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ABSTRACT: As in most western countries, the use of asbestos has decreased in
Belgium since the mid 19709s. Successive regulations have lowered the permissible levels
of exposure and prohibited the use of various asbestos products.

In order to assess the impact of these prevention measures on the pulmonary fibre
burden of asbestos-exposed patients, the bronchoalveolar lavage fluid (BALF) asbestos
body (AB) analysis database of the authors9 laboratory was reviewed for the period
1983–2000.

A total of 4,772 cases were considered, of which 95% were males. AB concentration
exceeded 1 AB?mL BALF-1 in 36.1%. There was essentially no change in the mean
concentration of AB over the period evaluated. However, the concentrations in
individuals with very high levels decreased over time. This was associated with a shift in
exposure categories from primary asbestos workers to those exposed during handling of
asbestos-containing materials or to asbestos in place in buildings or industrial sites.

This is consistent with epidemiological data indicating that the number of severe
cases of asbestosis caused by very high cumulated doses decreases but that benign
pleural diseases and mesothelioma remain the most frequent asbestos-related diseases.
Past prevention measures are not expected to have a measurable influence on the
incidence of mesothelioma in the near future.
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Restrictive regulations for occupational asbestos exposure
levels and prohibitions concerning the use of certain types of
products were gradually implemented in parallel with the
accumulation of evidence about the adverse effects of
asbestos on health. The utilisation of asbestos has declined
since the mid 19709s and its use is now banned or strictly
controlled in many Western countries [1, 2].

In Belgium, a total of y26106 tons of asbestos has been
imported since 1948. It can be deduced from the geographical
origin of imported asbestos that amphiboles accounted for
5–10% of the Belgian imports. In 1978, asbestos spraying,
asbestos insulation and raw asbestos handling were banned.
The threshold limit values (TLV)s for occupational asbestos
exposures were set at 0.2 f?mL-1 for crocidolite and to 2 f?mL-1

for all other types of asbestos. In 1986, these values were
reduced to 0.15 and 1 f?mL-1, respectively. In 1991, the TLVs
were set to 0.15 f?mL-1 for all amphiboles and 0.5 f?mL-1 for
chrysotile. The use of asbestos was banned in 1998, except for
a few specific applications allowed until 1st January 2002.

Exposure to asbestos-containing materials (ACM)s in
buildings or in industrial sites is still a concern for many
trades. Progressive degradation due to aging of these materials
or to maintenance work may release airborne fibres and
constitute a potential hazard for several occupational groups,
such as construction and maintenance workers, electricians,
and steel or refinery workers [1, 3–6].

Counting asbestos bodies (AB)s in bronchoalveolar lavage
fluid (BALF) by light microscopy can be used to help evaluate
an individual9s past exposure to asbestos [7]. ABs mainly
reflect exposure to amphibole asbestos. Concentrations w1

AB?mL BALF-1 usually indicate an asbestos exposure
exceeding that of the general population [8].

BALF samples have been sent to the current authors9
laboratory by chest physicians throughout Belgium since 1980
and a systematic database has been maintained since 1983.
The aim of this study was to analyse whether past reductions
in the use of asbestos and in exposure levels in Belgium would
be reflected as changes in the BALF AB counts over the
period 1983–2000.

Materials and methods

Samples analysed between 1 January 1983 and 31
December 2000 were identified from the database. The
following exclusions were made: 1) where several samples
are available for the same patient, only the result of the first
suitable sample was included; 2) samples from Turkish
immigrants with possible environmental exposures to tremo-
lite or erionite in Turkey [9] were excluded; 3) samples with
v5 mL of BALF (n=40) were excluded because such a small
volume is probably associated with sampling problems; and
4) all cases where sampling problems were mentioned were
excluded. Information on sex and age were available for most
patients, but details concerning BALF quality, cells counts,
occupational exposure and disease were often incomplete or
missing. For the subgroup of patients with counts above the
annual 95th percentile, additional information about occupa-
tion and disease was collected from the files of the Belgian
Occupational Diseases Fund.
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The study period was divided into two equal subperiods to
examine possible shifts in the proportions of positive cases
among the whole population and of occupations or diseases
among those with counts above the annual 95th percentiles.

Assuming that the majority of the cases had started their
main occupation around the age of 20 yrs, the date of entrance
into working life was estimated according to the following
algorithm:

date of entrance into working life~

date of BALF sampling{agez20
ð1Þ

Na hypochlorite digestion and filtration on membrane filters
(Millipore Corporation, Bedford, MA, USA) were used to collect
the ABs from BALF. Counting was performed by phase
contrast light microscopy [8]. The analytical sensitivity was
y0.1 AB?mL BALF-1. The mean volume of BALF analysed
was 26¡15 mL (range 5–195). An analytical transmission
electron microscope fitted with an energy dispersive x-ray
analyser was used to determine the nature of the core fibre of
ABs in some cases.

Statistical analysis

Ages and durations of exposure were compared using the
unpaired t-test. The Chi-squared test was used to look for a
possible relationship between categories of age, AB threshold,
or occupation and the sampling period. Mean concentrations
are reported as geometric mean (GM), geometric standard
deviation and 95% confidence interval of the GM. Linear
regression analysis was used to assess the trend of AB con-
centrations over time. A value of half the analytical sensitivity
of the method (0.05 AB?m-1) was attributed to null counts in
order to enable graphical presentation of concentrations on a
logarithmic scale and calculation of regression lines.

Results

There were 4,772 eligible samples between 1983–2000.
Annual numbers of samples ranged 220–329. The mean age of
the patients was 58 yrs (range 17–92) and 95% of the patients
were male. There was no marked change in the sex ratio
between 1983–2000, while the mean age of the patients
increased by 6 yrs over the study period (table 1). AB concen-
trations ranged from v0.1 to 4,661 AB?mL-1. They exceeded
1 AB?mL-1 in 1,723 (36.1%) samples and 5 AB?mL-1 in 848
(17.8%). There were no ABs in 1,689 (35.4%) of the BALF
samples. The fraction of samples without ABs did not change
over the study period (table 1). They accounted for 34% of
the samples in males and 57% in females.

The proportion of samples with o1 AB?mL-1 decreased
significantly from 1983–1991 to 1992–2000 among those aged
v50 yrs, but did not change among those aged w50 yrs
(table 2).

Figure 1 shows a very small, but significant, decrease of the
mean concentrations over years, with a linear regression
analysis equation as follows:

log AB½ �~16:542{0:00846|year ð2Þ
(pslope and pintercept v0.005, R2

=0.0016). However, this trend
becomes nonsignificant if the 36 patients with the highest
counts are excluded. The lowest count in this subgroup was
390 AB?mL-1.

A linear regression model was also used to assess the trend
for the patients with concentrations above the respective
annual 95th percentiles (n=246), as a further quadratic term
was not statistically significant (p=0.079). The linear regres-
sion equation was as follows:

log AB½ �~93:526{0:046|year ð3Þ
(pslope and pinterceptv0.001) (fig. 2). The type and duration of

Table 1. – Number of cases examined between 1983–2000, mean age, sex ratio and percentages of samples without asbestos
bodies (AB)s and with AB counts w1 and 5 AB?mL-1 bronchoalveolar lavage fluid (BALF) thresholds

Period Cases n Age yrs Sex ratio M/F No ABs in BALF % o1 AB?mL BALF-1 % o5 AB?mL BALF-1 %

1983–1985 748 54.7¡12.4 17.6 38.6 39.3 21.1
1986–1988 777 56.4¡12.5 12.4 34.2 34.1 17.6
1989–1991 812 58.0¡12.7 19.8 35.1 39.2 16.7
1992–1994 800 59.5¡11.6 16.8 34.3 37.3 19.2
1995–1997 858 59.4¡12.4 22.8 36.2 31.8 15.2
1998–2000 777 60.6¡12.3 16.7 34.1 35.4 17.1
All 4772 58.3¡12.4 17.2 35.4 36.1 17.8

Data are presented as n or % as indicated or mean¡SD. M: male; F: female.

Table 2. – Number of cases with asbestos body (AB) countsvandw1 AB?mL bronchoalveolar lavage fluid-1 in 1983–1991 and
1992–2000 according to age

1983–1991 1992–2000 Chi-squared

v1 AB?mL-1 o1 AB?mL-1
v1 AB?mL-1 o1 AB?mL-1

Cases n 2337 2435
Age

Unknown 285 (63) 167 (37) 116 (67) 57 (33) p=0.350
f50 yrs 344 (64) 195 (36) 350 (72) 139 (28) p=0.008
w50 yrs 832 (62) 514 (38) 1123 (63) 650 (37) p=0.383

Data are presented as n (%) unless otherwise stated.
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occupational exposure were known for 222 (90%) and 202
(82%), respectively, of these 246 patients (table 3). Time
elapsed since end of exposure was rarely available. Patients
sampled in 1983–1991 were slightly younger than those
sampled in 1992–2000 ((mean¡SD) 57¡11 versus 61¡11 yrs;
p=0.0016) but the duration of exposure did not differ (21¡10
versus 23¡12 yrs; p=0.17). Occupations were categorised into
three groups according to the type of asbestos exposure
as follows: 1) group I: those engaged in handling of raw
asbestos, in installation of asbestos insulation or in produc-
tion of ACMs; 2) group II: those whose occupational titles
suggest contact to asbestos in place or use of ACMs; and 3)
group III: the remaining occupations with either rare or less
homogeneous asbestos exposure. Details about the types of
occupations included in each of the groups are given in the
footnote of table 3. Figure 3 shows that the proportion of
patients in group I was significantly higher in 1983–1991 than
in 1992–2000, while the proportion of patients in group II was
higher in 1992–2000 (pv0.0001). The Occupational Disease
Fund had files for 170 of the 246 patients (69%) and 146 had

been recognised as having an asbestos-related disease. Seventy
per cent of them had malignant mesothelioma or benign
pleural diseases (table 3). Three patients with lung cancer
during 1983–1991 also had asbestosis. All cases of asbestosis
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Fig. 2. – Detailed scatterplot of asbestos body (AB) concentrations in
bronchoalveolar lavage fluid (BALF) exceeding the annual 95th
percentile according to the year of sampling. The equation of the
regression line is log[AB]=93.526-0.0466year (–––).
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Fig. 1. – Scatterplot of asbestos body (AB) concentrations in broncho-
alveolar lavage fluid (BALF) according to the year of sampling. The
equation of the regression line is log[AB]=16.542-0.008466year (––).
Levels of 390 and 30 AB?mL BALF-1 are also indicated (----) (see
Results and Discussion sections). ND: not detected.

Table 3. – Distribution of type of exposure and disease among
cases with asbestos body counts in bronchoalveolar lavage
fluid above the annual 95th percentile in 1983–1991 and
1992–2000 in Belgium

1983–1991 1992–2000

Cases n 120 126
Type of exposure

Group I 67 36
Group II 27 72
Group III 9 11
No data 17 7

Disease
Asbestosis 4 8
Lung cancer 9 7
Benign pleural disease alone 41 45
Malignant mesothelioma 17 15
Other pneumoconiosis# 7 3
No lung or pleural disease 8 6
No data on lung or pleural disease 34 42

Group I occupations: furnace mason, furnace builder, refractory
worker, insulator, asbestos sprayer, pipe coverer, asbestos cement
production worker, brake lining production worker, shipyard worker,
asbestos felt production, asbestos rubber production, asbestos bags
handling; group II occupations: heating mechanic, pipe fitter, boiler
fitter, steel worker, rolling mill operator, sheet metal worker, welder,
construction worker, demolition worker, electrician, plumber, joiner,
elevator installer, power plant worker; group III occupations: other
trades including coal miner, talc crusher, decorator, painter, brake
maintenance, silver recovery, batteries factory worker, spark plug
factory worker, machine tool maintenance, locomotive maintenance,
tram maintenance, passive exposure in a bystander, childhood familial
contact. #: silicosis, talcosis, mixed dust pneumoconiosis.
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Fig. 3. – Distribution of occupations in the cases with asbestos body
counts above the annual 95th percentile during the periods 1983–1991
(u; n=103) and 1992–2000 (h; n=119) (see Results section and table 3
for definition of the groups). prod.: production; hand.: handling;
demo.: demolition.
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between 1983 and 1991 (n=7) had been attributed a degree of
disability w40% compared to only one of eight between 1992
and 2000. This suggests that the more recent cases of lung
fibrosis were less severe. Moreover, the diagnosis of asbestosis
is essentially based on computed tomography scans since
1990, also contributing to the recognition of less severe cases.
All the cases with asbestosis had AB counts w100 in
1983–1991, versus only three out of eight in 1992–2000.

All patients with counts w1,000 AB?mL BALF-1 (n=15)
entered working life before 1968, all those in the range
100–999 AB?mL-1 (n=105) before 1972 and all those in the
range 50–99 AB?mL-1 (n=76) before 1980. Table 4 shows that
the proportion of cases withw1 AB?mL-1 is significantly lower
among those who entered working life after 1978, the year
when the first asbestos regulations were applied in Belgium.
However, these cases were significantly younger than those
in the same age range (v50 yrs) who entered working life
before 1978 (mean age 32.3¡5.4 versus 43.5¡5.0; pv0.001).
Nine cases (5%) who had begun to work after 1978 had
w10 AB?mL BALF-1. Analytical transmission electron micro-
scopy showed that the core fibre of the "typical" AB was only
amosite or crocidolite in four cases, only chrysotile in three
and mostly refractory ceramic fibres in two cases.

Discussion

The effect of the reduction of occupational exposure levels
and asbestos consumption in Belgium since the mid 19709s on
the pulmonary AB burden of the patients exposed to asbestos
more than two decades later is very limited and some high
exposures were still observed among the youngest age groups.

Most studies concerned with asbestos fibres or bodies in the
human lungs have compared their concentrations with
exposure characteristics and/or associated diseases in specific
groups [10–15]. The changes in the use of asbestos have only
been taken into account exceptionally in the interpretation of
mineralogical findings [16]. Therefore, in this study, the
evolution of a biomarker of asbestos exposure over a relevant
period of time in a very large number of workers was
examined.

Although the material is restricted to those individuals for
whom a BAL was performed, i.e. individuals with some
suspicion of an asbestos exposure or asbestos-related disease,
the probability that any other selection process could have
biased the results is low. For example, the samples were
collected from referring chest departments with a wide
geographical distribution all over Belgium, there was a wide
variety of occupations and diseases, and the annual number
of cases and the sex ratio were quite stable over the years.
Furthermore, all the analyses had been made in the same

laboratory with the same technique. In some instances, the
BAL procedure may result in samples of poor quality [8], e.g.
in cases with severe chronic obstructive pulmonary disease,
but there is no evidence that the proportion of unsuitable
samples has changed markedly over time. It is not possible to
control whether clinicians become more confident in their
diagnoses and send less samples of the more obvious cases,
however, the statistics of the Occupational Diseases Fund
confirm a decrease in the percentage of disability attributed to
cases of asbestosis.

The main determinants of the AB burden in the lungs are
related to exposure, to fibre type and individual factors.
Intensity, duration and pattern of individual exposure may
have varied widely over time, especially in jobs where
preventive protection measures were implemented [17]. Type
and size distribution of the fibres deposited in the lungs affect
AB formation. ABs are mainly formed on amphibole asbestos
fibres w10 mm in length [18, 19], whose clearance from the
lung is low. They can be detected in BALF evenw40 yrs after
the end of exposure [20]. Although ABs on chrysotile have
been reported in some specific occupations [21], the bioper-
sistance of chrysotile fibres in the lungs is much shorter than
that of amphibole fibres [22] and the relevance of minera-
logical analyses in assessing past exposures to chrysotile is
questionable [16, 23]. According to the present authors9
experience with repeated BALFs in several cases exposed to
chrysotile, the biopersistence of ABs on chrysotile in BALF
appears to bev10 yrs (unpublished results). However, observa-
tions on ABs, mainly built on amphibole fibres, appear
relevant since a recent meta-analysis of mesothelioma and
lung cancer mortality reports exposure-specific risks for amosite
and crocidolite one-to-two orders of magnitude higher than
for chrysotile [24].

The decline of asbestos use and the introduction of
increasingly stringent regulations had only a very limited
impact on the ABs concentrations in BALF between
1983–2000. The decrease observed over the years appears to
be mainly due to the disappearance of cases with a very high
AB count. Consistently, this trend would be more apparent
if a series of 104 cases examined in 1980–1981, which
were included in an earlier study, were taken into account
[25]. These were not included in this study, as there is a
high likelihood of a selection bias during this initial period,
with focus on prevalent cases of primary asbestos workers
with asbestosis. These cases are nevertheless interesting in
confirming the observed trends. The highest AB concen-
trations in BALF ever measured in the laboratory were
observed among these patients. Three cases had counts
w5,000 AB?mL-1 during this period, while none have been
recorded since 1983.

The constancy in the proportion of cases withw1 AB?mL-1

between 1983–2000 indicates that such cases will still be
detected in the future. Interestingly, there were fewer cases
among those aged v50 yrs examined after 1991 and among
those presumed to have entered working life after 1978. This
is an indication that subjects from the youngest and most
recently exposed group were exposed to lower cumulative
doses or to less biopersistent chrysotile fibres.

Analysis of the AB9s core fibre type by electron microscopy
in the nine cases who entered working life after 1978 and had
w10 AB?mL-1 also provide information on the recent
exposure characteristics. First, the disclosure of ABs on
chrysotile or pseudo-ABs on ceramic fibres in five of these
cases reflects recent exposure to less biopersistent fibres that
did not have sufficient time to be cleared and the use
of asbestos substitutes in some applications, respectively.
Secondly, one of the cases with ABs on amphiboles had
been environmentally exposed in the 19609s by playing on
the dumps of an asbestos cement factory as a child. Thirdly,

Table 4. – Distribution of bronchoalveolar lavage fluid (BALF)
asbestos body (AB) concentration according to year of entry
into working life and age

Cases
n

Concentration range AB?mL BALF-1

v1 o1 o5 o10 o100

Working life v1978
w50 yrs 3119 62.7# 37.3# 18.1 11.6 2.3
f50 yrs 854 65.0#,} 35.0#,} 17.3 12.3 3.4

Working life o1978
All f50 yrs 174 79.9} 20.1} 7.5 5.2 0.0

Data are presented as % unless otherwise stated. #: not significant
(p=0.2154); }: pv0.002.
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the three remaining cases (one welder, one heating mechanic
and one sand blaster of metallic parts) indicate that
uncontrolled exposure conditions may still have occurred
after 1978.

Concerning the occupations of the subgroup with high AB
burdens in BALF, there was a shift from "primary asbestos
workers" to those exposed during handling of ACMs or to
asbestos in place in buildings or industrial sites. Most of the
recent cases with high AB counts had been exposed in
construction and building-related activities, metal production
and welding, or in power plants. Control of such exposures
has certainly been more limited and much less efficient
compared to the situation in the ACM production industry.
These occupational groups account for an important fraction
of the current mesothelioma cases [1, 26, 27]. Mineralogical
analysis of lung tissue showed that amosite and crocidolite
fibres could account for 80–90% of the mesothelioma cases in
those aged v50 yrs old in such occupations [16].

The observations reported here support the epidemiological
inferences concerning the evolution of the spectrum of
asbestos-related diseases in Western countries. As a result of
the implementation of exposure-control measures in the
19709s, asbestosis is currently considered a disappearing
disease, especially in its severe forms [28]. It has been
estimated that clinical or radiological asbestosis is caused by
cumulated exposures of o25 fibres?mL-1?yr-1 [29, 30]. This
dose is estimated to be roughly equivalent to 5–15 AB?mL
BALF-1 [31]. In this series [8], 90% of asbestosis cases had
o5 AB?mL-1 and 75% had o30 AB?mL-1. In contrast, 66%
of cases with pleural plaques and 70% of mesothelioma cases
hadv30 AB?mL BALF-1. The lack of a clear decreasing trend
in the proportion of BALF with AB counts in this range
between 1983–2000 indirectly confirms the epidemiological
expectations that the incidence of mesothelioma will remain
high in the near future [32]. Although most of the individuals
with ABs in BALF will not develop asbestos-related malign-
ancies, a large number of subjects are at risk and this will
probably decrease only very slowly.

Conclusions

Control measures of occupational exposure levels and of
asbestos consumption in Belgium have been efficient in
reducing exposures resulting in very high AB counts, thereby
preventing cases of asbestosis. A decrease in incidence is not
yet expected for mesothelioma or benign pleural diseases. Due
to an increase in life expectancy, more and more of these
subjects will reach latencies compatible with the development
of mesothelioma.

Stricter application of the existing regulations and better
information for the workers still potentially at risk of
exposure to asbestos in place is needed.
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