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Mercury exposure of different origins among dentists and
dental nurses
by Ingvar Skare, LEng,1 Torgil Berqstrorn," Anita Engqvist, BSe,1 Jan A Weiner, M$e 2
SKAREI, BERGSTROM T, ENGQVIST A, WEINERJA. Mercuryexposureof different originsamong
dentistsand dental nurses. Scand J Work Environ Health 1990;16:340-7. Mercuryexposurewasstudied
among dental personnel with the use of urinary mercury excretion rates and questionnaires. The study
covered314dentists and dental nursesemployedin public clinics and private practicesin Stockholm. The
obtained urinarymercury excretion rateswereanalyzed by stepwise regression for assigning themto different
origins, such as environmental factors, number of amalgam surfaces, chewing of gum, kind of employment and profession, age, sex, amalgam handling time, and use of amalgam capsules. On the average
the occupationalcontribution to the total urinary mercuryexcretionrate was smalland of the same order
as the contribution from their own amalgam fillings (approximately 2 ug of mercury124 h). There were,
however, individuals showing excretion rates close to the levels at which effects on the central nervous
system and the kidneys have been reported.
Key terms: amalgam, biological monitoring, capsules, chewing, urinary mercury.

Mercury (Hg) has been of great interest for many years
as an excessively harmful environmental and occupational risk factor. The actual reasons for this continued
interest have, however , changed over time. Earlier,
most attention was paid to problems connected with
organic mercury compounds in, for example, seeds and
lake fish. In the 1980s the leakage of elemental mercury from dental amalgam was repeatedly verified, and
it became obvious that dental amalgam is not as inert
as it should be and was earlier considered to be. Amalgam has today been questioned both as a potential
health risk factor for all individuals with amalgam
restorations and as an occupational risk for dental personnel.
The awareness of environmental hazards from various chemicals is usually demonstrated in modern dental clinics in a high standard of hygiene during the storing of mercury, the mixing of amalgam, the removal
and insertion of amalgam restorations, and the handling of spillage. Furthermore, an improved standard
of ventilation has contributed to the low mercury exposure levels now normally measured in dentistry. For
example, in a recent extensive study of dental clinics
by Nilsson & Nilsson in the north of Sweden (1, 2),
it was stated that the average occupational mercury exposure was low in comparison with both the present
hygienic air standard and the proposed biological
monitoring criteria. The highest single urinary mercury
concentrations reported by Nilsson & Nilsson (2)
I
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should, however, not be considered negligible from a
hygienic point of view. Many other studies performed
in dentistry have also concluded that, if proper mercury hygiene is not maintained, high levels of mercury
are easily reached (3-16).
The objective of the present study was to evaluate
the actual mercury exposure of dentists and dental
nurses and relate it to different origins , including background mercury exposures.

Subjects and methods

Subjects
With the aid of the Stockholm Dentist Association 265
dentists from a population of about 2000 were selected by random sampling. Both public clinics and private practices were covered. The dentists chosen were
given an offer to participate in this study together with
their assisting nurses. They were asked to fill out a
questionnaire about the number and location of their
amalgam surfaces, the frequency with which they
chewed gum, age, average amalgam handling time a
week , and use of amalgam capsules.
After one reminder 314 subjects (154 dentists and
160 nurses) were obtained, including 72 0J0 of the dentists initially selected from public clinics and 51 010 of
the dentists selected from private practices. As is apparent from table 1, the dental group consisted of as
many dentists as dental nurses, and the subgroup of
dentists contained as many men as women. All the
nurses were women.

Urine sampling and analysis
All the subjects were given a sampling vessel (5-1 polyethylene bottle) containing I g of sulfa mic acid as a

preservative, which allows a urine sample to be stored
at room temperature for more than one week without
any detectable loss of mercury. The subjects were instructed to collect all voided urine during exactly 24 h.
The total mercury content of a 24-h urine sample was
used for calculating the current excretion rate, which
has been shown to be a stable biological index of mercury exposure (17, 18).
The mercury content of the urine samples was analyzed by a method earlier developed by Lindstedt (19)
and Skare (20). The method is based upon a wet digestion technique with acid perrnanganate solution followed by a two-stage reduction of released bivalent
mercury ions to elemental mercury with hydroxylammonium chloride and bivalent tin ions . Liberated mercury vapor was purged into a reading instrument based
on the cold atomic absorption principle (Milton Roy,
Hg lamp 254 nm, gas cell 30 em), Standard curves were
obtained from urine samples low in mercury and
spiked with freshly diluted portions of an acidified
mercury nitrate solution (mercury standard 1.00 g Hg/I
by BDH Chemicals Ltd, England).
The limit of the quantitative analysis was set at 0.2
!!g Hg/I of urine (ie, a level low enough to permit accurate analysis of the urinary concentration of mercury for most occupationally unexposed individuals).
At commonly occurring concentrations around 2 ug
Hg/I the analytical within-day coefficient of variation
was found to be equal to or less than 5 010.
The reliability of the method was tested in two ways.
First, on ten different days, duplicates of a dried standard sample of urinary mercury (Seronorm standard,
batch 108 from Nycomed AS, Oslo, Norway) was
diluted in water to an appropriate mercury level, and
an overall mean recovery of 93 % was established. According to the supplier the recommended nominal
value of this standard is based on weighed results from
six different laboratories showing a range of 87116 %. Second, on two different days, four real urine
samples containing a urinary mercury concentration

of 2-10 ug Hg/l were analyzed as triplicates. The
overall means were compared with the mean values of
duplicates from the same samples given by another
laboratory (Analytica AB, Stockholm, Sweden). The
achieved results (in pairs) were 2.4512.5, 3.20/3.2,
4.05/4.1 and 1O.3/1O.6!!gHg/I, our values being mentioned first.

Statistics
The effect of the different variables on the mercury
excretion rate was investigated by stepwise or multiple
regression analysis (21). All the calculations were performed with the programs StatView 512 + and StatWork for Macintosh.
Results

In order to assess basic factors influencing the excretion of mercury in urine, we used the results of a reference group of 35 volunteers from Stockholm from an
earlier investigation (22). This previous study (22) reviewed in table 2 - treated the relationship between
the number of amalgam surfaces and the rate of mercury excretion in urine.
The results of a stepwise regression analysis of the
data on mercury excretion rate from the reference
group are presented in table 3. Since only a few of the
referents chewed gum frequently, the variable "high
frequency of chewing gum use" was excluded. Only
the variable "number of amalgam surfaces" was significant enough to enter the model. The estimated
mean for this parameter was 0.07 ug Hg : 24 h- I .
amalgam surface -I. Exchanging the variable "number of amalgam surfaces" with "number of occlusal
amalgam surfaces" did not increase the coefficient of
determination .
As can be seen from table 1, there were surprisingly many subjects in the dental group who reported a
high frequency of chewing gum use. Furthermore, in
nearly all of the public dental clinics, capsules were

Table 1. Dental group characteristics extracted from the questionnaire.
Category of
subjects

Mean

Range

Mean

Range

(%)

Used
amalgam
capsules

43
42
42
43
42

27-63
28-64
28-63
27-64
27-64

21
24
20
27

0-63
0-63
0-63
0-63

29
49
37
42

36
65
17
98

23

0-63

39

51

74
160

37
38
38

18-62
21-60
18-62

25
28
26

0-67
0-69
0-69

43
43
43

14
97
52

314

40

18-64

25

0-69

41

51

Number
of
subjects

Dentists
Men
Women
Private practice
Public clinic
All

76
78
90

64
154

Age (years)

Number of
amalgam surfaces

Used chewing
gum frequently

(%)

Nurses'
Private practice
Public clinic
All
Total sample
• All the nurses were women.

86
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Table 2. Reference group characteristics reviewed (22).

Reference grou p'

Number of arnal gam surfaces

Age (years)

Number of
subjects-

Excretion rate
of mercury in
urine (119/24 h)

Mercury concentration in urineb
(l1g/l)

Mean

Range

Mean

Range

Mean

Range

Mean

Range

43

30-58

37

6-84

3.1

0.5-8

2.5

0.25-8

35

Occupationally unexposed volunteers from Stoc kholm (13 men and 22 women) . For two of them " hi gh frequency of chewing
gum use " was stated, wh ich makes 6 % of the ent ire group.
b Uncorrected urinary mercury concentration of integrated 24·h samples.
a

Table 3. Stepwise regression analysis - model parameters est imated from data of the reference group (13 men and 22 women)
(22). (Hg = mercury)
Parameter estimates'
Independent variable

95 % confidence
interval

Mean
Intercept (l1g Hg/24 h)
Number of amalgam surfaces
Sex (male = 1, female = 0)

~1 =0.068

~2
~3

Age (years)
a

0-1.6
0.044-0.092

&.=0.6

P·value
0.251
<0.001
Nonsignificant
Nonsignificant

Multiple
correlat ion
coefficient

r=0.69

Model : mean excretion rate of mercury in urine (l1g Hg/24 h) = a + 1l1xl + 1l2x2 + ... For entering a variable a cut-off value of
F=2.7 (P=0.10) was chosen . The standard deviation of the residuals s=1.56.
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Figure 1. Distribution of the rates of urinary mercury (HgU) excretion from the entire dental group (N = 314).
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used during the preparation of the amalgam mixture,
whereas in most private practices (approximately 85 0/0)
this technique had not been adopted.
The distribution of the mercury excretion rates of
the entire dental group is presented in figure 1. From
this distribution, but more explicitly from table 4, it
can be concluded that the range of all the excretion
rates measured was 0.4-18 ug Hg124 h with a grand
mean of 4.2 ug Hg124 h. A direct estimation of the
effect of occupational exposure through comparison
of the overall means in tables 2 and 4 is, however, not
feasible as, for example, the dental group averaged
fewer amalgam surfaces than the i eference group, and
this difference would significantly affect the mercury
excretion rate .
A simple regression analysis of the data of the entire dental group was performed for the "mercury excretion rates" versus the "number of amalgam sur faces" (figure 2).
The data on the excretion of mercury in the urine
of the dental group was further examined with a stepwise regression analysis. The following variables were
tested in a linear model: "number of amalgam surfaces," 'high frequency of chewing gum use" (yes
versus no), "kind of employment" (private practice
versus public clinic), "kind of profession" (dentist
versus nurse), "sex," 'age," and "amalgam handling
time a week." The same P- value of 0.10 (F=2.7) as
for the reference group was preset for a variable
to enter the regression model. As is apparent from
table I, the variable "use of amalgam capsules" correlated highly with 'kind of employment." Only in the

private practices was there a substantial intermixing
of users and nonusers of amalgam capsules. Therefore,
this variable was excluded in the initial analysis of the
data from the dental group (table 5).
From table 5 it can be seen that the first variable
to enter the equation was, again, "number of amalgam surfaces." For the variable "kind of employment" a mean difference of 1.6 ug Hg124 h was estimated (ie, subjects from private practices showed a
higher mean mercury excretion rate than those from
public clinics). The last variable to enter the regression model was "high frequency of chewinggum use,"
but its presence increased the coefficient of determination only slightly.
None of the variables sex, age, kind of profession,
or amalgam handling time entered the regressionmodel
at the P-level chosen.

The data from the subset "private practice" were
analyzed in a multiple regression analysis including
"number of amalgam surfaces," "high frequency of
chewing gum use," and "use of amalgam capsules."
The estimated mean of the capsule parameter was 0.9
ug Hg124 h with a 95 070 confidence interval of
( -0.2)-2.0.

Discussion

Mercury exposure of a reference population
occupationally unexposed to mercury
Environmental background levelsof mercury are normally very low if the exposure from the consumption of lake fish is excluded. Atmospheric mercury,

Table 4. Mercury analysis of the integrated 24-h urine samples from the dental group.

Mercury concentration
in urine-

Excretion rate of
mercury via urine
(~g/24 h)

Number of
subjects

Category of
subjects

(~gll)

Mean

Range

Mean

Range

76
78

4.5
3.7

90
64

4.8
3.1

0.8-18
0.4-14
0.8-18
0.4-9

3.6
2.8
3.8
2.3

0.7-16
0.3-11
0.6-16
0.3-6

154

4.1

0.4-18

3.2

0.3-16

86
74

4.6
3.9

0.6-13
1.0-15

4.1
3.0

0.3-15
0.7-12

160

4.3

0.6-15

3.6

0.3-15

314

4.2

0.4-18

3.4

0.3-16

Dentists
Men
Women
Private practice
Public clinic
All
Nurses"
Private practice
Public clinic
All
Total sample?
a
b
C

Uncorrected urinary concentrations of mercury in the integrated 24-h samples.
All the nurses were women.
The predicted means of the urinary mercury values for individuals occupationally unexposed to mercury (Hg) but bearing
25 amalgam surfaces are 2.3 ~g Hg/24 hand 1.7 ~g Hg/I, respectively (calculated from reference group data).

Table 5. Stepwise regression analysis -

model parameters estimated from the dental group (314 subjects) data. (Hg = mercury)
Parameter esnrnates-

Independent variable
Mean
Intercept

(~g

Hg/24 h)

0.=1.1

95 % confidence
interval

P-value

Multiple
correlation
coefficient

0.5-1.7

<0.001

0.064-0.097

<0.001

r = 0.431

~ = 1.6

1.1-2.1

<0.001

r=0.521

High frequency of chewing gum use
(yes = 1, no = 0)

~3 = 0.5

0.0-1.0

0.063

r=0.529

Sex (males = 1, females = 0)

~4
~5
~6

Nonsignificant

~7

Nonsignificant

Number of amalgam surfaces
Kind of employment
(Private practice = 1, public clinic = 0)

~, = 0.081

Age (years)
Kind of profession
(dentist = 1, nurse = 0)
Average time of amalgam work
(hours/week)

a Model: mean excretion rate of mercury in urine (~g Hg/24 h) = a

Nonsignificant
Nonsignificant

+ ~,X, + ~2X2 + ...

For entering a variable, a cut-off value of

F=2.7 (P=0.10) was chosen. The standard deviation of residuals s=2.27.
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mostly represented by elemental mercury vapor, appears in unpolluted areas at concentration levels of
1-3 ng/m', and the level is normally not higher than
10 ng/rn' in urban areas. Subsequently, breathing ambient air should, on an individual basis, be connected
with a mercury excretion rate of not more than a few
tenth's of a microgram of mercury in urine per day.
Drinking water contains mercury mainly in oxidized
bivalent forms but in negligible amounts. In food, alkyl
compounds of mercury dominate, and, with an increasing consumption of lake fish, the intake of mercury may reach hazardous levels. A Swedish mean intake of methylmercury from fish consumption has
been estimated to be 4-11 IJ.g/24 h, and roughly onetenth of this intake is supposed to be excreted in the
urine (23, 24). This estimation implies a further addition of some tenth's of a microgram of mercury per
day to the total urinary excretion of mercury. The intercept of the regression line for the reference group
in figure 2, although subject to high variability, is not
inconsistent with these assumptions.
A Swedish Expert Group stated in 1987 (24) that
amalgam restorations are probably the source of most
of man's exposure to inorganic mercury. ConsequentIy, the concentration of mercury in urine is significantly
influenced by the actual status of amalgam, which must
be taken into account in studies of low-dose mercury
exposure.
In a study by Langworth et al (24-26), concerning
76 men occupationally unexposed to mercury, the fact
that the basic analytical method used was not suitable
for the range of concentration under study was not
ment ioned. About 40 070 of the values reported for urinary mercury were close to or even lower than the detection limit (::::2IJ.g Hg/I). For this reason the mean
value given for the urinary mercury concentration
should be of low significance. A median morning value
of 3.0 IJ.g Hg /I for the urinary mercury concentration
corresponding to a mean of 27 amalgam surfaces can,
however, be estimated from these data.
In the study by Nilsson & Nilsson (2) the median
mercury concentrations in the morning urine samples
of a reference group of 41 unexposed men and women were 2.2 and 3.3 IJ.g Hg/I, respectively. Values lower
than 1 IJ.g Hg/I were not quantified. The mean number of amalgam surfaces was 25.
Von Kroncke et al (27) did not report any significant relationship between the ur inary mercury value s
and the number of amalgam surfaces. Nevertheless,
a mean mercury concentration of 1.5 IJ.g Hg/I was
given for the morning urine samples of 19 amalgamfree individuals. The detection limit of the method used
was said to be 0.5 IJ.g Hg/I,
In a study by Olstad et al (28) morning urine samples showed a mean value of 1.2 ug Hg/I for 73 children. For 14 children free from amalgam a mean value
of 0.4 (range 0.1-0.6) ug Hg/I was reported for the
urinary mercury concentration. The detection limit was
estimated to be "below" 0.2 ug Hg/I.
344

The only study found using the urinary excretion
rate of mercury for estimating mercury exposure was
that of Aitio et al (17). For a reference group of 10
individuals a mean excretion rate of 2.4 ug Hg /24 h
was reported. This value is in close agreement with our
result if it is assumed that the subjects had the same
mean number of amalgam surfaces. The reliability of
the analytical method used was, however, discussed
only for a higher range of concentrations.
With respect to the relationship between urinary
mercury excretion rates and the number of amalgam
surfaces, it can be seen from tables 3 and 5 that
the ~I estimate of the reference group was supported
by that of the dental group. On the basis of the
Olstad data (28), the corresponding slope of the
regression line could be estimated to be approximately 0.1 J.lg Hg .1- 1 • amalgam surfacer '. Jokstad
presented a large study comprising 650 Norwegian dentists who took part in a national dental congress in 1986
(29). Results from questionnaires and analyses of mercury in morning urine samples were examined. The
number of amalgam surfaces averaged 30. With the
use of modified data from the Jokstad report, a slope
of approximately 0.07 ug Hg . 1- 1 • amalgam surface -I ( :::: 0.085 ug Hg . 24 h -I . amalgam surface -I)
can be estimated. Thus both these recent Norwegian
studies (28, 29) support the relationship found between
urinary mercury rates and the number of amalgam surfaces in our present study.

Mercury exposure of dentists and dental nurses
Several studies of airborne and urinary mercury levels
have been performed in dentistry during the last two
decades. Most of them have reported levels of airborne
mercury below or close to the commonly used air standard of 50 ug Hg/m' for mercury vapor and the proposed biological standard of 50 ug Hg/I for urine, but
some studies reported mercury levels much higher than
that (3, 4, 6, 9, 14). In a study by Naleway et al (13)
it was remarked that the urinary mercury levels of dentists in the United States had not significantly decreased
during 1975-1983. Some other recent studies by Jokstad (29), Nilsson & Nilsson (1, 2), and Roydhouse et
al (15) showed , however, that the background levels
of mercury vapor in modern dental clinics are normally
lower than 10 ug Hg/m' and that the urinary mercury
levels, on the average, are lower than 10 I!g Hg /l.
Nevertheless, as seen from the data of Nilsson & Nilsson (2), there are still individuals with urinary mercury concentrations close to 50 IJ.g Hg /g creatinine
( :::: 50 ug Hg/I), the biological limit proposed in 1980
by the World Health Organization (30).
Our study of workers from pri vate practices and
public dental clinics in Stockholm suppo rts the opinion that the occupational mercury contribution from
dental work of today is generally low. There were ,
however , individuals in our dental group who showed
urinary mercury concentrations close to a level of

15 ug Hg/I (;::: 20 ug Hg124 h). This upper limit was
ob viously lower than that reported by Nilsson & Nilsson (2). A possible explanation is that our dental group
could have been somewhat biased towards individual s
more concerned about the mercury problem . In support of this possibility we can add that the mean amalgam handling time of the workers in private dental
practices in our stud y was considerably less than the
corresponding time spent by the workers in private dental practices in Nilsson & Nilsson's study (2) (8 versus
14 h/week) .
On the group level slight effect s on the central nervous system and the kidneys have been reported at mercury exposures equivalent to urinary mercury values
corresponding to 20-50 ug Hg/I (31-37). Although
the clinical significance of these find ings has not yet
been establi shed, it is apparent that some individual s
in our study showed urinary mercury excret ions close
to this range. Furthermore, the duration of exposure
has been demonstrated to be of importance (32, 33,
35). At least dentist s, but possibly even dent al nurses,
can be assumed to have a long duration of mercur y
expo sure.
As even harmful levels of mercury exposu re are not
instantaneously experienced by man, dental workers
suspecting high levels of mercury in their practice s or
clinics should find it appropriate to have their urinary
mercury excretion monitored.

Mercury exposure of the dentists and dental nurses
of the present study
Use of chewing gum. The dental personnel of our study
were asked whether they frequently used chewing gum
or not. As is apparent from table I, they actually did .
Chewing has been pointed out by many authors as a
factor strongly increasing the amount of mercury vapor
emitted from restorations. The emission of mercury
vapor after some minutes of inten se chewing is nor mally increased three- to fivefold , and sometimes by
more than that , according to Abraham et al (38), Svare
et al (39), Vimy & Lorscheider (40, 41), and our unpublished results. In referen ce to these experiences the
present result indicating only a weak influence from
"chewing" was a surprise. It may be that , under experimental conditions, the increase in mercury emission from amalgam was measured from rather " dry"
teeth after chewing was terminated. The real appreciable increase in salivation among chewers under normal conditions might cause most of the released mercury vapor to be dissolved in the saliva and swallowed,
partly in oxidized form . The gastrointestinal uptake
of oxidized mercury is regarded to be comparably
low (24).
Kind of employment. The study of Nilsson & Nilsson
(l, 2) comprised 267 denti sts and nurses in public
dental clinics and ISO dentists and nur ses in private
dental practices. The reported mean of the mercury
concentration in the morning urine samples of the den4

tists (N = 176) was 5.5 ug Hg/I for private practices
versus 3.6 ug Hg/I for public clinics, and the corresponding concentration of the dental nurses (N = 241)
was 7.5 ug Hg/I for public practices versus 4.7 ug Hg/I
for public clinics. In our study the excretion rates for
urinary mercury was, on the average, 1.6 g Hg/I higher
in the private practices than in the public clinics. Nilsson & Nilsson (I) offered several explanations for the
differences in the two kind s of employment. For exampl e, the pr ivate dental practices were older, generally smaller, and with a poorer standard of ventilation.
In addition, if the pri vate practices handled a large r
amount of amalgam per year, it would have been of
significance.
As the use of amalgam capsules is connected, at least
in private practices , with a higher rate of mercury excretion in the urine (see the following discussion), the
mean difference between the two kinds of employment
should increase if the amalgam capsule technique was
adopted to a greater extent by workers in private dental practices.

Use ofamalgam capsules. The use of preloaded amalgam capsules is a technique that has been developed
for conveniently preparing the amalgam mixture used
by dentists, and it is often regarded as also having a
positive effect from a hygienic point of view. The public dental clinics of our study used only this method,
while nearly the opposite was true for the private practices. The estimated mean difference in urinary mercury excretion between the amalgam capsule users and
nonu sers in the private dental practices was 0.9 ug
Hg124 h.
The use of amalgam capsules seems to be coupled
with a higher level of exposure to mercury. This finding has also been pointed out by many other authors
studying mercury exposure in relation to different
amalgam-mixing techniques. The higher level of expo sure might be explained by the emission of mercury from the mixing equipment, since the emission
is especially high once the equipment has warmed up.
Various qualities of capsules, the cleaning and location of shakers, and the type of flooring are significant factor s in association with mercury exposure (5,
IS, 16, 42-46) . In the present study there were too
few public clinics working without capsules for us to
make any statement of the relevance of the effect of
the use of capsules in public clinics.
Sex and kind of profession. It has earlier been proposed by Nilsson & Nilsson (2), Lie et al (47), and Roels
et al (35) that higher levels of urinary mercury excretion should be expected from women than from men .
The numerical relationships between different urinary
mercury values can, however , also be dependent on
the unit chosen. For instance, if the determined values
are related to creat inine excretion, the difference between the sexes must be considered also in that respect.
With our approach of presenting all the values in terms
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of excretion rates, no such significant difference was
found. Neither was a significant mean difference found
between the mercury excretion rates of the dentists and
the nurses.

Amalgam handling time. Surprisingly, the variable
"amalgam handling time" did not show any significant contribution to the explanation of the overall excretion of mercury in urine. The means reported for
the amalgam handling time were 8 and 12 h/week for
the workers in private dental practices and those in
public dental clinics, respectively. The time reported
for the public dental clinics was about the same as that
reported by Nilsson & Nilsson (2) . The difference be tween the mean of all the urinary mercury excretion
rates and the mean for those persons who stated an
average amalgam handling time equal to or less than
2 h/week was calculated to be only a few tenth's of
a microgram of mercury per 24 h. This finding might
indicate that a contaminated background is more significant for mercury exposure than the time currently
being spent handling amalgam.

Concluding remarks
An amalgam-free population from Stockholm occupationally unexposed to mercury was estimated to have
an average urinary mercury excretion rate of about
0.6 ug Hg124 h ("" 0.5 ug Hg/l) as long as there was
no high consumption of lake fish. The bearing of amalgam, together with environmental background exposure to mercury, should result in a mean rate of
urinary mercury excretion of about 2.5 ug Hg124 h
( "" 2 Jig Hg/l) . The contribution from each amalgam
surface to the entire urinary mercury excretion rate
could be estimated to be 0.07 Jig Hg124 h ("" 0.06 !1g
Hg/l) .
The dentists and dental nurses of our study in Stockholm had a low average exposure to mercury, as
reflected by their mean urinary mercury excretion rate
of about 4 Jig Hg/24 h ( "" 3.5 Jig Hg/l). Approximately
one-half of the measured rate originated from mercury
emitted by their own amalgam fillings . The persons
employed in private dental practices had a higher level
of exposure to mercury than those in the public clinics. The use of amalgam capsules seemed to increase
the mercury exposure, at least among the personnel
in private dental practices.

Acknowledgments
The authors wish to thank Mr L Bjorkman, a dentist,
for his valuable advice during the planning of this study
and for providing professional contacts with the clinics.

References
I . Nilsson B, Nilsson B. Mercury in dental practice; part

I. Swed Dent 1 1986;10:1-14.

346

2. Nilsson B, Nilsson B. Mercur y in dental pract ice; part
II. Swed Dent 1 1986;10:221-31.
3. Brooks JM , Allington PM. Mercury hazards in dentistry.
N Z Dent J 1974;70:166-80.
4. Buchwald H . Exposure of dental workers to mercury .
Am Ind Hyg Assoc 1 1972;33:492-502.
5. Chopp GF , Kaufman EG. Mercury vapor related to
manipulation of amalgam and to floor surfac e. Oper
Dent 1983;8:23-7.
6. Gronka PA , Bobkoskie L, Tomchick or, Bach F,
Rakow AB. Mercur y vapor exposure in dental offices.
1 Am Dent Assoc 1970;81:923-5.
7. Harris D, Nicols 11, Stark R, Hill K. The dental working environment and the risk of mercury exposure. 1 Am
Dent Assoc 1978;97:811-5.
8. Jones DW, Sutow El, Milne EL. Survey of mercury
vapour in dental offices in Atlantic Canada. 1 Can Dent
Assoc 1983;6:378-95.
9. Joselow MM, Goldwater Ll , Alvarez A, Herndon 1. Absorption and excretion of mercury in man: part XV. occupational exposure among dentists. Arch Environ
Health 1968;17:39-43.
10. Kelman GR. Urinary mercury excretion in dental personnel. Br lind Med 1978;35:262-5.
II. Mantyla DG, Wright OD . Mercury toxicity in the dental office : a neglected problem. J Am Dent Assoc 1976;
92:1189- 94.
12. Miller SL, Domey RG, Elston SFA, Milligan G. Mercury vapor levels in the dental office: a survey. 1 Am
Dent Assoc 1974;89:1084-91.
13. Naleway C, Sakaguchi R, Mitchell E, et al. Urinary mercury levels in US dentists 1975-1983: review of health
assessment program. 1 Am Dent Assoc 1985; III :37-42.
14. Nixon GS, Whittle CA, Woodfin A. Mercury levels in
dental surgeries and dental personnel. Br Dent 1 1981;
151:149-54.
15. Roydhouse RH, Ferg M, Knox RP. Mercury in dental
offices. 1 Can Dent Assoc 1985;2:156-8.
16. Schneider M. An environmental study of mercur y contam ination in dental offices. 1 Am Dent Assoc 1974;
89:1092-8.
17. Aitio A, Valkonen S, Kivisto H , Yrjanheikki E. Effect
of occupational mercury exposure on plasma lysosomal
hydrolases. Int Arch Occup Environ Health 1983;53:
139-47.
18. Roels H, Abdeladim S, Ceulemans E, et al. Relationships between the concentrations of mercu ry in air and
in blood or urine in workers exposed to mercury vapour.
Ann Occup Hyg 1987;31:135-45.
19. Lindstedt G. A rapid method for the determination of
mercury in urine. Analyst 1970;95:264-71.
20. Skare I. Microdetermination of mercury in biological
samples; part III. Analyst 1972;97:148-55.
21. Drap er NR, Smith H. Applied regression analysis. New
York, NY: John Wiley & Sons, 1981.
22. Skare I, Engqvist A. Kvicksilverexponering fran amalgam [Mercur y exposure from amalgam] . In: National
Board of Occupational and Safety. Abstracts from the
36th Scand inavian conference of occupational hygiene.
Reykjavik: National Board of Occupational Safety and
Health , 1987:187-8.
23. Clark son TW , Hursh JB, Sager PR, Syversen T . Mercury. In: Clarkson TW, Friberg L, Nordberg G, Sager
PR, ed. Biological monitoring of toxic metals . New
York, NY: Plenum Press, 1988:199-246.
24. Socialstyrelsen (Swedish Expert Group). Kvicksilver/
amalgam hal sorisker [Mercury/amalgam risks to health].
Stockholm : National Board of Health and Welfare,
1987. (Socialstyrelsen redovisar 1987:10.)
25. Langworth S, Elinder CG , Akesson A. Mercury exposure from dental fillings; part I. Swed Dent 1
1988;12:69-70.
26. Langworth S, Elinder CG, Gothe Cl. Vesterberg 0,

27.

28.
29.
30.

31.
32.

33.

34.
35.
36.

Akesson A. Kvicksilverhalter i blod och urin - inverkan av yrkesrnassig exponering resp fiskintag och amalgamfyllningar [Mercury concentrations in blood and
urine - influences from occupational exposure, intake
of fish and amalgam fillings]. Abstr Hygiea 1986;95:122.
von Kroncke A, Ott K, Petschelf A, et al. Uber die
Quecksi1berkonzentrationen in Blut und Urin von Personen mit und ohne Amalgamfiillungen. Dtsch Zahnarztl
Z 1980;35:803-8.
Olstad ML, Holland RI, Wandel N, Hensten Pettersen
A. Correlation between amalgam surfaces and mercury
concentrations in urine. J Dent Res 1987;66: 1179-82.
Jokstad A. Kvikksolveksponering av tannleger [Mercury
exposure of dentists]. Nor Tannlegeforenings Tid
1987;97:498--507.
World Health Organization. Recommended health based
limits in occupational exposure to heavy metals. Geneva: World Health Organization, 1980. (Technical report
series; no 647.)
Barregard L, Hultberg B, Schutz A, Sallsten G . Enzymuria in workers exposed to inorganic mercury. Int
Arch Occup Environ Health 1988;61:65--9.
Fawer RF, Ribaupierre Y de, Guillemin MP, Berode M,
Lob M. Measurement of hand tremor induced by industrial exposure to metallic mercury. Br J Ind Med 1983;
40:204--8.
Foa V, Caimi L, Amante L, et al. Patterns of some
lysosomal enzymes in the plasma and of proteins in urine
of workers exposed to inorganic mercury. Int Arch Occup Environ Health 1976;37 :115-24.
Piikivi L , Tolonen U. EEG findings in chlor-alkali workers subjected to low long term exposure to mercury
vapor. Br J Ind Med 1989;46:370--5.
Roels H, Gennart JP, Lauwerys R, et al. Surveillance
of workers exposed to mercury vapour. Am J Ind Med
1985;7:45-71.
Verberk MM, Salle H, Kemper CH. Tremor in workers with low exposure to metallic mercury. Am Ind Hyg

Assoc J 1986;47:559-62.
37. Verschoor MA, Herber RFM, Zielhuis RL. Urinary mercury levels and early changes in kidney function in dentists and dental assistants. Community Dent Oral
Epidemiol 1988;16:148-52.
38. Abraham JE, Svare CW, Frank CW oThe effect of dental amalgam surfaces on blood mercury levels. J Dent
Res 1984;63:71--3.
39. Svare CW, Peterson LC, Reinhardt JW, et al. The effect of dental amalgams on mercury levels in expired air .
J Dent Res 1981;60:1668-71.
40. Vimy MJ, Lorscheider FL. Serial measurements of intraoral air mercury: estimation of daily dose from dental
amalgam. J Dent Res 1985;64:1073--85.
41. Vimy MJ, Lorscheider FL. Intra-oral air mercury
released from dental amalgam. J Dent Res 1985;64:
1069-71.
42. Barkmeier WW, Cooley RL. Mercury leakage during
trituration: evaluation of reusable capsules. J Indiana
Dent Assoc 1981;60:8--11.
43. Blitzer MH, Pollack B. Mercury leakage in commercially
preloaded amalgam mercury capsules. Gen Dent 1981;
144--5.
44. Capdebosq CB, von der Lehr WN. Mercury leakage during trituration: an evaluation of capsules. Oper Dent
1979;4:39-42.
45. Jorgensen KD, Okuda R. Mercury leakage of amalgam
capsules. Acta Odontol Scand 1971;29:461-9.
46. Nixon GS, Rowbotham TC. Mercury hazards associated
with high speed mechanical amalgamators. Br Dent J
1971;31:308- 11.
47. Lie A, Gundersen N, Korsgaard KJ. Mercury in urine
- sex, age and geographic differences in a reference
population. Scand J Work Environ Health 1982;8:129-33.
Received for publication: 18 October 1989

347

