr eti o n ( m g) a n d t h e diff er e n c e ( m g) p er d f or s e v e nt y-
ei g ht c hil dr e n i n f o ur ar e a s of Ir a n, a v er a g e d o v er s u m m er a n d  wi nt er s e a s o n s

( M e a n v al u e s a n d st a n d ar d d e vi ati o n s)

Fl u ori d e i nt a k e  Fl u ori d e e x cr eti o n (I nt a k e − e x cr eti o n)
( m g) ( m g) ( m g)

Ar e a n M e a n S D M e a n S D M e a n S D

Ur b a n:
S hir a z 3 2 0 ×4 2 2 0 ×1 2 6 0 ×3 0 3 0 ×0 8 0 + 0 ×1 1 9 0 ×1 3 6
D ar a b 2 8 0 ×3 7 4 0 ×0 6 5 0 ×3 7 8 0 ×1 1 5 − 0 ×0 0 4 0 ×6 5 9

R ur al:
D e h k hir 1 0 0 ×5 7 5 0 ×1 5 6 0 ×4 4 1 0 ×1 0 4 + 0 ×1 3 4 0 ×1 6 1
H a s s a n- A b a d 8 0 ×4 4 0 0 ×1 1 4 0 ×3 4 8 0 ×1 3 9 + 0 ×0 9 2 0 ×0 0 8

T ot al 7 8 0 ×4 2 6 0 ×1 2 6 0 ×3 3 9 0 ×1 0 0 + 0 ×0 8 7 0 ×1 4 3



suggestion of McClure (1943) (1600 g/d for children aged
4–6 years), the total water intake per kg body weight of
these Iranian children was very similar to that recorded for
American children (Ershaw &Cantor, 1989): 81 and 78 g/kg
body weight per d for Iranian and American children
respectively.
The study was undertaken in areas receiving drinking

water with low to moderate levels (0×3 mg/l) of fluoride, as
established in a preliminary survey (Table 1). The three
localities were chosen to provide some contrast in lifestyle
and therefore in dietary habits. Within these localities the
kindergartens or health centres were chosen randomly. Of
those sampled, 89% agreed to participate and the comple-
tion rate was 67% of volunteers. Because of the nature of
the study, which demanded the cooperation of parents for
their close recording of their child’s diet over 3 d, collection
of urine over 24 h and a toothbrushing exercise in their
home, in summer and winter, the completion rate obtained
was acceptable.
For all children, averaged over all 6 d, the mean intake of

fluoride from the diet was 0×39mg/d. There was variation
between the four localities (Table 3) and further analyses
have shown that this was because of a greater consumption
of tea in the rural areas. There is no report on the dietary
fluoride intake of children aged 4 years in an area receiving
a similar amount of fluoride in drinking water as in this
study. However, Schamschula et al. (1988b) reported mean
dietary fluoride intakes of 0×22 and 0×72mg/d for Hungarian
children aged 3–4 years residing in areas with water fluoride
concentrations of less than 0×11 mg/l, and 0×5–1×1 mg/l
respectively. Guha-Chowdhury et al. (1996) found the
average dietary fluoride intake of New Zealand children
aged 4 years living in a low-fluoride area, to be 0×15mg/d
which was considerably less than that found in the present
study (0×32–0×58mgF/d). As the technique of fluoride ana-
lysis was the same in these studies (the present study and
those of Schamschula et al. 1988b and Guha-Chowdhury
et al. 1996), differences in results are probably due to
differences in the fluoride content of water and foods in
different areas, and variation in quantities consumed.
As no fluoride supplements were taken by these children

the total daily fluoride intake was provided by diet and
dentifrice ingestion. The diet was the only relevant source of
fluoride intake in children residing in rural areas in the
present study. The total daily fluoride intake in Shiraz,
where most of the children brushed their teeth, was esti-
mated to be 0×42mg, of which 25% (0×10 mg/d) came from
toothpaste ingestion (Table 4). In comparison, the contribu-
tion of toothpaste ingestion to total daily fluoride intake
(excluding fluoride supplements) in a low-fluoride area of
New Zealand has been reported to be 0×34 mg/d or 69% of
the mean daily total intake of 0×49 mg, for children aged 3–
4 years (Guha-Chowdhury et al. 1996). Thus, although the
mean total daily intakes were rather similar, the amounts
coming from diet and toothpaste in these two groups of
children were rather different.
On a body-weight basis, the mean total fluoride intake of

Iranian children was 0×030 mg/kg body weight per d, which
is almost equal to that (0×027 mg/kg body weight per d)
reported by Guha-Chowdhury et al. (1996) for 3–4-year-
old New Zealand children living in low-fluoride areas with

0×2–0×3mg F/l in public water supplies. The average daily
diet of American children aged 1–12 years, based on body
weight, was estimated by McClure (1943) to contain 0×05–
0×07mg F/kg body weight per d, which has been interpreted
as an ‘optimum level’ by some investigators (Ophaug et al.
1985), or an ‘upper limit’ of fluoride intake from all
sources by Burt (1992). Since, on average, the mean fluoride
ingested from toothbrushing was 0×007mg/kg body weight
per brushing episode for each child who brushed, if a child
brushes his or her teeth three times per day, the total fluoride
intake from diet and toothpaste ingestion will reach the
optimum level. Use of fluoride dietary supplements would
not to be recommended for these children.
The cooperation of the volunteers in collecting urine for

24 h was very good. A few children who had night urination
repeated the collection, sometimes even three times, in
order to obtain a total 24 h urine sample. Urinary creatinine
excretions for these children were within the standard range,
confirming the accuracy of 24 h urine collection. The lower
24 h urinary volume recorded in summer (Table 5) is in
good agreement with previous reports on a lower volume of
24 h urine with higher environmental temperatures. Crosby
& Shepherd (1957) reported 24 h urine outputs of 537 and
485ml in winter and summer respectively, for Australian
children aged 3–5 years, which are slightly higher than the
corresponding values for Iranian children (490ml in winter
and 443ml in summer). Mean 24 h urine volumes of 504
and 449ml for children aged 4 years living in Sri Lanka and
England respectively, were reported by Rugg-Gunn et al.
(1993), and for Jamaican children aged 2–6 years old, 302
and 461ml in two areas (Warpeha & Marthaler, 1995). The
distribution of urine volume in the present study is quite
similar to those reported by Rugg-Gunn et al. (1993) and
Crosby & Shepherd (1957). Since changes in the source of
drinking water could affect the retention of fluoride in the
body towards temporary positive or negative balances, any
child who had not lived permanently inside their current
area of residence for at least 3 years, was excluded from the
study.
There are few studies in which the total weight of fluoride

excreted in 24 h urine has been measured, partly due to the
difficulties of obtaining 24 h urine collections, especially in
young children. Rugg-Gunn et al. (1993) calculated the
mean weight of fluoride excreted in 24 h urine samples of 4-
year-old children consuming drinking water containing
close to 1×0mg F/l in England and Sri Lanka, and reported
values of 0×55 and 0×42 mg in Sri Lanka (n 53) and England
(n 44) respectively. These values are higher than that
obtained for Iranian children (0×34mg/d) (Table 5) probably
because of the higher water fluoride concentrations. How-
ever, the mean daily fluoride excretion in urine (0×33mg)
which was reported recently (as an abstract) for 5–6-year-
old Chinese children residing in areas with 0×3mg F/l in the
water supply (Wang et al. 1997 and personal communica-
tion), is almost equal to that recorded in the present study.
Slightly less than 20% of ingested fluoride was retained

in the body, in strong contrast to the assumption that at least
70% is retained by pre-school children (World Health
Organization, 1986). In a fluoride balance study on eleven
infants (Ekstrand et al. 1994), the mean fluoride retention
was reported to be 12×5 (SD 13×8)% of intake, with a range
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fr o m − 1 3 ×5 % t o + 3 3 ×2  %  w h e n t h e o nl y s o ur c e of fl u ori d e
i nt a k e  w as t h e di et.  T his st u d y i n v ol v e d  m e as ur e m e nt of
t ot al fl u ori d e i nt a k e a n d fl u ori d e e x cr eti o n i n uri n e a n d
f a e c es.  T h e sit u ati o n r e g ar di n g fl u ori d e i nt a k e  w as f airl y
si mil ar t o t h e pr es e nt st u d y,  w h er e t h e c o ntri b uti o n of
fl u ori d e t o ot h p ast e t o fl u ori d e i nt a k e  w as s m all.  T h e  m e a n
fl u ori d e i nt a k e i n t h e st u d y of  E k str a n d et al . ( 1 9 9 4)  w as
2 0 ×5 g/ k g p er d, a n d 3 0 g/ k g p er d i n t h e pr es e nt st u d y.
T h e o nl y c o m p ar a bl e r es ult f or c hil dr e n o v er 2 y e ars is a n
a bstr a ct b y  Br u n etti  &  N e w br u n ( 1 9 8 3)  w h o r e c or d e d a
m e a n fl u ori d e i nt a k e of 0 ×3 3  m g/ d a n d fl u ori d e e x cr eti o n of
0 ×2 8  m g/ d  wit h a diff er e n c e of + 0 ×0 5  m g/ d a n d r et e nti o n of
1 5  %, i n t e n 3 – 4- y e ar- ol d c hil dr e n li vi n g i n a fl u ori d at e d
c o m m u nit y i n  C alif or ni a.  T his c o m p ar e s  wit h t h e esti m at e d
fl u ori d e ‘r et e nti o n’ of + 0 ×0 8 7  m g/ d or 2 0  % i n t h e pr es e nt
st u d y ( T a bl e 6).  As n o f a e c es s a m pl es  w er e c oll e ct e d i n t his
st u d y ( b ut  w er e i n t h e st u d y of  Br u n etti  &  N e w br u n, 1 9 8 3),
a ct u al fl u ori d e r et e nti o n a n d fl u ori d e b al a n c e (fl u ori d e
i nt a k e − fl u ori d e o ut p ut fr o m uri n e a n d f a e c es) c a n n ot b e
c al c ul at e d dir e ctl y i n o ur st u d y. F a e c al fl u ori d e us u all y
a c c o u nts f or l ess t h a n 1 0  % of i n g est e d fl u ori d e ( E kstr a n d,
1 9 9 6).  Ass u mi n g 1 0  % of t h e fl u ori d e i nt a k e i n t h e pr es e nt
st u d y  w as e x cr et e d t hr o u g h f a e c es, t h e t ot al fl u ori d e r et e n-
ti o n t hr o u g h uri n e a n d f a e c es  w o ul d b e 0×3 8 1  m g/ d: t h e
fl u ori d e b al a n c e a n d r et e nti o n i n t h es e Ir a ni a n c hil dr e n
w o ul d t h e n b e c o m e + 0 ×0 5  m g a n d 1 1  % r es p e cti v el y,
w hi c h is i n a g o o d a gr e e m e nt  wit h t h e st u d y of  Br u n etti  &
N e w br u n ( 1 9 8 3).  A l o w er p ositi v e fl u ori d e b al a n c e h as als o
b e e n r e c or d e d f or s u bj e ct s  w h o h a d c o ns u m e d dri n ki n g
w at er c o nt ai ni n g 0 ×5  m g F/l f or y e ar s ( M a c hl e et al. 1 9 4 2;
L ar g e nt, 1 9 6 1).  N e g ati v e b al a n c es i n ot h er fl u ori d e b al a n c e
st u di es i n diff er e nt a g e gr o u ps h a v e b e e n r e p ort e d,  wit h
fl u ori d e i nt a k es of l ess t h a n 0×5  m g/ d ( M a h es h w ari et al .
1 9 8 1 a ,b ) a n d br e a st-f e d i nf a nts ( E kstr a n d et al . 1 9 8 4).  O n
t h e ot h er h a n d, p ositi v e b al a n c es h a v e al w a ys b e e n f o u n d i n
st u di es of s u bj e cts i n g esti n g d os es of t h e  m a g nit u d e of 5 –
1 0  m g F/ d f or r el ati v el y s h ort p eri o d s ( S p e n c er et al . 1 9 7 0;
M a h e s h w ari et al . 1 9 8 1b ) a n d i n f or m ul a-f e d i nf a nts
( E kstr a n d et al . 1 9 8 4).

T h e l o w r et e nti o n of fl u ori d e i n Ir a ni a n c hil dr e n  mi g ht b e
a f e at ur e of t h eir v e g et ari a n di et, as s u c h a di et  w o ul d l e a d t o
m or e al k ali n e uri n e  w hi c h is ass o ci at e d  wit h gr e at er fl u ori d e
e x cr eti o n ( W hitf or d, 1 9 9 0). F urt h er e pi d e mi ol o gi c al st u di es
ar e r e q uir e d t o i n v e sti g at e t h e i m p ort a n c e of t his f a ct or.
T h es e Ir a ni a n c hil dr e n c o ns u m e d  m or e c ar b o h y dr at e a n d
l es s f at t h a n  Britis h c hil dr e n: t h e a m o u nt of pr ot ei n c o n-
s u m e d  w as littl e diff er e nt alt h o u g h o nl y 3 0  % of pr ot ei n
c a m e fr o m a ni m al s o ur c es a n d t h e  m aj orit y c a m e fr o m
l e g u m es a n d c er e al s i n t h e Ir a ni a n c hil dr e n.  T h eir di et c o ul d,
t h er ef or e, b e d es cri b e d as a hi g h- c ar b o h y dr at e di et b as e d o n
v e g et a bl e s o ur c es.  L u n c h is us u all y t h e  m ai n  m e al a n d is
u s u all y e at e n at h o m e.

It  w o ul d a p p e ar fr o m li mit e d lit er at ur e t h at fl u ori d e
e x cr eti o n vi a s w e at is n e gli gi bl e, e v e n i n a cti v e c hil dr e n
i n a h ot cli m at e.  Usi n g p u blis h e d d at a ( H e ns c hl er et al .
1 9 7 5),  E kstr a n d ( 1 9 9 6) c al c ul at e d t h at i n tr o pi c al cli m at es,
d uri n g p eri o ds of pr ol o n g e d or h e a v y e x er cis e, or i n o c c u-
p ati o n al e x p os ur e t o el e v at e d t e m p er at ur es,  w h er e fl ui d l oss
vi a s w e at  mi g ht b e as  m u c h as 4 – 6 litr es/ d, t h e e x cr eti o n of
fl u ori d e vi a s w e at  w o ul d n ot e x c e e d 0×1  m g/ d.

It s h o ul d b e n ot e d t h at a  mi ni m u m r et e nti o n of di et ar y  C a

i n c hil dr e n u n d er 1 0 y e ar s h as b e e n o bs er v e d t o o c c ur at
t h e a g e of 4 y e ars ( K a nis  & P ass m or e, 1 9 8 9).  R et e nti o n of
C a i n c hil dr e n a g e d 4 y e ar s is a b o ut 1 0  % of i nt a k e
c o m p ar e d  wit h a b o ut 4 0  % at 0 ×5 y e ar, 2 5  % at 1 y e ar,
1 5  % at 2 y e ars a n d 8 0  % at 1 0 y e ars.  T h e l o w er r et e nti o n
of  C a i n 4- y e ar- ol ds c oi n ci d es  wit h a l o w er gr o wt h r at e f or
t his a g e- gr o u p of c hil dr e n, c o m p ar e d  wit h ot h er a g e gr o u ps
u p t o 1 0 y e ar s.  As r et e nti o n of fl u ori d e d e p e n ds o n t h e
st a g e of s k el et al d e v el o p m e nt, l o w er fl u ori d e r et e nti o n
mi g ht als o o c c ur f or c hil dr e n a g e d 4 y e ar s (i n p ar all el
wit h l o w  C a r et e nti o n).  A c c or di n g t o a r e vi e w o n  C a b al a n c e
b y  M at k o vi c  &  H e a n e y ( 1 9 9 2),  C a b al a n c e c a n b e c al c u-
l at e d usi n g t h e f oll o wi n g f or m ul a f or c hil dr e n 2 – 8 y e ars
ol d:  C a b al a n c e ( m g/ d) = − 4 3 ×5 5 + ( 0×2 3 8)  C a i nt a k e ( m g/ d).
Usi n g t his f or m ul a, t h e  C a r et e nti o n  w as c al c ul at e d t o b e
1 2  % f or t h es e Ir a ni a n c hil dr e n b as e d o n  C a i nt a k e of
3 8 8  m g/ d r e c or d e d i n t his st u d y.  T his v al u e of 1 2  % r et e n-
ti o n of  C a at a g e 4 y e ars is f airl y si mil ar t o o ur v al u e f or
fl u ori d e r et e nti o n at t h e s a m e a g e: 2 0  %  wit h o ut, or 1 1  %
wit h, all o w a n c e f or f a e c al fl u ori d e e x cr eti o n.  H o w e v er, it
m ust b e a p pr e ci at e d t h at t h es e v al u es f or  C a r et e nti o n ar e
t h e or eti c al c al c ul ati o ns, b ut s u g g est t h at p er c e nt a g e fl u ori d e
( a n d  C a) r et e nti o n  m a y v ar y  wit h a g e i n c hil d h o o d.

T his st u d y is t h e first t o r e c or d i n d et ail t ot al fl u ori d e
i nt a k e a n d uri n ar y fl u ori d e e x cr eti o n i n c hil dr e n.  T h e f a ct
t h at t h e r es ults d o n ot a gr e e  wit h pr e vi o us t h e or eti c al
s u g g esti o ns i n di c at es a n e e d f or f urt h er r es e ar c h o n fl u ori d e
b al a n c e i n c hil dr e n of v ari o us a g es c o ns u mi n g diff er e nt
t y p es of di et.
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