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Serial measurements ofHg concentration in intra-oral air were made
during and after chewing stimulation in 35 subjects with occlusal
amalgam restorations. Hg concentrations remained elevated during
30 min of continuous chewing and declined slowly over 90 min
after cessation of chewing. By curve-fitting and integration analysis
of data during these time periods (including corrections for respira-
tory volume, retention rate of inspired Hg, oral-to-nasal breathing
ratios, and consumption of three meals and three snacks per day),
we calculated that all subjects received an average daily Hg dose of
approximately 20 ig. Subjects with 12 or more occlusal amalgam
surfaces were estimated to receive a daily Hg dose of 29 jug, whereas
in subjects with four or fewer occlusal amalgam surfaces, the dose
was 8 jg. These Hg dosages from dental amalgam were as much as
18-fold the allowable daily limits established by some countries for
Hg exposure from all sources in the environment. The results
demonstrate that the amount of elemental Hg released from dental
amalgam exceeds or comprises a major percentage of internationally
accepted threshold limit values for environmental Hg exposure. It is
concluded that dental amalgam Hg makes a major contribution to
total daily dose.
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Introduction.

Micromercurialism and macromercurialism have been
attributed to chronic mercury (Hg) exposure (Wallace et al.,
1971; NIOSH, 1973; Trakhtenberg, 1974; Gerstner and
Huff, 1977). Since Hg is released from dental amalgams in
situ (Gay et al., 1979; Svare et al., 1981; Abraham et al.,
1984; Vimy and Lorscheider, 1985), this may constitute a
source of such exposure. Therefore, the primary objective
of the present study was to investigate the potential signifi-
cance of this exposure by performing serial measurements
of stimulated and unstimulated Hg levels in intra-oral air as
a function of time. A secondary objective was to estimate
the contribution which dental amalgams could make to the
potential daily dose of Hg and to compare our data with
internationally established threshold limit values (TLV) for
elemental Hg.

Materials and methods.
Thirty-five subjects, each with from one to 16 occlusal

surfaces which were restored with dental amalgam, and 11
control subjects with no dental amalgams participated in
this study. The dental histories of these subjects are de-
tailed in an earlier report (Vimy and Lorscheider, 1985).
Intra-oral air Hg-vapor measurements (pg Hg/m3) were per-
formed as previously described (Vimy and Lorscheider,
1985). After the initial unstimulated Hg vapor reading was
taken, each subject was given a piece of sugarless gum to
chew. At the end of a five-minute period of chewing stimu-
lation, the gum was removed, and another Hg-vapor reading
was obtained. This procedure was repeated with a fresh
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piece of gum at five-minute intervals over a duration of 30
min, after which the gum was removed, and Hg readings
were taken at five-minute intervals over another 30-minute
period during which no chewing stimulation occurred. A
total of 13 Hg vapor readings was made in series on each
subject.

In the first analysis, separate arithmetic means of Hg
levels were calculated at each five-minute interval over the
two consecutive 30-minute periods for all 35 subjects with
dental amalgams (Fig. 1). The second analysis calculated
mean Hg levels at five-minute intervals over two 30-minute
periods for ten subjects with 12 or more occlusal surface
amalgam restorations for nine subjects with four or fewer
occlusal surfaces, and for 11 control subjects with no dental
amalgams (Fig. 2). For both analyses, curve-fitting by
derived equations and plotting of data points was per-
formed with an Apple IIe computer. A Hewlett-Packard
HP-97 computer employed Newton's method to integrate
areas under data curves and extrapolated curves, using 100
iterations within various time limits. Total Hg released from
amalgams was estimated for stimulated time intervals of
from 0 to 15 and 0 to 30 min and for unstimulated time
intervals of from 30 to 60 and 30 to 120 min (Table 1).

The intra-oral air Hg vapor measurements were adjusted
for a respiratory volume of 6 L/min (Guyton, 1981), an
80% retention rate of inspired Hg (Nielsen-Kudsk, 1965),
and an estimated oral-to-nasal breathing ratio of 50% during
chewing stimulation and 35% after stimulation (Camner
and Bakke, 1980; Niinimaa et al., 1981; Niinimaa, 1983).
These corrections of the Hg released from dental amalgam,
and potentially available for inhalation, yielded the
amounts of Hg calculated to be absorbed via the respiratory
tract for each time period during or after stimulation (Table
1).
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Fig. 1 Mean concentrations of Hg in intra-oral air during 30
min of chewing stimulation, followed by 30 min with no stimula-
tion, in 35 randomly selected subjects with dental amalgam restora-
tions.
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Recommended TLV's for Hg released into the environ-
ment for an eight-hour-day/five-day work week have been
established by several countries (International Committee,
1969; Wallace et al., 1971; NIOSH, 1973; Trakhtenberg,
1974) based on the onset of neurological impairment. Since
Hg exposure from dental amalgam would occur every day,
TLV's were corrected for a seven-day week for comparison
purposes (Table 2). The estimated mean daily dose for Hg
released from dental amalgam is based on corrected Hg
levels (Table 1), and has assumed three meals each with 30
min of chewing stimulation and three snacks each with 15
min of chewing stimulation. The inter-eating interval was
designated to be 90 min (Table 2).

Results.
Fig. 1 illustrates the mean concentrations of Hg in intra-

oral air sampled serially during 30 min of chewing stimula-
tion and 30 min after stimulation in 35 randomly selected
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Fig. 2 Mean concentrations of Hg in intra-oral air during 30
min of chewing stimulation, followed by 30 min with no stimula-
tion. Subject groups evaluated were: Ss with no dental amalgam,
N=11 (- - -); Ss with > 12 occlusal amalgam surfaces, N=10 (*-e);
Ss with < four occlusal amalgam surfaces, N=9 (o-o).

subjects with dental amalgam restorations. Hg concentra-
tions increased as an exponential function which rose
sharply from 0-10 min to 29.1 /ug/m3, and then plateaued
at a relatively constant level of 29.8 pg/m3 which was
maintained for the remaining period of chewing stimulation
(from ten to 30 min). After chewing stimulation ceased, Hg
concentrations declined as a curvilinear function, with an
abrupt decrease evident from 30 to 40 min and a more
gradual decrease occurring from 40 to 60 min. At 60 min,
the Hg concentrations were approximately 13 pg/m3, still
well above the baseline Hg concentration of 4.9 pug/m3 at
0 min.

Fig. 2 compares the mean concentrations of Hg in intra-
oral air sampled serially during 30 min of chewing stimula-
tion and 30 min after stimulation in 11 control subjects
with no dental amalgam, ten subjects with 12 or more
occlusal amalgam surfaces, and nine subjects with four or
fewer occlusal amalgam surfaces. Hg concentrations did not
increase in control subjects and ranged between 0.5 and 1.3
,ig/m3 from 0 to 60 min. In subjects with 12 or more oc-
clusal amalgam surfaces, Hg concentrations rose rapidly to
43 ug/m3 at ten min and stayed at approximately 45 pg/m3
for the remainder of the chewing stimulation period (from
ten to 30 min). After chewing stimulation ceased, Hg con-
centrations declined to 19.5 pug/m3 at 60 min, which was
significantly above the baseline Hg concentration of 6 pg/m3
at 0 min. By way of contrast, those subjects with four or
fewer occlusal amalgam surfaces showed Hg concentrations
of 1.5 pug/m3 at 0 min, which rose to 12.4 /ig/m3 at ten min
and stayed at 11.4 pg/m3 for the remainder of the chewing
stimulation period (from ten to 30 min). After cessation of
chewing, the Hg concentrations gradually declined to 6 Mg/
m3 at 60 min.

Table 1 lists the integration analyses of mean Hg vapor
levels released from dental amalgams into intra-oral air
within various time intervals during and after chewing
stimulation for the groups of subjects illustrated in Figs. 1
and 2. For all 35 subjects with amalgam restorations, the
amount of Hg released during 30 min of chewing stimula-
tion and from 30 to 60 min after stimulation was 1341 ug
min/m3, which increased to 1965 Mug min/m3 if the curvi-
linear decrease in Hg levels after chewing was extrapolated
to 120 min. This is in contrast to ten subjects with 1 2 or
more occlusal amalgam surfaces in whom Hg release from 0

TABLE 1
INTEGRATION ANALYSES OF Hg VAPOR LEVELS RELEASED FROM DENTAL AMALGAMS INTO INTRA-ORAL AIR

WITHIN VARIOUS TIME INTERVALS DURING AND AFTER CHEWING STIMULATION

X Hg vapor (@g min/m3)
Ss > 12 occlusal Ss < four occlusal

Time (min) Control Ss All Ss with amalgams amalgams amalgams

During Stimulation
0-15 12 (0.02) 323 (0.78)* 467 (1.12) 162 (0.39)
0-30 30 (0.07) 791 (1.90) 1187 (2.85) 330 (0.79)

After Stimulation
30-60 35 (0.06) 550 (0.92) 845 (1.42) 226 (0.38)
30-120 77 (0.13) 1174 (1.97) 1720 (2.89) 452 (0.76)

Groups evaluated were: control Ss, no amalgams (N=11); all Ss with amalgams (N=35); Ss with 12 or more occlusal amalgam surfaces (N=
10); Ss with four or fewer occlusal amalgam surfaces (N=9).

*Numbers in parentheses are Hg levels corrected for respiratory volume (6 L/min), retention rate of inspired Hg (80%), and the oral-to-nasal
breathing ratio (50% oral during stimulation and 35% oral after stimulation).

323 ug min. 6 L
e.g.,

323 minx x 0.80 x 0.50 = 0.78jig Hg
1000 L 1 minm.
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TABLE 2
COMPARISON OF ENVIRONMENTAL Hg VAPOR EXPOSURE AT STANDARDIZED

THRESHOLD LIMIT VALUES WITH ESTIMATES OF DAILY Hg EXPOSURE FROM DENTAL AMALGAMS

Environmental Hg Dental Hg
a. b. c. d.

Est. No. occlusal Est. X
TLV Daily Dose surfaces in Daily Dose

Source (ug Hg/1000 L) Hg (ug) subject groups Hg (gg)

USA 50 82.29 1-16 19.85
USSR 10 16.46 >12 29.24

W. Germany 1 1.65 <4 8.10

aSources for threshold limit values (USA, NIOSH, 1973; USSR, Trakhtenberg, 1974; W. Germany, Wallace etal., 1971).
bBased on constant exposure for an eight-hour-day/five-day work week.

50jg Hg 360L Sd
CCorrected for seven-day week, e.g., OO x x 8 h x 0.80 x = 82.29 jig Hg/d.1000 L 1 h 7 d
dCorrected Hg levels (Table 1) for three meals (0-30 min + 30-120 min) and for three snacks (0-15 min + 30-120 min).

to 120 min was 2907 /ig min/m3. In nine subjects with four
or fewer occlusal amalgam surfaces, the Hg released from
0 to 120 min was 782 /ug min/m3. If these integration
estimates are corrected for respiratory volume, retention
rate of inspired Hg, and oral-to-nasal breathing ratios, then
the amount of elemental Hg released into intra-oral air from
0 to 120 min becomes 3.87 ,tg for all subjects, 5.74 gg for
subjects with 12 or more occlusal surfaces, and 1.55 /g for
subjects with four or fewer occlusal surfaces.

Table 2 compares the daily dose from environmental Hg
vapor exposure, based on internationally standardized
TLV's, with exposure due to Hg released from dental
amalgam as measured in the present study (Table 1). The
daily Hg dose released from dental amalgam in all subjects
(19.85 /ug) exceeds the TLV daily environmental dose
established by the USSR and W. Germany by factors of
1.2 and 12.0, respectively. Subjects with 12 or more oc-
clusal amalgam surfaces received a daily Hg dose (29.24 ptg)
which exceeds the TLV established by the USSR and W.
Germany by factors of 1.8 and 17.7, respectively, and
which is 36% of the USA's TLV. Even in subjects with four
or fewer occlusal amalgam surfaces, the daily Hg dose (8.10
pug) is 50% that of the USSR TLV and exceeds the W.
German TLV by a factor of 4.9.

Discussion.
This investigation clearly demonstrates that the amount

of elemental Hg calculated to be released daily from dental
amalgam either exceeds or comprises a major percentage of
internationally accepted TLV's for environmental Hg expo-
sure. Intra-oral air Hg concentrations not only stay elevated
during a period of continuous chewing stimulation, but also
remain high and decline slowly after chewing ceases. Since
this study has examined only the Hg exposure due to in-
halation as a result of meals and snacks, we believe that our
calculations substantially underestimate the actual dental
Hg contribution to daily dose. For example, our study has
not accounted for the possibilities of additional Hg expo-
sure from basal non-eating inhalation, oral mucosal absorp-
tion, or gastro-intestinal absorption after the swallowing of
food and saliva.

The established TLV's used for comparison with our
study are adjusted for a safety factor. The wide range of
TLV standards determines the degree to which our mea-
surements for dental Hg exposure either approach or ex-
ceed the accepted limits for environmental Hg exposure. It

should be noted that the W. German TLV may be overly
conservative, in that subjects with no dental amalgams
could still receive a major portion of such a low TLV from
environmental background sources.

Our subjects had an average of 8.6 occlusal amalgam
surfaces. By assuming that the average mass of an occlusal
restoration is 2 g (50% Hg), then our average subject
possessed 8.6 g of Hg in the form of dental amalgam. Based
on a ten-year lifespan for an occlusal amalgam restoration,
and the estimated daily dose of Hg released from dental
amalgams in our subjects being approximately 20 /g, then
a total dose of 73 mg of dental Hg would be received via
inhalation by the average subject over ten years. This would
constitute only 0.85% of the total Hg available in their
dental amalgam, but is nevertheless a significant exposure
(Gerstner and Huff, 1977).

The oral-to-nasal breathing ratios used in our calcula-
tions are estimates based on reports for activities compara-
ble to eating and resting (Camner and Bakke, 1980; Niini-
maa et al., 198 1; Niinimaa, 1983). Other behavioral factors
could further contribute to our underestimation of daily Hg
exposure from dental amalgam. These include the fre-
quency of eating, chronic gum chewing, chronic smoking or
drinking of coffee (which would elevate intra-oral air
temperature and thus increase the rate of Hg vaporization),
and bruxing or chronic grinding of teeth. Moreover, 13% of
the population are chronic mouth-breathers, and subjects
with adenoid or tonsil disorders breathe 66% orally (Niini-
maa et al., 1981), thereby increasing the amount of mer-
cury absorbed by inhalation. Most of these factors could
increase Hg exposure, particularly in subjects with high
numbers of amalgam restorations, as our data have demon-
strated.

In the present investigation, we calculate that the group
of subjects with 12 or more occlusal amalgam surfaces re-
ceived an average daily dose of approximately 30 jg Hg,
which approaches the maximum permissible dose of 300
jug/adult person (5 jug/Kg) over seven days from all environ-
mental sources (WHO, 1972). Indeed, some other subjects
not included in our present data have demonstrated intra-
oral air Hg concentrations after chewing stimulation that
exceed the mean of this group by a factor of three or more.
Their daily Hg dose from dental amalgam would be much
larger than the highest levels recorded herein. Consequent-
ly, the amount of Hg released from dental amalgam in some
individuals could be sufficient to result in mercurialism.

Recent studies have reported elevated blood Hg levels in
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subjects with dental amalgam after chewing stimulation
(Abraham et al., 1984; Ott et al., 1984). Furthermore,
Svare (1984) has suggested that amalgam-related Hg expo-
sure may be comparable to environmental exposure, in
which case the Environmental Protection Agency guideline
of 1 Mug Hg/1000 L air should be applied. This latter stan-
dard is comparable to the W. German TLV. Based on our
present findings, we disagree with the conclusion of Ott
et al. (1984) that Hg released from dental amalgam does
not pose a potential health problem. Our calculations
strongly suggest that dental amalgam Hg makes a major
contribution to total daily dose, and that this problem
warrantsifurther quantitative examination.
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