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ABSTRACT Nine hundred and sixty-seven men who were employed in a nickel refinery in South
Wales on at least two occasions five or more years apart before 1945 have been followed up, and the
mortality rates from different causes related to the date of their first employment. Previous reports
suggested that the occupational risks of lung and nasal sinus cancer had been eliminated by 1925.
It is now shown that the risk persisted until 1930, which accords better with the temporal changes in
the process.

Occupational risks of lung and nasal sinus cancer in
workers employed in a nickel refinery in South Wales
have been known for 40 years (Bridge, 1933; Amor,
1939; Hill, 1939). Similar risks have been reported
from Canada (Sutherland, 1959; Mastromatteo,
1967) and Norway (Pedersen et al., 1973), and an
increased incidence of respiratory tract cancer in
nickel workers has been observed in the German
Democratic Republic, Japan, and the USSR (see
IARC, 1976). The risk was first attributed to expo-
sure to nickel carbonyl, a gas that was produced in
the refining of nickel only in South Wales, and the
cancers were recognised for legal purposes as
occupational in origin only when they occurred in
men working 'in a factory where nickel is produced
by decomposition of a gaseous nickel compound'.
It is clear that metallic nickel and nickel carbonyl are
carcinogenic under certain experimental conditions
(see Sunderman, 1973, for review); yet, ironically,
the epidemiological evidence points away from the
nickel carbonyl process and incriminates exposure
to dust from the preliminary processes, particularly
the calcination of impure nickel copper sulphide
(Ni3S2-Cu2S) to nickel copper oxide (Morgan, 1958;
Doll, 1958; Sutherland, 1959; Pedersen et al., 1973).
One of the difficulties in characterising the agent

has been the belief that the risk was eliminated from
the Welsh refinery by 1925 (Doll et al., 1970), at
which time crude matte was still being treated under
conditions that gave rise to considerable dust and
when the existence of the risk had not yet been
suspected. The number of men who were first em-
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ployed during the latter half of the 1920s was, how-
ever, small and a continuing risk during the period
1925-29 may well have been overlooked. We have,
therefore, sought to obtain more information by
extending the previous epidemiological observations,
both by continuing the period of follow-up and by
including a further group of men who were known
to have been employed in 1929.

Method

The men to be studied were identified from the
weekly pay-sheets which had been maintained by the
Company from a very early period and which listed
all those who received an hourly wage (that is, the
manual workers of the period) by name and works
reference number, irrespective of whether they had
been at work that week or not. In our previous
study, pay-sheets had been inspected for the first
week in April of the years 1934, 1939, 1944, and 1949,
and all men were included whose names were listed
on any two of the sheets, unless they were noted on
one of the sheets as having been in the Armed Forces
or transferred elsewhere for war work. By thismeans
the population was limited to men who were likely
to have been employed for at least 5 years, and who
were alive and employed at some time after the first
of April 1939. We have now extended the study by
examining pay-sheets for the first week in April 1929.
In this way we have extended backwards the years at
risk for 574 men who were included in the previous
study and have added a further 122 men whose
names were recorded on the pay-sheet in April 1929
and on one of the sets of sheets for the four later
years.
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The names of all the men were sought in the
Company's register of new employees and the years
of first employment recorded. Ages were obtained
either from the same register or, if missing, from
elsewhere. Two men who could not be identified in
the register were excluded from the study.
Men included in our previous study had been

followed until the date of their death or the beginning
of 1967, whichever was the earlier. We have now
extended the follow-up to the beginning of 1972.
Thirty-seven men (3 8 %) could not be traced to this
date and they were excluded from the date when they
were last known to have been employed. Copies of
the death certificates were obtained for all who were
known to have died and the cause of death was class-
ifiedaccordingto the7th Revision of the International
Classification of Causes of Death (World Health
Organization, 1957). The use of these rules for all
periods rather than the ones that were current at the
time of death has no effect on the estimated numbers
of deaths attributed to cancers of the lung and nose.

Because of the method of selection, no men came
under observation until 1934. The man-years at risk
were, therefore, calculated for the period 1934-71.
The numbers of deaths that would have been ex-
pected if the men had suffered the normal mortality
in England and Wales as a whole were calculated by
multiplying the man-years at risk in each 5-year age
group and each calendar period (1934-38, 1939-43,
1944-48, 1949-53, 1954-58, 1959-63, and 1964-71) by
the corresponding national mortality rates. Nasal
cancer rates were not available before 1940 and the
rates for 1940 were used for the earlier years.

Results

Nine hundred and sixty-seven men fulfilled the
selection criteria, 689 of whom died before 1 January
1972. Table 1 shows the numbers of men first
employed at different times before 1944, the number
of man-years at risk, and the total mortality,
observed and expected, from all causes.

Table 2 shows the numbers of deaths observed and
expected by year of the man's first employment and
cause of death. For the employees as a whole the risk
of death from carcinoma of the nasal sinus was
between 300 and 700 times the national average if
they started work before 1920, and about 100 times
the national average if they started work between
1920 and 1925. No deaths were attributed to nasal
sinus cancer in men who started work after 1924, but
one man who started in 1929 is known to have
developed a cancer of the ethmoid sinus. His death,
which occurred in 1967 at 73 years of age, was
attributed to heart failure due to aortic stenosis with
a transitional cancer of the ethmoid referred to as a

contributory cause.
The mortality from lung cancer followed a similar

pattern. For men who started work before 1920, the
mortality was between 6 and 11 times the national
average. Thereafter, the risk declined to 5-2, 2-5, and
1-5 times the national average for men who started in
1920-24, 1925-29, and 1930-44 respectively. The
excess mortality was statistically significant for men
who were first employed in 1925-29 (p < 0 02) but
not for men who were first employed in 1930-44.
The excess mortality from lung cancer combined

with the occurrence of one case of nasal cancer in a
man who was first employed in 1925-29 provides
strong evidence that some element of risk persisted
in this period.
The mortality from other cancers and from all

other causes was close to that expected, with no
evidence of any regular trend with date of first
employment. Mortality rates were, however, some-
what less than expected for men employed before
1915. This was not due to a higher rate of loss to
follow-up, as most of the men who were untraced
were first employed after 1930. Moreover, 117 out
of the 119 men who were first employed before 1915
are known to have died. The deficiency could have
arisen if some extra care had been taken to trace
back the date of first employment of men who died
of an occupational cancer over and above that taken
for survivors or for men who died of other causes.
If this were so, it would have resulted in a slight over-
estimate of the risk of occupational cancers and an
under-estimate of the risk from other causes in the
two earliest employment groups.

Discussion

The chronological changes in the refinery process
were reviewed by Morgan (1958). The changes in the
feed material are summarised in Table 3, which
shows that there was a major change in 1933. There
were, however, many other changes which took place
over the years and may have contributed to a change
in the risk.
The original calciners, which burned sulphur from

the raw material, were altered in 1911 and for some
time the operators, who tended to leave the sides off,
were exposed to more dust than they had been
previously. In 1924 the calciners were further altered
to a double-deck type which reduced the exposure to
dust, although by modern standards the surrounding
atmosphere was still very dusty. In 1924, also, cotton
face pads were introduced to provide personal pro-
tection. These were particularly effective against the
large particles, which otherwise were likely to be
deposited in the nose, and they rapidly came to be
accepted by a high proportion of the men.
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Table 1 Number ofmen first employed at different periods and mortality observed and expectedfrom all causes

Year offirst Number of Number of deaths Ratio of observed
employment Man-years and expected deaths

Men at risk Observed Expected

Before 1910 119 1980.0 117 102.01 1.15
1910-14 150 2666.5 137 92.84 1.48
1915-19 105 2204.0 89 55.44 1.61
1920-24 285 7126.5 209 146.25 1.43
1925-29 103 2678.0 60 51-91 1.16
1930-44 205 4538-5 77 60.42 1.27

All periods 967 21 193-5 689 508-87 1.35

Table 2 Mortality by cause and year offirst employment

Year of Number of deaths from
first
employment Nasal sinus cancer Lung cancer Other malignant neoplasms Other diseases

Observed Expected Ratio Observed Expected Ratio Observed Expected Ratio Observed Expected Ratio
OIE OIE OIE OIE

Before 1910 14 0-036 389 24 2.389 10 0 10 14-637 0-68 69 84.95 0.81
1910-14 24 0.037 649 34 3.267 10.4 10 13.549 0.74 69 75.99 0-91
1915-19 11 0.025 440 20 3.070 6.5 10 8.064 1-24 48 44.28 1-08
1920-24 7 (1)* 0.071 99 50 9.642 5.2 27 20.902 1.29 125 115-63 1.08
1925-29 0 (1) 0.026 0 9 3.615 2.5 7 7-247 0.97 44 41.02 1.07

All periods
before 1930 56 (2) 0-195 287 137 21.983 6.2 64 64.399 0-99 355 361.87 0.98

1930-44 0 0.034 0 8 5.463 1.5 11 8.786 1.25 58 46.14 1.25

*Number of cases of nasal sinus cancer referred to as an associated cause of death shown in parentheses.

Table 3 Chronological changes in the feed material at the refinery

Period Composition of nickel matte

Per cent Parts per million

Ni Cu S Fe As Se Te Pb

1902-33 40-45 35-40 16 1 0.3 trace trace trace
1933-64 75 2-6 23 reducing 1 0.3 trace trace trace

to 0.7
1964-76 75 2-5 0.3 0.7 0.03-0.1 50 80 0.2-0.4

A small amount of arsenic was always present in
the matte, but much larger amounts were present in
the sulphuric acid which was used to leach the
copper. Approximately 40 tonnes a year used to be
imported in the sulphuric acid, the maximum being
63 tonnes in 1919. From 1921, the source of supply
was changed and the amount of arsenic to which the
men were exposed was rapidly reduced.

Morgan's (1958) investigation linked the risk with
exposure to dust from the preliminary processes,
particularly from the calciners but also from the
copper sheds. Our new finding, that the risk con-
tinued until 1930, accords with the changes that
affected these parts of the process better than the
previous belief that the risk was eliminated in 1925.
A detailed examination of the employment histories
of the 967 men who formed the subject of our present

study is now being undertaken, in the hope that it
will be possible to define the location of the risk
more exactly.
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