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Dental health in workers previously exposed to

mercury vapour at a chloralkali plant

Roy I Holland, Dag G Ellingsen, Marit L Olstad, Helge Kjuus

Abstract
Objectives-The dental health of 73
workers previously exposed to mercury

vapour at a chloralkali plant was studied
and compared with that of 51 non-

exposed referents.
Methods-A record of oral, periodontal,
gingival and mucosal conditions, includ-
ing teeth, restorations, prostheses, and
oral hygiene, was established during a 30
mm examination. The participants' peri-
odontal conditions were assessed accord-
ing to the community periodontal index
of treatment needs (CPITN). The results
with the CPITN index were also com-

pared with previously published data for
another similar population.
Results-There was no significant differ-
ence between the exposed workers and
the referents with respect to the number
of remaining teeth, amount of amalgam
restorations, crowns, bridges, or

endodontically treated teeth. The oral
hygiene among the exposed workers was

significantly better than among the refer-
ents, but the periodontal health condi-
tions did not significantly differ between
the two groups, nor from those ofanother
Norwegian population.
Discussion-The present results seem to
contradict previous reports claiming
tooth loss as a possible result of exposure
to mercury vapour.

(Occup Environ Med 1994;51:656-659)
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Mercury exposure is connected to the oral
health conditions of many people in the west-
ern world. This link consists mainly of the use

of amalgam as a dental restorative material,
but it is claimed that increased exposure to
mercury vapour-for example, in the work-
place, may negatively influence oral health,
such as mucosal ulcerations, gingivitis or peri-
odontitis (with a heavy metal line) and sudden
loosening or exfoliation of the teeth.'-3 The
claims that exposure to mercury vapour may
cause loosening or exfoliation of the teeth are

mainly based on old, poorly documented case

reports. A few reports have been published
regarding the oral health of workers exposed
to mercury.4-7 In subjects with ongoing mer-

cury exposure,35 increased periodontal dis-

ease, soreness of the mouth, loose teeth, and
in one instance increased number of missing
teeth compared with controls,3 have been
reported. A study on 642 workers exposed to

mercury and 382 controls, however, reported
no correlation of oral abnormalities with mer-
cury exposure,6 and in a study performed on
82 people currently exposed to mercury and
82 controls with similar oral hygiene between
the groups, no effect of mercury exposure was
found on the occurrence of gingivitis, peri-
odontitis, or the number of missing teeth.7

These studies have deficiencies in both the
documentation of exposure and presentation
as well as being contradictory in results, which
makes it difficult to draw firm conclusions
from them.

In the mercury based chloralkali industry,
where liquid mercury is used as the cathode in
the electrolysis of the brine, workers are
exposed to mercury vapour. Leakage and
maintenance work may lead to evaporation of
mercury into the working atmosphere.

In this study, a comparison was made
between exposed workers and referents in
clinical and anamnestic variables of oral
health. Specifically, the alleged noxious effects
of mercury on oral health were closely consid-
ered. The findings have also been compared
with published results for another Norwegian
population that served as an external refer-
ence group. This study is one of the first to
present epidemiological data to refute histori-
cal claims that mercury may induce loosening
or exfoliation of teeth. '

Materials and methods
SUBJECTS AND EXPOSURE
This study was performed during 1989 and
1990 as part of a comprehensive investigation
on possible chronic adverse health effects
among workers previously exposed to mer-
cury vapour at a chloralkali plant that was
shut down in 1987.8

Details of the main study design and the
assessment of exposure to mercury vapour
have been published elsewhere.8 In brief, male
workers below the age of 65 exposed for at
least one year were eligible for inclusion in the
study. The referents were randomly selected
among men, frequency matched for age, who
worked in a nitrate fertiliser plant for the same
company.

Altogether, the oral conditions of 73 workers
previously exposed to mercury and 51 refer-
ents were examined. The mean age of the
exposed subjects was 44-9 (median 44-1,
range 24-2-64-8) v 45-8 (median 45-3, range
24-3-63-7) among the referents. The mean
current urinary mercury concentration of the
exposed workers was 24-8 (median 17-5,
range 5-0-112-0) nmol/l and 15-4 (median
14-0, range 5 0-50 5) nmolffamong the refer-
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ents. The creatinine corrected mean urinary
mercury concentrations were 1-9 (median 1-5,
range 0-3-6 1) nmol/mmol creatinine for the
exposed workers and 1-3 (median 1 2, range
0 2-3 8) nmol/mmol creatinine among the
referents. The mean current blood mercury

concentrations were 26-2 (median 25-0, range

12-0-61 0) nmol/l for the exposed workers
and 28-3 (median 26-0, range 15-0-64-0)
nmol/l for the referents. A detailed description
of the determination of current urinary and
blood mercury has been published elsewhere.'
The mean duration of exposure was 8-0

(median 5-8, range 1 1-36 2) years and the
mean length of time from the last exposure to
the examination was 12-3 (median 9-0, range

1 0-35-0) years. For each exposed individual
a cumulative dose of mercury (cum U-Hg)
was calculated as the sum of the individual
annual mean urinary mercury concentration
during the time of exposure.' The cum U-Hg
was on average 3267 (median 2287, range

167-17229) nmol Hg/l urine. The annual
mean U-Hg concentration was 521 (median
411, range 41-2921) nmol Hg/l urine.
Altogether, 59% of the exposed workers had
at least once during their time of exposure

exceeded a urinary mercury concentration of
1000 nmol/l, and 37% had exceeded a con-

centration of 1500 nmol/l.

CLINICAL ORAL EXAMINATION
All participants were clinically examined by
one experienced dentist (MLO) in a regular
dental surgery. An oral record, including regis-
tration of teeth, restorations, periodontal and
gingival conditions, prostheses (removable or

fixed), oral mucosa, oral hygiene, and any

pathological conditions, was established dur-
ing a 30 min clinical examination. The follow-
ing equipment was used: a regular dental
chair, examination light, and a unit with air
and water spray, mirror, explorer, WHO
probe'0 for periodontal pockets (Rota-dent,
Copenhagen, Denmark), and cotton rolls.
Dentures were removed during the examina-
tion. In the calculations of the remaining
teeth, the third molars were disregarded due
to their frequent removal because of eruption
problems.

Written consent to collect further informa-
tion from their regular dentists was obtained
from all participants. The following informa-
tion was collected in this way: the time of the
last visit; dental treatment during the previous
year; any orthograde or retrograde endodontic
treatment including the material(s) used; the
materials used in any prostheses. Also, the lat-
est radiographs were copied to be used to
assess the size of the restorations.
The amalgam restorations were recorded

both according to location on the tooth sur-

face and by grading each restoration surface
according to its size. Each restoration surface
was assigned a point score from 0-5 to 6,
depending on its size. Restorations of the
occlusal, buccal, and lingual or palatinal sur-

face of the molars could be assigned a score

from 0 5 to 6. Those of the approximal sur-

faces of the molars could obtain a score from

0-5 to 4. Restorations in other teeth could
obtain scores from 05 to 3. The scores of the
approximal surfaces of the molars and premo-
lars were adjusted according to their extension
in the apical direction. This variable was
determined- with the copies of the radi-
ographs. Adding the scores for all the amal-
gam surfaces yielded the value "amalgam
points" as an expression of the amount of
amalgam present, taking into account the size
of the surface areas.

All composite restorations in molars, pre-
molars, and distal surfaces of canines were
recorded, as these might have replaced previ-
ous amalgam restorations. Crowns and
bridges were recorded as metal or ceramic,
gold or acrylic, all metallic (gold) or 3/4 crown
(gold). The extent of possible exposed metal
surface was measured with the pocket depth
probe.'0 Teeth that seemed to be endodonti-
cally treated, were recorded. This information
was always verified by the copies of the radi-
ographs or the information from the regular
dentist.
The participant's periodontal conditions

were assessed according to the community
periodontal index of treatment needs
(CPITN)'01' with 10 so called index teeth.
Also, an assessment, ranging from very poor
to excellent, was made of the overall oral
hygiene, especially considering the amount of
plaque, calculus, and food debris. These vari-
ables were recorded only for subjects with
remaining teeth.
The oral mucosa was thoroughly examined,

especially looking for lichenoid changes,
amalgam tattoos, and a dark line along the
gingival margin, the "lead line". All possible
pathological conditions were recorded. All
contacts between dissimilar metal alloys were
noted.

STATISTICS
Results of the numerical variables were
analysed by the Student's t test for differences
between the exposed group and the referents,
although non-continuous variables were sub-
jected to Kruskal-Wallis analysis for possible
differences between the groups. Correlation
between variables were analysed with
Pearson's product-moment correlation coeffi-
cient. The level of significance was set at 5%
(two tailed). All statistics were analysed with a
commercially available program (SPSS/PC
+, SPSS, IL, USA).

Results
During the clinical oral examination the men
were asked to render anamnestic information
regarding their dental health. Table 1 shows
this information, together with the prevalence
of subjects with complete dentures in the two
groups. There were no significant differences
between the exposed workers and the refer-
ents with regard to metal taste or xerostomia.
Sudden loosening of teeth was reported by
four of the exposed workers and none of
the referents. All four workers reporting sud-
den loosening of teeth had at least once had a
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Table I The prevalence (%) ofvarious dental variables

Exposed Referents
(n=73) (n=51)

Complete dentures 4-1 5 9
Anamnestic information:
Xerostomia 4-1 3 9
Metal taste 19-2 7-8
Sudden loosening of teeth 5-5 0.0

All results were NS.

Table 2 The mean number of remaining teeth grouped by age

Exposed (n=73) Referents (n=51)

Subjects Remaining teeth Subjects Remaining teeth
Age (n) (mean (SD)) (n) (mean (SD))
25-34 13 26-9 (2 4) 8 26-8 (1-8)
35-44 22 26-0 (3-1) 15 26-3 (2 6)
45-54 17 19-2 (8-8) 14 21-8 (5 7)
55-65 21 16-5 (8 8) 14 12-8 (10-1)
All subjects 73 21-9 (7 9) 51 21-4 (8 4)

All results were NS.

Table 3 General dental health

Exposed (n=73) Referents (n=51)
(mean (SD)) (mean (SD))

Occlusal amalgam surfaces 9 3 (5 2) 9-6 (4 9)
Occlusal amalgam points 31-5 (19 4) 32-1 (17-3)
Total amalgam surfaces 28-7 (18-2) 30 9 (16-4)
Total amalgam points 76-8 (51-3) 82-1 (45-1)
Metal or ceramic crowns (including bridge fixations) 0 4 (1-4) 0-5 (1-3)
Endodontically treated teeth 0 7 (1-0) 1-0 (1-2)
Teeth endodontically treated with amalgam (retrograde) 0-01 (0-12) 0-02 (0-14)

All results were NS.

Table 4 Total assessment of oral hygiene among the
participants exposed to mercury and referents with
remaining teeth

Exposed (n=70) Referents (n=48)
Scorer (n(%)) (n(%))

1 5 (7-1) 4 (8 3)
2 8 (11-4) 12 (25-0)
3 20 (28-6) 15 (31-3)
4 25 (35 7) 13 (27-1)
5 12(17-1) 4(8-3)
Total 70 (100-0) 48 (100-0)

*Scoring is from 1 (worst) to 5 (best).

Table S Periodontal condition classified according to the
CPITN index among participants exposed to mercury and
referents with remaining teeth

CPITN' Exposed (n=70) Referents (n=48)
index* (n(%/.)) (n(%))

0 1 (1-4) 1 (2-1)
1 9 (12-9) 2 (42)
2 13 (18-6) 8 (16-7)
3 31 (443) 26 (542)
4 16 (22 9) 11 (22 9)
Total 70 (100-0) 48 (100-0)

*Scoring is from 0 (best) to 4 (worst).

Table 6 CPITN index among 22 exposed subjects and 15 referents of the age group
35-44 years

Present study
WHO's data for another

CPITN Exposed (n=22) Referents (n=15) Nonvegian population
index* (n(%)) (n(%)) (%)

0 1 (4-5) 0 (00) (0)
1 2 (9-1) 0 (0(0) (9)
2 6 (27-3) 2 (13-3) (26)
3 8 (36 4) 10 (66-7) (57)
4 5 (22-7) 3 (200) (8)
Total 22 (100-0) 15 (100-0) (100)

*Scoring is from 0 (best) to 4 (worst).

urinary mercury concentration of> 1500
nmol Hg/l. Three of the workers reporting
sudden loosening of teeth, had remaining
teeth, and their oral hygiene was significantly
inferior to that of the others with remaining
teeth (P < 0 01). Also their periodontal
health, expressed through the CPITN index,
was significantly worse than that of the others
with remaining teeth (P = 0 01).

Except for the reports of sudden loosening
of teeth, the results of all the other variables-
that is, numbers of remaining teeth, periodon-
tal health, etc-in the subgroup of 27 workers
that at least once had exceeded a urinary mer-
cury concentration of 1500 nmol/l, were simi-
lar to those of the other 46 exposed workers.
No lichenoid changes or other pathological

conditions of the oral mucosa, were recorded
among the exposed workers or in the refer-
ence group.

There was a significant negative correlation
between age and number of remaining teeth
for all subjects (r = - 0 58) as well as for the
exposed group (r = - 0 55) and the referents
(r = - 0-62). No significant difference in the
number of the remaining teeth between all the
exposed workers and the referents was found.
This was also the case when the data were
split into different age groups (table 2).

Table 3 shows other recorded dental health
variables, such as amount of amalgam restora-
tions, crowns including fixed bridges, and
endodontic (both orthograde and retrograde)
treated teeth. The results for all the variables
were similar for the exposed workers and the
reference group.
The oral hygiene among the exposed work-

ers was significantly (P = 0-04) better than
that of the referents, when scored on a scale
from 1 (worst) to 5 (best) (table 4).
The periodontal conditions from the

CPITN index were measured for all the men
with remaining teeth. Table 5 shows these
results. The Kruskal-Wallis test showed no
significant difference (P = 0-39) between the
exposed workers and the referents.
The CPITN index for the age group 35-44

was chosen to compare the results of the pre-
sent population with that of WHO's global
oral data bank.'2 Table 6 compares these
results with the WHO's data for a Norwegian
population. There was no significant differ-
ence (P = 0-24) when comparing the workers
exposed to mercury and the referents.
No significant correlations could be found

between the concentrations of mercury in
urine and in blood, and various dental vari-
ables such as the number of metal or ceramic
crowns; dental treatment with amalgam dur-
ing the previous year; and number of retro-
grade endodontic fillings. The relations
between the amount of dental amalgam and
the mercury in urine or blood have been pre-
sented in a previous report.9

Discussion
The two groups under study, former chloral-
kali workers previously exposed to high levels
of mercury vapour and the referents, were
found not to differ in most variables indicative
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of dental health. Only one of the studied vari-
ables was significantly different between the
groups; the oral hygiene was better among the
exposed workers than in the reference group.
Previous publications on subjects with ongo-
ing mercury exposure" have reported
increased periodontal disease, soreness of the
mouth, loose teeth, and in one instance
increased number of missing teeth among
workers exposed to mercury compared with
the controls. These findings could not be
confirmed in our study. It might be argued
that in our study, the test group was not cur-
rently exposed to mercury vapour, which
might explain the difference in the results. If
such an increase in advanced destruction of
the periodontium had occurred in the present
test group, it would surely have influenced the
number of remaining teeth in the test group.
Therefore, as the number of remaining teeth
was similar among the referents and the previ-
ously exposed workers, such an increase in
periodontal disease caused by mercury expo-
sure seems less likely. In line with our results, a
study done on 82 currently exposed people
and 82 controls found no effect of mercury
exposure on the occurrence of gingivitis, peri-
odontitis, or the number of missing teeth.7 In
that study, the oral hygiene was similar
between the groups. Also a study on 642
workers exposed to mercury and 382 controls
reported no correlation of oral abnormalities
with mercury exposure.6
The reason for the difference in oral

hygiene between the previously exposed work-
ers and the referents, is possibly caused by the
written instructions for work for all the
employees of the chloralkali plant. These
instructions for work clearly state that the
workers are obliged to brush their teeth before
leaving the plant premises for a break or at the
end of the working day. This obligation, set
up by the management as a health precaution,
may have induced improvements in oral
hygiene habits that can still be measured. It
may also reflect an increased concern among
the workers with regard to their own health
due to the fact that they were aware that they
worked in an environment that could be detri-
mental to their health.
The difference in the hygiene habits should

presumably have improved in the periodontal
health, contrary to what was actually found.
Whether this can be attributed to a detrimental
effect of the mercury exposure on the peri-
odontium, cannot be ruled out or confirmed.
In view of the report that four of the exposed
workers had experienced sudden loosening of
the teeth, whereas no such reports came from
the referents, such effect of the mercury expo-
sure seems at least possible in some instances,
confirming findings cited in textbooks. Also
the fact that all those four were among the 27
workers (of a total of 73) who had at least
once exceeded a urinary mercury concentra-
tion of 1500 nmol/l, is an indication in the
same direction. On the other hand, the three
workers with remaining teeth, out of the four
who reported loosening of teeth, had inferior
oral hygiene that at least could contribute to,

if not in itself cause, the loosening of teeth
that they reported. Also, no difference could
be found in number of remaining teeth or per-
centage with full dentures, indicating no effect
of mercury on actual tooth loss. This conclu-
sion is further strengthened by the finding that
none of the exposed workers or the referents
had any pathological conditions in the oral
mucosa apart from gingivitis and periodonti-
tis.

Another possible explanation for the lack of
difference in periodontal health in spite of dif-
ferences in oral hygiene between the exposed
workers and the referents, may be that at least
some of the current working operations of the
referents necessitates use of a protective face
mask involving a mouth piece. In spite of the
theoretical possibility, it seems rather unlikely
that such protective gear should negatively
influence the periodontal health of the wear-
ers. The risk of excessive abrasion to the teeth
by such an equipment seems much higher.
The claim that mercury exposure may

cause loosening of the teeth probably origi-
nated in the years where mercury in massive
doses was used in the treatment of syphilis.
The physicians applying the treatment some-
times noted a loosening of the patients' teeth.
Such observations, however, without any con-
trols or follow ups and with the limited know-
ledge of oral pathology and physiology at that
time, must be regarded as being of limited sci-
entific value. Such findings should be
regarded as a basis for a hypothesis for further
investigations, such as the present study. The
only differences between the four workers
reporting sudden loosening of the teeth and
the others was significantly inferior periodontal
health and oral hygiene, which by itself may
well explain their dental problems.

This study was carried out with financial support from Norsk
Hydro A/S, Norway.
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