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Fibre distribution in the lungs and pleura of subjects
with asbestos related diffuse pleural fibrosis

A R Gibbs, M Stephens, D M Griffiths, B J N Blight, F D Pooley

Abstract
The lungs from 13 cases of diffuse pleural
fibrosis associated with a history ofexposure to
asbestos were examined. Samples were taken
from the visceral pleura and central and sub-
pleural zones ofthe lungs for histopathological
and mineralogical studies. The fibre type, size,
and number were estimated for each of these
regions by transmission electron microscopy
and energy dispersive x ray analysis.
Amphibole fibre counts were raisedwhen com-
pared with a non-occupationally exposed
group and- matched those seen in cases of
pleural plaques, mild asbestosis, and meso-
thelioma. A wide case to case variation of
distribution was seen. No significant difference
was apparent between central and subpleural
zones, whereas low asbestos counts were found
in the pleura; these were mainly short
chrysotile fibres. Within the lungs more (45%)
of the longer (>4 pm) and thinner (< 025 pm)
amphibole fibres were retained in keeping with
other studies implicating such fibre profiles in
the pathogenesis of asbestos related disease.

Lungs affected by moderate to severe asbestosis are
often also affected by diffuse pleural fibrosis.' Diffuse
pleural fibrosis can also occur, however, as the
principal lesion due to exposure to asbestos in the
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absence of significant parenchymal disease.' We have
previously presented the macroscopic, micro-
scopical, and mineralogical findings of seven cases of
diffuse pleural fibrosis' and some preliminary infor-
mation on mineral fibre distribution of a series of 13
cases.4 Now we have investigated the type and size
distributions ofmineral fibres at different sites within
the lung and visceral pleura.

Methods
Lungs obtained at 13 postmortem examinations
performed between 1979 and 1988 were studied.
They were from either routine hospital necropsies or
from cases referred by the Medical Boarding Centre.
Occupational histories were obt..ined from either the
hospital notes or from the Medical Boarding Centre.
Seven of the cases formed the basis of our original
study.'

Cases were selected using diagnostic criteria
acceptable for compensatory asbestos induced dis-
ease2 and similar to those identified previously.'
These consisted of the necropsy findings of bilateral
diffuse pleural fibrosis coveringmore than 25% ofthe
lung surface on each side and measuring more than
5 mm in thickness at some point, in conjunction with
documented exposure to asbestos.

TISSUE PREPARATION
At least one lung from each case was distended with
formalin in the standard manner and examined
microscopically after fixation. Tissue blocks for his-
tology were taken from the following sites:

(1) Subpleural region ofthe apex ofupper lobe.
(2) Subpleural region of the apex of lower lobe.
(3) Subpleural region of the base of lower lobe.
(4) Central region of upper lobe.
(5) Central region of lower lobe.
(6) Pleural fibrosis-multiple blocks.

Tissue for mineralogical analysis was sampled as
detailed in the next section.
The formalin fixed and paraffin embedded blocks

were processed in the standard manner and the
sections prepared were stained with haematoxylin
and eosin, Martius scarlet blue (for fibrous tissue),
and elastic van Gieson stain (for elastic and fibrous
tissue). The degree of parenchymal fibrosis was
graded 0-4 for each slide using an established system
and an average was obtained for each case.5 6
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Table 1 Ages, occupational histories, and histological grades offibrosis in the 13 cases of diffuse pleuralfibrosis with a history
of exposure to asbestos

Subject Age (y) Occupational history Grade offibrosis

1 80 Pipe fitter for 25 years 2
2 67 Engineer, two years cutting asbestos sheets 2/3
3 64 Boiler maker 1/2
4 75 Electrical welder 2
5 71 Carpenter, cutting roofing sheets 1/2
6 64 Asbestos sprayer 2/3
7 62 Boiler lagger, 33 years exposure 1
8 64 Unloading asbestos sacks (four years)

Production of asbestos slabs (seven years) 2
9 47 Mixing/moulding blue asbestos for one year 0/1
10 69 Marine engine fitter for 35 years N/D
11 54 Gas fitter and plumber for "a few years" 0/1
12 75 Refitting ships for 25 years 1
13 74 Shipyard joiner 2/3

MINERAL FIBRE ANALYSIS typed by an energy dispersive x ray analysis tech-
Material for mineralogical analysis was obtained nique. The length and width of 100 to 200 fibres were
from tissues removed from the parenchyma also determined at this time.
immediately adjacent to the blocks (1)-(6) taken for
histology as listed. The analysis for the subpleural
region was performed by pooling samples adjacent to Results
blocks (1)-(3), for the central region by pooling Table 1 gives the occupational details of each patient.
samples adjacent to (4) and (5), and pleural fibrosis by All were men and the age of death ranged from 47 to
pooling samples adjacent to blocks from (6). 80 years. Duration of exposure to asbestos varied

Counting, typing, and sizing were undertaken as a from one to 35 years. Pathological examination
standard procedure previously reported for our showed changes similar to those described previously
laboratory.7 Briefly, tissue samples were divided into by US.3 In all cases macroscopic examination showed
two. One half was dried at 80°C and the wet to dry extensive diffuse visceral pleural fibrosis that was at
weight calculated. The other was digested in 40% least 5 mm in thickness but reached 4 cm in thick-
potassium hydroxide, washed, and then ashed at ness. This mimicked pleural mesothelioma in some
350°C for three hours in an atmosphere of oxygen. cases. Several cases had extensive adhesions between
The final extract was suspended in distilled water and the visceral and parietal pleura. In some, recog-
aliquots of known volume were filtered on to nisable pleural plaques were also present. Case 10
nucleopore filters. These were carbon coated, the showed severe diffuse pericardial fibrosis similar to
filters were dissolved in chloroform, and the carbon that ofthe pleura. Microscopically the pleura showed
films were mounted on to gold electron microscope mature collagen arranged in a basket weave pattern.
support grids for transmission electron microscopy. Table 1 gives the degree of pulmonary parenchymal
At least 200 fibres were counted and each one was fibrosis graded for each case.

Table 2 Asbestosfibre countsfor each case in subpleural (S), central (C), and pleural (P) sites

Total asbestos Crocidolite Amosite Chrysotile

Subject S C P S C P S C P S C P

1 21-5 7-2 1-96 2-1 1 0 0-04 5-8 3-9 0-01 13-2 2-2 1-92
2 12-8 5-6 6-6 9-6 2-7 0-5 0-8 1-0 0-01 2-1 1-8 6-0
3 8-7 13-9 6-2 1-7 1-4 0-05 1-2 1-0 0-19 5-8 11-3 5-95
4 16-7 13-2 14-7 7-7 5-5 0-04 2-1 1-6 0.01 6-6 5 9 14-0
5 3-28 6-22 2-11 0-5 0-78 0-19 1-7 1-98 0 01 1-1 3-46 1-92
6 327-22 247-69 119 305-95 228-12 85-0 160-3 195-6 12-8 523 0-18 20-9
7 99-4 123-0 10-1 13-2 27-6 0-9 78-4 86-0 0-01 7-0 8-6 9-2
8 165-8 131-5 10-8 10-3 13-7 0-2 117-3 81-7 0 9 25-7 32-2 10-4
9 24-6 11-0 2-5 3-4 1-6 0-04 1-2 0-7 0-01 19-7 8-7 2-5
10 60-9 14-9 16-4 5-3 1-9 0-04 33-6 10-4 0-3 22-0 2-6 16-1
11 8-53 12-9 3-3 0-05 0-35 0-05 0-1 0-35 0-01 8-43 12-2 3-25
12 158-4 92-4 2-1 66-7 31-4 0-1 75-2 51-7 0.1 16-5 9-3 1-8
13 31-2 22-6 13-2 0-05 0-45 0-5 0-6 0-45 0-01 30 6 21-7 12-7

Values are x 106/g dried lung tissue.
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Table 3 Counts forfibresfrom all cases (except 6) classified byfibre type and position

Amosite ( x 105fibreslg) Crocidolite ( x 106fibreslg) Chrysotile ( x 106fibreslg) All (x 106fibreslg)

Subpleural 330-89 120-85 158-72 610-46
Central 242-38 87-69 127-24 457-31
Pleural 0 39 2-53 86-68 89-60
All 573-66 211-07 372-64 1157-36

Table 2 gives the total and specific fibre counts for
each case for the different anatomical sites. Con-
siderable case to case variations occurred in fibre
distribution. Case 6 had extreme values and is treated
as an outlier. Therefore, the figures apply to all dusts
with the omission of case 6.
Table 3 gives the counts for the various asbestos

fibres at different anatomical sites. The pleura con-
tained much lower concentrations ofamphibole than
chrysotile fibres. The chrysotile fibre concentrations
showed less variability over the different sites.
Tables 4 and 5 show the geometric means of the

fibre widths and lengths together with the standard
deviations of the log widths and log lengths These
particular statistics are appropriate due to the ten-
dency for fibre dimensions to be distributed as log
normals. This assumption was supported by the data
on length but not so much by those on width.
The effects of fibre type and position were inves-

tigated by a two way weighted analysis of variance
(weighted by counts) using type and position as
factors, each at three levels. The analysis of variance
is a standard statistical technique for data in which
variability can be partly explained by two factors-in
this case fibre type and fibre position. Due to the
disparity in fibre counts it is appropriate to weight the
analysis by sample size. No interactions were found
between the factors although definite differences due
to type and position occurred.
Table 6 shows the analysis of variance. The fibre

effect was significant for both width and length
(p < 0-0001). Position was significant for lengths
(p < 0-02) but not for widths.

Further analysis ofthese effects showed the follow-
ing differences, apparent from tables 4 and 5. The
amosite fibres were longer (p < 0025) and wider
(p < 00001) than the crocidolite, which were longer

Table 4 Geometric mean (SD of log) widths (pum) offibres

Table 5 Geometric mean (SD of log) lengths (pm) offibres

Amosite Crocidolite Chrysotile All

Subpleural 3-68 (0 82) 3-17 (0-88) 1-39 (0 89) 2-77 (0-94)
Central 3-63 (0 87) 3 07 (0-83) 1-32 (0 89) 2-65 (0-97)
Pleural 1-23 (0 82) 2-30 (0 94) 0-96 (0 79) 0 99 (0 80)
All 3-66 (0 84) 3-12 (0-86) 1-25 (0 88) 2-52 (0-98)

(p < 0-0001) and wider (p < 0-0001) than the
chrysotile. No differences in fibre dimensions were
seen between the central and subpleural paren-
chymal sites but the pleural fibres were generally
shorter (p < 0-05) than those in the parenchyma.

Figures 1 to 3 show the percentage ofspecific fibres
measured in each length category for different fibre
widths. The percentage of long amphibole fibres
found in the lung was clearly higher than that for
chrysotile fibres. Furthermore, a significant percen-
tage of these were both long and thin.
Table 7 gives the mean and range offibre counts for

several types ofasbestos fibres in non-occupationally
exposed subjects (unpublished data). This indicates
the low concentrations of amphibole in the general
population.

Discussion
This study expands upon our original paper on
asbestos induced diffusepleural fibrosis3andaddsnew

Table 6 Analysis of variance of log lengths and widths of
asbestosfibres

Degrees of Sums of Mean
Factor freedom squares square F Value

Analysis of variance of log lengths
Position 2 8-51 4-255 4-53
Fibre 2 1942 97 1 103-27
Interaction 4 0 3 0.075 0 08
Residual 893 839-65 0-94
Total 901 1119-6

Analysis of variance of log widths
Position 2 0-03 0-015 0 03
Fibre 2 186-2 93-1 191-19
Interaction 4 0-28 0 07 0 14
Residual 893 434-84 0 49
Total 901 649-99

Amosite Crocidolite Chrysotile All

Subpleural 0-17 (0 80) 0 10 (0 63) 0-06 (0-13) 0-12 (0 78)
Central 0-17 (0 73) 0 09 (0 61) 0 07 (0 22) 0-12 (0 73)
Pleural 0-17 (0 79) 0-08 (0 45) 0-06 (0-17) 0-06 (0-21)
All 0-17 (0-77) 0-10 (0-62) 0-06 (0-18) 0-11 (0-75)
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Table 7 Average counts for 55 Cardiff controls by electron
microscopy

Arithmetic Geometric
mean mean Range of counts

Chrysotile 2-8 1-4 0to 11 7
Amosite 009 002 0 to 1 0
Crocidolite 0-14 0-02 0 to 1-7
Tremolite 0-02 0 01 0 to 0 4
Mullite 11 6 5-2 0to78-0
Total 15-6 95 0-3to83-1

Values are x 106/g dried lung tissue.

information on fibre load, distribution, and size. The
present cases were designated as representing diffuse
pleural fibrosis on morphological grounds by the
previously defined criteria including severe diffuse
fibrosis of the pleura, mild parenchymal fibrosis, and
documented exposure to asbestos. Of the cases

presented here all had had occupational exposure to
asbestos but in our opinion the findings were likely to
have been caused by the asbestos in only 11. Subject
13 had been treated for pulmonary tuberculosis nine
months before death. Examination of multiple his-
tological sections showed a few caseating granu-
lomas. The lung showed severe fibrosis but very low
asbestos counts, well within the range of our normal
controls; therefore, tuberculosis was most probably
the cause ofthe pleural fibrosis in this case. Subject 11
had a vague history of exposure to asbestos and lung
asbestos counts well within our normal non-

occupationally exposed level (table 7). The cause of
the fibrosis in this case was unknown but was

considered unlikely to be due to asbestos. These two
cases underline the necessity to obtain accurate
asbestos counts; without these an asbestos related
aetiology cannot be proved as other causes of diffuse
pleural fibrosis exist.8 The clinical data available in
these cases were not detailed enough to make an

assessment of any specific recognisable biological
factor increasing susceptibility to this type of pleural
reaction. It has been suggested that immunological
factors may be important."'
Examination ofour own unpublished observations

(table 7) and reference to previous data"2"4 indicated
that the total asbestos counts in these 11 cases of
diffuse pleural fibrosis were generally higher than
those found in the non-occupationally exposed
population. This observation applied to the
amphibole rather than the chrysotile concentrations.
The concentrations found appear to correspond with
those seen in cases with pleural plaques,"3' mild
asbestosis,'6 and mesothelioma. These findings
accord with those of other authors who also find that
asbestos related disease is associated more closely
with amphibole lung content than with chryso-

tile.'"'9 The concentrations of asbestos found clearly
implicate this mineral in the pathogenesis of diffuse
pleural fibrosis but do not provide any indication as to
what produces this particular reaction rather than
any other pathological reaction.
The pleura contained little fibre, most ofwhich was

chrysotile; only occasional amphibole fibres were
detected. Total subpleural asbestos concentrations
were not significantly increased compared with cen-
tral lung fibre concentrations. An appreciable case to
case variation of fibre distribution was seen. This
non-uniform fibre distribution, including variation of
fibre concentrations in various parts of the lung, the
paradoxical paucity of fibres in the pleura, and the
predominance of chrysotile at this site, is a recurring
finding in studies of different asbestos related
diseases.2"24
The sizing data are of interest. The length and

width of amosite in general exceeds that of
crocidolite, which exceeds that of chrysotile. No
difference occurred for fibre dimensions between the
subpleural and central sites. This finding is at
variance with the limited data available on fibre size
distribution in other asbestos related diseases.2" The
relevance of this is uncertain at present but it could
reflect either a true difference between disease states,
a different method of sampling, processing, and
analysis, or merely reflect the fact that a general
pattern has not emerged due to the paucity of
information available.
A high percentage of retained amphibole fibres

were long (9% of amphiboles were greater than
10 gm in length and 45% were greater than 4 pm in
length compared with chrysotile fibres for which the
values were 2% and 9% respectively; figs 1-3).
Furthermore, as far as thin fibres (less than 0 25 pm in
diameter) were concerned, 37% of the amphiboles
were greater than 4 pm in length compared with 9%
of chrysotile fibres (fig 2). The pleura, as well as
containing minimal numbers of amphibole fibres,
contained predominantly short chrysotile fibres
(tables 3 and 5). These findings are in keeping with
previous studies on other asbestos related diseases,
which find a high percentage of both long and thin
fibres in the lung parenchyma and minimal numbers
of short fibres in the pleura.2' It has been noted that
fibres greater than 8 pm in length have an increased
fibrogenic and oncogenic potential, although many
consider fibres greater than 5 pm in length are those
of major pathogenic importance.2425

Several observations have been made that explain
these findings. Morphologically, chrysotile fibres are
curled and act as three dimensional objects with
random alignment in the airways, causing increased
deposition at airway bifurcations2.29 and consequent
increased ciliary clearance. By contrast, amphibole
fibres are straight, essentially one dimensional, and
align with the airstream in the airways allowing
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deeper penetration than the curled fibres.2' The
alveolar deposition of fibres also lessens steeply with
diameters greater than 2-3 pm leading to selective
deposition of relatively thin fibres. Short asbestos
fibres (< 5 pm) are cleared more effectively than long
fibres,""' giving rise to the idea that the longer fibres
bridge alveolar ducts and penetrate the alveolar
walls. It has been suggested that chrysotile fibres have
a greater tendency to fragment with time in the lung
resulting in a continual clearance, decrease in the
load, and a relative increase in the population of
smaller fibres, but the evidence for this is conflicting.
These comments are obviously of direct relevance in
necropsy studies, when the lung content will more
accurately reflect the retained fibres rather than the
total lifetime exposure. Some authors such as Pooley
and Wagner'9 have suggested that the selectively
retained longer and thinner amphibole fibres are of
prime pathogenetic importance. Other workers have,
however, warned that the low concentrations of
relatively short (largely chrysotile) fibres do not
necessarily indicate a low level of pathogenicity3"; it
being difficult to exclude a "hit and run" effect.
Epidemiological studies, however, implicate
amphiboles as being more important in patho-
genicity."'~3

It is becoming increasingly obvious that as well as
the importance of concentrations of the specific fibre
types in the lung in the various asbestos related
diseases, fibre dimension profiles are of significance.
There is a paucity of data on the detailed analysis of
fibre type dimension in the various disease states and
the exact relation of fibre dimension to particular
pathological effects will have to await further
experimental and comparative work in human
subjects. This knowledge may be of paramount
importance in the prevention of similar disease states
induced by other man made mineral fibres when one
considers the fact that fibre dimension often appears
to be of greater importance than the specific fibre
chemistry.

In conclusion, this study has documented detailed
mineralogical data in asbestos related diffuse pleural
fibrosis. We have confirmed that amphiboles rather
than chrysotile fibres are retained in the lung and that
a high percentage of these are long and thin. We have
also confirmed the non-uniform distribution ofasbes-
tos fibres in the lung, in particular a low fibre content
in pleural tissue, most of which is chrysotile.

Our thanks are due to Professor Stephen Jones and
Dr P Smith (Nottingham) for allowing us to study
their cases and also to Mr D Llewellyn for the
illustrations.
The work was carried out as part of Health and

Safety Executive Comission No 1/LMD/126270/88
entitled biological effects of mineral dusts.
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