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ABSTRACT To reduce the risk of explosion oxyacetylene cylinders are filled with a spongy mass,
acetone is added to saturate the mass, and acetylene is pumped into the cylinder. The first cylinders
manufactured before 1936 used a kapok filling topped off with about 16 oz of crocidolite asbestos,
with a metal gauze thimble inserted to reduce risk of flash back. Cylinders must be examined
annually. The use of crocidolite ceased in 1972 and other fillings have been adopted since 1970;
kapok cylinders now constitute less than 5% of the total stock. To assess possible hazards, a

mortality study of workers first employed between 1935 and 1975 and followed up to December
1984 was undertaken. Simulation tests showed low concentrations of asbestos in the air even in the
earliest period. The population studied consisted of 370 workers at the Bilston plant in the West
Midlands, 611 at the 14 other plants in England and Wales, and 120 in Scotland. No deaths
occurred from mesothelial tumours but there was an excess of deaths from cancer, particularly lung
cancer, cancer of the stomach, and cancer of the pancreas, the latter accounting for eight deaths.
Risks appeared to be concentrated at the Bilston plant. The importance of these findings is dis-
cussed.

Acetylene gas is used primarily for welding and cut-
ting, usually with oxygen for oxyacetylene welding. It
is supplied in cylinders known as dissolved acetylene
(DA) cylinders. Acetylene is an explosive gas and is
soluble in acetone. To reduce the risk of explosion,
the DA cylinder is filled with a porous mass into
which acetone is added to saturate the mass. Acety-
lene is then slowly pumped into the cylinder. The
composition of the mass has changed over the years.
At present three types are used in the United King-
dom. The first cylinders manufactured before 1936
used a kapok filling that was topped off with about
16 oz of crocidolite asbestos rammed into the cylinder
neck. A metal gauze thimble was inserted at the neck
of the cylinder to reduce risk of flash back. Charcoal
was introduced as the filling in 1936 and manufacture
continued until 1968. Cylinders with charcoal filling
still constitute a high proportion of total stock and
contain no asbestos. "Monolithic mass" cylinders
were introduced in 1969 and are the current design.
The mass is calcium silicate containing charcoal and
chrysotile asbestos. The ingredients are mixed to a
thick slurry with water and then placed into empty
cylinder shells. The mass sets hard like pumice; there
is no free asbestos.
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By the late 1970s the stock of kapok cylinders was
less than 10% of all cylinders in circulation. Kapok
cylinders at present account for less than 5% of the
total DA cylinder stock.
DA cylinders had to be examined by law annually

to ensure that the mass was in sound condition. The
methods of examining kapok cylinders varied be-
tween three successive periods. During the first pe-
riod, which lasted from the time of first manufacture
up to about 1939, the thimble and blue asbestos were
removed and the kapok examined; about 16 oz of as-
bestos and the thimble were then replaced. The sec-
ond period was between 1939 and 1972. Owing to
settling of the cylinder packing the practice was to
remove the thimble, top up with a small amount of
asbestos if necessary, without removing the old asbes-
tos, and then to replace the thimble and valve. A
search for a material to replace crocidolite asbestos
began in 1969. Sisal was finally chosen and since Jan-
uary 1972 has been put over the crocidolite as re-
quired. All topping up with crocidolite ceased and
stores of crocidolite asbestos were disposed of. Be-
tween 1972 and 1975 no removal of any material took
place.

In 1975 and 1976 the metal thimbles were replaced
with felt plug filters and every kapok cylinder exam-
ined had a thick pad of sisal put over the crocidolite.
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Before removal of the cylinder valve 8 oz of acetone
were poured into the cylinder. Using approved face
masks, the cylinder was devalved and the thimble re-
moved and sealed into a polythene bag before appro-
priate disposal. Sisal was added and a felt pad
sandwiched between wire gauze discs was inserted in
place of the thimble.

Nearly all the kapok cylinders were treated in this
way. Since 1976, any kapok cylinder observed during
its inspection to have a metal thimble in place has
generally been left undisturbed, the valve replaced,
and the cylinder sent to a central point for sealing and
disposal.

Investigations of possible health effects of exposure to
crocidolite asbestos in kapok cylinders

In July 1975 concern was expressed about the possible
effects on health of the past exposure to crocidolite
asbestos while examining the kapok cylinders. As use
of crocidolite asbestos in acetyline cylinders dated
back to 1930 or earlier, examination of the causes of
death of all workers employed at these factories ap-
peared to be an appropriate method of estimating
whether an excess of deaths from a particular cancer
could be attributed to an occupational exposure.

Methods

SIMULATION TESTS
A site was selected to provide the essential facilities
for a programme of tests designed to simulate the pro-
cedures undertaken for the three types of operation
described above. The sampling procedure provided
that the predictably least dusty jobs were done first to
prevent interfering contamination of the workspace.
Each type of operation was repeated three times: for
each a personal sample was collected. Air samples
were taken at static locations before the personal
samples were taken; these were then repeated during
the test cycles and also later when the programme of
tests had been completed.

Air samples were collected using personal sampling
pumps to draw air at a flow rate of one litre per
minute through filters 08 pm pore size contained
within plastic open face filter holders; the filter hold-
ers were mounted on the left shoulder of the worker
concerned. Flow rate was monitored at the beginning
and end of each sample sequence with a flow meter of
appropriate range. The sample filters were returned to
the laboratory, mounted on slides and cleared with
triacetin, and counted in accordance with ARC tech-
nical note No 1.L

MORTALITY STUDY
DA plants where cylinder inspection takes place are
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scattered throughout the country. The largest and one
of the oldest plants was at Bilston in the West Mid-
lands. The Bilston plant was thought to have a com-
plete set of records of past employees and it was
decided to make a pilot study of these records. Pre-
liminary analysis suggested that the only unusual
finding was an unexpectedly high mortality from can-
cer of the pancreas. As numbers were small it was
decided to extend the study to cover all plants where
records of past employees were available. In 1978
records were obtained from 14 plants in England and
Wales, four in Scotland, and one in Northern Ireland
(table 1). Only two plants had no records of their past
employees. The northern Irish group of 23 past and
present workers was not included in the study.
The date of birth, name, dates of employment, and

jobs of the workers whose employment for at least
one shift started between 1935 and 1976 were ab-
stracted from company records. It was seldom possi-
ble to ascertain previous occupations. These records
were sent to the Central Registrar of the National
Health Service of the Office of Population Censuses
and Surveys, where the individual was identified alive
or dead. If dead a copy of the death certificate was
supplied. If searches there were unsuccessful the
record was forwarded to the Central Insurance Regis-
try of the Department of Health and Social Security
where a similar search was performed. Deaths occur-
ring between I January 1935 and 31 December 1984
were included in the study.
The observed mortality was compared with that ex-

Table I Employeesfor whom records were retrieved, by
plant

No of employees

Northern region:
Dundee*
Polmadie (Glasgow)
Govan (Glasgow)*
Hillington (Glasgow)*

Southern region:
Bristol
Cricklewood*
Hackney (London)*
Ipswich
Poplar (London)*
Southampton*

Eastern region:
Chester-le-Street
Derby
Leeds*
Tinsley (Sheffield)*

Western region:
Bilston*
Cardiff*
Crewe*
Worsley

Northern Ireland:
Belfast

17
99
4
4

35
60
37
27
16

66
121
75
13

372
59

Ill

23

*Plants closed.
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Table 2 Mortality ofDA workers at Bilston and other plants in the United Kingdom showing effect ofregional adjustment at
Bilston

Bilston (n = 370, man-years = 8901) Other plants (n = 611, man-years = 12 546)

England and Wales Regional adjustment

Obs Exp SMR Exp SMR Obs Exp SMR

All causes 129 119-1 108 128-6 100 96 114-7 84
Bronchitis 11 8-4 131 10-6 104 5 6-8 73
Pneumonia 13 6-0 217** 8-3 157 6 4-8 124
All cancers 47 29-5 159** 32-5 145** 41 29-9 137
Cancer of lung 18 12-1 149 13-6 132 15 12-5 120
Cancer of pancreas 6 1 2 493** 1-3 470** 2 1-2 160
Cancer of stomach 8 3-5 231 3-9 207* 7 3-2 220*

*p < 005; **p < 001.

pected based on sex, age, and period specificity using
the subject years method.2 The untraced men were
excluded from the study. For all plants in England
and Wales except Bilston the death rates for England
and Wales were used. The rates for Scotland were
used for the Scottish DA plant. Bilston lies within the
West Midlands conurbation where Acheson and
Gardner have shown some excess cancer mortality.3
Expected rates were therefore calculated using these
area mortality tables.4 The standardised mortality
ratios at Bilston using national rates and regional
rates were compared (table 2).
The SMR for all causes is reduced from 108 to 100

and for all cancers from 159 to 145. The SMR al-
though still raised is also considerably reduced for
pneumonia. For the subsequent tables, the regional
adjustment is used where the the SMR for the Bilston
plant is calculated.
As the latent period for asbestos related cancers is

generally 20 years or longer the follow up period was
divided into two periods, the first up to 20 years since
first entering employment and the second 20 years or
longer. Only those men first employed before 1965
could contribute to the second period of follow up.
An analysis of the effect of duration of service was
also made on this group.

Cylinder examiners were the particular workmen

Table 3 Time weighted average concentration offibres in
air: British Oxygen Company simulation tests
2 November 1976

Conditions at: Concentration (fibres/mi)

1936-39 Run 1 0 50
Run 2 0 85

1939-72 Run 1 0-25
Run 2 0-38
Run 3 0-33

1972-75 Run 1 0-02
Run 2 0-03
Run 3 0 09

who handled crocidolite asbestos, although labourers
in cylinder repair shops and some storemen may have
had contact. The cylinder examiners were identified
through the job histories on their personnel cards and
their mortality was examined separately. Their follow
up started on their first day of employment as a cylin-
der examiner. Many of these men had also worked in
other jobs; the risks, if any, for cylinder examiners
and for other jobs cannot be fully separated.

Results

SIMULATION TESTS
The concentrations derived from analysis of the col-
lected samples are shown in table 3 in the reverse or-
der from which they were collected. They show a shift
in measured concentrations clearly linked to a reduc-
tion in contact with asbestos that is consistent with
the changes in procedure that occurred over the years.
The additional component of the task common to

the job up to 1972 was that of transferring from a
bulk supply of raw fibre to a box on the work bench
a sufficient supply for the job in hand. This was evalu-
ated as part of the sampling programme. The con-
tribution made by this particular job to the airborne
fibre concentrations has been estimated. While in iso-
lation the measured fibre concentrations were high
(104 f/ml), because of the short duration (some 30
minutes a week), the effect on the weekly averaged
concentration was negligible. The results shown are
time weighted average concentrations incorporating
the transfer component.

MORTALITY STUDY
Table 4 shows the current status of the population.
The Bilston population is older than the population
in other plants in England and Wales (table 5); 35%
of workers at Bilston are now dead compared with
15 5% at the other plants.
The mortality for all causes and certain selected

causes at Bilston and for the other 14 plants com-
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Table 4 Study population: entering 1935-76

Other
Bilston England and Wales Scotland N Ireland Total

Alive 241 505 90 21 857
Emigrated - 10 4 - 14
No trace 2 9 8 2 21
Dead 129 96 22 - 247

Total 372 620 124 23 1139

Table 5 Age distribution of workers at Bilston and other
plants in England and Wales

Bilsion Other plants
Date of birth (%) (%)

<1900 92 11
1900-24 45 9 33-6
1925-50 44 9 65-3

Mean date of birth 1920 1929

bined is shown in table 2. The most pronounced ex-

cess is observed at Bilston for carcinoma of the
pancreas; "all cancers," cancer of the stomach as well
as cancer of the pancreas also show statistically raised
SMRs even when using the regional figures. The SMR
for cancer of the lung is not significantly raised. The
excess of deaths due to non-malignant respiratory dis-
ease is not significantly raised above the regional
level. At the other plants in England and Wales there
were two deaths from cancer of the pancreas with 1 2
expected, SMR 160, but not a significant excess.

There were seven deaths from cancer of the stomach
with 3 2 expected, a statistically significant increase.
The analysis was repeated for the causes of death of

interest according to the duration of follow up (table

6). At Bilston the SMR was significantly raised for all
cancers and for cancer of the pancreas with five of the
six deaths occurring in those with a follow up of over
20 years. For cancer of the lung, 16 of the 18 deaths
occurred in men with long follow up, making this now
a significant excess. Five of the eight deaths from can-

cer of the stomach were among men with the shorter
follow up period and the SMR 267-9 was significantly
raised.
At the other plants, although the SMR for lung

cancer was raised to 145 in the group with longer fol-
low up, this was not statistically significant. For can-

cer of the pancreas, there was one death in each group
with appreciably raised SMRs but not reaching statis-
tical significance. Of the seven deaths from cancer of
the stomach, five were among men with less than 20
years follow up.
The analysis was repeated for the small group (110)

of men who had ever worked as cylinder examiners
(table 7). At Bilston two of the 18 workers with 20
years or longer follow up died of cancer of the pan-
creas; there was also an appreciably raised SMR for
lung cancer. There were no deaths from cancer of the
stomach in this group at Bilston or the other plants.

For the long follow up group the duration of ser-

vice was divided into five year periods. For the 0-5

Table 6 Mortality of all workers at Bilston and other plants by duration offollow up

Bilston (regional adjustment) Other plants (England and Wales)

<20 )ears ) 20 pears Total <20 years ) 20 years Total
(n = 370) (n = 209) (n = 370) (n = 611) (n = 265) (n = 611)
(nm = 6566) (mp = 2335) (my = 8901) (my = 10334) (my = 2212) (my = 12546)

Ohs SMR Ohs SMR Obs SMR Obs SMR Obs SMR Obs SMR

All causes 56 100 73 100 129 100 51 84 45 83 96 84
All cancers 17 119 30 164** 47 145** 21 135 20 139 41 137*
Cancer of lung 2 34 16 205** 18 132 6 95 9 145 15 120
Cancer of

pancreas 1 189 5 670*** 6 470*** 1 158 1 161 2 160
Cancer of

stomach 5 268* 3 150 8 207* 5 298* 2 132 7 220*

*p < 005; **p < 001; ***p < 0005.
my= Man-years.
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Mortality of workers at acetylene production plants 6

Table 7 Mortality of cylinder examiners at Bilston and other plants by duration offollow up

Bilsion (regional adjustment) Other plants (England and Wales)
<20 years 20 years Total <20 years >, 20 years Total
(n =39) (n = 18) (n =39) (n = 71) (n =26) (n = 71)
(my = 627) (my = 183) (my = 810) (my = 1161) (my = 199) (my = 1360)

Obs SMR Obs SMR Obs SMR Obs SMR Obs SMR Obs SMR

All causes 12 105 1 1 115 23 110 8 60 3 42 1 1 54
All cancers 3 101 5 234 8 157 4 113 1 59 5 95
Cancer oflung 1 78 3 351 4 188 1 66 1 143 2 90
Cancer of

pancreas 0 - 2 2325*** 2 1007* 1 672 0 - 1 451
Cancer of

stomach 0 - 0 -0 - 0 - 0 -0 -

*P< 0-05; **p < 0-01; ***p < 0-005.
my = Man-years.

Table 8 Mortality ofDA workers in Scotland

Scotland

Obs Exp SMR

All causes 22 32-3 68
Bronchitis 3 1-9 159
Pneumonia 0 1-2 -

All cancers 10 7-3 137
Cancer of lung 5 3-2 155
Cancer of pancreas 0 0-3 -

Cancer of stomach 2 0-7 283

year group there were 25 deaths at Bilston, SMR 110,
and seven in the other plants, SMR 112. Twelve of
these deaths were due to cancer (8 lung cancer, 2 can-
cer of pancreas, 1 stomach cancer, 1 cancer of another
site). The number of deaths in each five year period
was small giving wide variations in SMR but no trend
was noted with increasing duration of service.

There have been 22 deaths among the workers in
Scotland (table 8). There were raised SMRs for bron-
chitis, cancer of the lung, and cancer of the stomach,
showing the same trends as in England and Wales. No
analysis was made of the small group in Northern
Ireland.

Cancer of the pancreas

The most pronounced excess has been from cancer of
the pancreas where eight deaths occurred, six of these
in past workers at the Bilston plant when 1-3 would
have been expected in the West Midlands con-
urbation and 2-0 in the other plants in England and
Wales with 1-3 expected on the national figures. Three
of these were among cylinder examiners, two of these
at the Bilston plant.

The diagnosis of cancer of the pancreas is not an
easy one because of the deep situation of the gland
and its intimate relations with other organs in the ab-
domen. Confusion may arise between other locally
occurring cancers and carcinoma of the body of the
gland and between chronic pancreatitis and car-
cinoma of the head. In studies of asbestos workers
pancreatic cancer has been confused with peritoneal
mesothelioma.' Care was therefore taken to validate
the cause of death given on the death certificate. All
eight cases were followed up to the hospital where the
diagnosis was made and treatment given. Details are
given in the appendix. In four necropsy confirmed the
diagnosis and in two of these there was confirmatory
histology. For three further patients a diagnosis of
cancer of the head of the pancreas was made at oper-
ation. For one severely jaundiced man the diagnosis
was made on purely clinical grounds.
One of the eight men had been employed for only

four months, another for two years and seven
months. The remainder had periods of employment
of 10 years or longer. The latent period, the period
between first employment and death, was over 20
years in six, and 19 and 16 years for the other two.

Discussion

The validity of this type of mortality study depends,
firstly, on the availability of records of the population
chosen for study and, secondly, on establishing the
vital status of the population and the number and
causes of death. We were assured that factories who
had preserved their records had maintained and sub-
mitted a complete file and the trace rates were high
both in England and Wales and in Scotland.

Because of the known use of crocidolite asbestos,
the occurrence of mesothelioma might have been ex-
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pected but no death from this cause was recorded on
any death certificate. The other notable feature is the
excess of deaths due to cancer which is almost entirely
due to cancers of the lung, pancreas, and stomach.
The SMR for cancer of the lung was 132 at Bilston
and 120 for the other plants. Even after making a
regional adjustment for the West Midlands, the SMR
remains significantly raised at Bilston in the long fol-
low up group. Cancer of the lung is recognised as an
asbestos related tumour, particularly in smokers, but
has also been recognised as an occupational risk in
the refining of nickel, in exposure to arsenic and chro-
mates, to ionising radiation, and to such chemicals as
chlor-methyl-ether.
There was a highly significant excess of deaths from

cancer of the pancreas concentrated at Bilston. The
special follow up of deaths from this cause was in-
complete because histological material had been ex-
amined in only two cases. This is relevant because
Selikoff reclassified 16 of 49 cancers of the pancreas in
asbestos workers as peritoneal mesothelioma after
histological examination.5
The mortality from cancer of the pancreas is rising;

in the United States it is the fourth commonest cancer
causing death. The subject has been well reviewed by
Levinson.6 Racial and geographical features point to
an environmental influence. Smoking, excess alcohol,
and fat intake appear to be risk factors and an associ-
ation with diabetes mellitus has also been found. A
family has been reported in which four cases have
occurred. Occupational causes have been suggested.
Mancuso and El Attar found an excess mortality
among workers exposed to 2-naphthylamine and ben-
zidine.7 A study of chemists showed an excess mor-
tality but no particular chemical was identified.8
Work in metal industries has been implicated by
Dorken9 and Sparks and Wegman.'0 Lin and Kessler
have presented a multifactorial hypothesis that in-
criminated hydrocarbon exposure." This exposure
may induce some forms of cytochromes P450 and
through a sequence of interactions increase the pro-
duction of oxygen radicals, or deplete oxygen quench-
ers.12Among asbestos workers, gastrointestinal
tumours may be increased,'3 '4 but allowing for con-
fusion in diagnosis between carcinoma of the pan-
creas and peritoneal mesothelioma, there is no firm
evidence of an excess of pancreatic tumours. An in-
vestigation of mortality in San Francisco showed a
significant relation between the asbestos content of
drinking water and cancers of the gall bladder and
pancreas in women"5 but this was not confirmed in
Connecticut. 16

There is no apparent explanation of the signifi-
cantly raised SMR for cancer of the stomach, particu-
larly in those with shorter follow up. A recent study of
workers producing calcium carbide showed an in-

Newhouse, Matthews, Sheikh, Knight, Oakes, Sullivan
creased incidence of colonic and prostatic cancer but
contributory regional geographical factors were
probably involved.'7

During the production of acetylene, exposures oc-
curred historically to calcium carbide dust, which is
irritant because of the action of moisture converting it
to' calcium oxide and calcium hydroxide.

Transient exposures also occur to trace quantities
of phosphine, arsine, and ammonia, measurements of
which show that all are below the exposure limits,
arsine in particular being much below. It is not sug-
gested that these exposures could have been influ-
ential.
The findings of this study are striking but evidence

of an occupational factor influencing mortality from
various cancers is conflicting. Deaths occurring pre-
dominantly after 20 years of follow up from first em-
ployment suggest that an occupational factor might
be responsible; on the other hand, an equal or higher
incidence of deaths from lung cancer and cancer of
the stomach in workers with short periods of service
does not support the presence of the dose response
relation that is usually observed with industrial car-
cinogens. The concentrations of asbestos in the air
shown by the simulation experiments are not high
even in the earliest period between 1936 and 1939,
and since 1939 individual exposures would have de-
creased steadily as the introduction of charcoal cylin-
ders and then monolithic cylinders took place.
The figures suggest that cylinder examiners at

Bilston may have been at particular risk but numbers
are too small to draw definite conclusions. This highly
industrial area of the West Midlands had many small
workshops based on metal working and had a raised
risk of cancer,3 but excesses of cancer persist in the
study population even after adjustment for regional
differences.

It is unfortunately not a feasible undertaking to re-
view the cause of death in Bilston and its immediate
locality.
The Bilston worker group is older than that in

other plants and further observation would be of in-
terest. The finding of a cluster of deaths from cancer
of the pancreas is unexpected. As has been consid-
ered, the diagnosis is not always accurate; it may be a
chance finding, it may be related to past conditions in
the local environment and community, or it may be
related to occupation. Confirmation of its significance
will depend on similar findings in other occupational
groups with similar exposures.

We thank the British Oxygen Company for their co-
operation and for making their records available and
the OPCS and DHSS for their careful tracing of this
cohort.
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Appendix

CANCER OF THE PANCREAS

Year and age Age died
at joining Latent year of

Previous jobs Job(s) in service (years) Year of birth Service period death Validation

Bilston
I Blast furnaceman Loader (0-3) 1951 - 36 yrs 4 mths 22 yrs 57 No operation. Clinical

Rolling mills 1915 1973 diagnosis by surgeon
2 Plate mill roller Sludge hand (12) 1951 - 46 yrs 16 yrs 16 yrs 61 Necropsy and histology

Shears assistance Generator hand (3) 1905 1967
Maintenance in foundries Acetoner (1)

3 Motor radiator factory Loader (2) 1951 - 36 yrs 2 yrs 7m 25 yrs 61 Operation. No necropsy
Short spells as window Generator hand (1) 1915 1976 or histology
fitter, machinery moulder,
car body finisher

4 Dairy roundsman Labourer (4) 1952 - 47 yrs 17 yrs 32 yrs 80 Operation. No necropsy
Acetylene burner Loader (4) 1904 1984 or histology
Works maintenance Labourer (3)

Sludge press (6)
5 Unknown Cylinder examiner (2) 1941 - 25 yrs 26 yrs 26 yrs 51 Operation. No necropsy

Sludge hand 1916 1967 or histology
and labourer (24)

6 Unknown Firewatcher (3) 1941 - 47 yrs 10 yrs 5m 36 yrs 83 Necropsy and histology
Gatekeeper (1) 1894 1977
Cylinder examiner (5)
Labourer (1)

Other England and Wales
I Barman Labourer (9) 1951 - 34 yrs 16 yrs 22 yrs 56 Necropsy. No histology

Labourer Cylinder examiner (3) 1917 1973
Rack hand (4)

2 Unknown Craftsman/ 1957 - 32 yrs 19 yrs 19 yrs 51 Necropsy. No histology
pipefitter (19) 1925 1976
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