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ABSTRACr Two series of surgically removed and unselected necropsy lungs were examined for
asbestos bodies. In the series from Southampton (UK) 30-g sections were used and in the
Wellington (New Zealand) series a modified Gold's digestion method was used for all cases,
together with 30-,u sections for some. A further series of Southampton lungs was assessed by
Gold's method six years after the initial study. The 30-,u section technique found asbestos bodies
in 13% of Southampton men and none in women: the corresponding Wellington figures were 8%
for men and nil for women. In Wellington the more sensitive digestion method found asbestos
bodies in 78% of men and 63% of women. In Southampton the investigation by Gold's method
found asbestos bodies in 83% of men and 74% of women. No statistically significant association
was found between the number of asbestos bodies and the various types of lung carcinoma. The
prevalence of asbestos in lungs removed between 1956 and 1965 did not differ significantly from
its prevalence in those removed in the late 1970s. There was no significant increase in asbestos
after the age of 20.

In 1970 one of us (KJT) was co-author of a report
on asbestos bodies in the lungs of Dunedin (New
Zealand) necropsy cases.' Two methods were used
to identify them. Unstained 30-, thick sections
found 3% of cases to be positive, but Gold's diges-
tion method,2 slightly modified, showed asbestos
bodies in 85% of cases. This report concerns asbes-
tos bodies in surgically removed lungs, mostly with
primary tumours, and in unselected necropsy lungs
from two centres on opposite sides of the world. The
initial Southampton material was examined by 30-,u
sections only, but some of the Wellington material
was examined by both methods, and a subsequent
series of Southampton lungs in 1981 was also
digested by Gold's method. In Wellington surgically
removed lungs dating back to as early as 1956 were
available for study, and it was possible to compare
the frequency of retained asbestos in the lungs of
different decades. These early lungs had been kept
inflated in formalin, but as many had partially dried
out they were not considered suitable for histologi-
cal sectioning.
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Materials and methods

In Southampton 212 surgically removed lungs or
lobes containing neoplasms were examined by one
of us (RHS) between 1973 and 1975. When the
whole lung was available two 30-,u sections, each
3 x 2-5 cm in area, were cut from the posterior
basal segment, but when only an upper or middle
lobe had been removed, sections were taken from
the most dependent part available. These sections
were examined unstained. In additon, 107 male nec-
ropsy cases unselected but without primary lung
tumours were examined in the same manner. The
ages of these subjects ranged from 16 to 92 years.

In Wellington 248 lungs were examined by Gold's
digestion method, slightly modified, as described
below. Of these, 98 that had been removed fresh in
1976 and 1977 were also examined by 30-g
unstained sections. The lungs in Wellington were
mostly surgical specimens removed from 1956
onwards, and were otherwise unselected. Of the 167
lungs containing primary epithelial lung tumours,
eight were metastatic carcinomas, two non-
epithelial neoplasms, and 71 non-neoplastic condi-
tions, of which 36 were from unselected necropsies
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and 35 were operative specimens. The ages of the
Wellington subjects ranged from 14 to 92. Neither
series contained any cases suffering from asbestosis
or with a known history of exposure to asbestos.
The method of digestion used was to take 0-4 g of

each lung, which we found was the average weight of
a dozen blocks each one cubic centimetre in volume.
A constant volume was not taken because the
degree of inflation of the specimens varied consider-
ably. The tissues were digested for three hours in
40% KOH at 60°C, then washed three times with
distilled water, the residue resuspended by vibrator
and stained with Perls' method for iron. After three
further washings the deposited material was spread
out on two slides, one of which was examined by
each investigator. Our analysis is based on the sum
of the number of bodies seen in the two slides. As in
the previous Dunedin study only typically seg-
mented bodies or those with expanded ends were

counted; objects with dark or yellow centres were
specifically excluded. The results were expressed as

asbestos bodies per cm3 to enable better comparison
with other studies.

Results

The Southampton and Wellington results by the
30-,u section method are summarised in table 1. No
female cases were positive by this method in either
centre.
The surgical cases were on average three years

younger than the necropsy cases, but in each
instance the patients with asbestos in the lungs were
very much the same age as those without.

DIGESTION METHOD RESULTS (WELLINGTON
ONLY)
Among the 248 specimens examined, at least one

typical body was found in 187, an overall prevalence
of 75% (table 3). The actual number of bodies seen

Table 2 Comparison ofGold's method with 3O-,sections
(Wellington results)

Gold's method 30- ,U sections
(bodieslcm3) (bodieslsections 3 x 2 5 cm)

0 1 5 or more

Nil 21
1-9 47 3

10-49 21
50-99 2 1
¢100 1 2
Total 92 3 3

varied from 0 to 13 680/cm3 and we have divided
them into negatives, those with light contamination
(1-9 bodies/cm3), moderate contamination (10-99
bodies/cm3), and heavily contaminated (100 or more
bodies/cm3). It should be emphasised here that the
numbers seen, even in the heavily contaminated
lungs, are very low when compared with the levels
found in asbestosis.
A comparison of Gold's method with the 30-,u

section method in the 98 cases suitable for investiga-
tion by both methods showed poor correlation
(table 2).

Significantly more of the heavily contaminated
cases were male (table 3). For the analysis of this
table Bartholomew's test,3 a modification of the
familiar Chi-squared test, was chosen because it
takes account of the fact that the categories of asbes-
tos contamination were arranged in order of increas-
ing intensity. When applied to table 3 the test statis-
tic is 13*6 (p < 0.01).
The ages of these subjects ranged from 15-92

years. Five lungs came from subjects under 20 and
two of these (17-year-old boys) contained fewer
than 10 asbestos bodies/cm3. Including these, there
were 15 subjects aged under 30 and of these, 12
were positive (80%), four (26-6%) having moderate
contamination. Analysis of each subsequent decade
of age showed no significant trend in asbestos con-
tamination. A man of 33 with a squamous car-

Table 1 Prevalence of asbestos bodies by 30-,u section technique

Non-malignant Squamous Adenocarcinoma Small cell Others Total
(postmortem) carcinoma carcinoma

Southampton
Men

Positive 11 (10%) 21 (17%) 5 (25%) 0 1 38 (13%)
Negative 96 105 1 5 20 1 2 248

Women
Positive - 0 0 0 0 0
Negative - 11 10 9 3 33

Wellington (surgical)
Men

Positive 0 2 (4%) 2 (12%) 2 (25%) - 6 (8%)
Negative 5 45 14 6 - 70

Women
Positive 0 0 0 0 0 0
Negative 5 5 6 4 2 22
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Table 3 Wellington cases by Gold's method. (Compared for sex and number of asbestos bodies)

Negative Light* Moderate* Heavy* Total

Men 43 (22%) 83 (42% 59 (30%) 11 (6%) 196
Women 18 (37%) 29 (58%) 4 (8%) 1 (2%) 52
Total 61 (25%) 112 (45%) 63 (25%) 12 (5%) 248

Bartholomew's statistic3{y- } = 136 p < 001.
*See text for definition.

Table 4 Wellington cases by Gold's method: compared for tumour and type

Negative Light Moderate Heavy Total No of men Total
with asbestos
present

Non-malignant
cases
Men 14 (27%) 20 (40%) 15 (30%) 2 (4%) 37 (72%) 51
Women 9 9 1 1 20

Squamous
carcinomas
Men 22 (25%) 36 (40%) 28 (31%) 3 (3%) 67 (75%) 89
Women 3 7 0 0 10

Adenocarcinomas
Men 3 (9%) 16 (47%) 11 (32%) 4 (12%) 31 (91%) 34
Women 3 8 1 0 12

Small cell and
carcinoid (1)
Men 3 (18%) 9 (53%) 3 (18%) 2 (12%) 14 (82%) 17
Women 1 3 1 0 5

Metastatic and
non-epithelial
tumours
Men 1 2 2 0 4 5
Women 2 2 1 0 3 5

Total 61 112 63 12 153 (78%) 248

Table 5 Southampton cases (1981) by Gold's method

Negative Light Moderate Heavy Total

Men 13 (17%) 23 (30%) 21 (28%) 18 (24%) 75
Women 8 (26%) 19 (61%) 4 (13%) 0 31
Total 21 (20%) 42 (40%) 25 (24%) 18 (17%) 106

cinoma was the youngest to have over 100 asbestos
bodies/cm3.
The results for the male and female cases

classified according to the presence and type of
primary tumour are presented in table 4. The group
with malignancies showed neither heavier nor more
frequent contamination with asbestos than the
benign. The trend towards heavier contamination in
the lungs with adenocarcinoma was not significant at
the 5% level (Bartholomew's test).

Twenty-six lungs were removed before 1965 and
of these, 69% contained asbestos and 19% had
more than light contamination. This is not
significantly less than the 75% contamination of
lungs removed after 1975, 27% of which had at least
10 bodies/cm3.

DIGESTION METHOD RESULTS, SOUTHAMPTON
1981
In 1981 the opportunity occurred for one of us
(RHS) to examine a second series of Southampton
lungs, this time by the same modified Gold's method
that we had used in Wellington. Twelve of the 50
male lungs containing neoplasms had more than 100
asbestos bodies/cm3 and nine were negative
(table 5). The 10 cases of adenocarcinoma did not
contain significantly more asbestos than the series as
a whole. Two cases of mesothelioma were included,
however, and both had over 1000 bodies/cm3, as did
two cases of carcinoma who also had pleural plaques.
A series of 31 female lungs examined in

Southampton at the same time included no heavily
contaminated cases and only four moderately so;

351



Table 6 Earlier reports of asbestos body prevalence

Place Method of detection No in % positive Population examined Special comments
series

France'" Digestion and micro 100 100% 69 Necropsies Prevalence increased with age
filtration 31 Surgical and residence in Paris

Liverpool" Digestion and phase 300 94% with 100 Mesothelioma, 100 lung Significant increase in the
contrast microscopy > 1000/g cancer, 100 necropsies mesothelioma cases

Chicago'2 Digestion and micro 252 96% Urban population aged Prevalence related to type
filtration over 40 of occupation

Rural Tennessee'3 Digestion and filtration 124 95% 100 Necropsies 24 pulmonary No increase in neoplastic series
of 5-20 g of lung neoplasms

Baltimore'4 Digestion 253 91% Divided into 3 decades: Prevalence in 1940s
1940-9 1950-9 1970-2 only 41 %

Malmo, Sweden'5 30-,u sections and smear 97 48% Consecutive necropsies Increased prevalence in cases
with pleural plaques

London'6 30-g section3 394 37% Consecutive necropsies on Compares prevalence with
216 men and 178 women occupation and address of

domicile
Jerusalem'7 Smears 100 26% Consecutive adult More frequent in Ashkenazi

necropsies Jews
London'8 30-IA sections 4 x 100 20% Consecutive necropsies in Increasing prevalence with

1936, 1946, 1956, and 1966 each decade
Michigan'9 7-b sections and scrapings 100 18% Consecutive necropsies
Copenhagen20 5-,u sections 198 7% Random necropsy series Poor correlation with pleural

plaques
Boston2' Digestion and micro 28 39% Necropsy material from

filtration 1928-32
Duluth and New Ashed 20-mm3 sections 378 67-80% Female necropsies 1953-73 Compares prevalence before
York22 and after contamination of

Duluth water supply
Chicago23 Digestion 130 100 control lungs and More asbestos in cases of

30 lung cancers cancer, but more of these were
men

61% showed light contamination and 26% were
asbestos-free (table 5).

Discussion

There is abundant evidence that heavy exposure to
asbestos causes the pulmonary fibrosis known as

asbestosis.4 Similarly, there are many reports of
bronchial carcinoma and mesothelioma.5 6 This
report is concerned with the prevalence and con-
centration of asbestos bodies in lungs with and with-
out bronchial carcinomas. Even in asbestos workers
the incidence of carcinoma of the lung is low in
non-smokers, being estimated.at between 1*4 and
4-8 times the risk of the non-exposed non-smoker,7'8
which is still less than half that of the non-exposed
smoker. It is the combination of asbestos exposure
and cigarette smoking that raises the incidence of
lung cancer almost a hundred-fold above the level of
the non-exposed non-smoker.9 The increased risk is
related to the amount of asbestos exposure and the
number of cigarettes smoked. A major objective of
retrospective studies, such as the present one, is to
determine the role of low-dose asbestos exposure in
the aetiology of lung cancers at different times and
at different places. In 1970 a table of earlier reports
of asbestos body prevalence was published;' since
then more studies from around the world have
confirmed the increasing frequency with which

asbestos is to be found in human lungs (table 6).
Two of these reported more asbestos contamination
in patients with lung cancer than in controls,8023 but
most have, like our study, shown no significant dif-
ference between patients with and without
cancer.IIi-3 i None of the studies, however, has
separated their patients with lung cancer into their
histological subtypes. Several papers have reported
an excess of adenocarcinomas and small cell car-
cinomas in workers exposed to asbestos.2427 We
found a higher level of asbestos contamination in the
adenocarcinomas (tables 1 and 3) and, although it
was not sufficient to reach the 5% significance level,
this observation raises the possibility that if a large
series of adenocarcinomas were to be considered
then an association with asbestos contamination
would be demonstrable.

It has been established that the great majority of
ferruginous bodies, excluding those with black or
yellow cores, have at their centre a fibre of
amphibole asbestos,23 29 and most non-coated fibre&r
seen by light microscopy are also amphiboles,
chrysotile fibres being very hard to see even with
phase contrast microscopy." We have shown that
the digestion method is a more sensitive way of
detecting coated fibres than inspection of 30-,um
unstained sections. Sections showed bodies in only
6% of the Wellington lungs, whereas digestion
showed them in 75%. The overall frequency of
asbestos in men was not significantly different
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(83%) in Southampton, but the frequency of heavily
contaminated male lungs (24%) was much higher in
Southampton than in Wellington (6%). Presumably
this is because a larger percentage of the specimens
came from workers who had some occupational
exposure to asbestos in the dockland areas of
Southampton and Portsmouth than in the relatively
agricultural district of Wellington. It also suggests
that the general background exposure of the whole
population is not significantly different, despite the
greater occupational usage. This view is further sup-
ported by the results of the small female series in
Southampton in 1981, of which 61% were lightly
contaminated compared with 58% of the Welling-
ton series and 26% asbestos-free compared with
37% in Wellington.

It seems that contamination with asbestos may be
a co-factor in the aetiology of some cases of
adenocarcinoma in the Southampton area (table 1),
where a quarter of the male cases of adenocar-
cinoma were found to be positive by 30-,u section,
compared with only 16% of other histological types.
A similar trend for a higher proportion of heavily
contaminated cases to be found among the
adenocarcinomas was apparent in the Wellington
results (table 4), though this also was not significant
at the 5% level. It seems pertinent that recent
reports from America30 and London3' have sug-
gested an increasing incidence of adenocarcinomas
of the lung. Is it just coincidence that this has occur-
red 20-30 years after a great increase in world
asbestos production, which more than doubled bet-
ween 1957 and 1976, and has increased tenfold
since before the second world war4? There have
been several reports of the fibre content of lungs
removed in recent years being higher than it used to
be two or more decades ago.'3 17 20 We were unable,
however, to show any increase in either prevalence
or intensity of contamination in Wellington between
1956 and 1977. This was expected, as there had
been no significant increase in industrialisation in
the area during that period. Neither, it may be
added, has there been any increase in the proportion
of adenocarcinomas.
We were surprised to observe the frequent

involvement of young people's lungs, even those of
the two 1 7-year-olds in the series having some
asbestos bodies present, while 80% of cases under
30 and 85% of all cases under 40 contained some
asbestos. In concurrence with most other reports,
men had significantly more contamination than
women (78% of men contrasting with 65% of
women), and that contamination appeared to be
heavier (moderate and heavy deposits in 36% of
men and only 10% of women). The low levels of
contamination found in 58% of women may reflect

the many domestic uses of asbestos.
In conclusion, we think that quantitative studies

of concentrations of asbestos in human tissues
should continue to be made periodically in different
parts of the world. They not only provide baselines
from which to monitor future levels but may give
relatively early warning of association with particu-
lar diseases. It must be emphasised, however, that
this study provides no evidence to support alarmist
views of widespread danger from asbestos, but
implies that the present-day concentrations in the
community outside the asbestos industry are
responsible for no more than a very small amount of
lung cancer and quite possibly not even that.

The Wellington survey was assisted by a grant from
the Wellington Medical Research Foundation. We
are most grateful to Dr V Siskind, reader in medical
statistics at Queensland University, for the statistical
analysis and much valued advice.
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