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Fluoride excretion of adults living
in border regions with either water
or salt fluoridation

Summary

The canton of Basel-Stadt was the only canton in Switzerland
which introduced drinking water fluoridation (DWF) at 1 ppm
(mg/l). All other cantons have relied on fluoridated domestic
salt at 250 ppm F as the main vehicle for basic fluoride expo-
sure. It has been suggested that persons living and working
in the DWF areas or persons commuting to the DWF areas
may be exposed to higher than optimal doses of fluoride. The
objective of this present study was to determine the urinary
fluoride excretion of adults living and or working in neighbor-
ing areas of either salt or water fluoridation.

In this study, 24-hour urine was collected from 69 healthy sub-
jects and tested for fluoride concentration. The mean fluoride
concentration for all participants was 0.55+0.25 ppm (mg/l)
ranging from 1.14 to 0.09 ppm. The mean fluoride excretion
was 0.95+0.47 mg F/d ranging from 0.18 to 2.12 mg F/d. The
33 subjects living in a DWF region showed a mean urine fluo-
ride concentration of 0.64 +0.24 ppm (mg/l) and a mean fluo-
ride excretion of 1.14+0.48 mg F/d. Those 36 subjects living
in a region without DWF showed a mean urine fluoride con-
centration of 0.47+0.24 ppm (mg/l) and a mean fluoride
excretion of 0.78+0.40 mg F/d. A significant difference be-
tween the two means of the groups living in regions with or
without DWF was detected when the Mann-Whitney statistical
test was applied (p <0.005). The combined intake of fluori-
dated drinking water and fluoridated table salt in the sub-
group of 11 subjects who commuted showed an overall in-
crease in fluoride urine concentration. The measured values,
however, were not significantly different from the other sub-

groups.
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Introduction

In May 1962, drinking water fluoridation (DWF) was introduced
at 1 ppm F (0.8 ppm F in summer) in the Swiss canton of Basel-
Stadt as well as a few nearby communities (population about
250,000). Caries prevalence amongst school children in Basel-
Stadt was reduced by a magnitude of 40-80% (GULzOwW et al.
1974, GuLzow et al. 1982, MARTHALER 1996). In all other Swiss



cantons, fluoridated table salt at 250 ppm F (250 mg F/kg) has
been available since 1983 and has reached a market share of 84%
(STEINER et al. 1985, STEINER et al. 1989, MARTHALER & MEYER 2004).
Caries prevalence amongst school children has similarly declined
to a relatively stable low level (MARTHALER 1983, MENGHINI et al.
2003, GUINDY et al. 2000). Since 1992, fluoridated table salt has
become increasingly available in the bordering regions of France
and Germany.

The population of northwestern Switzerland, as well as those
living in border regions of the neighbouring countries is very
mobile. These populations commute regularly for purposes of
work, shopping and leisure activities between regions with or
without drinking water fluoridation and regions with or without
fluoridated table salt. Thus, some of them may have consumed
fluoridated drinking water as well as fluoridated table salt and
therefore, may have been exposed to higher than optimal doses
of fluoride. The purpose of this study was to determine fluoride
excretion in adults living and working in regions of water or salt
fluoridation (GYsIN 1999).

Materials and Methods
Subjects

Healthy persons living in the geographic northwestern region of
Switzerland were asked to participate on a voluntary basis in this
study. Dentists and employees in related dental occupations were
excluded. Subjects donating 24-hour urine were also recruited
from a private endocrinology practice, the urology clinics of the
University of Basel and patients seeking dental treatment at the
school of dentistry at the same university. All subjects were pre-
viously informed about the procedures and signed an informed
consent declaration. The University of Basel Ethics Commission
(Protocol Nr. M182/96) approved the study.

Urine collection and handling

Urine was collected between January 1997 and April 1998. All
subjects were asked to collect urine over a 24-hour-period in
two-litre urine collection flasks which were supplied to them.
The collected urine was either sent to our laboratory by post or
delivered in person. In all cases the total volume of urine from
each donor was measured and two 50 ml aliquots were stored at
—20°C for further analysis.

Fluoride, pH and creatinine determination

All samples were first thawed and shaken twice on a Vortex to
assure homogeneity. 500 1l of the samples were then mixed with
an equal volume of TISAB III 2 X Conc. pH 5.1 (total ionic
strength adjustment buffer, 94-09-11 ORION Research Cam-
bridge, Mass). The fluoride concentration was determined with
a fluoride electrode and a potentiometer (Model 96-09 ORION
Research Cambridge, Mass). A standard calibration curve was
obtained from standard solutions of 0.2, 0.5, 1.0, and 5 ppm,
which were diluted from a 100-ppm stock solution (94-09-07
ORION Research Cambridge, Mass). All samples were tempered
in a 25 °C water bath before the fluoride concentration measure-
ment. The electrode was calibrated against the standards every
four hours or after 20 consecutive measurements.

In order to obtain optimal fluoride measurements all urine samples
were independently measured twice by two researchers. The mean
standard deviation of this continuous calibration was 0.0099 ppm
with a minimum of 0.002 ppm and a maximum of 0.07 ppm. In this
study only four urine samples showed a standard deviation greater
than 0.04 ppm.The electrodes did not show linearity when fluoride
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concentration was below 0.1 ppm. Only one urine sample was re-
corded as showing a lower level of 0.09 ppm. During the collection
period the F-concentration of the drinking water in Basel varied
around a mean of 0.87+0.05 ppm except for the summer months
of June, July and August when it was reduced to 0.72+0.02 ppm.

5 ml urine were used for creatinine determination, which was
carried out using a Boehringer Mannheim System Hitachi 917
and WAKO Creatinine F L-Type, Stable Liquid-Type reagent F
DAOS method at the chemical laboratories of the University
Hospital Basel.

Questionnaire

Along with the donation of urine, all subjects were asked to

answer and fill in a questionnaire concerning their domicile,

work place, gender, age and weight. A second part of the ques-
tionnaire included questions on the following aspects:

1. Medication and dosage.

2. Oral hygiene habits, frequency of oral hygiene, products used,
fluoride content in their toothpaste as well as use of other
fluoride containing oral care products. The subjects were also
asked to indicate when a professional dental cleaning had
been last performed on their teeth.

3. Dietary habits, type of salt used, intake of tap and mineral
water, tea and fish. The subjects were also asked to indicate
the source and amount of drinking water consumed at work
and at home

4. Specific questions were asked concerning the 24 hours during
which urine was collected. Questions concerned specific
medication and dosage, intake of tap or mineral water, meals
and location of the meal intake as well as frequency of oral
hygiene, type of toothpaste used, frequency and other types
of fluoride intake.

Statistical analysis

Information obtained from the questionnaire was compiled by
using a FileMaker Pro 4.0 TM (Claris Corp., Ltd., Dublin, Ireland)
data bank. Measurement results were compiled by using Excel
5.0a tables (Microsoft Corp., Washington, USA). Data analysis
and statistical comparisons were obtained by using StatView 4.02
(Abacus Concepts, Berkeley, California, USA), all processed on
a Power Macintosh TM G3.

Results

69 persons (37 females, 32 males) participated in the study. All
answered and returned the questionnaire. Twenty of the sub-
jects provided a second 24-hour urine collection, reaching the
total number of 89 collections. The mean age of the subjects
was 44.4+15 years. Table I shows the number of participants in
relation to the type of fluoridation at their domicile and work-
ing place. Natural fluoride concentration for the nine subjects

Tab.| Study participants’ domicile, work place and fluoride
excretion

Fluoridation at

Residence Workplace N MgF/d SD Min  Max

DWF DWF 31 1.17 0.48 042 212

DWF Salt 2 0.63 0.13 054 073

Salt Salt 27 0.93 0.44 033 1.57

Salt DWF 9 0.71 0.38 018 1.59
369
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Tab. Il Urine volume distribution
N Mean SD (ml) Maximum Minimum
Vol (ml)

Females 37 1,741.6 482.9 2,600 690
Males 32 11,8335 588.3 3,045 740
Without DWF 36  1,735.8 507.3 3,045 885
With DWF 33  1,837.1 561.5 2,980 690
Total 69 1,784.2 528.5 3,045 690

living in five communities without DWF varied between 0.05
and 1.0 (mg/l).

Urine volumes

The average urine volume collected was 1,784+529 ml. Table II
shows the distribution of subjects in relation to gender and DWEF.
No significant difference was detected between the groups.

No difference between first and second urine collection

The mean fluoride excretion of the twenty subjects who donated
urine a second time was 0.87+0.36 (mg F/d) and 0.93+0.36
(mg F/d) for the first and second donations, respectively. The
difference of the mean urine fluoride excretion (0.06 mg F/d) was
statistically not significant.

Urinary fluoride excretion

Mean urinary fluoride excretions relating to gender and domicile
are shown in Fig. 1. Table I summarizes the mean urine fluoride
excretion in commuters who lived and worked in regions with
DWEF or salt fluoridation.
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Fig.1 Mean urine fluoride excretions relative to gender and
DWEF domicile
* = Statistically significant difference (p =0.005)

As expected for the group living in the DWF area, all 33 subjects
reported that fluoridated table salt was not for sale. However,
four reported the use of fluoridated table salt at home. These four
subjects showed a mean fluoride concentration of 1.33+0.53 (mg
F/d) in the excreted urine. Two subjects’ reports from the DWF
region could not be evaluated with respect to the use of fluori-
dated salt. The twenty-seven other subjects showed a mean of
1.12+0.48 (mg F/d).

Twenty-one of the 36 subjects living in the region without DWF
reported the use of fluoridated table salt. They had 0.69+0.33
(mg F/d). Fourteen subjects from a non-DWEF region who did not
use fluoridated domestic salt had 0.93+0.47 (mg F/d). One sub-
ject’s answers could not be evaluated.

Of the 27 subjects living and working in the same non-DWF
region thirteen reported non-use of fluoridated table salt and
showed a mean fluoride concentration in the excreted urine of
0.92+0.48 (mg F/d). One of these subjects reported drinking circa
700 ml bottled fluoridated water per day and another reported
drinking 2400 ml bottled fluoridated water per day. These sub-
jects excreted 0.62 and 1.10 mg F/d respectively.

One of the nine subjects who reported living in a non-DWF
region, but was working in the region with DWF reported drink-
ing circa 800 ml of fluoridated water per day. This subject showed
a urine fluoride concentration of 1.18 mg F/d.

Relation of urine fluoride excretion to the frequency
of tooth brushing and fluoride rinses

Sixty-two participants in the study reported the use of a vari-
ety of toothpastes containing between 0.10%-0.15% fluoride.
The frequency of toothbrushing was reported as once, twice,
three or more times per day. In Table III we show the relation
between the fluoride concentration in the excreted urine of
the subjects of different regions and the frequency of tooth
brushing.

Ten of the 69 participants in this study reported rinsing with a
fluoride rinse during the time of urine collection, eight of these
rinsed once per day and had a mean of 1.06+0.42 (mg F/d) in
the excreted urine. The other two reported rinsing more than
once a day and showed a mean of 1.25+0.19 (mg F/d) in the
excreted urine. The remaining study subjects (n=59) who ab-
stained from fluoride rinsing altogether had a mean of 0.93+0.48
(mg F/d) in the excreted urine. The difference of these mean
values was not significant (t-Test).

Creatinine concentration, excretion and fluoride-
creatinine ratio

The mean creatinine concentration in all subjects’ urine, the

mean excreted creatinine as well as the fluoride-creatinine ratio
is shown in Table IV.

Tab.lll  Relation between total fluoride excreted by the subjects in different regions and frequency of tooth brushing
All subjects Residence in DWF region Residence in non-DWF region
Brushing Fluoride excretion N Fluoride excretion N Fluoride excretion N
frequency in mg/d in mg/d in mg/d
Never 0.23 1 - - 0.234 1
1/day 0.94 +0.55 10 1.29+0.77 3 0.79 £0.41 7
2/day 0.97+0.42 21 0.99+0.38 I 0.95+0.49 10
3/day 0.88+0.47 27 1.07 £0.49 15 0.64+0.32 12
>3/day 1.22+0.55 7 1.64+0.16 4 0.65+0.09 3
Not reported 1.08+0.16 3 - 1.08+0.16 3
Total 0.95+0.47 69 1.14+0.48 33 0.78+0.40 36
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Tab.IV  Creatinine concentration and excretion as well as fluoride-creatinine quotient with relation to domicile and gender.

N Concentration
(mmol/l)
Females 37 5.63+2.48
Males 32 9.80+4.80
Without DWF 36 7.29 +3.91
With DWF 33 7.86+4.65
Total subjects 69 7.56+4.26

Discussion

The level of urinary fluoride excretion has been found to corre-
spond with the fluoride intake and meal patterns (MARTHALER et
al. 1995). Children and adults living in regions with constant
levels of fluoride in tap water had urinary fluoride concentrations
directly corresponding to those of the drinking water (ZIPKIN et
al. 1956, COLLINS & SEGRETO 1984). Historically, urinary fluoride
concentrations were also used to monitor salt fluoridation pro-
grammes. However, as intake and excretion of fluoride from
drinking water and domestic salt follow different kinetics, several
studies indicated that 24-h urine collection provided more reli-
able measurements (HEFTI et al. 1981, WEsPI und BURGI 1982).
Alternatively, timed urine collections have been used as well
(MARTHALER et al. 1995, VILLA et al. 2000, MARTHALER & SCHULTE
2005).

In this study the 24-hour urinary fluoride excretion of adults liv-
ing in Basel, Switzerland, and in adjacent regions with either
fluoridation of the drinking water or table salt was measured.
Twenty-one (58.3%) of the 36 subjects living in regions without
DWF and indicating the use of fluoridated table salt excreted
0.69-+0.33 mg F/d. This is less than the excretion of 0.99 +0.46 mg
F/d from those stating no use of fluoridated domestic salt. The
higher excretion related to these 24 subjects may be due to inac-
curate reporting or other factors not revealed by the question-
naires. Other fluoride sources which have been considered in this
study did not significantly correlate to fluoride excretion.
Creatinine concentration in urine was measured as an indicator of
subject compliance. Normally creatinine excretion in human urine
is dependent on muscle mass and body weight. There is a relative
constant excretion in the range of 0.75-1.88 g/d for females and
1.36-2.37 g/d for males (LOFFLER & PETRIDES 1988). The mean
creatinine excretion in this study was 1.38 g/d +0.61 g/d. Females’
creatinine excretion was 1.03+0.34 g/d, clearly less than that of
males which was 1.79+0.61 g/d. The mean creatinine excretion
was, however, within the given norm, which indicated that the
subjects have complied and collected urine over 24 hours.

WEsPl & BURGI (1982) postulated a fluoride/creatinine ratio
(mmol F/mmol C) of 6.29X107 based on the presumption that
an optimal fluoride concentration in urine is 1 ppm. Subjects
living in a DWF region showed an (F/C) of 5.74X10*+3.40X10%
those living in a non-DWEF region showed an (F/C) of 3.88x10-
+1.98Xx107. Obviously these values are below those determined
in the work of WESPI & BURGI (1982)

The level of the individual oral hygiene and use of individual fluo-
ride prophylactic measures must be taken into consideration as an
additional fluoride source when fluoride intake and its effects are
assessed. BARNHART et al. (1974) and later FEUERLE (1989) have
shown that fluoride intake through intensive oral hygiene and
caries prophylaxes are minimal in adults as well as children. More
recent studies have shown that 9-17% of the fluoride introduced
into the oral cavity through the use of fluoride rinses is retained in

Creatinine excretion Fluoride/Creatinine

(mmol/d) quotient (x103)

910299 5.41+297
15.80+5.37 4.03+2.65
11.72+5.00 3.88+1.98
12.70+5.82 5.74+3.40
12.21+5.40 477 +2.89

the mouth or swallowed (FRITZSCHE & SAXER 1989). The same
research also showed that rinsing with 200-300 ppm F resulted
in F retention of 0.4 mg. This confirmed previous work, which
showed that use of different oral hygiene products would increase
the F intake.

In this present study 10 of the 69 subjects indicated the use of
fluoride rinses. This subgroup excreted 1.11+0.417 mg F/d. Those
who did not use any fluoride rinse excreted 0.93 +0.484 mg F/d.
The difference was statistically not significant.

The combined intake of fluoridated drinking water and fluori-
dated table salt in the commuter subgroup may have shown an
overall increase in fluoride urine excretion. The measured values
however were not significantly different from the other sub-
groups and no cause for alarm. In general, subgroups that com-
bined different sources of fluoride intake need not worry about
toxic fluoride concentrations.

In April 2003 DWF in the Canton of Basel-Stadt was discontinued
after 41 years and substituted by salt fluoridation (MARTHALER &
MEYER 2004). It remains to be seen if this measure has any long-
term effect on the dental health of the general population.
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Zusammenfassung

Der Kanton Basel-Stadt war der einzige Kanton in der Schweiz,
der eine Trinkwasserfluoridierung (TWF) von 1 ppm (mg/1) ein-
fithrte. Alle anderen Kantone bauten auf fluoridiertes Haus-
haltssalz zu 250 ppm F, als Haupttréger fiir eine Basisversorgung
mit Fluorid.

Es wurde vermutet, dass Personen, die in TWF-Gebieten leben
oder arbeiten, oder Personen, die zwischen TWF- und F-Salz-
Regionen pendeln, einer hoheren als der optimalen Dosis von
Fluorid ausgesetzt sein kdnnten. Das Ziel dieser vorliegenden
Studie war es, die Fluoridausscheidung im Urin von Erwachsenen,
die in benachbarten Regionen mit Salz- oder Wasserfluoridierung
leben oder arbeiten, zu bestimmen. In dieser Studie wurde der
24-Stunden-Urin von 69 gesunden Probanden gesammelt und
auf seine Fluoridkonzentration untersucht.

Die mittlere Fluoridkonzentration aller Teilnehmer lag bei
0,55+0,25 ppm; die Einzelwerte lagen im Bereich zwischen 1,14
und 0,09 ppm. Die durchschnittliche Fluoridausscheidung betrug
0,95+0,47 mg F/Tag bei Einzelwerten zwischen 0,18 und 2,12 mg
F/Tag.

Die 33 Personen, die in einer TWF-Region lebten, wiesen eine
mittlere Harn-Fluorid-Konzentration von 0,64 +0,24 ppm und
eine durchschnittliche Fluoridausscheidung von 1,14 + 0,48 mg
F/Tag auf.
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Bei 36 Probanden, die in einer Region ohne TWF lebten, zeigte
sich eine mittlere Harn-Fluorid-Konzentration von 0,47 +0,24 ppm
(mg/l) und eine durchschnittliche Fluoridausscheidung von
0,78 +0,40 mg F/Tag. Ein signifikanter Unterschied zwischen den
zwei Mittelwerten der Gruppen wurde bei der Anwendung des
Mann-Whitney-Tests festgestellt (p <0,005).

Die kombinierte Einnahme von fluoridiertem Wasser und fluor-
idiertem Tafelsalz bei einer Untergruppe von Pendlern zeigte eine
Gesamtzunahme der Fluorid-Harn-Konzentration. Die gemes-
senen Werte unterschieden sich jedoch nicht wesentlich von
jenen der anderen Gruppen.

Résumé

Le canton de Bale-Ville fut le seul canton suisse qui introduisit
une fluoration d’eau potable (FEP) a 1 ppm (mg/l). Tous les autres
cantons se baserent sur le sel domestique fluoré a 250 ppm de F
en tant qu’apport principal de fluorure. Lhypothese a été émise,
selon laquelle les personnes vivant ou travaillant dans les régions
de FEP ou les pendulaires voyageant entre les régions de FEP et
de sel fluoré pourraient étre exposés a une dose de fluorure su-
périeure a la dose optimale. Le but de la présente étude était de
déterminer I’élimination de fluorure dans I'urine chez les adultes
vivant ou travaillant dans des régions limitrophes aux régions de
sel fluoré ou de FEP.

Dans cette étude, l'urine de 69 personnes saines a été collectée
sur 24 heures a des fins d’analyse du taux de fluorure. La concen-
tration moyenne de fluorure pour tous les participants était de
0,55+0,25 ppm (mg/l); les valeurs individuelles se situerent
entre 1, 14 et 0,09 ppm. L'élimination moyenne de florure était
de 0,95 = 0,47 mg F/jour avec des valeurs individuelles allant de
0,18 a 2,12 mg F/jour. Pour les personnes habitant dans une ré-
gion de FEP, au nombre de 33, la concentration moyenne de
fluorure détectée dans l'urine était de 0,64 + 0,24 ppm (mg/l) et
I’élimination moyenne de fluorure de 1,14 * 0,48 mg F/jour. Pour
les personnes habitant dans une région sans FEP, au nombre de
36, la concentration moyenne de fluorure détectée dans l'urine
était de 0,47*0,24 ppm (mg/l) et I'élimination moyenne de
fluorure de 0,78 * 0,40 mg F/jour. L'analyse statistique d’apres le
test de Mann-Whitney (p <0,005) a montré une différence signi-
ficative entre les 2 moyennes des groupes. Pour un sous-groupe
de pendulaires, au nombre de 11, la prise combinée de sel do-
mestique fluoré et d’eau potable fluorée montra une augmenta-
tion générale de la concentration de fluorure détectée dans
l'urine. Toutefois, les valeurs mesurées ne se différencierent pas
de facon significative de celles des autres sous-groupes.
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