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Comparison of fibre types and size distributions in
lung tissues of paraoccupational and occupational
cases of malignant mesothelioma

A R Gibbs, D M Griffiths, F D Pooley, J S P Jones

Abstract
The results ofanalysis ofmineral fibres in lung
tissues from 10 paraoccupational cases of
malignant mesothelioma were compared with
analysis obtained from seven cases of malig-
nant mesotheliomas that had developed in gas
mask workers. Nine of the paraoccupational
cases were considered to have developed their
tumours because of exposure to asbestos on
their husbands' working clothes and one can-
cer developed in the daughter of a man who
had died of asbestosis. The gas mask workers
had direct exposure to asbestos while working
in a factory that produced military gas masks.
The results of mineral fibre analysis in the
paraoccupational cases were variable; six
showed high crocidolite concentrations, seven
raised amosite concentrations and two normal
concentrations of all types of asbestos fibre
measured. Chrysotile was raised in one case
but crocidolite and amosite were also
increased. The gas mask workers showed a
consistent pattern with high crocidolite con-
centrations and normal or low concentrations
of chrysotile and amosite. Fibre lengths for
chrysotile were similar in both groups and
predominantly less than 5 pm. Crocidolite
fibres tended to be longer in the gas mask
workers than in the paraoccupational group
and longer than chrysotile in both groups.
Amosite fibres tended to be more variable in
width than those of chrysotile or crocidolite.
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The association between exposure to asbestos and the
development of malignant mesothelioma has been
well established since the description by Wagner et al
in 1960.' The proportion of cases of malignant
mesothelioma ascribed to asbestos, however, has
varied (from < 50% to almost all) in different
studies.'' More recently, cases have been described
in persons who were not directly exposed to asbestos
in the workplace but obtained their exposure through
other members of the family; so called para-
occupational exposure."'0 The typical history is that
of the woman who washes her husband's clothes that
were covered in dust containing asbestos fibres; this
happened when washing facilities were not provided
at the factories and the workers wore their dirty
clothes home." In such cases the clinical history is
sometimes vague and difficult to evaluate. Also, the
role of the various types of asbestos fibre in the
causation ofmalignant mesothelioma is controversial
and there is little information on type offibre in these
paraoccupational cases. We recently reported the
lung fibre concentrations of a series of cases of non-
occupational mesotheliomas."

In the present study we compared the types oflung
fibre and size distributions in a series of suspected
paraoccupational cases of malignant mesothelioma
with a series of known occupational malignant
mesotheliomas developing in women who were gas
mask workers.

Materials and methods
CASE SELECTION
Necropsies had been carried out on all cases, and all
had been diagnosed as having pleural mesothelioma.
All the cases had been referred to the Cardiff and
Nottingham mesothelioma panels.

PARAOCCUPATIONAL GROUP
Nine cases were suspected of having obtained their
exposure to asbestos by laundering their husbands'
working clothes. The father of case 3 died of asbes-
tosis; she was the youngest of this group (age 47) to
develop malignant mesothelioma. No precise data
existed on the specific periods of suspected exposure
to asbestos. The husbands' occupations included

621

copyright.
 on M

ay 23, 2023 by guest. P
rotected by

http://oem
.bm

j.com
/

B
r J Ind M

ed: first published as 10.1136/oem
.47.9.621 on 1 S

eptem
ber 1990. D

ow
nloaded from

 

http://oem.bmj.com/


Gibbs, Griffiths, Pooley, Jones

shipyard working, lagging, building, and ordnance,
and their exposures would have varied widely in type
and quantity of asbestos.

GAS MASK WORKERS GROUP
All the cases selected were considered to have had
direct exposures to asbestos while working at a

factory producing military gas masks between 1940
and 1945. The gas masks contained a filter composed
of crocidolite. Table 1 gives the occupational his-
tories.

FIBRE COUNTING AND SIZING
Blocks of formalin fixed lung tissue were obtained
from the apex of the upper lobe and base of the lower
lobe. They were divided into two portions and
pooled so that there were two pooled samples for each
case. One pooled sample was dried to a constant
weight and the other was digested in 40% potassium
hydroxide, washed, and ashed in an atmosphere of
oxygen. The ratio of wet to dry weight was cal-
culated. Aliquots of known volume of the digested
lung residue made up to 10 ml were passed through
0 2 nucleopore filters. These were then carbon
coated and prepared for examination by transmission
electron microscopy.'3 One hundred to 200 fibres
were analysed by energy dispersive x ray analysis and
percentage values obtained for the different types of
fibres. Fibre diameter and length were measured
directly from the screen at a screen magnification of
20 000. To obtain a good distribution of fibre num-
ber for each size category we attempted to measure,

where possible, at least 100 fibres of each type of
asbestos.

Results
DEMOGRAPHIC DATA
The mean age ofthe paraoccupational group was 62-4
years, median 69, and range 47-72. The mean age of

Table I Occupational histories ofgas mask workers

Age atfirst Duration of
Case No exposure exposure Age at death

G1 23 Five months 69
G2 16 Six months 63
G3 33 Indirect exposure at 80

factory
G4 26 35 months 72
G5 29 10 days 73
G6 24 Three weeks 71
G7 31 Unknown 76

the group of gas mask workers was 72, median 72,
range 63-80 years.

PATHOLOGICAL DATA
The types of malignant mesothelioma in the para-
occupational group were two epithelial, six mixed,
and two connective tissue types and in the gas mask
worker group there were four epithelial, three mixed,
and no connective tissue types.

MINERALOGICAL DATA
Table 2 gives the results of the fibre analysis for each
case. The gas mask workers showed a consistent
pattern characterised by high crocidolite concentra-
tions within the lungs and normal concentrations of
chrysotile; amosite was absent or at low concentra-
tions. The results for the paraoccupational group
were more variable; six showed high crocidolite
concentrations but these were generally not as high as
found in the gas mask workers. There were raised
concentrations of amosite in seven cases but in only
two (P1 and PlO) were they raised in the absence of
raised crocidolite concentrations. Two cases (P3 and
P9) showed normal concentrations of all types of
asbestos fibres. One case (P7) showed a high
chrysotile concentration; crocidolite and amosite

Table 2 Counts by fibre type (x 106) for each case

Case No Total Amosite Crocidolite Chrysotile Mullite

P1 583 22 0 258 303
P2 815 24 90 286 39-1
P3 43 2 Trace Trace 7-2 33-9
P4 521 10 43 261 197
P5 3195 0 2510 310 249
P6 645 1-2 1-2 92 499
P7 1518 46 76 135-1 4-6
P8 20 7 6.1 1 6 6-7 4-1
P9 53 0 0 19 34
PIO 483 22 0 29 339
G1 42 2 Trace 6-9 4-1 28-4
G2 208 1 Trace 44 0 43-9 115-1
G3 799 0 506 20-4 78
G4 369 0 114 30 210
G5 10-1 0.2 6-5 0-4 2-8
G6 24 4 0 6 3 9 5 7 9
G7 375 09 15-5 88 123
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Table 3 Mean fibre lengthsfor amosite, crocidolite, and chrysotile for each case

Amosite Crocidolite Chrysotile All

Case Arithmetic Geometric Arithmetic Geometric Arithmetic Geometric Arithmetic Geometric
No mean SD mean mean SD mean mean SD mean mean SD mean

P1 5-17 6-66 3-45 0 0 0 1-05 0-82 0-83 1-37 2-31 0-93
P2 9-51 5-77 7-82 5-88 4-99 4-20 2-02 1-94 1-41 3-36 3-93 2-00
P3 0 0 0 0 0 0 0-89 0-76 0-72 0-89 0-76 0-72
P4 5-08 4-85 4-35 4-15 3-58 2-99 2-76 4-58 1-50 3-03 4-50 1-70
P5 0 0 0 2-94 2-62 2-14 1-10 0-75 0-89 2-74 2-55 1-94
P6 2-82 1-48 2-43 4-50 6-35 1-88 1-71 1-90 1-19 1-89 1-89 1-34
P7 4 34 5-08 3-10 4-97 6-51 3-05 1-31 1-12 0-98 1-54 2-24 1-07
P8 4-70 3 12 3-79 4-42 1-72 4-07 1-73 2-10 1-14 3-29 2-94 2-19
P9 0 0 0 0 0 0 0-92 0-67 0-75 0-92 0-67 0-75
PIO 16-27 10-61 11-09 0 0 0 1-41 0-79 1-16 7-71 10-10 3-06
GI 0 0 0 5-82 5-27 3-91 1-63 2-93 0-93 4-26 4-97 2-29
G2 0 0 0 3-15 2-71 2-45 1-20 1-28 0-85 2-18 2-16 1-45
G3 0 0 0 3-63 3-64 2-52 2-39 1-63 1-89 3-27 3-25 2-30
G4 0 0 0 7-90 6-80 5-18 2-50 1-64 1-68 6-80 6-60 4-10
G5 0 0 0 6-30 5-20 4-45 1-04 0-76 0-79 5-90 4-15 4-02
G6 0 0 0 9-38 8-40 8-93 1-62 1-03 1-27 5-27 6-50 2-77
G7 0 0 0 4-17 4-03 3-06 1-65 1-50 1-13 3-26 3-56 2-13

were also increased. Other fibres such as muscovite, between the sample groups. The amosite tended to
rutile, and silica, were also found in some of the cases be wider and more variable in width than the
but these were of short length and width and low crocidolite and chrysotile. Figures 1-3 show the
concentration. conditional distributions of lengths within the width
Table 3 shows the means (arithmetic and classes for each of the fibre types.

geometric) and standard deviations (SDs) of the
amosite, crocidolite, and chrysotile fibre lengths for
each case. The results for the chrysotile were similar
in each group and were predominantly less than five Discussion
,um in length. Crocidolite fibres tended to be longer A considerable excess of deaths due to malignant
in the gas mask workers than in the paraoccupational mesothelioma have occurred in the workforce
group but were longer than the chrysotile fibres in employed at a Nottingham factory that produced
both groups. Table 4 shows the means (arithmetic military gas masks during the second world war.'4
and geometric) and standard deviations of the The gas masks contained pads composed of merino
amosite, crocidolite, and chrysotile fibre widths for wool and 15% blue asbestos. The crocidolite asbes-
each of the cases. The crocidolite and chrysotile tos was obtained almost exclusively from the Wit-
width distributions were similar to each other and tenoom mine of Western Australia. Many workers

Table 4 Mean fibre widths for amosite, crocidolite, and chrysotile for each case

Amosite Crocidolite Chrysotile AU

Case Arithmetic Geometric Arithmetic Geometric Arithmetic Geometric Arithmetic Geometric
No mean SD mean mean SD mean mean SD mean mean SD mean

0-16 0-16 0
0-19 0-22 0-10
0 0 0
0-14 0-21 0-10
0 0 0-08
0-11 0-14 0-11
0-17 0-19 0-11
0-12 0-13 0-11
0 0 0
0-29 0-36 0
0 0 0-09
0 0 0-08
0 0 0-10
0 0 0-11
0 0 0-09
0 0 0-12
0 0 0-10

P1 0-21
P2 0-28
P3 0
P4 0-26
P5 0
P6 0-20
P7 0-23
P8 0-16
P9 0
PIO 0-43
Gl 0
G2 0
G3 0
G4 0
G5 0
G6 0
G7 0

0 0
0-10 0-08
0 0
0-07 0-09
0-06 0-07
0-06 0-11
0-11 0-08
0-10 0-09
0 0
0 0
0-06 0-08
0-05 0-08
0-06 0-08
0-07 0-09
0-06 0-08
0-07 0-1
0-06 0-08

0-06
0-06
0-06
0-06
0-06
0-06
0-06
0-06
0-06
0-06
0-06
0-07
0-06
0-06
0-06
0-06
0-07

0 0-06
0 0-07
0 0-06
0-01 0-06
0 0-06
0-01 0-06
0-02 0-06
0 0-06
0 0-06
0 0-06
0 0-05
0-02 0-06
0 0-06
0 0-06
0 0-06
0 0-06
0-02 0-07

0-07
0-08
0-06
0-08
0-08
0-08
0-07
0-11
0-06
0-22
0-08
0-07
0-09
0-10
0-09
0-08
0-09

0-06 0-07
0-08 0-07
0 0-06
0-05 0-07
0-06 0-07
0-05 0-07
0-05 0-07
0-10 0-09
0 0-06
0-26 0-07
0-05 0-07
0-04 0-07
0-06 0-08
0-06 0-09
0-06 0-08
0-05 0-08
0-06 0-08
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Figure 1 Fibre length distributions of amositeforfour width classes in paraoccupational group.
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Figure 2 Fibre length distributions of crocidolite in three
width classesfor paraoccupational and gas mask worker
groups.
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Figure 3 Fibre length distributions of chrysotile in two
width classesfor paraoccupational and gas mask worker
groups.

were exposed to considerable quantities of this
asbestos and analysis of fibre burden of the lung has
shown high concentrations of crocidolite in many of
the workers."5 This series of cases appears represen-
tative of the group, with raised and in some cases

extremely high concentrations of crocidolite within
the lung tissues.
Not surprisingly the series of paraoccupational

malignant mesotheliomas have less well defined
exposures to asbestos. In nine cases it was claimed
that they had received their exposure from washing
their husbands' contaminated overalls. This is now a

well recognised means of exposure."' The types and
quantities of asbestos to which the husbands were

exposed would have varied widely and the fibre
burdens within the lungs of these cases were much
more variable than those of the gas mask workers.
Raised concentrations of amosite as well as

crocidolite were found except for two cases (P3 and
P9), who had similar asbestos fibre concentrations to
those we have observed in non-exposed controls.
The crocidolite concentration was so high in case P5

that we suspect a direct exposure to asbestos that was
not ascertained from the occupational history. The
husband ofcase P3 was a dockyard worker and that of
case P9 a "jobbing" builder; in both the history of
working with asbestos was nebulous. The present
state of knowledge does not allow us to draw a
definite conclusion as to whether these malignant
mesotheliomas were due to exposure to asbestos or
not. In general the fibre burdens in the para-
occupational group were similar to other groups of
workers that we have seen with light or moderate
direct industrial exposure to asbestos.
The preponderant type of fibre in the gas mask

workers was crocidolite whereas chrysotile was
within the normal control range in most cases.
Amosite was either absent or only present in low
amounts. The mineral content ofthe lungs appears to
reflect accurately the history of exposure to asbestos
in this group of workers. Interestingly, although the
period ofexposure to crocidolite was between 10 days
and 35 months for the gas mask workers, high
crocidolite concentrations were found in the lungs of
several of the cases. Also there was some correlation
between duration of exposure and the lung fibre
concentrations found. Although the factory used
dust extraction and ventilation in the dustiest parts of
the assembly line, a considerable amount of dust
must have contaminated the atmosphere, resulting in
several of these workers experiencing heavy
exposures. The lungs from the paraoccupational
group showed a more variable fibre content; with
increased concentrations of crocidolite or amosite or
both in eight of the 10 cases but chrysotile was nearly
always within the range for controls. These observa-
tions support previous evidence that amphiboles are
much more important in the genesis of malignant
mesothelioma than chrysotile. Tremolite was not
found in significant concentrations in either of the
groups. High concentrations of mullite were present
in several cases. Mullite is a short fibre (< 3 gm in
length) form of aluminium silicate that is derived
from the burning of fossil fuels or tobacco products.
We regard it as unlikely that mullite is important in
the pathogenesis of malignant mesothelioma.
The dimensions of the various types of fibre show

that amosite tends to be wider and more variable in
size than chrysotile and crocidolite. The width
distributions of chrysotile and crocidolite were
similar to each other and between the sample groups.
The mean lengths of crocidolite were much greater
than those of chrysotile for both sample groups.
There were longer crocidolite fibres in the gas mask
workers than in the paraoccupational cases. If the
Stanton hypothesis of mesothelioma induction
(fibres 8 pm or greater in length and 0-25 gm in
width or less are the ones that are important) applies
to man, the greater proportion of these fibre sizes in
crocidolite compared with other forms of asbestos
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might explain its much greater carcinogenicity.
Amosite appears to be more variable and this may
explain the low prevalence of disease in South
Africarl miners or millers'6 whereas in some indus-
trial groups it is claimed to be much higher.'7 We
believe that because chrysotile has a different shape
from the amphibole fibres and does not tend to
accumulate in tissues it is not a cause of malignant
mesothelioma unless contaminated by amphiboles.'8

We thank B J N Blight for help and advice with
statistics, Mrs Joyce Hoy andMrD Llewellyn for the
illustrations, and Mrs Carol Grant for producing the
manuscript. This work was carried out as part of
Health and Safety Executive Commission No 1/
LMD/126/270/88 entitled Biological effects of min-
eral dust.
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