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FIG. 1. Patient born in 1906, started work in shipyard
age 24 as a pipe worker in completion department
(exposure group II). Remained in this work and was a

'K ~~~~foreman when he developed his first symptoms early in
1966. Until that time he had enjoyed good health.
Complained of cough and pain in right chest; chest
radiograph showed free fluid and basal atelectasis. Large
volume of bloody fluid removed, no malignant cells

Mored fultuidewsteriemoe butn ano mratlgnantells were

relieved temporarily but returned a few months later.
found culturewsterie.oe Pain and bratlessantesls were

aM. ~~found. Bronchogram revealed collapse with no obstruc-
* tion or bronchiectasis; the right hemithorax already

showed a marked reduction in size. Later the pleura
became densely thickened and only small volumes of
fluid (200 ml) were aspirated. Pleural biopsy confirmed
the presence of a mesothelioma. By February 1967 the
right hemithorax was grossly contracted. He was re-
admitted to hospital in May 1967 with evidence of spread-
to the left lung and peritoneum. He died in June and
necropsy confirmed the clinical and biopsy diagnosis.
The lungs contained much iron pigment as well as
asbestos bodies which were shown on electron microscopy
to be formed on both chrysotile and amphibole asbestos
(Stumphius and Meyer, 1968).

FIG. 2. Postero-anterior chest radio-
graph of patient shown in Figure 1.
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TABLE 3
MESOTHELIOMA CASES IN WALCHEREN SHOWING OCCUPATION AND EXPOSURE GROUP ON 2 SEPTEMBER 1967,

OR AT DATE OF RETIREMENT OR DEATH, AND PREVIOUS OCCUPATION AND EXPOSURE GROUP

Occupation on 2 Sept. 1967,
retirement or death

Welder plate-works
Welder completion dept.
Welder completion dept.
Pipefitter completion dept.
Foreman pipeworker com-

pletion dept.
Cleaner shipbuilding dept.
Cleaner shipbuilding dept.
Painter ..
Ship's carpenter..
Foreman ship's carpenter's

completion dept.
Ship's carpenter
Painter preassembly dept.
Cabinet maker

Labourer stores

Checker ..
Turner ..
(Agriculture)*
(Disabled)*

(Waterworks)* . .

Exposure
group

I
II
II
II
II
V
V
IV
IV

IV
IV
III
V

V

V
V

Previous occupation

No change
Welder plate-works
No change
No change

No change
Shipwright
Riveter/cutter ..
No change
No change

No change
No change
Painter completion dept.
1919-47 ship's carpenter com-

pletion dept.
Previously labourer engine
works ..

Up to 1955 plater
Always turner
In 1946 K.M.S. 1 month
Up to 1946 K.M.S. as labourer;

in 1930s 1 month of lagging
work ..

Up to 1946 K.M.S. as a scaler

Exposure
group

II
II

II
III
III
IV
IV

IV
IV
IV

IV

V
III
V
I?

V and III
III

Clinical
diagnosis
histol.

+

Royal
Schelde

employment
(yr)

40
50
20
32

32
40
43
34
25

36
40
19

43

41
50
36
<1

15
7

20 Machine woodworker . V No change V _ 41
21 (Painter)* .. Up to 1950 K.M.S. scaler

painter IV - 19
22 (Asbestos lagger)* - Up to 1926 K.M.S. as a riveter III - 4

23 (Engine room mechanic)* - No change - +
24 (Sand and grit blaster)* .. No change +..- +
25 (Foundry moulder)* .. No change - + -

(occupation)* = not at Royal Schelde (K.M.S.).

Discussion

The investigation shows that the finding of asbestos
bodies in the sputum and of mesothelioma is more
frequent among shipyard workers who are exposed
to asbestos dust at work. Asbestos insulation
workers were excluded from the study and occu-

pational enquiry indicated that none of the workers
surveyed had had heavy exposure to asbestos dust.
Their exposure to dust appears to have occurred
during completion or repair work when insulation
was being carried out. In one of the groups all the
sputa examined contained asbestos bodies and the
attack rate for mesothelioma appears to have been
about 300 times that expected for Holland as a

whole. However, while these workers were exposed
to more asbestos than the rest, all groups of ship-
yard workers appeared to have had some exposure

to asbestos and to have an excessive incidence of
mesothelioma. This may have been due to the move-
ment of men from job to job during their years in
the shipyard, or it may be that the whole area was

sufficiently contaminated with asbestos to produce
this effect.
The special search for cases of mesothelioma,

good medical arrangements for such a study, and a

relatively static population all contributed to a high
level of case finding. This and the diagnostic criteria
used for the national mortality register mean that
the local and national figures for these tumours are

not strictly comparable. However, there is no doubt
that the local incidence of this tumour is far in
excess of the national incidence. This is consistent
with other published figures for heavy industry
(Gilson, 1966). The relationship between meso-

thelioma and asbestos exposure in shipyards has

Case
no.

2
3
4
5

6
7
8
9
10

I1
12
13

14

15
16
17
18

19
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TABLE 4
MESOTHELIOMA CASES WITH A ROYAL SCHELDE
CONNEXION AND EXPOSURE GROUP ACCORDING

TO NATURE OF WORK IN THE PAST

No. of
persons No. of Attack

Exposure employed % meso- rate
group 2 Sept. theliomas per

1967 100

I Iron vapour .. 329 105 2 0-61
II Rust and some

asbestos .. 188 6-1 3 1-59
III Iron vapour and

rust .. .. 424 13-6 4 0 94
IV Some asbestos but

little iron
vapour or rust 312 10 0 6 1-92

V Clean work .. 1,849 59-8 6 0-32

Mean
Total 3,102 100 21

0-68

been reported frequently (Elmes and Wade, 1965;
Harries, 1968; Sheers and Templeton, 1968) from the
United Kingdom. More recently a similar situation
has been reported from Hamburg (Dalquen,
Dabbert, and Hinz, 1969). Stossel (1970) found 27
cases of mesothelioma between 1964 and 1969 in
Wilhelmshaven, the majority having worked in the
local naval dockyard.

Although asbestosis was found among the
insulation workers in the shipyard there were no

mesotheliomas in this occupational group. The
youngest patient with a mesothelioma detected in
the present study was aged 57 when he died. It is
possible that insulation workers die of asbestosis or

primary bronchial carcinoma before they reach the
age at which mesothelioma is most frequent.
The type of asbestos and the presence of other

materials adherent to the asbestos dust, such as

metal particles, mineral oils, etc., has been considered
in the aetiology of mesothelioma (Harington and
Roe, 1965; Commins and Gibbs, 1969; Dixon,
Lowe, Richards, and Stokinger, 1969). The
Walcheren study shows large amounts of iron
oxides in the sputum and lungs of the shipyard
workers and in patients dying from mesothelioma.
Although crocidolite contains more iron and has
been regarded as more likely to cause mesothelioma
in humans than other types, Wagner and Berry
(1969) have shown that both chrysotile and crocido-
lite can cause mesotheliomas in animals. In ship-
building the iron vapour and rust can be inhaled
separately from the asbestos dust in many situations.
On Walcheren the source of asbestos dust has been

insulation work in the shipyard, the spraying of

asbestos (a technique much used formerly) being
particularlv responsible for the pollution of the
atmosphere in ships. Current policy is to employ
asbestos-free materials as far as possible. Stone wool,
polyurethane foam, ceramic fibre material, etc. have
proved feasible substitutes. But unfortunately the
effect of this change has been counteracted by the
increased use of asbestos-containing materials for
other purposes. Fireproof plaster board (e.g.,
Marinite) which contains asbestos is used in the
construction of living accommodation (cabins,
dining saloons, etc.) on board ship. This work is
done by carpenters and it is impossible to prevent
the escape of asbestos into the atmosphere when
this type of plaster board is being used. This in-
creases the group of workmen exposed to asbestos
in the shipyard.

It is highly desirable that research be carried out
to find a suitable substitute for asbestos in making
equally strong fireproof board. Here lies a task for
the present-day technologist. This is one example
from the field of shipbuilding but plenty of others
can be found as the uses of asbestos are so manifold
that the mineral can be encountered in the most
unexpected places.

It is not surprising that mesothelioma is now being
found in relation to various industries; it is the
consequence of occupational exposure 30 to 40
years ago. Since those days the use of asbestos has
increased vastly. So many processes involve the use
of asbestos that it is impossible to ensure that the
mineral is never released into the atmosphere either
as a result of wear and tear or for some other reason.
The author believes that this mineral, which is

practically indestructible as far as the human
organism is concerned, might become an environ-
mental factor for the whole population. He fears
that because of this, in the near future, diffuse
mesothelioma will become more prevalent among
groups of the population without direct industrial
exposure to asbestos in the sense that this has been
recognized in the past. In this situation the in-
crease in world production of asbestos from 0-5 to
4 million tons per year between 1940 and 1970 may
give rise to concern in the future.

Dr. R. L. Zielhuis, Professor of Industrial Hygiene at the
University of Amsterdam has been a great support to me.
The continual interest and assistance of the path-

ologists, Drs. H. T. Planteydt and F. B. Bronkhorst,
have been indispensable. The same applies to the
Walcheren physicians, Drs. L. P. Roegholt, P. H. Postma,
B. Uyterlinden, and J. L. van Ligten.

Mr. C. M. Zweedijk and Mr. T. A. Toorenburgh, of
the Royal Schelde medical service in Flushing (Neth.),
have carried out a great deal of exacting work on behalf
of this inquiry.

Mrs. M. B. Quast of Flushing (Neth.), has been
responsible for the careful translation.
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