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Summary The literature contains reports of the relationship between the fluoride
concentrations in drinking water and human plasma. None of these studies, however,
documented individual levels of daily fluoride intake, which can vary considerably
among individuals served by the same water supply. Furthermore, while water can be
an important source of fluoride, other sources, especially fluoridated dentifrices, also
contribute substantially. This 2-day study with five 25—35-year-old subjects in each of
three communities (Bauru, 0.6—0.8 ppm F; Domelia, 0.7 ppm F; Floresta, 0.3 ppm F)
determined plasma fluoride concentrations and fluoride intake from diet and the use
of dentifrice which, together, approximate total daily fluoride intake. The purposes
were to determine: (1) the extent to which plasma fluoride concentrations
approached levels known to affect the quality and quantity of bone; (2) the relation-
ship between fluoride intake and plasma concentrations. Plasma was collected at 4-h
intervals starting at 0800 h and ending at 2000 h each day. Average fluoride intakes
from diet and the use of dentifrice in the three communities ranged from 0.16 to
0.82 mg/day and from 0.29 to 3.16 mg/day, respectively. The overall average plasma
concentrations in the three communities were 0.44, 0.45 and 0.54 mmol/l
(P < 0.005). They were directly related to intake from the use of dentifrice
(P = 0.030) and to total intake (P = 0.033), but were not related to dietary intake
(P = 0.176). In conclusion, despite fluoride intake from various sources, the plasma
fluoride concentrations of the study subjects remained at levels far below those
associated with effects on bone production.
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Introduction

The metabolism of fluoride in laboratory animals
and humans is characterised by: (1) rapid and exten-
sive absorption from the gastrointestinal tract; (2)
rved.
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distribution to all soft tissues in which the intracel-
lular:extracellular concentrationratiovariesaccord-
ing to themagnitudeof thepHgradientacross thecell
membrane; (3) extensive but reversible uptake by
calcified tissues that contain 99%of thefluoride in the
body; (4) rapid excretion in the urine.1,2 From a
pharmacokinetic point of view, plasma is regarded
asthecentralcompartmentbecause it is thisfluid into
which and from which fluoride must pass for its dis-
tribution and excretion. Thus, plasma fluoride con-
centrations reflect the concentrations elsewhere in
the body, including those in bone.2—5

Plasma fluoride concentrations between 0.5 and
1.5 mmol/l are typical among humans who drink
water with a fluoride concentration close to
1.0 ppm (52.6 mmol/l).2 The first known change in
normal physiological function following acute expo-
sure to a high dose of fluoride, a transient decrease
in the ability of the kidney to concentrate the urine
appropriately, begins to occur at a plasma fluoride
concentration of 40 or 50 mmol/l in humans6 and
rats.7 In the chronic treatment of osteoporosis with
large daily doses of fluoride, the therapeutic win-
dow for plasma fluoride concentration is regarded as
being between 5 and 10 mmol/l.8,9 In this range, the
production of osteoid is enhanced and the formation
of new bone may follow. Concentrations below this
range generally have no effect on bone.8,10,11

Plasma fluoride concentrations are not regulated
homeostatically. Instead, they are directly related
to both the level and duration of chronic intake. This
fact has been supported by several reports describ-
ing the relationship between the concentrations of
fluoride in the drinking water and plasma.4,5,12—14

Taves and Guy, for example, found that plasma
concentrations ranged from 0.4 to 4.3 mmol/l in
communities where the water concentrations ran-
ged from 0.1 to 5.5 ppm.5 None of these studies,
however, measured the amounts of water ingested
by individual subjects, so the relationship between
fluoride intake and plasma fluoride concentration
has not been well defined.

While fluoride in water remains contributory, it is
no longer the most important source of fluoride.
Dental products containing fluoride, especially den-
tifrices, which are now almost universally used, are
important sources of fluoride.15 Additionally, fluor-
ide intake from beverages, such as soft drinks, fruit
juices, teas and flavoured milk, should also be
considered among the important sources.16—20 The
present study was undertaken to determine the
relationship between plasma fluoride concentration
and fluoride intake from diet and the use of denti-
frice, and to determine whether plasma fluoride
concentrations fell within the range known to affect
the quality and quantity of bone (i.e. 5—10 mmol/l).
Materials and methods

Subjects

Fifteen healthy subjects aged 25—35 years partici-
pated in this 2-day study, which was approved by the
Ethics Committee for Human Research of the Bauru
Dental School, University of São Paulo, Brazil. The
nature and purposes of the study were explained
verbally and in writing to the subjects, who signed
an informed consent document approved by an
international review board. The subjects were free
of acute and chronic medical problems, and none of
them were taking prescription medications for any
disease. The subjects (both genders) were residents
of three different communities in Brazil. Bauru and
Domelia had controlled water fluoridation pro-
grammes (0.6—0.8 and 0.7 ppm, respectively),
while the drinking water in Floresta contained
0.3 ppm from natural sources. In Bauru, the subjects
drank non-fluoridated, bottled mineral water
(0.025 ppm) but ate food prepared with water from
the public water supply. In Domelia and Floresta, the
subjects drank and ate food prepared with water
from the public water supply. The subjects did not
have private wells at home but their drinking water
sources were equipped with activated carbon fil-
ters, which do not remove fluoride.21 The denti-
frices used by the subjects contained disodium
monofluorophosphate, that, according to the labels,
contained either 1000 or 1500 mg F/kg.

Fluoride intake

During the two consecutive weekdays of this study,
the subjects were allowed to eat and drink accord-
ing to their own preferences. Duplicate portions of
all foods and drinks consumed by the subjects were
collected by them and analysed for fluoride.22 In an
effort to ensure that all foods and drinks were
included in the duplicate portions, subjects were
also asked to maintain 24-h dietary records of all
foods and drinks ingested. The solid foods, water
and beverages were combined, weighed and homo-
genised in known volumes of de-ionised water. Por-
tions of the homogenates were frozen at �20 8C to
await analysis.

Fluoride intake from dentifrice was estimated on
one occasion for each subject as follows. The sub-
ject placed the usual amount of their usual brand of
dentifrice on to a pre-weighed brush, which was
then weighed again. The dentifrice weight was
calculated and recorded. The subject then brushed
their teeth and expectorated the saliva-paste slurry
into a calibrated beaker containing de-ionised
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water. If it was their custom, they then rinsed their
mouth as many times as desired with de-ionised
water and expectorated the rinse(s) into the same
beaker. The paste remaining on the toothbrush was
also collected using a stream of de-ionised water.
Fluoride intake was calculated as the difference
between the amount placed on the brush and that
contained in the beaker. The amount of fluoride was
multiplied by the number of times the subject
reported brushing each day to estimate the daily
intake from the use of dentifrice. Total daily intake
was calculated as the sum of intake from diet and
the use of dentifrice.

Blood collection

Blood samples (approximately 5 ml) were collected
from an arm vein and transferred to test tubes
containing 15 ml of heparin at 0800, 1200, 1600
and 2000 h on both study days. It has been reported
that some batches of heparin contain significant
amounts of fluoride.2 The heparin used as the antic-
oagulant in this study was determined to have a
fluoride concentration of 0.184 ppm. Thus, the
heparin contributed a negligible amount of fluoride
(2.76 ng) to each 5-ml blood sample.

Fluoride analysis

Blood samples were centrifuged at 3000 revolutions/
min (rpm) for 5 min. Plasma was collected and ana-
lysed for fluoride in duplicate using ion-specific elec-
trodes (Model 9409; Orion Research, Cambridge, MA,
USA) and a miniature calomel reference electrode
after overnight HMDS (hexamethyldisiloxane; Aldrich
Chemical Co., Milwaukee, WI, USA)-facilitated diffu-
sion.2,23 Prior to diffusion, 0.20 ml of fluoride-free 6N
H2SO4 was added to each 1.0-ml plasma sample for
pre-diffusion to allow CO2 to escape into the atmo-
sphere, because excessive amounts of CO2 can
reduce the alkalinity of the NaOH trapping solution
and reduce the capture of fluoride. The trapping
solution, which was placed in three drops on the
inside of the lid of the diffusion dish, was 0.05NNaOH
(50 ml). During the diffusion process, which was
conducted at room temperature, the solutions in
the non-wettable Petri dishes (Falcon, 1007) were
gently swirled on a rotary shaker at 30 rpm. The lid
was removed the next day and 20 ml of 0.20N acetic
acid was added to the NaOH trap to form an acetate
buffer system (pH 5.0). Diet homogenates were ana-
lysed in the same manner as plasma except the
samples were not pre-diffused (i.e. fluoride-free
6N H2SO4 was not added prior to diffusion).
Fluoride standards (0.00475, 0.0095, 0.019,
0.095 and 0.19 mg F) were prepared in triplicate,
pre-diffused and analysed in the samemanner as the
plasma samples. Other standards, which were not
pre-diffused, were also analysed. By comparison
with the millivolt (mV) readings of the pre-diffused
standards, it was confirmed that the H2SO4 used for
pre-diffusion was, in fact, fluoride-free. The final
volume of the samples and standards was adjusted
to 75 ml using de-ionised water prior to analysis. In
addition, non-diffused standards were prepared
using the same reagents (0.05N NaOH and 0.20N
acetic acid) that were used to prepare the diffused
standards and samples. These were made to have
the theoretical fluoride concentrations of the dif-
fused standards. Comparison of the millivolt read-
ings demonstrated that the fluoride in the diffused
standards had been completely trapped and ana-
lysed (recovery 97—104%).

Fluoride in mineral water and tap water was ana-
lysed in duplicate after the samples had been buf-
fered by the addition of an equal volume of TISAB II
(OrionResearch). Sixfluoride standardswhose lowest
and highest concentrations bracketed the concentra-
tions inthesesampleswerealsoanalysedinduplicate.

Statistical analysis

The data are presented as mean � S.D. and were
analysed for statistically significant differences
using ANOVA, Tukey’s post hoc test and linear regres-
sion. An alpha value of 0.05 was selected a priori as
the indicator for statistical significance.
Results

According to the manufacturers, the seven differ-
ent brands of dentifrice used by the subjects in this
study contained a fluoride concentration of either
1000 (three subjects) or 1500 (12 subjects) ppm as
disodiummonofluorophosphate. Analyses indicated
that the actual concentrationswerewithin 9%of the
stated concentrations, except for the product used
by Subject 2 in Floresta; this contained 1738 ppm
(16% above the stated concentration). One subject
reported brushing their teeth once each day (Sub-
ject 2 in Floresta), two subjects reported brushing
twice each day (Subjects 3 and 5 in Floresta) and the
others reported brushing three or four times each
day. Each subject in Domelia rinsed with water
several times after brushing, as did each subject
in Bauru, except for Subject 3 who did not rinse
after brushing. The subjects in Floresta rinsed
briefly with a small amount of water or did not rinse
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Table 1 Fluoride intake from diet and the use of dentifrice and the associated plasma fluoride concentrations in
three Brazilian communities

Community Subject F intake, mg/day Plasma [F], mmol/l

Diet Dentifrice Total 0800 h 1200 h 1600 h 2000 h Mean � S.D.

Bauru 1 0.40 0.16 0.56 0.54 0.56 0.45 0.37 0.48 � 0.09
2 0.30 0.53 0.83 0.50 0.50 0.45 0.32 0.44 � 0.09
3 0.55 1.88 2.43 0.46 0.35 0.50 0.35 0.42 � 0.08
4 0.17 3.58 3.75 0.49 0.40 0.71 0.38 0.50 � 0.15
5 0.23 0.69 0.92 0.58 0.29 0.44 0.35 0.42 � 0.13

Mean � S.D. 0.33 � 0.15 1.37 � 1.39 1.70 � 1.36 0.51 � 0.05 0.42 � 0.11 0.51 � 0.11 0.35 � 0.02 0.45 � 0.10

Domelia 1 0.65 1.12 1.77 0.30 0.44 0.42 0.49 0.41 � 0.08
2 0.65 0.05 0.70 0.28 0.41 0.41 0.42 0.38 � 0.07
3 1.06 0.07 1.13 0.63 0.59 0.42 0.63 0.57 � 0.10
4 1.10 0.14 1.24 0.25 0.46 0.29 0.51 0.38 � 0.13
5 0.65 0.07 0.72 0.34 0.48 0.46 0.64 0.48 � 0.12

Mean � S.D. 0.82 � 0.24 0.29 � 0.47 1.11 � 0.44 0.36 � 0.15 0.48 � 0.07 0.40 � 0.06 0.54 � 0.09 0.44 � 0.12

Floresta 1 0.11 2.54 2.65 0.58 0.52 0.54 0.58 0.56 � 0.03
2 0.26 1.18 1.44 0.71 0.48 0.47 0.56 0.56 � 0.11
3 0.13 2.88 3.01 0.42 0.39 0.39 0.54 0.44 � 0.07
4 0.07 6.76 6.83 0.75 0.65 0.58 0.54 0.63 � 0.17
5 0.23 2.45 2.67 0.52 0.58 0.52 0.66 0.57 � 0.07

Mean � S.D. 0.16 � 0.08 3.16 � 2.11 3.32 � 2.05 0.55 � 0.11 0.52 � 0.10 0.50 � 0.07 0.58 � 0.05 0.55 � 0.10

Data expressed as mean � S.D. The fluoride concentrations (ppm) in the water used for drinking and cooking in Bauru, Domelia and
Floresta were: 0.025 (bottled mineral water) and 0.70; 0.70 and 0.70; 0.30 and 0.30, respectively.
at all (Subjects 3 and 4). The subjects who did rinse
spat out after rinsing. Theaverage (�S.D.)weight of
dentifrice placed on the toothbrush in Bauru, Dome-
lia and Floresta was 0.73 � 0.42, 0.49 � 0.18 and
1.46 � 0.40 g, respectively.

Table 1 shows the daily fluoride intake from diet
and the use of dentifrice in the three communities.
Information on number and composition of meals
was obtained from the 24-h dietary records. The
dietary intake values for each subject are the
averages of the intakes during the 2 days of the
study. The average dietary intake ranged from
0.16 mg/day in Floresta to 0.82 mg/day in Domelia.
Dietary fluoride intake in Domelia was higher than
that in the other communities (P < 0.001). Fluoride
intake from the use of dentifrice varied considerably
both within and among the communities. The high-
est average intake from dentifrice (3.16 mg/day)
occurred in Floresta and was more than 10 times
higher than that in Domelia (P < 0.03). The average
total fluoride intake ranged from 1.11 mg/day in
Domelia to 3.32 mg/day in Floresta, a three-fold
range. This did not reach statistical significance
(P = 0.080).

Table 1 also shows the average plasma fluoride
concentration for each subject at each collection
time in each of the three communities. The overall
average concentrations (�S.D.) for Bauru and
Domelia were nearly identical (0.45 � 0.10 and
0.44 � 0.12 mmol/l), while that for Floresta
(0.55 � 0.10 mmol/l) was 20% higher (P < 0.005).
Plasma fluoride concentration as a function of the
time of collection was analysed in an attempt to
identify evidence for a circadian rhythm. In Bauru,
the lowest concentrations occurred at 1200 and
2000 h. The average concentration at 2000 h was
significantly lower than the concentrations at 0800
and1600 h (P < 0.03). However, theopposite pattern
was seen in the plasma concentrations in Domelia,
i.e. the highest concentrations occurred at 1200 and
2000 h. The average concentration at 2000 h was
significantly higher than the concentrations at 0800
and 1600 h (P < 0.05). There were no significant
differences among the plasma fluoride concentra-
tions in Floresta as a function of time, nor were there
when the concentrations from all three communities
were combined and analysed together (P = 0.96).

Plasma fluoride concentration was found to be
directly related to total fluoride intake (r2 = 0.304,
P = 0.033) and to fluoride intake from the use of
dentifrice (r2 = 0.314, P = 0.030), butwas not related
to dietary fluoride intake (r2 = 0.136, P = 0.176).

Discussion

The literature indicates that plasma fluoride con-
centrations can be influenced by several variables.
Provided that the chronic intake of fluoride remains
relatively constant, plasma fluoride concentration
tends to increase gradually with age, as does the
fluoride concentration in bone.4,12,14,24,25 Such
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age-related changes appear to be partly due to the
more rapid skeletal clearance of fluoride from
plasma by younger bone, and partly to the
steady-state relationship between fluoride concen-
trations in the exchangeable pool of bone and the
extracellular fluids.2,4 Since the kidneys are the
major route for the excretion of fluoride, plasma
concentrations may also increase in patients whose
glomerular filtration rates are chronically less than
25% of normal,26,27 and in the latter decades of life
when the number of normally functioning nephrons
is in decline. Although kidney function tests were
not performed in this study, the subjects were
healthy adults aged 25—35 years so it is unlikely
that these variables affected the findings.

A variable of major importance is the level of
chronic fluoride intake. Although drinking water is
not the only source of fluoride, it can account for
much of it, particularly when the concentration
approaches or exceeds 1.0 ppm. Several reports have
described the relationship between the concentra-
tions of fluoride in drinking water and plasma. Taves
andGuy5 analysed plasma obtained from blood banks
in five cities in which the fluoride concentration in
drinking water ranged from 0.1 to 5.5 ppm. The
average plasma concentration ranged from 0.4 to
4.3 mmol/l and was linearly related to the fluoride
concentration in drinking water. Ekstrand13 reported
plasmafluorideconcentrations in threeSwedish com-
munities with fluoride concentrations in drinking
water of 0.25, 1.2 and 9.6 ppm. There were five
subjects in each community, from whom eight blood
samples were collected during a 36-h period. While
there were considerable differences among and
within the plasma fluoride concentrations of the
subjects in the 1.2- and 9.6-ppm communities, it
was clear that they were related to the fluoride
concentrations in the drinking water. The average
plasma fluoride concentration in the 0.25-ppm com-
munity was 0.5 mmol/l. Fuchs et al.28 analysed
plasma from20 residents of Gottingen, Sweden, aged
23—71 years, where the fluoride concentration in
drinking water was 0.18 ppm. The average plasma
concentration was 0.55 mmol/l and the range was
from 0.31 to 0.99 mmol/l. Husdan et al.12 analysed
serum from 87 male residents of Toronto, Canada,
where the fluoride concentration in drinking water
was 1.0 ppm. The average (�S.D.) concentration for
menaged 18—44 years (similar to the age range in the
present study) was 0.88 � 0.28 mmol/l.

The studies summarised above related plasma or
serum fluoride concentrations in adults to fluoride
concentrations in drinking water, but none reported
the actual fluoride intake from diet and the use of
dentifrice. Three studies of dietary intake by adults
living in areas served with water fluoridated at about
1 ppm reported average values ranging from 1.8 to
2.2 mg/day.29—31 Although there are many published
reports concerning fluoride ingestion from tooth-
paste by small children, there is a dearth of such
information for adults. However, a recent and as yet
unpublished study with young adults by one of the
authors (GMW) found that an average of 0.12 mg was
ingested per brushing (range 0.06—0.21 mg), which
would amount to 0.3—0.4 mg/day depending on the
frequency of brushing. Thus, it can be estimated that
the average daily fluoride intake from diet and the
use of dentifrice by adults whose water is fluoridated
at about 1 ppm is in the vicinity of 2.5 mg/day. As
discussed above, Taves and Guy5 and Husdan et al.12

found average plasma fluoride concentrations of 0.9
and 0.88 mmol/l in fluoridated areas.

As shown in Table 1, the average total daily
fluoride intakes in Domelia and Bauru were 1.70
and 1.11 mg/day; values about 68 and 45%, respec-
tively, of the 2.5 mg/day estimated in the preceding
paragraph. The average plasma concentrations
were also correspondingly lower. However, the aver-
age plasma concentration in Floresta, where the
average intake was 3.32 mg/day, was 0.54 mmol/
l, a value considerably lower than would have been
predicted based on the data from Taves and Guy5

and Husdan et al.12 This disconnect between intake
and plasma fluoride concentration was also noted,
especially for Subject 4 in Bauru. It is possible that
the renal and/or skeletal clearances of fluoride from
plasma were higher in Subject 4 in Bauru and,
especially, Subject 4 in Floresta, but these physio-
logical variables were not measured in this study. It
is also possible that the high intake of fluoride from
dentifrice by these individuals was not representa-
tive of their usual level of intake, but was an artifact
caused by the experimental environment. This lat-
ter possibility is given some credence for the follow-
ing reason. Linear regression analysis of the
combined plasma fluoride concentrations from the
three communities indicated that the concentra-
tions were well correlated with total fluoride intake
from diet and the use of dentifrice (P = 0.033). When
the intake and plasma concentration values from
Subject 4 in Bauru and Floresta were removed from
the analysis, the correlation was not statistically
significant (P = 0.43).

Unlike the situation that existed 50 or more years
ago, when the diet, principally drinking water,
was the major source of fluoride, dental products,
especially dentifrices, contribute substantially to
fluoride intake nowadays due to their frequent use.
Nevertheless, thefindings fromthis preliminary study
show that plasma fluoride concentrations in healthy
young adults exposed to several sources of fluoride
remain at levels far below the lower concentration of
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the therapeutic window (5—10 mmol/l) for stimula-
tory effects on bone production.
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