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Distribution and characteristics of amphibole asbestos
fibres, measured with the light microscope, in the left
lung of an insulation worker
A MORGAN AND A HOLMES
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ABSTRACr Concentrations of uncoated and coated amphibole fibres were measured postmortem in
samples taken from the periphery of both upper and lower lobes of the left lung of an insulation
worker. Similar measurements were made on a more limited range of samples from elsewhere in the
lung and on a hilar lymph node. The mean concentration of uncoated fibres in the upper lobe was
twice that in the lower. Significant differences were observed in the mean concentration of uncoated
fibres in different regions of the periphery, the diaphragmatic region having the lowest value.
Variations in the concentrations of both uncoated and coated fibres in the costal region of the lower
lobe may have been related to the effect of rib structures on ventilation. Concentrations of fibrous
and non-fibrous dust were well correlated in the peripheral samples. The length distributions of
uncoated and coated fibres were also measured and differences detected in fibres from the various
regions of the lung. This work emphasises the care required in sampling lung tissue in order to
obtain representative material for the determination of fibre concentration.

Although many workers have measured concen-
trations of asbestos fibres in samples of human lung
postmortem, few studies have been performed of
variations in the concentrations and characteristics of
asbestos fibres within a single lung. Sebastien et all
compared the concentrations of fibres in the central
and peripheral regions of upper and lower lobes of
lungs using both optical and transmission electron
microscopy. For asbestos workers with heavy ex-
posure, they found that fibre concentrations were
greater in the upper lobe but the difference was not
apparent in a second group with less exposure to
asbestos. In the latter an accumulation of asbestos
fibres, especially of chrysotile, was shown in
peripheral areas. In a more recent paper Sebastien et
a12 compared the concentrations of amphibole and
chrysotile fibres in samples of tissue from the parietal
pleura and parenchyma of a series of lung samples
using transmission electron microscopy. This study
showed that there was no correlation between the
concentrations of fibres in the two regions but con-
firmed their earlier observation that the proportion of
chrysotile fibres was greater at the periphery of the
lung.
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The objective of the present study was to carry out
a more detailed analysis of asbestos fibres in a sagittal
section of human lung taken postmortem. In
particular, it was proposed to study variations in fibre
concentration, in fibre length, and in asbestos body
formation. The investigation was carried out with
optical microscopy which, under the conditions used,
can detect fibres with diameters down to 0-2 um.
Optical microscopy detects only about 10-15% of
crocidolite fibres3 but a greater proportion of the
intrinsically thicker amphiboles, amosite, and antho-
phyllite. Few, if any, chrysotile fibres are detected as
those found in lung are virtually all under 0-2 ,um in
diameter.4

Materials and methods

CASE HISTORY
The sagittal section of left lung used in the present
study was obtained postmortem from a 57 year-old
man who had been exposed to asbestos for 37 years as
an insulation engineer. The cause of death was a
poorly differentiated squamous cell carcinoma of the
bronchus that had shown secondary spread to the
pleura. There was no evidence of mesothelioma.
Lung tissue showed macroscopic and microscopic
evidence of fairly substantial asbestosis.
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Fig1 Diagram ofsagittal slice ofleft lung showingfrom
where samples were taken for analysis.

SAMPLING OF LUNG
A diagram of the sagittal slice (fig 1) indicates the
position from which blocks were taken for analysis.
Essentially, a 1 cm layer was taken from the periphery
of both upper and lower lobes including the oblique
fissure. Blocks, about 1-3 cm in length, were cut from
this layer for analysis. In addition, transects were

taken from both upper (G1-G5) and lower (H1-H5)
lobes. Finally, a lymph node was excised from the
hilar region of the upper lobe.

ANALYSIS OF LUNG TISSUE
From each block of tissue about 05 g was weighed
accurately and digested with sodium hypochlorite
solution (Parozone, Jeyes Ltd) as described by

Morgan and Holmes.5 The remainder of the block
was also weighed and then dried to constant weight at
110°C to obtain the wet/dry weight ratio. After
digestion was complete, lipids were extracted with
diethyl ether and an appropriate aliquot of the result-
ing suspension filtered through a 2-5 cm diameter
Millipore GS membrane filter (pore size 0-22 gm).
The filter was washed well with water and allowed to
dry. Half the filter was placed on a microscope slide
and cleared with a dimethylformamide/acetic acid/
water mixture.'2 The other half was retained for
examination with the electron microscope.

Uncoated rectilinear fibres greater than 2-5 um in
length were counted and sized under phase contrast
with a Porton-type eyepiece graticule at a magnifi-
cation of x640 (Zeiss Photomicroscope III). Coated
fibres were counted and sized at a magnification of
x256, although a higher magnification was used in
doubtful cases. All fibres showing any evidence of
coating were classified as "coated" even though they
may have been uncoated for most of their length.
Wherever possible, the lengths of at least 200
uncoated and of 100 coated fibres were measured and
classified in the following categories: 2-54-9, 5-9*9,
10-19-9, 20-39-9, 40-799 and >80 um. From the
numbers in the various categories count median
lengths (CMLs) were determined.
To establish the precision of the technique, six

equal aliquots of lung digests were filtered and the
concentrations and CMLs of both uncoated and
coated fibres measured. The results are given in table
1. In all but one case the coefficient of variation was
about 10% or less.
To determine the proportion of amphibole fibres

detected with the optical microscope, three samples
from different regions of the periphery of the lung
were also examined with the electron microscope at a
magnification of x 1760. Randomly selected areas

were photographed and the prints used for fibre
counting and measurement of count median
diameters (CMDs) and CMLs. Categorised data were
used for this purpose.
There was quite a high concentration of non-

fibrous dust in the lungs of the subject. Concen-
trations of this were estimated on an arbitrary scale of
one to six using the same slides as were used for the
assessment of fibre concentrations.

T'able I Results ofsix replicate measurements offibre concentrations and length made on equal aliquots offibre suspensions
preparedfrom two samples oflung tissue. (Mean ± SD)

Sample Fibre concentration (x 106/g dry wt) CML (gim)
Uncoated Coated Uncoated Coated

Upper lobe 11 50-0 ± 2-9 5 57 ± 0 85 6.6 ± 0-6 23-3 ± 1 7
Lower lobe 17 70 ± 08 093 ± 008 98 ± 02 297 ±2-7

46

 on M
ay 26, 2023 by guest. P

rotected by copyright.
http://oem

.bm
j.com

/
B

r J Ind M
ed: first published as 10.1136/oem

.40.1.45 on 1 F
ebruary 1983. D

ow
nloaded from

 

http://oem.bmj.com/


Distribution and characteristics ofamphibole asbestosfibres

io8 per obe
.A B C D

107 t\ \ / > \ g <+ S p V z<///

5106 t } k

Job
. 8

.Q;<Lower bbe
: A F E D 1 5 ------0!

U
Z > /=, ~~~~~~~~~~~~~~~~~Uncoated fibre concentration(fibres/g dry weight)

*0

/\l \ / 1 ^s fFig 3 Correlation between concentrations of uncoated and
iL 107 ~ | Y \ / >s | coated amphibolefibres in peripheral samplesfrom upper

and lower lobes (r = 0-93; p < 0-001).

Results

The results of measuring the concentrations of un-

coated and coated fibres in the peripheral samples
from the upper and lower lobes are shown in fig 2. To
facilitate cross reference, the extremities of each

105 ' . lobe, indicated by the letters shown in fig 1, are
15 lo 15 20 25 included in fig 2 at the appropriate points. It is

Samle number immediately apparent that there was a close corre-

Fig 2 Concentrations ofuncoated (e) and coated (o) lation between the concentration of uncoated and
amphibolefibres in peripheralsamplesfrom upper and lower coated fibres. This correlation, in log log form, is
lobes. shown in fig 3 and is significant (r = 0-93, p < 0-001).

Table 2 Summary ofmeasurements ofconcentrations and count median lengths ofuncoated and coatedfibres in upper and
lower lobes. (Mean ± SEM)

Location Blocks Fibre concentration (x 106/g dry wt) CML (,un)

Uncoated Coated % Coated Uncoated Coated

Upper lobe
A-B 1- 6 24(0 ± 4-1 2 7 ± 0(5 10(1 ± 1-2 9-2 ± 0(3 27 2 ± 0(5
B-C 7-19 293±52 7+04 99± 10( 7-3±01 258±07
C-D 2(-25 2().7 + 34 20 ± 03 98 ± 12 100 ± 03 329 ± 06
G 1- 5 34-6 ± 5X8 2 +±04 5-9 ± 0(5 7-7 ± 0(7 33 2 ± 1-1

Overall mean '7-1 + '6 25 ± 02 93 ± 06 84 ± 03 289 ± 07

Lower lobe
A-F 1-12 132.2±25 2-0)+± -4 136± 1-1 9.1 ±07 31-1 ± 12
F-E 1t-22 7-0± 1-1 (09±(-1 11 3±05 112 +0)8 310±(0+7
E-D 2.3-27 22 9 ± 2-6 2'3 +±03 9-3 ± 1-2 8.6 ± (02 33-6 ± 1.9
H:-: _1- 5 281+±7.6 1-9±06 6.4±06 7-3±02-2 34-5±2-9

Overall mean 147± 1-9 17+±(0±2 11 3±(07 94±04 322±07

*Excluding H3.
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It may be seen that, on average, there were about 10
times as many optically visible uncoated fibres as

coated in tissue taken at the periphery of the lung.
It is also apparent from fig 2 that the concentration

of both uncoated and coated fibres fell quite sharply
at the extremities of each lobe. Between the
extremities there was generally a rather rapid increase
to a relatively constant concentration in regions
closer to the hilum. An exception was the costal
region of the lower lobe, where there appeared to be
a well-defined pattern of alternating peaks and
troughs in the concentrations of both uncoated and
coated fibres.

In table 2 are given the mean values for the concen-
trations of uncoated and coated fibres in the various
regions of the periphery of the lung that are defined in
the first column. Mean values for the transects are
also included. Sample H3 was excluded as it was

composed mainly of large conducting airways and the
fibre concentration was low. For both the upper and
lower lobes mean concentrations of uncoated fibres
were greatest in the central transects but the same did
not apply to coated fibres. The overall mean concen-
tration of uncoated fibres in the upper lobe was
almost twice that of the lower but the difference was
less pronounced for coated fibres. Within each lobe
there were significant differences in fibre concen-
tration beteen peripheral regions. In the lower lobe,
foriexample, the mean uncoated fibre concentration
in the costal pleura was significantly (p < 0 05)
greater than in the diaphragmatic pleura. Differences
were less pronounced in the upper lobe.
As shown in table 2, CMLs of optically visible

fibres in the upper and lower lobes averaged 8 4 and
9 4 ,um respectively. These values are slightly less
than those reported for the British gas-mask factory
workers exposed to crocidolite, which generally fell in
the 10-15 um range.3 The greatest CMLs for
uncoated fibres were found in the diaphragmatic
region where the mean value was 11 -2 ,m. The CMLs
of uncoated fibres in the central transects were lower,
possibly due to the involvement of more lymphatic
tissue. The CML of uncoated fibres in the lymph node
excised from the upper lobe was only 34 ,um. This
was considerably lower than for any other sample and
may be accounted for by the more ready transfer of
short fibres to the pulmonary lymphatics.

The mean concentrations of coated fibres were less
variable than for uncoated but, as with uncoated
fibres, levels were higher in the upper lobe. In the
upper and lower lobes 9 3% and 11 3% of the fibres
present were coated respectively. These values are

quite close to the mean of 11% reported by Morgan
and Holmes3 for 22 gas-mask factory workers
exposed to crocidolite. As may be seen from table 2,
however, there were variations within lobes, central
samples having significantly (p < 0 01) lower values
on average than peripheral.
The mean CMLs of coated fibres in the upper and

lower lobes were 29 and 32 ,um respectively. The
individual values fell in the same range as those
reported for gas-mask factory workers.3 Few of the
coated fibres were distorted or had clubbed ends,
features which appear to be associated with con-
siderably greater fibre concentrations than those en-
countered in the present case.
The results of measurements of CMDs and CMLs

of fibres with the electron microscope are given in
table 3. Corresponding values of CMLs measured by
optical microscopy are included, together with an
estimate of the percentage of all fibres detected with
electronmicroscopy that were also detected with
optical microscopy.

Discussion

The amphibole fibres in the lungs of the subject
investigated were not identified. Nevertheless, the
fact that the CMDs were greater than those observed
in gas-mask factory workers exposed to crocidolite'
indicates that exposure to amosite may have occur-

red. In cases exposed to crocidolite only 10-15% of
fibres are detected with the light microscope whereas
in the present case, as shown in table 3, the pro-
portion was nearer 50%.
CMLs measured with the optical microscope were

on average about 25% greater than when measured
with the electron microscope. This discrepancy is due
partly to the difficulty in detecting fibres less than 2
,um in length with the former and also to the fact that,
as shown by Pooley and Clarke,4 the diameter of
crocidolite and amosite fibres increases with their
length so that longer fibres are detected more readily.
From the results obtained, it is clear that the mean

Table 3 Comparison ofmeasurements with the electron and optical microscopes

Sample Electron microscope Optical microscope

C'MD (ag) CML (acg) CML (oyg) % fibres
detected

Upper lobe I I 0(19 (2 7) 5-6 (2-1) 7-0(2)1) 68
Lower lobe 5 0(16 (2-3) 7-6 (2-4) 7 9 (22) 50
Lower lobe 15 (0 11 (21) 8 1(3 5) 11-5 (2 2) 40
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concentration of optically visible fibres was greater in
the upper lobe than in the lower and that the lowest
concentrations were found in the diaphragmatic
pleura. This is consistent with observations of the
pattern of deposition of fibrous6 and non-fibrous7
material in the respiratory tract of rodents in which it
has been shown that the apical lobe of the right lung
has a higher concentration of particules than the
mean and the lower lobes a lower. This effect is
attributed to differences in the morphology of the
conducting airways associated with the various lobes
and the disproportion increases with aerodynamic
diameter.7 8 The fact that, as shown in table 3, fibres
in the upper lobe appear to have a greater CMD than
those in the lower may also be associated with the
same factors. Sebastien et all also found higher fibre
concentrations in the upper lobes of asbestos workers
with heavy exposure. Lung fibrosis was present in all
their cases, and it was suggested that the
predominance of fibrosis in the lower lobes could
influence retention in this area.
The pattern of fibre concentrations at the periphery

of the lung indicates that it is determined primarily by
ventilation. For example. the fibre concentrations at
the extremities of each lobe are, relatively, much
lower than elsewhere because these regions are
poorly ventilated. The alternating pattern of peaks
and troughs in concentration observed in the costal
pleura may be related to the distribution of airways
within the lung or to the effects of the rib cage on
ventilation. Barnes,9 in a study of the distribution of
inhaled radionuclides in the lungs of dogs and
monkeys, showed, using autoradiography, that the
particles were deposited in a striated pattern near the
costal surface, apparently related to rib structures.
Greatest concentrations were found below the ribs.

In both the upper and lower lobes the mean fibre
concentrations were greatest in the central transects
but the same did not apply to coated fibres. An
increase in the concentration of fibres with distance
from the pleura has been reported by Ophus et al"I in
studies using the scanning electron microscope.
To obtain some idea of whether the fibrous dust

was distributed in a similar manner to the non-
fibrous, levels of the latter were scored subjectively
on a scale of one to six. In fig 4 the total (uncoated
plus coated) fibre concentrations in the peripheral
samples of the lung are plotted against the levels of
non-fibrous dust. Clearly, there is a close correlation
indicating that the same factors determined the distri-
bution of non-fibrous dust and optically visible fibres.
In central samples the levels of fibrous and non-
fibrous dust were less well correlated.
The CMLs of uncoated and coated fibres are not

independent variables. In general, long fibres are
coated more readily than short and thick more readily
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than thin.11 If the longer fibres are coated more
readily in one region of the lung than in another this
will have the effect of reducing the CMLs of both
uncoated and coated fibres. To study this aspect, the
probability of fibres in the length range 20-40 am
becoming coated was estimated for peripheral
samples from the lower lobe. This range was selected
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because a reasonable proportion of both uncoated
and coated fibres fell within it so that the probability
of coating could be estimated relatively accurately.
Values from 14% to 56% were obtained with a mean
of 26%. This may be compared with values ranging
from 6% to 34% for single samples obtained from the
lungs of three gas-mask factory workers reported by
Morgan."I In fig 5 the results are plotted against the
corresponding CMLs of uncoated fibres. As would be
expected, the greater the probability of longer fibres
being coated the lower the CML of uncoated fibres.
The main conclusion from this study is to empha-

sise the care required in sampling lung tissue to obtain
representative material for analysis of fibre concen-
tration. In this study the ratios between the highest
and lowest concentrations of uncoated fibres were 21
and 26 for the upper and lower lobe respectively.
Clearly, there is an advantage in taking samples from
the periphery of the lung as the involvement of
conducting airways is minimal, but the extremities
should be avoided due to the relatively low and un-
representative concentrations in these regions. It is
recommended that samples should be taken from
predetermined sites and analysed either individually
or pooled in such a manner that a mean value may be
derived from a single measurement.
The effect of fibre concentrations on lung

pathology has not been discussed. It is known that the
clearance of fibres from the lung by macrophage-
mediated processes is impaired when fibre concen-
trations are very high. Although asbestosis was
present in the lungs examined, the unusually high
proportion of short fibres, observed in cases of high
exposure to crocidolite,3 was not apparent.

We gratefully acknowledge the support of the
Asbestosis Research Council and of the EEC
Environmental Research Programme (Project 277-
77-10 ENV UK). We also thank members of the
Asbestosis Research Council for their constructive
comments. The sample of lung was provided by Dr
J S P Jones, City Hospital, Nottingham, and the
electron microscopy was carried out by MrM J Heard
and Mr R D Wiffen.
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