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Abstract
Objectives—Deposits of carbonate rock
like limestone and dolomite may contain
tremolite asbestos. This study assessed the
exposure to tremolite asbestos and the
respiratory health of Swedish dolomite
workers.
Methods—95% of 137 eligible workers at
two dolomite producing companies com-
pleted a self administered questionnaire
that included questions on respiratory
symptoms and were examined with spiro-
metry as well as chest radiography. Total
exposure to dust was gravimetrically
measured and the tremolite asbestos con-
tent of the dust was assessed with polari-
sation and phase contrast microscopy.
Results—Dolomite dust concentrations
were moderate (median 2.8 mg/m3) and
tremolite asbestos concentrations were
generally below the limit of detection
(<0.03 fibres/ml). Somewhat higher
values, around 0.1 fibres/ml, were ob-
tained in manual stone sorting and bag-
ging. Respiratory symptoms suggestive of
chronic bronchitis were more related to
smoking than to estimates of individual
exposure to dust. The mean vital capacity
was 0.2 l lower than expected after adjust-
ment for sex, age, height, and smoking but
the decline in lung function was not
associated with current or cumulative
exposure to dust in a clear cut way. Two
definite cases of pleural plaques and one
possible case of simple pneumoconiosis
were noted, but the plaques could not be
attributed exclusively to exposure to
tremolite asbestos.
Conclusions—Dolomite mining and mill-
ing may indeed entail low levels of expo-
sure to tremolite asbestos, but this
exposure was not a strong determinant of
respiratory symptoms, lung function, or
pneumoconiosis in exposed Swedish
workers. This was true also for dolomite
dust. The hazards of exposure to tremolite
asbestos may vary across deposits, how-
ever, and additional studies at other sites
of carbonate rock exploitation are war-
ranted.
(Occup Environ Med 2001;58:670–677)
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Limestone and dolomite are examples of sedi-
mentary rock which are also recognised as car-
bonate rocks. Limestone contains more than
50% of the mineral calcite (calcium carbonate)
but if the carbonate rock is rich in magnesia a

double salt with carbon dioxide and calcium
oxide called dolomite ((CaMg)CO3) is often
formed. The ensuing bedrock is called dolom-
itic limestone or dolomite. Carbonate rocks are
used as industrial minerals in various
applications—for example, in the production of
mineral wool, iron and steel, in the paper
industry, as a filler in house and road construc-
tion materials, in plastics, paints, and adhe-
sives, and in agriculture.

Carbonate rocks with a low content of silica
have been considered to be virtually harmless.1

A few cases of pneumoconiosis in Finnish
limestone mines have been attributed to silicate
impurities or quartz in the rock,2 but only one
case of pneumoconiosis associated with dolo-
mite has been properly reported in the
international literature.3 Exposure measure-
ments in Finnish limestone and dolomite
mines showed varying concentrations of quartz
and mineral fibres with tremolite and wollas-
tonite as the most abundant fibrous silicates.
Forty per cent of the tremolite particles were
perfect fibres, of tremolite asbestos, whereas
the remaining fraction was classified as either
fibrous cleavage fragments or cleavage frag-
ments. At one dolomite mine the mean
airborne concentration of perfect tremolite
fibres was over 0.1 fibres/ml.2

Clusters of pleural mesothelioma and other
health eVects related to asbestos have been
associated with background exposure to
tremolite asbestos in various environmental
settings, notably from locally produced white-
wash made from sedimentary rock.4–10 Similar
associations have been found in occupationally
exposed groups—for example, in vermiculite
workers in the United States and Canadian
chrysotile workers.11–14

Tremolite asbestos occurring as a natural
component of the bedrock has been associated
with pleural plaques in Swedish iron miners
without other exposure to asbestos,15 and spo-
radic cases of diVuse pleural thickening or
pleural plaques have been attributed to tremo-
lite asbestos from products containing milled
dolomite.16 17

In the area of Bergslagen in central Sweden
the bedrock contains metamorphosed sedi-
mentary and volcanic rocks created some 1900
million years ago. Serpentine and amphiboles
are common impurities in Swedish carbonate
rocks but chlorite, mica, and talc are also
found. Occurring in both orthorhombic and
monoclinic systems, the amphibole group
comprises several minerals closely related in
crystallographic and other physical properties
as well as in chemical composition. Among the
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amphiboles, created by metamorphic proc-
esses, the tremolite-actinolite series belonging
to the monoclinic system dominate. The
minerals usually form aggregates of long
prismatic crystals, sometimes fibrous and
asbestiform and recognised as tremolite asbes-
tos as opposed to non-asbestiform tremolite
cleavage fragments. The colour of tremolite is
white, turning green with increasing iron
content.

The respiratory health of Swedish dolomite
workers has previously not been systematically
investigated and the aim of this study was to
conduct such a survey with special emphasis on
the recent findings of occupational exposure to
tremolite asbestos.

Material and methods
COMPANIES

The study was conducted at two dolomite
mines with adherent production facilities, here
called company A and company B, located in
the Bergslagen area of central Sweden (fig 1).
Their combined produce was estimated to
constitute some 50% of the annual domestic
dolomite production (about 700 000 metric
tonnes). The mineralogical, geological, and
chemical characteristics of the two sites were
similar (tables 1 and 2). Attempts to increase
the statistical power of the study failed when
the two additional and relevant carbonate rock

producing companies in the Bergslagen area
declined to participate.

Preceded by small scale quarrying by local
farmers, industrial dolomite mining at com-
pany A started in 1918. The current produc-
tion facilities, including the underground mine,
dated from the 1960s and contained depart-
ments for stone sorting, crushing, grinding,
mixing, and packing. Over the years, various
additives had been used to improve the quality
of local products among which asbestos was of
particular interest for the present study.
Circumstantial information indicated that
some 40 tonnes of asbestos (possibly antophyl-
lite) were added as a fire retardant to selected
qualities in the 1960s and early 1970s. The use
of asbestos was thought to have ended when
national restrictions were introduced, 1976 at

Figure 1 Map of Sweden with details of carbonate rock deposits (in black) in the Bergslagen area.

Carbonate rock
deposits

Stockholm

The Bergslagen area

Table 1 Mineralogical composition (% by weight) of
carbonate rock samples from company A and company B

Mineral Company A

Company B

Sample 1 Sample 2

Dolomite 93 91 92
Calcite 3 6 3
Amphibole 4 2 4
Mica Trace ND* Trace
Talc Trace ND Trace
Quartz ND Trace ND
Chlorite ND ND Trace
Total 100 99 99

*Not detected.
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the latest, but no details on this issue were
available in company records.

At company B open pit limestone mining,
followed by underground mining, started in the
early 20th century but this production almost
ended in 1970. Open pit dolomite quarrying
was started in the 1920s and subsequently
became the main mineral. The carbonate
stones were locally sorted, refined by crushing
and grinding, and sometimes mixed with other
ingredients for various industrial products and
consumer goods. The history of asbestos use at
company B was thought to be largely congru-
ent with company A, but no quantitative or
qualitative information was available.

SUBJECTS AND RESPIRATORY HEALTH SURVEY

In late 1996 all blue collar workers and
foremen at companies A and B were invited to
participate in a respiratory health survey
including a questionnaire, spirometry, and a
chest radiograph. Out of a total workforce of
137 subjects, 130 agreed to participate. The
participants were 20–63 years old (median 43
years) and 12% were female (for further
demographic characteristics of the study popu-
lation (table 3)).

The questionnaire covered items of general
health and medication, tobacco habits, and
environmental exposure to smoke, an occupa-
tional history including a subjective dust
assessment as well as use of a respirator and
previous exposure to asbestos. The prevalence
of respiratory symptoms was assessed with a 14
item questionnaire designed for use in popula-
tions occupationally exposed to dust. This
questionnaire contains eight questions from
the British Medical Research Council (MRC)
questionnaire19 (three items referring to cough,
three to phlegm, and two to dyspnoea) and six
additional questions referring to simple bron-
chitis with or without phlegm or to obstructive
symptoms. The 14 item questionnaire and the
MRC questionnaire had previously been vali-
dated against respiratory function tests and
airways disorders classified by lung specialists
in a study of 295 asbestos cement workers.20 21

This validation suggested an optimal cut oV
value for sensitivity and specificity at any three
or more symptoms—that is, the sum of positive
responses in the questionnaire without weight-
ing. No reference data from groups unexposed
to respiratory irritants were available, but data
from two groups of welders (unpublished) and
swine producers22 were used for comparison.

Lung function was investigated according to
standards set by the American Thoracic
Society23 using a dry wedge spirometer (Vitalo-
graph, Buckingham, UK). Observed best
values for vital capacity (VC) and forced
expiratory volume in 1 second (FEV1), ad-
justed for body temperature and pressure satu-
rated with water vapour, were compared with
predicted values generated from Hedenström
et al24 for women and Hedenström et al for
men.25 The reference data were adjusted for
sex, age, body height, and smoking (smoking-
years). Standardised measurements of height
and weight were obtained and body mass index
(BMI) was calculated.

Standard chest radiographs were obtained at
hospitals serving the areas of interest but
examinations conducted within about 1 year
were not repeated. Antero-posterior films were
read independently by two experienced observ-
ers, one senior radiologist and one lung physi-
cian, with the 1980 International Labour
OYce (ILO) guidelines as reference.26

EXPOSURE ASSESSMENT

The medical examinations were supplemented
with exposure to dust measurements as well as
a review of historical exposure data.

DUST MEASUREMENTS

The methods of production had remained
fairly stable for decades at both companies but
systematic investigations of the exposure to
dust had not been undertaken. Beginning in
the late 1960s, sporadic dust samples had been
collected from various departments as either
area or exposure measurements. Some meas-
urements concerned total dust only whereas
others were focused on respirable silica, respir-
able dust, or any combination thereof. Fortu-
nately, the methods of dust sampling were
similar over the observation period, and since

Table 2 Chemical composition (% by weight) of
carbonate rock (dolomite) samples from company A and
company B

Compound
Company A
(mixed sample)

Company B

Sample 1 Sample 2

SiO2 1.87 0.85 1.94
Al2O3 0.22 0.33 0.36
TiO2 <0.01 <0.01 <0.01
Fe2O3tot 0.49 0.78 0.53
MnO 0.07 0.12 0.07
CaO 30.2 30.3 30.1
MgO 20.4 20.7 20.9
K2O 0.03 0.02 0.04
Na2O 0.02 0.02 0.02
P2O5 0.01 <0.01 <0.01
CO2 45.7 46.0 44.8
S <0.01 <0.01 <0.01
Total 99.0 99.1 98.8

Table 3 Some demographic and exposure characteristics of the study group

Characteristic
Company A
n (%)

Company B
n (%)

Total
n (%)

Sex:
Men 77 (87) 37 (90) 114 (88)
Women 12 (13) 4 (10) 16 (12)

Age (y):
20–29 14 (16) 7 (17) 21 (16)
30–39 27 (30) 8 (20) 35 (27)
40–49 21 (24) 13 (32) 34 (26)
50–59 24 (27) 11 (27) 35 (27)
>60 3 (3) 2 (5) 5 (4)

Body mass index:*
18.5–24.9 (normal weight) 29 (33) 12 (29) 41 (31)
25.0–29.9 (grade 1 overweight) 45 (51) 17 (41) 62 (48)
30.0–34.9 (grade 2 overweight) 11 (12) 8 (20) 19 (15)
35.0–39.9 (grade 2 overweight) 4 (4) 4 (10) 8 (6)

Smoking habits:
Non-smokers 40 (45) 19 (46) 59 (45)
Ex-smokers 27 (30) 13 (32) 40 (31)
Smokers 22 (25) 9 (22) 31 (24)

Duration of employment (y):
–5 10 (11) 6 (15) 16 (12)
5–9 29 (33) 12 (29) 41 (32)
10–14 20 (22) 6 (15) 26 (20)
15–19 8 (9) 5 (12) 13 (10)
20–29 17 (19) 9 (22) 26 (20)
>30 5 (6) 3 (7) 8 (6)

Total 89 41 130

*Classification according to the World Health Organisation.18
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1975 most samples had been analysed at the
same laboratory. These circumstances were
considered suYcient to allow comparisons over
time. Available protocols were scrutinised for
overall quality, discarded if necessary, and the
exposure measurements (personal dust sam-
pling) were summarised.

Occasional attempts to measure exposure to
asbestos had been made in earlier decades, but
the historical methods for fibre analysis did not
diVerentiate between asbestos and other fibres.
Hence, the validity of these data was consid-
ered low for an assessment of previous
exposure to tremolite asbestos and they were
discarded.

As part of the current investigation, air sam-
ples were collected from both companies and
analysed for total dust and tremolite asbestos.
The aim of the sampling strategy was to
supplement the historical measurements and
to collect information from job tasks previously
not studied. The dust sampling method
conformed to the corresponding United States
standard27 and had been used since the 1960s.
In short, full shift (5–8 hours) personal air
samples were collected with calibrated pumps
with an air flow rate of 2 l/min and conditioned
25 mm diameter cellulose acetate filters (pore
size 0.8 µm) mounted in open cassettes. The
dust content was gravimetrically determined.

The exposure to tremolite asbestos was
assessed with stationary sampling equipment
with pure cellulose nitrate membrane filters
(diameter 25 mm, pore size 0.8 µm). The
measurements were collected over 30, 60, or 90
minutes to ensure suitable amounts of dust for
the fibre analyses.

For each subject in the study, estimates of
both the current and the overall mean exposure
to dolomite dust (covering their entire duration
of dolomite work) were calculated. The current
exposure was based on the results of the dust
measurements performed in the on going study
and for subjects without a personal dust sample
the exposure was derived from equivalent job
tasks. The overall mean exposure to dust was
estimated on the basis of a job-exposure matrix
covering geometric mean values of all personal
dust measurements collected for each specific
job task. For subjects with mixed occupations
within the dolomite industry, a weighted
geometric mean exposure to dust was calcu-
lated taking the overall exposure to dust in each
of these occupations into account. Subjects
with occupations for which no exposure data
were available were assigned exposure to dust
concentrations by one of us (NPB) based on
estimates derived from similar occupations or
job tasks.

FIBRE ANALYSIS

The method used for fibre counting in this
study was based on the current standard
procedure in Sweden,28 which is similar to
other international fibre counting methods.29–31

A respirable fibre was defined as a fibre longer
than 5 µm with a diameter less than 3 µm and
an aspect ratio of 5:1 or more. However, an

aspect ratio of 3:1 or more is often used inter-
nationally and fibres were also counted on the
basis of this definition.

Before fibre counting, the high content of
dolomite particles on the filters was eliminated
by acid leaching with 50 ml 1.5 M HCl. The
filters were then washed with 50-100 ml
distilled water. The acid solution as well as the
water was slowly rinsed through the filters
while placed in a special filtration holder. To
separate other non-asbestos fibres and tremo-
lite cleavage fragments from tremolite asbestos,
the following optical characteristics of tremo-
lite asbestos were used during fibre counting: a
refractive index of a countable tremolite asbes-
tos fibre of about 1.62, birefringence, a positive
sign of elongation and parallel or almost paral-
lel extinction (<5o) when viewed in the micro-
scope.32

Cinnamaldehyde was substituted for the
standard mounting procedure with acetone-
triacetin. It has a refractive index of 1.62 and
makes the cellulose nitrate filter transparent
and attains a blue colour with a red to yellow
halo to tremolite asbestos and other objects
with the same refractive index. The filters were
evaluated within 2 days of preparation.

The birefringence and other optical
characteristics—for example, sign of elonga-
tion and angle of extinction of these blue
fibres—were checked with polarising equip-
ment in the microscope. Fibres with nearly
parallel extinction but too thin to appear
coloured were also classified as tremolite
asbestos.

A Leitz Ortolux II POL-BK polarising
microscope with phase contrast equipment and
object magnification of 40× was used on line to
a Macintosh computer as previously de-
scribed.33 34 The system has a Walton-Beckett
eyepiece graticule for fibre counting both in the
microscope and on the computer screen, and
the microscope has a rotating stage, allowing
evaluation of both the sign of elongation and
the angle of extinction of the fibres.

STATISTICAL METHODS

The prevalence of respiratory symptoms, using
the cut oV value of three or more symptoms,
was analysed with multiple logistic regression
models. The analysis was performed with
either overall mean exposure to dust or current
exposure to dust as the main explanatory vari-
able. Both exposure variables were categorised
into three classes with cut oVs at 5.0 and 10.0
mg/m3 dust. Age and smoking habits were
included as additional variables as they were
considered potential confounders. We used
three categories for smoking, non-smokers as
reference category, and ex-smokers and smok-
ers as two index groups. The eVect variable for
the logistic regression was expressed as an odds
ratio with a 95% confidence interval (95% CI).

Lung function was first analysed with statis-
tical models where means (95% CIs) for the
deviation of observed spirometric values from
predicted values were calculated for all sub-
groups, taking into account the exposure to
dust variables as well as background character-
istics such as sex, age, BMI, and duration of
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employment. In a secondary analysis we used
several multiple linear regression models where
one of the exposure to dust variables, either
overall mean exposure or current exposure, was
analysed simultaneously for diVerent catego-
ries of the background variables age, height,
BMI, and smoking.

Results
EXPOSURE ASSESSMENT

Overall, 70% of the participants considered
their current work environment as quite dusty
or very dusty (68% at company A, 73% at
company B). However, regular use of respira-
tors was reported by very few subjects (3%).
Previous occupational or private exposure to
asbestos was recognised by 32 subjects (25%),
three of whom reported both sources of expo-
sure.

The compilation of historical exposure data
for total dust yielded highly variable results
depending on the type of activity or job task
considered (table 4). A substantial variability
over time was also noted for some jobs but clear
trends were not found. Contemporary total
dust measurements, however, generally showed
lower concentrations (median 2.8 mg/m3;
details not shown) than the historical dust
samples. At both companies, the highest expo-
sure concentrations were found in the milling
department, notably during bagging, and in
manual stone sorting. In other departments,
bagging and mixing as well as various mining
operations also generated high concentrations
of exposure to dust—that is with a geometric
mean of 10 mg/m3 or more. Besides certain
processes involving mixing of dolomite with
quartz rich sand, the silica content of the dust

had been negligible (median 0.03 mg/m3;
details not shown) as indicated from the
historical measurements.

The concentrations of tremolite asbestos in
the contemporary samples were very low, gen-
erally (70% of samples from company A, 65%
of samples from company B) below the limit of
detection (0.03 fibres/ml). Somewhat higher
concentrations, about 0.1 fibres/ml with a
maximum value of 0.14 fibres/ml at company
B, were found during manual stone sorting and
bagging of pure dolomite (table 4). In general,
with more dust in the air the concentration of
tremolite asbestos fibres tended to increase.
The median length of the recorded respirable
fibres was 10–15 µm with a median aspect ratio
of 11–15:1 for diVerent work tasks—that is,
somewhat thinner and shorter fibres than typi-
cal asbestos fibres. If a fibre aspect ratio of 3:1
or more was used instead of 5:1 or more, the
increase in asbestos fibre concentrations was
limited (6% on average).

RESPIRATORY HEALTH SURVEY

Respiratory symptoms
The distribution of symptoms was positively
skewed with a median of zero (85 subjects).
Twenty one workers reported one or two
symptoms whereas three or more symptoms,
suggesting chronic bronchitis, were acknowl-
edged by 24 (18%). This figure was similar to
previous findings in welders (17%) with a
somewhat lower proportion of smokers, but
considerably lower than that of swine produc-
ers (34% for all ages and 29% in younger than
60 years). In the present study the most
common symptoms were cough without
phlegm and dyspnoea, indicating a low physical

Table 4 Summary of historical and contemporary measurements of total dust (personal samples) and tremolite asbestos (stationary samples) 1969–96 at
companies A and B, respectively, by department and occupation

Company A Company B

Department/
job task

Total dust Tremolite asbestos

Department/
job task

Total dust Tremolite asbestos

n
GM
(mg/m3)*

Range
(mg/m3) n

Maximum
(fibres/
ml)† n

GM
(mg/m3)*

Range
(mg/m3) n

Maximum
(fibres/ml)

Underground mine: Open cast mine:
Drilling 6 2.9 1.0–59 2 <0.03 Drilling 11 12.5 0.2–78 1 <0.03
Charging 9 10.9 3.4–68 — Loading 3 0.6 0.3–2.1 1 <0.03
Loading 4 2.5 1.1–3.5 1 0.06 Lorry driving 2 0.2 0.1–0.3 1 <0.03
Mixed 6.0§ —

Mill: Mill:
Manual sorting 18 20.4 2.8–56 2 0.10 Manual sorting 6 11.8 1.9–55 2 0.04
Crushing 12 21.4 2.2–83 1 <0.03 Crushing 6 5.9 2.9–10 1 <0.03
Bagging 32 20.7 2.5–136 4 0.12 Bagging 9 21.7 5.0–55 3 0.14
Truck driving 2 1.0 0.7–1.5 1 <0.03 Truck driving 3 3.9 3.1–4.9 1 0.05
Service 9.2‡ — Service 6.0‡ —
Mixed 18.3§ — Mixed 10.1§ —
Other 1.0‡ — Other 2 1.1 0.9–1.4 1 <0.03

Lime works: Lime works:
Mixing 42 9.6 0.5–36 3 <0.03 Mixing 14 8.0 1.7–17 3 0.03
Bagging 21 13.2 2.9–72 2 0.03 Truck driving 2 2.3 1.2–4.6 1 <0.03
Truck driving 2 0.4 0.4–0.5 1 <0.03 Mixed 5.7§ —
Mixed 7.9§ — Other 1.1‡ —
Other 0.4‡ —

Putty works: Putty works:
Mixing 14 6.0 2.4–16 5 0.03 Mixing 8 3.6 1.2–11 4 0.03
Truck driving 2 1.3 0.9–1.8 1 <0.03 Truck driving 2 0.9 0.7–1.2 1 <0.03
Mixed 4.6§ — Mixed 2.7§ —
Other 1.3‡ — Other 1.1‡ —

Total 158 23 Total 68 20

*Geometric mean.
†Maximum values; all samples collected in 1996; aspect ratio >5:1.
‡Estimate.
§Weighted geometric mean (for details, see text).
—No data.
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fitness, whereas symptoms such as wheezing
and phlegm were less often reported. In the
univariate analysis the mean number of symp-
toms were less than one in the two lowest
exposure categories (overall mean exposure to
dust <5.0 and 5.0–9.9 mg/m3, respectively) and
2.1 in the highest category (>10.0 mg/m3).
The number of symptoms was higher in smok-
ers (mean 2.1 symptoms) than in never smok-
ers (mean 0.7 symptoms) but did not increase
with age. In the logistic regression of symptoms
(dichotomised into less than three and three or
more symptoms) with age and smoking, only
smoking was significant, corresponding to an
odds ratio of 4.0 (95% CI 1.3 to 12.0). The
same analysis with smoking and overall mean
exposure to dust (age not included due to col-
linearity with exposure) also yielded a signifi-
cant association with smoking (odds ratio 2.4
for smokers v non-smokers, 95% CI 1.3 to
11.7). A non-significant association with symp-
toms, corresponding to an odds ratio of 2.6
(95% CI 0.8 to 7.0), was found in the highest
exposure category.

Spirometry
In the primary analysis of lung function, the
mean deviation of observed from expected VC
was about 0.2 l, somewhat higher in men than
in the small group of female workers (table 5).
By contrast, the mean observed FEV1 was close
to that expected for both sexes. There was a
close collinearity between age and duration of
employment, and both variables showed an
accelerating loss of VC with increasing number
of years. Similar findings were also found for
BMI. Dose-response relations were found
between deviations of VC from predicted and
the overall mean exposure to dust as well as the
current exposure to dust where the highest
nominal VC deficit of 0.52 l was found in the
>10 mg/m3 category of current exposure. This

estimate, however, was quite unstable as it car-
ried information from only four subjects.

Attempts were made to identify the relative
influence of age, BMI, and various exposure
estimates on the VC but extended multivariate
analyses did not yield additional information.

Chest radiography
Three subjects did not participate in the radio-
logical part of the study (two workers had left,
one refused) and for one subject no films,
initially considered normal, could be retrieved.
Of the 126 radiographs available for the
reassessment according to the ILO system, 121
films were classified as negative for pneumoco-
niosis. The observers agreed on two cases of
pleural plaques and they disagreed on the
remaining three films. In two of these, one
observer each noted pleural plaques whereas
the other observer did not. The last film was
classified in ILO category 1/1, indicating
simple pneumoconiosis, by one observer and
normal by the other.

Details of the two definite cases of pleural
plaques (both men) recovered from the ques-
tionnaires showed that one subject had been
employed for only 3 years in the carbonate rock
industry, suggesting previous exposure to
asbestos elsewhere. The other subject had
worked for 22 years in the current business and
denied previous occupational or private expo-
sure to asbestos. Hence, a relation with tremo-
lite asbestos or other sources of exposure to
asbestos in the carbonate rock industry, as pre-
viously indicated, was considered possible.

In the two cases with discordant findings of
pleural plaques, one subject had been em-
ployed in the trade for over 30 years and had a
considerable exposure to dolomite dust. The
second possible case of plaque had been
exposed to dolomite dust only during the pre-
vious 7 years, and any association with

Table 5 Lung function (l) in dolomite workers by sex, age, body mass index, duration of employment, overall mean, and
current dust exposure

Characteristic No.

Vital capacity Forced expiratory volume, 1 second

Observed mean
(SD)

Deviation from predicted
mean (95% CI)

Observed mean
(SD)

Deviation from predicted
mean (95% CI)

Sex:
Male 114 5.19 (0.89) −0.23 (−0.34 to −0.12) 4.08 (0.76) −0.05 (−0.15 to 0.05)
Female 16 3.86 (0.80) −0.17 (−0.49 to 0.14) 3.20 (0.76) 0.04 (−0.23 to 0.32)
Total 130 5.02 (0.98) −0.22 (−0.33 to −0.12) 3.98 (0.82) −0.04 (−0.13 to 0.05)

Age (y):
20–39 56 5.53 (0.82) −0.05 (−0.21 to 0.12) 4.49 (0.62) 0.10 (−0.03 to 0.23)
40–49 34 4.98 (0.97) −0.24 (−0.47 to −0.02) 3.89 (0.71) −0.06 (−0.26 to 0.13)
>50 40 4.35 (0.76) −0.45 (−0.61 to −0.30) 3.32 (0.63) −0.21 (−0.37 to −0.06)

Body mass index:
18.5–24.9 41 5.10 (1.11) −0.15 (−0.36 to 0.05) 3.98 (0.90) −0.06 (−0.24 to 0.12)
25.0–29.9 62 5.15 (0.97) −0.17 (−0.33 to −0.01) 4.10 (0.81) 0.03 (−0.10 to 0.17)
30.0–34.9 19 4.56 (0.60) −0.47 (−0.64 to −0.29) 3.57 (0.50) −0.24 (−0.34 to −0.13)
35.0–39.9 8 4.79 (0.79) −0.43 (−0.92 to 0.06) 3.94 (0.82) −0.02 (−0.48 to 0.44)

Duration of employment (y):
<5 17 5.34 (1.18) −0.13 (−0.46 to 0.20) 4.20 (0.94) −0.05 (−0.30 to 0.21)
5–9 46 5.11 (0.85) −0.18 (−0.36 to 0.00) 4.11 (0.74) 0.00 (−0.15 to 0.15)
10–19 36 4.97 (1.00) −0.25 (−0.46 to −0.05) 4.00 (0.88) 0.02 (−0.16 to 0.21)
>20 31 4.78 (0.99) −0.30 (−0.53 to −0.07) 3.63 (0.69) −0.16 (−0.36 to 0.04)

Overall mean exposure to dust (mg/m3):
<5.0 61 5.18 (0.86) −0.15 (−0.29 to −0.01) 4.11 (0.69) 0.03 (−0.10 to 0.15)
5.0–9.9 35 4.93 (1.09) −0.32 (−0.55 to −0.08) 3.93 (0.89) −0.10 (−0.28 to 0.09)
>10.0 34 4.83 (1.04) −0.26 (−0.48 to −0.04) 3.78 (0.91) −0.09 (−0.29 to 0.11)

Current exposure to dust (mg/m3):
<5.0 94 5.11 (0.90) −0.20 (−0.32 to −0.07) 4.07 (0.74) −0.01 (−0.12 to 0.10)
5.0–9.9 32 4.82 (1.21) −0.26 (−0.48 to −0.03) 3.77 (0.99) −0.09 (−0.28 to 0.10)
>10.0 4 4.52 (0.49) −0.52 (−1.30 to 0.26) 3.42 (0.62) −0.27 (−1.22 to 0.68)
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exposure to asbestos within the dolomite
industry was therefore unlikely. Finally, the
subject with possible simple pneumoconiosis
had been working for 19 years in the carbonate
rock industry and his exposure to dust was
considered heavy during the first 12 years.

Discussion
The occurrence of an airborne exposure to
tremolite asbestos in carbonate rock mining
and milling was confirmed in the present study,
but current exposure concentrations were gen-
erally low or even very low. Despite diVerences
in analytical methods, the results were largely
in agreement with findings from Finland,2

where deposits of carbonate rock have been
formed under similar geological conditions.

The low concentrations of tremolite asbestos
generally found in the work environment of
companies A and B may be attributed to both
a low material content and the production
process. Applying the same fibre definitions as
above, transmission electron microscopy analy-
sis of dolomite products from company B,
commissioned by the company, showed some
0.2%–0.4% of tremolite fibres less than 3 µm
wide in bulk samples (G Burdett, personal
communication, 1996). These results, how-
ever, included both tremolite asbestos and
elongated cleavage fragments, and more accu-
rate analyses of technical dolomite samples
from both companies showed tremolite asbes-
tos concentrations of less than 10-5% on a
weight basis (P Herskind and VH Madsen,
personal communications, 1998). Also,
manual stone sorting of raw dolomite was per-
formed for technical and commercial reasons
at both companies and would be expected to
reduce the entry of visible tremolite, often
found as a discolouring contaminant, from the
downstream production process.

On the other hand, the method for fibre
analysis may to some extent have aVected the
dust collected on the filters. The acid leaching
procedure may have dissolved or split large
non-respirable agglomerates into smaller frag-
ments and some fibres that appear to be respir-
able on the filter after leaching might originally
have been combined with dolomite or other
leachable materials in larger non-respirable
agglomerates. The outcome of such possible
eVects would be to inflate the tremolite asbes-
tos fibre counts.

As no valid analytical method for tremolite
asbestos in dolomite had been available before
the current investigation there were no histori-
cal data on exposure to tremolite asbestos.
However, it would be reasonable to assume a
correlation between exposure to tremolite
asbestos and general dust concentrations, and
in earlier decades exposure to tremolite asbes-
tos concentrations of, say, one order of magni-
tude higher than the current figures may have
occurred at specific locations, notably in the
bagging areas of the dolomite mills. Yet few
workers have probably been exposed for any
extensive period to such historical exposure
concentrations of tremolite asbestos. Hence,
exposure to tremolite asbestos does not seem

to be or have been a major problem at these
companies.

Given the relatively low exposure to tremo-
lite asbestos, the low prevalence of radiological
findings related to asbestos was not surprising.
Among the 126 radiographs obtained during
this investigation, only one case of pleural
plaques unanimously agreed upon by the two
observers could reasonably be associated with
dolomite production. It was noted, however,
that this subject was first employed at a time
when asbestos was still possibly used as an
additive to certain dolomite products and even
for this subject the association with exposure to
tremolite asbestos was unclear. With more sen-
sitive radiological methods, notably computed
tomography of the chest, additional cases of
pneumoconiosis might have been detected.
However, as opposed to the ILO algorithm for
systematic reading of traditional chest radio-
graphs there is as yet no internationally
accepted method for evaluation of CT findings
in epidemiological studies although such a sys-
tem is clearly needed.

Although the exposure to tremolite asbestos
in this study was low and the health eVects of
this exposure, if any, were limited, the general
exposure to dolomite dust, albeit reduced over
time, had been impressive. As silica concentra-
tions were also very low, any respiratory eVects
related to dust would probably be associated
with dolomite dust. The level of complaints
about the general exposure to dust among the
workers was also high, indicating a need for
further dust control measures as well as a
reduction of smoking. The prevalence of respi-
ratory symptoms suggestive of chronic bron-
chitis was of a magnitude previously found in
welders of similar age but with fewer active
smokers. However, the precision of the analysis
of respiratory symptoms was hampered by the
lack of a good reference material.

After age was taken into account, there was a
gradual reduction of respiratory function,
notably the VC, with duration of employment,
and overall mean dust, as well as with current
exposure to dust. The BMI was also associated
with reduced lung function, suggesting an
important contribution of increasing weight to
the reduction in VC. These findings were not
consistent throughout but our attempts to gain
further insight into the causes of these
deviations by multiple regression models only
confirmed that this group of workers had a sig-
nificant reduction of the VC compared with the
reference values. Whether this diVerence
should be attributed to the work environment
or other factors, BMI for instance, could not be
ascertained with the present data set. Indeed, a
control group of unexposed workers would
have improved the analysis, but such an
extended design was beyond the scope of the
study.

Over two thirds of the current study group
considered their working environment as dusty
or very dusty and people with sensitive airways
would therefore be expected to find it diYcult
to work in many sectors of the trade. The mag-
nitude of any such a selection eVect on health
was not possible to estimate in the present
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study, but it was noted that the mean FEV1 was
close to expected values for both sexes,
suggesting a low prevalence of study subjects
with hyperreactive airways.

The overall results of the current study may
be regarded as fairly consistent with previous
findings of workers exposed to other non-
fibrogenic minerals and inorganic dusts.1 From
a more general perspective, however, it should
be noted that the biological activity of tremolite
asbestos is quite variable from one deposit to
another,35 and the results obtained in this study
may not be valid for carbonate rock workers
elsewhere. In conclusion, exposure to tremolite
asbestos was shown to occur at the companies
involved in this investigation but the exposure
concentrations were low and the exposure does
not seem to constitute a major health hazard,
either for risk of pneumoconiosis or impaired
lung function. The limited size of the study as
well as the geological characteristics of the cur-
rent dolomite deposits do, however, suggest
cautious inference to other populations of
dolomite workers and further studies of
exposure to tremolite asbestos in carbonate
rock mining and milling are warranted.
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