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The difficulties associated with estimations of daily doses of
inhaled mercury vapor released from dental amalgam are con-
siderable. Existing data are often unreliable, especially if they
are based on a single or a small series of samples of intra-oral
concentrations of mercury vapor before, during, and after
chewing stimulation. In the present paper, the aim was to ob-
tain a more representative estimation of the daily dose of mer-
cury vapor inhaled from amalgam fillings by measurement of
amounts of mercury vapor released in the oral cavity during
24 h, under conditions that were as normal as possible. A series
of measurements was carried out on each of 15 subjects, with
at least nine occlusal surfaces restored with dental amalgam,
and on five subjects without any amalgam restorations. The
subjects had to follow a standardized schedule for 24 h, whereby
they ate, drank, and brushed their teeth at pre-determined timne
periods. The amount of mercury vapor released per time unit
was measured at intervals of 30-45 min by means of a mefa-
suring system based on atomic absorption spectrophotometry.
None of the subjects was professionally exposed to mercury,
and all of their amalgam fillings were more than one year old.
Study casts were made for each subject, and the area of the
amalgam surfaces was measured. Samples of urine and saliva
were analyzed so that values for the mercury concentrations
and the rate of release of mercury into saliva could be obtained.
The average frequency of fish meals per month was noted.
The daily release of elemental mercury from dental amalgam
was corrected for retention of inspired mercury vapor and for
oral-to-nasal breathing ratio. The estimated average daily dose
of mercury vapor inhaled from the amalgam restorations was
1.7 fig, i.e., about 1% of the dose obtained from a TLV ex-
posure of 50 pfg Hg/M3 air. The threshold limit value (TLV)
of a substance is the airborne concentration to which nearly
all workers can be exposed eight hours a day, five days a week
for prolonged periods without suffering adverse health effects
(American Conference of Government Industrial Hygienists:
Threshold Limit Values and Biological Exposure Indices for
1985-86, Cincinnati, 1985).

J Dent Res 69(10):1646-1651, October, 1990

Introduction.

In recent years, increasing concern over mercury toxicity has
focused particularly on the evaporation of mercury from amal-
gam restorations in the oral cavity. It has been shown that
mercury vapor is released from dental amalgam not only when
the material is inserted into the cavity and from the newly made
restoration, but also afterwards, from the hardened material
(Frykholm, 1957; Gay et al., 1979; Svare et al., 1981; Abra-
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ham et al., 1984; Patterson et al., 1985; Vimy and Lorschei-
der, 1985a, b; Langworth et al., 1988; Berglund et al., 1988).

Since the absorption of elemental mercury via the respira-
tory organs is substantial, about 80%, it is important that it be
clarified whether an amount of elemental mercury large enough
to create adverse biological effects can be released from amal-
gam restorations in the oral cavity. A few attempts have been
made at estimation of the daily dose of inhaled mercury vapor
released from dental amalgam, usually based on a single or a
small series of samples of intra-oral or expired air, before and
after mechanical stimulation of the amalgam surfaces. Thus,
Patterson et al. (1985) measured mercury vapor concentrations
in exhaled air from 172 persons before and after toothbrushing.
The authors estimated a daily dose of mercury vapor of 27 pug
for the most exposed 10% of the test subjects with amalgam
restorations. Vimy and Lorscheider (1985b) measured concen-
trations of mercury vapor intra-orally on test subjects with and
without dental amalgam, before and after chewing stimulation
using chewing gum, and estimated a daily dose of about 30
fLg for test subjects with > 12 occlusal amalgam surfaces. If
these results were correct, elemental mercury released from
dental amalgam would make a major contribution to the total
daily dose of mercury and, consequently, the use of dental
amalgam would have had to be seriously questioned. However,
the interpretation of the concentration measurements made by
Vimy and Lorscheider (1985b) has been shown to be erroneous
(Olsson and Bergman, 1987; Mackert, 1987; Berglund et al,
1988; Olsson et al., 1989). Furthermore, Langworth et al.
(1988) made parallel measurements of concentrations of mer-
cury vapor in oral and tracheal air on test subjects with from
eight to 54 amalgam surfaces (mean = 25), before and after
toothbrushing with an abrasive toothpaste. The mercury con-
centrations in the trachea were considerably lower than those
in the oral cavity, probably due to dilution of the mercury
concentrations in the intra-oral air (cf. Vimy and Lorscheider,
1987). When the test subjects breathed through the nose, there
was no detectable mercury vapor in the tracheal air, and this
might indicate that the contribution of mercury vapor from the
closed mouth during nose breathing is negligible. The esti-
mated daily dose of mercury vapor was about 3 fig.

Thus, the results available regarding the estimated daily
dose of inhaled mercury vapor released from dental amalgam
restorations are few and contradictory. The methodological
problems have been extensively discussed by Berglund et al
(1988). The purpose of the present work was to determine the
daily dose of inhaled elemental mercury caused by evaporation
from dental amalgam restorations. The intention was to carry
out the measurements during 24-hour periods, while the test
persons spent the time under conditions as normal as possible.

Materials and methods.
Fifteen healthy people with an average of 13 occlusal sur-

faces (range, 9-19) and a total average of 27 surfaces restored
with dental amalgam (range, 13-48) were tested for the intra-
oral release of mercury vapor during 24-hour periods. In ad-
dition, a control group consisting of five healthy people with-
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TABLE 1
EXPERIMENTAL DATA AND CALCULATED RESULTS

Amalgam Surfaces Rate of Rate of Rate of Rate of Rate of Fish Daily
Subj. Occlusal Total Release Release Release Release Release U-Hg cons. dose
No. Age No. Areat No. Areat A B C D E * ** (pug Hg)

1 30 10 162 17 216 15.0 17.4 0.069 3.0 0.014 1.3 0.5 2.2
2 30 16 255 30 383 10.2 9.6 0.027 2.4 0.006 1.4 3.0 1.4
3 31 15 457 43 833 9.6 7.2 0.012 13.8 0.016 2.3 3.0 1.4
4 26 9 155 13 180 3.6 4.2 0.020 2.4 0.013 1.0 2.0 0.5
5 28 9 186 18 282 6.6 7.8 0.023 1.8 0.006 0.3 2.0 0.9
6 32 13 334 35 545 15.0 33.6 0.028 10.2 0.019 1.4 1.0 2.2
7 32 12 246 20 293 7.8 6.0 0.027 3.0 0.010 0.4 1.0 1.1
8 40 11 452 36 972 31.2 9.6 0.032 8.4 0.009 1.4 4.0 4.4
9 29 14 312 29 497 6.0 3.6 0.012 11.4 0.023 0.4 3.0 0.8
10 34 11 314 30 613 13.2 8.4 0.022 4.2 0.007 0.9 5.0 1.8
11 25 13 204 18 252 18.0 21.6 0.071 4.8 0.019 1.2 1.0 2.5
12 29 12 265 21 381 9.6 7.2 0.025 7.8 0.020 1.0 3.0 1.4
13 28 11 233 19 348 3.0 3.6 0.009 3.0 0.009 1.0 4.0 0.4
14 35 19 389 48 738 28.2 36.0 0.038 3.6 0.005 3.6 4.0 4.0
15 24 14 204 26 369 7.2 3.6 0.020 6.0 0.016 1.5 1.0 1.0
16 24 1.8 2.4 0.1 3.0
17 29 1.2 1.2 0.3 2.0
18 20 1.2 1.2 0.2 4.0
19 23 0.6 1.5 0.2 5.0
20 30 0.2 1.2 0.3 1.0

t mm2.
Rate of release A: mean rate of release of Hg vapor into intra-oral air over 24 h (ng Hg min').
Rate of release B: mean rate of release of Hg vapor into intra-oral air based on two measurements before and two after saliva sampling (ng Hg min-).
Rate of release C: mean rate of release of Hg vapor into intra-oral air per unit of the total amalgam surface area over 24 h (ng Hg min mm -2).
Rate of release D: rate of release of Hg into unstimulated saliva (ng Hg min-').
Rate of release E: rate of release of Hg into unstimulated saliva per unit of the total amalgam surface area (ng Hg min- mm-2).
*Urinary Hg (,umol Hg/mol creatinine).
**Average frequency of fish intake per month (No. of meals).

out any amalgam restorations was also tested. None of the test
subjects was professionally exposed to mercury, and all of their
amalgam fillings were more than one year old. The average
frequency of fish meals per month was noted (Table 1).

The subjects had to follow a standardized schedule during
which they had to eat, drink, and brush their teeth at pre-
determined time periods (Table 2). Each subject had been in-
structed not to eat, drink, or brush their teeth after 10 p.m.
the evening before the measurements were carried out. Before
the measurement series started, the standardized meals, iden-
tical for each of the 20 test subjects, had been tested on two
persons from the control group without amalgam fillings so
that the food per se did not influence the test results.
The amount of mercury vapor released in the oral cavityper

time unit was measured during a 24-hour period for each sub-
ject at intervals of 30-45 min by means of a measuring system
based on atomic absorption spectrophotometry. The measuring
system and the method were previously described by Berglund
et al. (1988), but a few changes have been made. The former
power unit has been exchanged for a stabilized power supply
(Mascot, model 7410, Fredrikstad, Norway). The Mercometer
was connected to the sampling system for detection of any
disturbances of the sampling. Furthermore, a mouthpiece
equipped with a Y-tube was made to permit ambient air to
flow into the oral cavity and to standardize the position of the
orifices of the Y-tube in the oral cavity. Each sampling period
was two minutes long, at an air flow rate of 1.5 L/min. With
the exception of the magnetic valve, a new sampling system
from the oral cavity to the silver wool tube was used for each
subject for prevention of disturbances from any residual mer-
cury from the previous test subject.

Each amount of mercury obtained from the test subjects was
divided by the sampling time and the quantity was expressed
as ng Hg/min. The daily release of mercury vapor was obtained

by integration of the surface beneath curves such as those shown
in Fig. 1. The mean rate of release of mercury vapor into intra-
oral air over 24 h was obtained by division of the daily release
by the integration time interval.

Study casts were made of each test subject, and the borders
of each amalgam filling were marked. For determination of
the area of each amalgam restoration, tin foil was formed and
cut according to the shape and size of each amalgam restora-
tion. The area of the tin foil was magnified (10 x) with a Wertz
profile projector and measured by a computer (ABC 806, Luxor,
Sweden) equipped with a digitizer (Calcomp 2000, Digitizer
Products Division, USA). The precision of the area determi-
nation was tested by measurements of ten foils obtained from
the same amalgam restoration. The average area was 35.4 mm2,
and the coefficient of variation was 5.3%.

In order to check whether the influence of chewing stim-
ulation using chewing gum was comparable with that of or-
dinary food and hot drinks, a small series of tests on three
subjects with amalgam restorations was made, with measure-
ments of the rate of release of mercury vapor carried out before
and after 15 min of gum-chewing.
On a separate occasion, a sample of unstimulated saliva was

taken over about 40 min between measurements of the intra-
oral release of mercury vapor for each subject. The inorganic
and organic mercury concentrations in saliva were determined
by Cold Vapor Atomic Absorption Spectrophotometry, as de-
scribed by Magos and Cernik (1969) (Oulu Regional Institute
of Occupational Health Laboratory, Oulu, Finland). The de-
tection limit was 1 ng/mL within a 2-mL sample, and the
coefficient of variation was 7.5%. For estimation of the rate
of release of inorganic mercury into saliva, the concentration
of mercury was multiplied by the saliva sample volume and
divided by the saliva sampling time. Saliva pH and buffer pH
were also determined.
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TABLE 2
TIME SCHEDULE

Time Measure Time Measure
07.45 M 1 19.30 M 21
08.00 Breakfast 20.00 M 22
U 1M M2 20.15 Snack D
08.45 M 3 20.30 MM2
09.00 Toothbrushing 21.00 M 24
09.5 M4- 21.30 M25
09.45 M 5 22.15 M 26
10.00 Snack A 22.30 Toothbrushin
T1.1MI6 22.45 M2
11.00 M7 23.30 M 28
11.45 M 8 24.00 M 29
12.00 Lunch 00.30 M 30
12.15 M 9 01.00 M 31
13.00 M 10 01.30 M 32
13.30 M 11 02.00 M 33
14.00 M 12 02.30 M 34
14.45 M13 03.00 M35
15.00 Snack B 03.30 M 36
15.15 M 14 04.00 M 37
16.00 M 15 04.30 M 38
16.30 M 16 05.00 M 39
16.45 Snack C 05.30 M 40
17. MT17 06.00 M 41
17.45 M 18 06.30 M 42
18.00 Dinner 07.00 M 43
18.1 MI 19 07.45 M 44
19.00 M 20
M = Measurement.
Breakfast: a bowl of sour whole milk, mdesli, two pieces of Swedish

hard bread with butter, cheese, smoked meat, and slices of tomatoes.
Toothbrushing with an abrasive toothpaste (Colgate with fluor).
Snack A: a cup of coffee* and a white bread roll.
Lunch. a Wienerschnitzel with potatoes, lettuce and tomatoes, and a

bottle of mineral water.
Snack B: a cup of coffee*.
Snack C: a green apple.
Dinner: an entrecOte and fried potatoes, lettuce and tomatoes, and a

bottle of light beer.
Snack D: a cup of coffee* and a biscuit (cookie).
*Temperature 60 + 5TC.

A morning urine sample was also taken from each test sub-
ject and analyzed for mercury by Cold Vapor Atomic Absorp-
tion Spectrophotometry (Institute of Occupational Health
Laboratory, Lund, Sweden). The detection limit was 1 ng, and
the coefficient of variation was 4.8%. The mercury concentra-
tions were corrected for creatinine excretion. The importance
of the use of corrected values has been shown by Barber and
Wallis (1986).

Calculations for estimation of the daily dose ofmercury due
to inhalation of intra-oral mercury vapor.-The daily dose of
mercury vapor from dental amalgam (Table 1) was obtained
from the daily release of mercury vapor and data regarding
nose/mouth air flow proportions from Uddstrdmer (1940),
Camner and Bakke (1980), and Gleeson et al. (1986). The
factors 0.8 and 0.5 refer to retention of inspired mercury and
inspiration/expiration ratio, respectively. Any mercury vapor
inhaled in connection with intake of food was accounted for
in the daily dose.

During rest; normal cases, according to Uddstromer (1940).
At rest: 8 h x 0.4% oral respiration, i.e., 8/24 x the daily
release of mercury vapor x 0.004 x 0.8 x 0.5.

During conversation; male non-smokers with no acute res-
piratory symptoms, according to Camner and Bakke (1980).
During conversation: 8 h x 58% oral respiration, i.e., 8/24 x
the daily release of mercury vapor x 0.58 x 0.8 x 0.5.
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Fig. 1-Curves representing the intra-oral rate of release of mercury

vapor during a 24-hour period. The continuous line represents an amal-
gam-free test subject (No. 17), while the other three curves represent test
subjects with amalgam restorations:-No. 2, - - No. 5, - - No.
8, respectively. The levels obtained after gum-chewing in the three test
subjects with amalgam restorations are shown in the right part of the Fig.

During sleep; healthy persons without respiratory disease,
hypersomnolence, or sleep complaints, according to Gleeson
et aL (1986). During sleep: 8 h x 17% oral respiration, i.e.,
8/24 x the daily release of mercury vapor x 0.17 x 0.8 x 0.5.

Statistical methods. -Simple linear regression and Wilcox-
on's signed-rank test were used.

Results.
Table 1 shows the daily dose of inhaled mercury vapor re-

leased from existing amalgam restorations for each person. In
addition, the Table gives for each subject the number and the
area of amalgam restorations, the rate of release of mercury
vapor on different occasions, the rate of release of inorganic
mercury into saliva, the creatinine-adjusted urinary mercury
levels, and the average frequency of fish meals per month.
The organic mercury levels in saliva were mainly below and
sometimes at the detection limit, and the pH and buffer pH
values in saliva were for each subject well within the ordinary
range of reference values (Ericson, 1972).

Experimental data from three test subjects with amalgam
restorations and one without are presented in Fig. 1 to show a
few curves representing the intra-oral rate of release of mercury
vapor during a 24-hour period. Changes in the rate of release
of mercury vapor obtained before and after a certain measure
and the corresponding p values according to Wilcoxon's signed-
rank test are collected in Table 3.
The results of the measurements taken before and after gum-

chewing revealed an average increase in the rate of release of
mercury vapor in ng/min from 9.0 (range, 3.9-16.0) to 97.8
(range, 55.0-179.3) for the three test subjects (Nos. 2, 5, and
8). Since these three subjects with amalgam restorations were
the same as those with amalgam restorations represented in
Fig. 1, the levels obtained after gum-chewing are given in the
same Fig.

I . . . I " . .
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The daily dose of inhaled mercury vapor was not signifi-
cantly related to either the occlusal or the total number or area
of the amalgam surfaces.
On a group basis, there was a significant positive correlation

(p < 0.001) between the total number of amalgam surfaces and
the total area of these surfaces (Fig. 2).
The rate of release of inorganic mercury into saliva showed

a significant positive correlation with both the occlusal (p <0.01)
and total (p<0.05) area of the amalgam surfaces, but showed
no correlation with the rate of release of mercury vapor into
intra-oral air measured directly before and after the saliva sam-
pling. The results of the two measurements of the rate of re-
lease of mercury vapor into intra-oral air taken before the saliva
sampling were almost identical with those of the two mea-
surements taken directly after the saliva sampling. No corre-
lations were found between organic mercury concentrations in
saliva and average frequency of fish intake.
The creatinine-adjusted urinary mercury concentrations

showed no correlation with either the daily dose or the occlusal
and total amalgam surface area.

Discussion.
The method used in the present study for measuring mercury

vapor released from dental amalgam has been thoroughly dis-
cussed in a previous work by Berglund et al. (1988) in which
potential sources of error were also evaluated. Standardized
test conditions were used for comparison of the release of
mercury vapor in the different test subjects. The measuring
period of 24 hours was chosen for achievement of a more
reliable estimation of the daily release of mercury vapor from
dental amalgam than that obtained in earlier studies with single
samples or small series of samples.
The daily dose of inhaled mercury vapor was not signifi-

cantly related to either the occlusal or the total number or area
of the amalgam surfaces. However, Svare et al. (1981) found
a positive correlation between concentrations of mercury vapor
in expired air and the total number of amalgam fillings. Pat-
terson et al. (1985) showed a positive correlation between the
concentrations of mercury vapor in expired air after tooth-
brushing and the total number of amalgam surfaces. A similar
correlation was obtained when an estimation of the amalgam
surface area was used instead of simple countings of the amal-
gam surfaces. Vimy and Lorscheider (1985a) found a signifi-
cant positive correlation between mercury vapor released into
intra-oral air after chewing stimulation with chewing gum and
numbers and types of amalgam restorations.

TABLE 3
EFFECTS ON THE RATE OF RELEASE OF MERCURY VAPOR

CAUSED BY SPECIFIC MEASURES
No. of Subjects (n = 15)

with
Measure Increases Decreases p value*

Breakfast 13 1 <0.01
Toothbrushing, morning 12 2 <0.01
Snack A 7 7 0.8
Lunch 0 14 < 0.001
Snack B 6 8 0.5
Snack C 3 10 <0.01
Dinner 8 4 0.5
Snack D 14 0 <0.001
Toothbrushing, evening 12 2 <0.01
After toothbrushing, 5 10 0.4

a.m. vs. p.m.
*Wilcoxon's signed-rank test.

In the present study, a significant positive correlation was
found between the total number of amalgam surfaces and the
total area of the amalgam surfaces (p <0.001) (Fig. 2). There-
fore, a simple count of the total number of amalgam surfaces
should be sufficient for estimation of the amalgam load on a
group basis, but not on an individual basis, as shown in Fig.
2, where the black dot represents a case where a count was
not sufficient for such an estimation.
The distribution of the mean rate of release of mercury vapor

during 24 h per unit of the total amalgam surface area in each
of the 15 test subjects over 24 h is shown in Fig. 3. The
differences between two of the test subjects, Nos. 1 and 11,
and the others may be related to type and manufacture of the
alloy, handling variables when the restorations were made, and
environmental factors in the oral cavity (J0rgensen and Her0,
1988; D6rand, 1989).

Earlier studies where the daily doses of mercury were esti-
mated were often based on a single or a small series of samples
of concentrations of mercury vapor intra-orally or in expired
air before and after mechanical stimulation of the amalgam
surfaces. The mechanical stimulation most frequently used has
been chewing stimulation with chewing gum (Svare et al.,
1981; Vimy and Lorscheider, 1985b) or toothbrushing with an
abrasive toothpaste (Patterson et al., 1985; Langworth et al.,
1988). The investigators seem to have assumed that stimulation
with chewing gum or toothbrushing is comparable with chew-
ing stimulation with ordinary food. In light of the results of
the present work, this assumption is probably not valid, since
chewing gum caused a more pronounced release of mercury
than the ordinary food used (Fig. 1). Thus, with the exception
of breakfast (p<O.O1) and snack D (p<O.OO1) (Tables 2 and
3), the ordinary meals in the present investigation caused no
significant increase in the rate of release of mercury vapor.
The increase noted after breakfast may be partly due to an
accumulation of mercury on the amalgam surfaces occurring
during the rest period at night, and partly to a breakdown of
the mercury concentration gradient (Olsson et al., 1989) caused
by friction from the type of food used at breakfast, i.e., a
rather hard and brittle type of miuesli. Snack D, which con-
sisted of a chocolate cookie, might have had some local influ-
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ence; a pronounced mechanical effect is unlikely because of
the consistency of this cookie.

It is interesting to note that hot drinks, which have been
assumed to cause an increased release of mercury vapor (Vimy
and Lorscheider, 1985b; Nylander et al., 1987), did not pro-
duce any such effect in the present study when coffee at a
temperature of about 60TC (range, 55-650C) was used, as can
be seen in Table 3 (snack B) and in Fig. 1. Even if a change
of temperature in the amalgam restorations due to drinking
coffee was sufficient to increase the rate of release of mercury
vapor, then the increase was of such a low magnitude and/or
of such a short duration that the mean value of the rate of
release of mercury vapor during a two-minute measurement
did not change significantly; thus, it made no noticeable con-
tribution to the daily dose of Hg.
The toothbrushing carried out by the test subjects with amal-

gam restorations caused a significantly (p<0.01) increased re-
lease of mercury vapor (Table 3), while no such effect was
noted for the amalgam-free subjects. This is in accordance with
results from other studies (Patterson et al., 1985; Langworth
et al., 1988).
When the daily dose of mercury due to inhalation of mercury

vapor released from intra-oral amalgam restorations is calcu-
lated, besides the daily release of mercury vapor from the
amalgam restorations, certain defined values for the variables
of oronasal distribution of respiratory air flow during different
activities have to be chosen. The absorbed daily dose of mer-
cury vapor depends, among other things, upon the respiratory
nose/mouth air-flow proportions during the day, i. e., the extent
and the time of mouth-breathing. Mouth breathers are sup-
posed to obtain considerably higher doses of mercury vapor
from the amalgam restorations than those with ordinary breath-
ing patterns because of the differences in the breathing route.
Since the rate of release of mercury vapor from amalgam fill-
ings is independent of air-flow rate through the oral cavity
(Berglund et at., 1988; Olsson et al., 1989), the respiratory
minute volume is not included in the calculations. The minute
volume may, however, influence the respiratory route. Udd-
stromer (1940) investigated the oral-to-nasal breathing ratio in
98 subjects whom he termed "normal cases". At rest and at
a respiratory minute volume of 7.4 L, 13.6% of the normal
cases were mouth-breathers and respired with an average oral
part of the total respiration of 2.9%, compared with the total
group of normal cases with 0.4% oral breathing. After work

Fig. 4-Relationship between the mean rate of release of mercury vapor
over a 24-hour period and from a short series of samples. The line rep-
resents the unit slope. The black dots represent test subjects Nos. 6 and
8, who deviated from the rest.

and at an average respiratory minute volume of 18.5 L, the
proportion of mouth-breathers among the normal cases had
increased to 35.0%, with an average of 3.3% oral breathing,
compared with the total group of normal cases with 1.2% oral
breathing. In addition to Uddstrdmer (1940), the oro-nasal
breathing ratio at rest and at work has been investigated in
relatively large studies (Saibene et at., 1978; Niinimaa et al,
1981), while only few data considering the conditions during
conversation and sleep are available. Camner and Bakke (1980)
measured the oral-to-nasal breathing ratio during silent read-
ing, conversation, and counting aloud continuously. Ten male
non-smokers with no acute respiratory symptoms were tested.
The oral part of the respiration during conversation was (on
average) 58%, and during silent reading, 20%. Gleeson et at.
(1986) studied the oral-to-nasal breathing ratio during sleep on
14 test subjects, seven men and seven women, all in good
health, without respiratory disease, hypersomnolence, or sleep
complaints. The average oral part of the respiration during
sleep was about 17% for the total group, with a considerable
difference between men and women (men, 29.0%; women,
5.0%). In the present work, original experimental data from
Uddstrdmer (1940), as well as from Camner and Bakke (1980)
and Gleeson et at. (1986), were used, since these studies sup-
plied data of the type needed for the dose calculations. Since
the results of the studies had revealed that conversation, unlike
work, increased the mouth-breathing considerably, it was judged
to be of more interest to use the oral-to-nasal breathing ratio
during conversation when the daily dose of inhaled mercury
vapor was calculated. Of course, other values for the respira-
tory variables may be chosen, depending on the conditions
considered.
The value of a single sample or a short series of samples of

mercury vapor for prediction of the inhaled daily dose is open
to discussion, even when the measurement procedure is stan-
dardized and the test subjects have been instructed not to eat
or drink within a pre-determined time period before the mea-
surements. In spite of the fact that the test subjects in the
present study had been instructed not to eat or drink during at
least two hours before the short series of measurements carried

i wI
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out in connection with saliva sampling, no significant corre-
lation was obtained between the mean rate of release of mer-
cury vapor over 24 h and that during the short series, neither
on an individual level, nor on a group level (Fig. 4). For the
two test subjects Nos. 6 and 8, represented as black dots in
Fig. 4, the results from the short series were 31% and 220%,
respectively, of their mean values obtained over the 24-hour
period. This indicates that a single sample or a short series of
samples cannot be recommended for estimation of a person's
exposure to mercury vapor from existing amalgam restora-
tions.

In the present study, a significant positive correlation was
found between the rate of release of mercury into saliva and
the occlusal (p <0.01) and total amalgam surface area (p <0.05).
These results are similar to those reported by Ott et al. (1984),
who found a weak correlation between the number of amalgam
surfaces (2-40) and both unstimulated and stimulated saliva
mercury levels. However, no correlation was found between
the rates of release of mercury, i. e., inorganic mercury into
saliva, and mercury vapor into intra-oral air measured at the
same occasion. These results are in agreement with the pro-
posal that salivary properties determine the rate of mercury
vapor transport through the salivary layer (Olsson et al., 1989).

The rate of release of mercury to intra-oral air was based
on measurements taken over 24 h, while the unstimulated sa-
liva sampling was carried out during a period of about 40 min.
Therefore, the rates of release of mercury into intra-oral air
and into saliva cannot be directly compared. However, if the
rate of mercury release into saliva during the 40-minute period
was representative of a whole day, the relative importance of
mercury swallowed together with saliva would increase, since
the inhaled daily dose of mercury vapor was relatively low.

In the present study, the creatinine-adjusted urinary mercury
concentrations showed no correlation with the occlusal and
total number or area of the amalgam surfaces. However, Nils-
son and Nilsson (1986) found a positive correlation between
the creatinine-adjusted mercury levels in urine and the total
number of amalgam surfaces among a control group of adults
with no occupational exposure to mercury. Olstad et al. (1987)
found similar results in schoolchildren.
The present study has revealed that for a group of 15 subjects

with 13 to 48 amalgam surfaces, nine to 19 of which were
occlusal surfaces, the mean value and range of the daily dose
of inhaled mercury vapor were 1.7 pfg and 0.4-4.4 pLg, re-
spectively. These values agree well with results from other
studies. Based on theoretical re-calculations of data from Vimy
and Lorscheider (1985b), Mackert (1987) estimated a daily
dose of mercury of 1.83 pug in subjects with 12 or more oc-
clusal amalgam surfaces. Langworth et al. (1988) reported in
an experimental study an estimated daily uptake of mercury
from amalgam fillings of 3 pLg in subjects with an average of
25 amalgam surfaces. Furthermore, Snapp et al. (1989) studied
the decrease in blood mercury levels in subjects with an av-
erage of 14 amalgam surfaces after removal of the amalgam
fillings, and the estimated daily intake of mercury from the
amalgam fillings was at least 1.3 pLg. These values are about
1% of the corresponding daily dose obtained for a person in
an environment where the WHO threshold limit value (TLV)
for work environment, i.e., 50 pLg/m3 of elemental mercury in
air, is attained. The daily dose of inhaled mercury in such a
work environment will be 300-500 pLg per day, depending on
the degree of physical activity and the respiratory minute vol-
ume during the work concerned. Thus, elemental mercury
evaporation from amalgam restorations seems to make a very
small contribution to the total body burden of mercury, in

comparison with what can be tolerated in the work environ-
ment for eight hours a day, five days a week for a whole
working life.
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