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Objectives The aim of the study was to analyze the correlation between pulmonary concentrations of asbestos
bodies and asbestos fibers and to characterize asbestos body counts from lung tissue of Finnish patients
occupationally exposed and unexposed to asbestos.

Methods Ninty-nine surgically treated lung cancer patients were investigated. The number of asbestos bodies
in iron-stained 5-{um histological lung tissue sections was determined by optical microscopy, and the pulmonary
concentration of asbestos fibers was assessed by scanning electron microscopy. The correlation between
asbestos body and asbestos fiber counts was calculated with linear regression. The asbestos body and asbestos
fiber concentrations were also compared with exposure history according to a personal interview of the patients.
Results The average number of asbestos bodies ranged from < 0.1 to 750 asbestos bodies per tissue section.
All the cases with definite exposure showed an average of at least one asbestos body per tissue section. An
average of at least one asbestos body per section was, however, detected in 34% of the patients with unlikely
exposure. The regression equation log (AF) = -0.429 + 0.600 - log (AB) was found to predict the concentration
of asbestos fibers (AF, 10¢fibers - g1 corresponding to a given number of asbestos bodies (AB) in a section of
lung tissue.

Conclusions The background level of asbestos bodies in the lungs of patients with no specific asbestos
exposure seems to be higher in Finland than in other countries. In medicolegal cases, the methodological
variation involved in asbestos fiber and asbestos body counting must be recognized and all available exposure

data should be used to produce the best possible estimate of the exposure.
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Occupational exposure to asbestos was common earlier
in most industrialized countries. In Finland the use of
asbestos peaked in the early 1970s (1). Asbestos-related
diseases have a long latency period, and despite the
rapid reduction of exposure in the 1980s the incidence
of asbestos-related diseases will continue to increase
during the next 10 to 20 years. Lung cancer and mes-
othelioma cases among asbestos-exposed workers thus
constitute a growing medicolegal problem. Accurate ex-
posure assessment is crucial in these cases. Risk esti-
mates of lung cancer and mesothelioma associated with
increased pulmonary concentrations of asbestos fibers,
as well as reference fiber concentrations observed in the
general population, based on results obtained with elec-
tron microscopy, have recently been published in Fin-
land (2, 3, 4).

In clinical routine, the intensity of asbestos exposure
is often characterized by optical microscopic counts of

asbestos bodies in lung tissue sections from samples
taken during surgery or necropsy. Asbestos bodies are
asbestos fibers that have been coated with ferroprotein
by macrophages in the lung tissue (5). Their occurrence
is closely associated with the concentration of amphibole
asbestos fibers (6). It has been proposed that the mini-
mum criteria for the histologic diagnosis of asbestosis
include the observation of peribronchiolar fibrosis and
the identification of more than one asbestos body per
lung tissue section (7) and that such asbestos body con-
centrations indicate nontrivial exposure (8). In Finland,
the use of amphibole asbestos has been common due to
domestic production of anthophyllite asbestos. Approxi-
mately 40% of all asbestos used in Finland consists of
amphiboles (1). It is therefore probable that the interna-
tional reference values for asbestos body counts for pop-
ulations exposed mainly to chrysotile are not valid for
the Finnish population.
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The objective of this study was to analyze the corre-
lation between asbestos body counts and concentrations
of asbestos fibers, as well as to characterize the asbestos
body counts observed in the lungs of Finnish patients
occupationally exposed to asbestos and also those unex-
posed to asbestos.

Subjects and methods

Patients

The study population consisted of 99 lung cancer pa-
tients who underwent surgical lobectomy or pulmectomy
in the Department of Thoracic and Cardiovascular Sur-
gery at the Helsinki University Central Hospital between
August 1988 and December 1993. The subjects were
selected from 150 consecutively treated patients. In com-
parison with the original series the present series was
reinforced with exposed patients. The mean age of the
85 men was 62.4 (range 35—79) years, and the mean
age of the 14 women was 62.7 (range 43—75) years.
There were 50 squamous-cell carcinomas, 35 adenocar-
cinomas, 6 large-cell carcinomas, 7 small-cell carcino-
mas, and 1 adenosquamous carcinoma. According to per-
sonal interview data, five of the patients had never
smoked (three men and two women).

Occupational history

The lung cancer patients were interviewed personally
about their complete occupational history, including past
occupational, domestic, and environmental exposure to
asbestos. The probability of past occupational exposure
to asbestos was evaluated by two occupational hygien-
ists by consensus. The exposure categorization was made
without any knowledge of asbestos counts from tissue
samples. An exposure time of one month was regarded
as the minimum. The exposure was classified into one of
the following four categories according to previously
described guidelines (4): definite, probable, possible, or
unlikely exposure.

Asbestos body counting on tissue slides

The tissue material consisted of 53 lobectomy, 32 pul-
mectomy, and 14 bilobectomy samples. The lung speci-
mens were filled with 4% formaldehyde through the
bronchi and immersed in formaldehyde overnight. For
the counting of asbestos bodies several samples of unin-
volved lung tissue were taken and embedded in paraffin.
The number of asbestos bodies per slide was calculated
in 5-pum thick iron-stained sections of the size of a biopsy
cassette at 100—200 X magnification, Two to nine slides
per case were studied for asbestos bodies. At least three
lung tissue samples per lobe, including one from the
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central region and one with pleura, were investigated.
Previously described criteria were applied to distinguish
between asbestos and nonasbestos bodies (5).

Electron microscopy

The tissue pieces for electron microscopic fiber analysis
were taken from the peripheral part of the lung, not
including pleural or tumor tissue. In cases of bilobecto-
my or pulmectomy, the sample was taken from the lobe
which appeared to be closest to normal.

A tissue piece of about 100 mg wet weight was taken
for the fiber analysis. Organic tissue was removed by
low temperature ashing. Fibers were detected with a
JEOL 100 CX-ASID4D electron microscope in the scan-
ning (SEM) mode at a magnification of 5000-fold (3). A
length- to -width ratio greater than 3 and roughly parallel
sides were used as fiber criteria. Fibers longer than 1 pm
could be detected. A minimum of 200 viewing fields
was evaluated to find at least 4 to 30 fibers per sample,
depending on the density. An analytical sensitivity
(one fiber per sample) of about 0.1 - 10 fibers per gram
(f - ") of dry tissue could be reached.

An energy dispersive X-ray microanalyzer (Tracor
TN 5500, Tracor Europa BV, Bildhoven, The Nether-
lands) was used to determine the fiber type by comparing
peak ratios to standard spectra. Amosite and crocidolite
have almost similar X-ray spectra and are distinguished
poorly. They have not therefore been presented sepa-
rately. In a previous Finnish study, crocidolite fibers
accounted for the great majority of the amosite or croci-
dolite fibers identified with transmission electron micro-
scopy (9). Chrysotile fibers are poorly detected with
SEM, and consequently the results represent the concen-
tration of amphibole fibers.

Statistical analyses

The differences in the distribution of asbestos body and
asbestos fiber concentrations between the exposure
groups were analyzed with Duncan’s multiple range
test adjusted for age. The distributions of the asbestos
body and asbestos fiber concentrations were approxi-
mately log normal, and log transformed concentrations
were therefore used in the statistical analyses. The re-
gression equation predicting the underlying pulmonary
asbestos fiber concentration from the measured number
of asbestos bodies per tissue section was calculated with
linear regression of the logged concentrations. In 10 of
the samples no asbestos fibers, in three of the samples no
asbestos bodies, and in four of the samples neither asbes-
tos fibers nor asbestos bodies were encountered. For the
data analysis, concentrations of 0.05 - 10¢f - g-" and 0.05
asbestos bodies per section, respectively, were used for
the data points; this procedure had only a minor effect in
the regression analysis.
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Results

Asbestos bodies in tissue sections

The average number of asbestos bodies in histological
lung tissue sections ranged from < 0.1 to 750 asbestos
bodies per tissue section (table 1). The highest numbers
were observed in the group with definite occupational
exposure to asbestos, and all of the cases in this group
showed an average of at least one asbestos body per
tissue section. Asbestos bodies were, however, frequent-
ly detected in tissue sections of patients with unlikely
occupational exposure to asbestos, and 34% of the pa-
tients in this group showed an average of more than one,
and 24% more than two, asbestos bodies per tissue sec-
tion (maximum 7.9). Despite the substantial overlapping
in the asbestos body concentration readings between the
exposure groups, there was a significant difference (Dun-
can’s multiple range test at P =0.05) in the distribution
of the asbestos body concentrations between all of the
exposure groups. Age was found to correlate with the
asbestos body concentrations (analysis of covariance,
P =0.02) and was therefore adjusted for in the compari-
sons between the exposure groups.

Tahle 1. Number of ashestos bodies in standard histological lung
tissue sections by probability of occupational exposure to asbes-
tos, as evaluated from the work history of 99 Finnish lung cancer
patients.

Asbestos fibers in lung tissue

The concentration of asbestos fibers ranged from < 0.1
to 150 - 106 f - g' (table 2). The highest concentrations in
the group of unlikely occupational exposure were slight-
ly above 1-10° f- g, these were mainly antho-
phyllite fibers (table 2). The highest concentration of
crocidolite or amosite fibers in this exposure group was
0.3 - 108 f - g-'. The distribution of asbestos fiber concen-
trations differed significantly (Duncan’s multiple range
test at P =0.05) between the exposure groups, except
between the groups of unlikely and possible exposure.
Age was found to correlate with the concentration of
asbestos fibers (analysis of covariance, P =0.06) and
was therefore adjusted for in the comparisons between
the exposure groups. The correlation between age and
concentration of asbestos fibers was due to the correla-
tion between age and the concentration of anthophyllite
fibers (P = 0.005). There was no significant correlation
between age and the concentration of crocidolite or
amosite fibers (P = 0.58).

Correlation between the concentration of asbestos
bodies and the concentration of asbestos fibers

The correlation (r) between log concentrations of asbes-
tos bodies and asbestos fibers was highly significant
(r=0.73, P <0.001). Figure 1 shows a scatter diagram
of the 99 pairs of asbestos body and asbestos fiber con-
centrations on a log scale. The simple regression equa-
tion was log(AF) = —0.429 + 0.600 - log(AB), where
AF = pulmonary concentration of asbestos fibers

Exposure  Number Asbestos bodies per tissue section :
group of . (106 f - g-1) and AB = average number of asbestos bodies
patients R?,q?e M?ﬁ')a” (20/3) 2(01/3 2(3/?)0 per standard histological lung tissue section.

— Most of the exposed patients had been exposed both
Bfgggtt;e ;g 8%:?88 280 19(7] gg 4g to anthophyllite anq crocidolite or amosite, and there
lljols'iit;le gg < 81—; 590 é g gg 18 g was a close correlation between the pulmonary concen-

nlikely <0.1—7. .

trations of these fibers (r = 0.49, P < 0.001). When both

Table 2. Pulmonary concentration (scanning electron microscopy) of tofal asbestos fibers, anthophyllite and crocidolite or amosite fibers
by probability of occupational exposure to asbestos, as evaluated from the work history of 99 Finnish lung cancer patients.

Fiber type Number Pulmonary fiber concentration (108 f . g-1)
pat(i)efnts Range Median > 0.1 (%) >1.0 (%) >10.0 (%)
Total ashestos
Definitely exposed 15 0.5—150 59 100 87 40
Probably exposed 26 <0.1—13 0.84 96 46 8
Possibly exposed 29 <0.1—45 0.46 72 24 0
Unlikely exposed 29 <0.1—1.4 0.26 69 7 0
Anthophyllite
Definitely exposed 15 <0.1—71 1.2 87 60 20
Probably exposed 26 <0.1—89 0.38 81 27 0
Possibly exposed 29 <0.1=36 0.27 72 21 0
Unlikely exposed 29 <01—11 0.12 62 7 0
Crocidolite or amosite
Definitely exposed 15 <0.1—74 4.2 80 53 27
Probably exposed 26 <0.1—6.8 0.37 69 23 0
Possibly exposed 29 <01—1.0 0.10 48 0 0
Unlikely exposed 29 <0.1—0.32 <0.10 14 0 0
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the concentration of anthophyllite fibers and the concen-
tration of crocidolite or amosite fibers were included in
the statistical model (multiple linear regression), both
were found to correlate closely with the asbestos body
concentrations (P < 0.001 for both fiber types).

Discussion

Asbestos has been widely used in most industrialized
countries. The general knowledge on asbestos exposure
in various jobs and industries can be used to rule out
typical occupational exposures to asbestos fairly accu-
rately. Occult low exposures to asbestos have, however,
taken place on various nonoccupational or paraoccupa-
tional occasions (eg, renovation of houses or public
buildings). These were often not comprehended by the
exposed persons. Such exposures are therefore difficult
to identify even with a thorough personal interview. Such
a background level of asbestos exposure exists in all
societies. Chrysotile asbestos has constituted more than
90% of all asbestos used in most countries in contrast to
only about 60% in Finland (1). Many of the background
exposures that, in other countries, consist of chrysotile
fibers consist of anthophyllite fibers in Finland. It has
been proposed that the minimum criteria for the histolog-
ical diagnosis of asbestosis include the observation of
peribronchiolar fibrosis and the identification of more
than one asbestos body per lung tissue section (7) and
that such asbestos body concentrations indicate nontrivial
exposure (8). In our series, somewhat higher concentra-
tions of asbestos bodies were occasionally observed
among the patients with no apparent occupational or
nonoccupational exposure to asbestos. As asbestos bod-
ies are formed more readily from amphibole fibers than
from chrysotile fibers, it is logical that the background
level of asbestos bodies in lung tissue is higher in Fin-
land than in other countries. It is noteworthy that in our
series the highest concentrations of asbestos fibers in the
group of unlikely occupational exposure consisted of
anthophyllite fibers and not of crocidolite or amosite
fibers and that the differences between the exposure
groups seemed to be larger for crocidolite or amosite
fibers than for anthophyllite fibers (table 2). This finding
is in accordance with the results of a series of 300 lung
tissue samples of Finnish men representing the general
urban population (3) and may explain the lack of an
association between age and the concentration of croci-
dolite or amosite fibers.

According to the regression equation in figure 1,
about five asbestos bodies per lung tissue section would
correspond to a pulmonary asbestos fiber concentration
of 1-10°f- g (95% confidence limits for the predicted
mean 0.7—1.3 - 106 f- g-1). When the regression equa-
tion is used to predict the underlying pulmonary concen-
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Figure 1.Scattergram of ashestos body (AB) counts in histological lung
tissue sections and pulmonary asbestos fiber concentrations (scanning
electron microscopy) from 99 Finnish lung cancer patients.

tration of asbestos fibers, it must be noted that in individ-
ual cases the ratio between fiber concentration and
number of asbestos bodies ranges widely. For example,
in cases with an average count of four to five asbestos
bodies per section, the asbestos fiber concentration
ranged from < 0.1 to 2.3 - 10° f - g'. (See figure 1.) The
following factors may contribute to the observed varia-
tion in individual cases: topographic variations in con-
centrations of asbestos fibers and asbestos bodies; a
poorer precision in asbestos body counting for highly
exposed persons; the use of nonstandardized section area
in asbestos body counting; differences in fiber dimen-
sions, fiber types, and possibly also in host factors affect-
ing the coating of fibers. It is also noteworthy that, al-
though the great majority of the so-called asbestos bodies
or ferruginous bodies are formed on asbestos fibers, non-
asbestos bodies have constituted a high proportion of all
coated fibers in foundry workers (10). Two foundry
workers were included in our series, and they both
showed an unusually high “asbestos” body count in re-
spect to the pulmonary asbestos fiber concentration (50
and 25 asbestos bodies per section versus 0.15 and
0.55- 105 f - g', respectively).

For our patients the fiber concentration was deter-
mined from a single, relatively small sample. When pul-
monary fiber analyses are used at the individual level, it
may be preferable to use several samples from different
parts of the lung to improve the analytical reliability. A
wide variation in the fiber counts has been observed in
interlaboratory comparisons, and laboratory-bound ref-
erence values should be used (11).

It has been concluded that the number of asbestos
bodies in iron-stained lung tissue sections is a relatively
accurate predictor of the pulmonary concentration of as-
bestos bodies determined with standardized tissue diges-
tion methods (8, 12). It must be emphasized that the
asbestos body counts made from tissue sections in our
study were based on careful and systematic screening of
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the entire 5 um section at a moderately high magnifica-
tion (100—200 X), which is a relatively time-consuming
procedure. These asbestos body counts cannot be com-
pared with those made from hematoxylin-eosin-stained
sections or casual inspection of iron-stained sections. It
must also be emphasized that further methodological
inaccuracy arises from the calculation of the asbestos
body concentration per standard tissue section and not
per exact tissue section area. Because of these methodo-
logical problems and the variation in the ratio asbestos
bodies : asbestos fibers, it is preferable to combine all
data available (work history, radiological and histologi-
cal findings, and lung fiber or asbestos body concentra-
tions) to arrive at the best possible estimate of the inten-
sity of exposure in medicolegal cases. If considerable
weight must be given to lung tissue analysis (eg, cases
with inconclusive work history), it may be preferable to
ascertain the asbestos body counts in tissue sections with
more standardized methods, unless the observed asbes-
tos body counts are very high.
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