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Correlation between fibre content of the lungs and
disease in naval dockyard workers
J C WAGNER, C B MONCRIEFF,* R COLES,t D M GRIFFITHS, AND
D E MUNDAY
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ABSTRACT In the period 1966-82 lungs from 333 workers who had been employed at a Royal Naval
dockyard were referred to the MRC Pneumoconiosis Unit where they were investigated for the
severity of asbestosis, the presence of tumours, and an assessment of mineral fibre content and the
type and amount of mineral present. The occupational exposure to mineral dust has been coded for
189 of these cases. There is good correlation between the severity of asbestosis and the coded
exposures, electron microscopic mineral fibre count, and the fibre count as seen under the light
microscope. The information collected showed that mesotheliomas occurred in those who had had
minimal or slight asbestosis, by contrast with the pulmonary carcinomas found in those with mod-
erate to severe asbestosis. The amphibole (crocidolite and amosite) lung content correlated with
severity of asbestosis.

Since Harries's initial studies in 19661 there have been
numerous investigations on the effects of exposure to
asbestos among the dockyard personnel at Devon-
port. In the present study details of people in the
Plymouth area who died with suspected occupational
disease were referred to the coroner and postmortem
examinations were undertaken. The lungs were then
submitted to the Pneumoconiosis Medical Panel and
the material was referred, with the postmortem proto-
cols, to this unit for detailed study. This included a
pathological examination for the severity of asbes-
tosis and the diagnosis of any tumour, an assessment
of the fibre content and mineral identification of the
individual fibres by an analytical transmission elec-
tron microscope, and a fibre count undertaken on
macerated lung tissue using the Ashcroft technique.
The results from 189 former dockyard workers

were compared with their occupational exposure to
asbestos.

Materials and methods

MATERIALS
During the period 1966-81 the lungs from 333
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necropsies in the Plymouth area were sent for exam-
ination by the Pneumoconiosis Medical Panel to the
pathology section of the MRC Pneumoconiosis Unit
to establish: (1) the presence or absence of asbestosis
and the nature of any associated malignancy, (2) the
amount and type of fibre detected in the digested lung
by an analytical electron microscope, and (3) the
amount of fibre detected in the digested lung by opti-
cal microscopy.

Cases had been sent for an assessment of the rele-
vance of asbestos exposure, at the discretion of the
Plymouth pathologists, if they had reason to believe
that asbestos related disease might have been the
main or a contributory cause of death.

Methods

SPECIMENS
Histological assessment
The methods and techniques used have been stan-
dardised as previously described in detail elsewhere.2
Asbestosis gradings were therefore assessed using the
following criteria.

Minimal asbestosis was present when minimal col-
lagen was seen in the interalveolar septa or around
respiratory bronchioles and alveolar ducts together
with the presence of asbestos bodies.

Slight asbestosis showed as a definite thickening of
the walls of the respiratory bronchioles extending into
the alveolar duct again with the presence of asbestos
bodies.
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Moderate asbestosis was indicated when the lesions
were more profuse and showing some linkage
between the lesions.

Marked/severe asbestosis was diagnosed when com-
plete distortion of the normal architecture occurred
with large areas of fibrosis, asbestos bodies, and fibres
being seen in the distorted air spaces.

Mineral fibre determination by light microscopy
Light microscope counts were carried out using the
method of Ashcroft and Heppleston.3 A sample of
lung about 1 cm3 was taken from the base of the right
lung or, in cases where tumour was present, the least
affected lung. This sample was macerated using
potassium hydroxide and fibres and bodies in the
resulting deposit were counted in a Fuchs Rosenthal
counting chamber and examined by phase contrast
microscopy using a 40 x objective.

Mineralfibre determination by electron microscopy
The method used for determining the amount and
type of fibre present has been described elsewhere.4
Tissue was taken from the least affected lung, but
some modifications to the method of selection and
preparation of the tissue were made.

Selection oftissue-Centimetre cubes of tissue were
taken from three sites: (a) apex of the upper lobe, (b)
apex of the lower lobe, and (c) base of the lower lobe.
Each of the three pieces was subdivided into two
approximately equal parts, and two separate portions

102 103
Fibre counts byelectron mkroscopy
( x106fibres/g dry lung tissue)

Fig I Correlation between pathological grading and
electron microscope fibre counts.

Wagner, Moncrieff, Coles, Griffiths, and Munday

101 102 163 1C
Fibre counts by optical microscopy
(x 103fibres /g dry lung tissue)

Fig 2 Correlation between pathological grading and optical
microscope fibre counts.

were formed each consisting of a piece from each of
the three sites. The weights of the two portions were
noted.

Preparation of tissue-Fibre breakage occurs in tis-
sue dried before digestion. To prevent this, one of the
portions of wet tissue was digested in 40% KOH and
the subsequent measurements were carried out on the
extracted fibres. The other portion was dried to con-
stant weight and the wet to dry tissue ratio calculated.

Occupation and exposure rating
The main dockyard occupation or trade was available
in all cases but an exposure score or rating provides a
more sensitive assessment of exposure to asbestos.
This was derived by allocating an exposure code to
each occupation, approximating its severity, and
multiplying the code by the number of years in that
job. This method and the codes used have been
described by Rossiter et al in 1983.5 An exposure rat-
ing was worked out for all dockyard workers with a
complete occupational history and as most of the
Plymouth cases were former dockyard workers this
subgroup was used for the first analysis.
Age-The age at death was taken from the clinical

notes or death certificate.
Cause of death-The causes of death were divided

into the following groups: lung cancer, pleural meso-
thelioma, other cancer, respiratory disease including
asbestosis, circulatory disease, and all other causes.
A diagnosis of lung cancer or of mesothelioma was

recorded only after histological confirmation.
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Occupational exposure score
severity-_.

Fig 3 Correlation between pathological grading and
occupational exposure score.

Results

In addition to being former dockyard workers, the
criteria for inclusion were known age at death, cause
of death, full occupational history, and sufficient lung
tissue for fibre analysis.

Cases were excluded from the original 333 for the
following reasons: identification problems (4),
insufficient tissue for fibre analysis (22), occupation
outside the dockyard (48), dockyard workers without
full occupational histories (59), reputed dockyard
workers not confirmed in records (10), and one
woman, leaving 189 in the study group.
The pathological diagnosis of the severity of asbes-

tosis was taken as the basis for the comparison. There
is an acceptable correlation between the grades of

asbestosis and the amount of fibre found in the lung
tissue after maceration using both the electron
microscope' and light microscope (figs I & 2),
although fine diameter fibre such as chrysotile and
some crocidolite asbestos recorded under trans-
mission electron microscopy are not observed using
the light microscope.

If such fibres are not present the assessment of the
relative amounts of fibre observed by phase contrast
microscopy for routine diagnosis may be adequate. In
the studies using an electron microscope, however, a
more precise assessment will be obtained, particularly
when the type of fibre may be defined using EDAX
(energy dispersive analysis of x rays). The comparison
between the pathological grading and the exposure
rating (fig 3) shows good agreement.

Mesothelioma accounted for 39% of the causes of
death, occurring more frequently in the minimal and
slight asbestosis grades (table 1). Excepting the non-
asbestotic cases, the number of cases with carcinoma
of the lung increases with the severity of asbestosis
and of exposure, the high number (7 out of 19) of
cases of lung cancer among those with no asbestosis
was unexpected and cannot be explained. No pattern
arises with deaths from general respiratory disease or
with the other causes of death. The total amount of
fibre was associated with the severity grading of the
asbestosis, as was the exposure rating.
The proportional counts of the amphibole fibres

crocidolite and amosite increase with the severity of
asbestosis, whereas the proportional count, after
adjusting for amphibole presence, of chrysotile fibre
and also of mullite appears to be unrelated to asbes-
tosis grade (table 2). This agrees with our previous
findings.2

Discussion

As illustrated in the figures, the relations between the
severity of the lung pathology, the occupational
exposure rating, and the fibre content of the lungs are

Table 1 Lung pathology related to age, exposure to asbestos, cause ofdeath, andfibrous dust content in 189 casesfrom the Plymouth area
(all male)

Grade of Total Mean Mean No (%) (cause of death) Mean
asbestosis No of age exposure fibre
(JCW) cases at rating Lung Pleural Other Respiratory Circulatory Other count

death cancer mesothelioma cancer disease disease causes (x 106)

None 19 66 212 7 (37%) 3 (16%) 0 (0%) 6 (32%) 2 (11%) 1(5%) 23-0
Minimal 36 64 219 3 ( 8%) 24 (67%) 2 (6%) 0( 0%) 7 (19%) 0 (0%) 42-1
Slight 69 63 286 9 (13%) 35 (51%) 1 (1%) 9 (13%) 14 (20%) 1 (1%) 59-5
Moderate 49 64 368 17 (35%) 11 (22%) 2 (4%) 10 (20%) 7 (14%) 2 (4%) 343 2
Marked/

severe 16 64 495 13 (81%) 1 ( 6%) 0(0%) 2(13%) 0( 0%) 0(0%) 25503

All grades 189 64 305 49 (26%) 74 (39%) 5 (3%) 27 (14%) 30 (16%) 4 (2%) 336-9
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Table 2 Mineral content ofPlymouth cases by electron microscopy

Grade of Total Mean Mean Mean % constitution Mean % constitution after exclusion
asbestosis No of exposure fibre of amosite and crocidolite
(JCW) cases rating count Amo Cro Chr Mu! Others

( X 106) Chr Mu! Others
(EM)

None 19 212 23-0 6% 11% 39% 34% 11% 46% 41% 13%
Minimal 36 219 42-1 6% 25% 36% 24% 10% 50% 36% 14%
Slight 69 286 59-5 16% 36% 24% 17% 7% 48% 38% 14%
Moderate 49 368 343-2 28% 36% 17% 14% 4% 52% 34% 14%
Marked/

severe 16 495 2550 3 33% 52% 7% 5% 2% 43% 31% 26%

All grades 189 305 336-9 17% 33% 25% 18% 7% 49% 36% 15%

Amo = Amosite.
Cro = Crocidolite.
Chr = Chrysotile.
Mul = Mullite.

good. The counts obtained from the electron micro-
scope methods are in agreement with those we have
presented verbally.
The counts under the light microscope are given in

the x 103 range as compared with x 106 of those
recorded by Whitwell6 but are consistent with those
found by Seal.7 The fibre content found in the cases

with no evidence of asbestosis was higher than would
be expected in the lungs of members of the general
public but it must be remembered that the people had
been occupationally exposed.
The mineral content of the lungs confirmed our

previous findings.2 The amphibole fibre (crocidolite
and amosite) amounts increased with the severity of
the asbestosis and occupational exposure, but the
chrysotile remained constant. This was clearly illus-
trated in table 3 where the mineral fibre content was

considered after the exclusion of the two amphibole
fibres. A detailed fibre length analysis was undertaken
on a sample of the cases but did not provide any rele-
vant information.
When comparing the associations with lung cancer

and mesothelioma, it may be seen that the meso-

theliomas occur mostly with a minimal or slight
asbestosis grading and a low exposure rating. The
lung cancers occur with the moderate to severe grades
with heavier exposures, although these mainly had
pleural or other lung disease.

Conclusion

We have shown that the severity of the various dis-
eases associated with exposure to asbestos dust may
be correlated with the amphibole fibre content of the
lungs and the occupational exposure ratings. The
chrysotile does not increase with the severity of the
thoracic lesions.

For the general pathological assessment the Ash-
croft technique may be adequate; there is little advan-
tage in elaborating on this technique. Most histo-
pathologists will undertake the least time consuming
method and it would be wise to establish this method
as the standard. It is not thought that the variations in
the counts that will occur in different laboratories will
upset the broad range of fibre content which would
indicate that the patient had been exposed to asbestos
dust. This technique, however, fails to detect low
quantities of chrysotile and other fine fibres.

For research purposes, however, it is essential to
have a full assessment of the type of fibre and amount
of each type of fibre. For this an analytical trans-
mission electron microscope is required.

We are most grateful for the tolerance, patience, and
typing skills of Mrs Rosemary Hill.

Table 3 Mineral content ofPlymouth cases by light microscopy

Grade of asbestosis Total No of Mean exposure Mean fibre count Mean 4bre count
(JCW) cases rating ( x 10 ) (LM) (x 10 ) (EMfor LM cases)

None 13 212 189 24-7
Minimal 21 219 48 33-7
Slight 38 286 167 55 9
Moderate 30 368 2747 235-9
Marked/severe 11 495 5199 2731-9

All grades 113 305 1322 3564
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