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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,
for,example, 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 84 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.’> The greatest CMLs for
uncoated fibres were found in the diaphragmatic
region where the mean value was 11-2 um. 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 3-4 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.

Morgan and Holmes

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 Holmes? 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.? 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
wum in length with the former and also to the fact that,
as shown by Pooley and Clarke.' 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 of measurements with the electron and optical microscopes
Sample Electron microscope Optical microscope
CMD (og) CML (ag) CML (gg) % fibres
detected
Upper lobe 11 0-19(2:7) 56(2:1) 7-0(2-1) 68
Lower lobe 5 0-16(2-3) 7-6(2-4) 7-9(2:2) S0
Lower lobe 15 0-11(2-1) 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 fibrous® and non-fibrous’
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.” 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 al! 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.’ 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'" 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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Fig. 4 Correlation between total fibre concentrations
(uncoated and coated) and non-fibrous dust measured on an
arbitrary scale of one to six.

than thin.!! 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 2040 um
becoming coated was estimated for peripheral
samples from the lower lobe. This range was selected
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FigS Correlation between count median length of uncoated
fibres in samples from periphery of lower lobe and
percentage of coated fibres in 20—40 um length category.
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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.!! 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,? was not apparent.
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