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(fatal) in 1943. In the 1939 case the skin of the
trunk and limbs was pigmented, with numerous
small, flat, warty growths. There was perforation
of the nasal septum. At the apex of the right lung
there was a hard mass of cancer, and the glands in
its neighbourhood showed evidence of metastases.
The period of exposure to sheep-dip powder was
thirty-seven years. In one of the 1940 cases post-
mortem examination established the cause of death
as septic bronchitis caused by a primary oat-celled
carcinoma of the lungs. In the 1943 case, the
period of exposure to sheep-dip dust was 43 years,
and post-mortem examination revealed a columnar-
celled adenocarcinoma of the upper lobe of the
right lung.
Thus arsenic has long been suspect as a potential

carcinogen, and in 1945 the British Factory Depart-
ment referred the specific question of the occupa-
tional relationship of arsenic and cancer of the lung
to the Industrial Health Research Board of the
Medical Research Council, and a special Committee*
*Members of Committee: Professor M. J. Stewart (Chairman),

Dr. A. N. Currie, Dr. S. A. Henry, Professor A. Bradford Hill,
Dr. Donald Hunter, Sir Ernest Kennaway, with first Dr. R. S. F.
Schilling and later Dr. Joan Faulkner (Secretary).

was set up under the Chairmanship of Professor
M. J. Stewart. The Committee initiated a statistical
inquiry by Professor A. Bradford. Hill and field
investigations by Dr. Kenneth Perry, and also
arranged for a review of the world literature on
arsenic in relation to cancer to be compiled
(Neubauer, 1947).
The publication of the two following pioneer

papers with their guarded but suggestive conclusions
should lead, it is hoped, to an extension of research
in industrial centres in other parts of the world
where there may be a larger population at risk.
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I. MORTALITY EXPERIENCE IN THE FACTORY

BY

A. BRADFORD HILL and E. LEWIS FANING

Introduction
In investigating statistically the mortality experi-

ence of the factory under inquiry certain serious
difficulties had to be faced. Excluding clerical
workers the factory was relatively small, employing
in all not very many more than a hundred oper-
atives; further, only a proportion of these would
have been in contact with the chemical process and
exposed to the specific risk. A long period of
years was therefore essential to produce sufficient
data to give reliable results. Data for any such
period were, however, entirely lacking in the
factory records. The information required was as
follows: (a) a list of the male employees, divided
according to their occupations, for each year from
1943 (the time of inquiry) back-to 1900 or there-
abouts; (b) the approximate dates of birth of these
men so that the age constitution of the population
at risk could be computed at different points of
time between 1900 and 1943; (c) information
regarding all deaths occurring in that period of
timte. Given these data the recorded numbers of

deaths from different causes could then have been
compared with the deaths which would have been
expected to occur in a population of the stated size
and age constitution if it had been experiencing
during the passage of years the national, or local,
rates of mortality. Comparison of observation
with expectation would have revealed whether or
not this group of workers, or some section of it,
had experienced any abnormal rates of mortality.

This procedure could, however, not be followed
since no details of the employees on the books over
so long a period of time wereavailable. A list of
the deaths of employees was available and was
believed to be comprehensive though lacking the
cause of death in some cases. The necessary
population figures, to relate to these deaths, were
absent.
A different method of approach had, therefore,

to be devised, and the only possible one was by
means of proportional mortality rates, that is, to see
whether the proportion of deaths in these factory
workers which was debited to cancer differed
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CANCER FROM INORGANIC ARSENIC COMPOUNDS

TABLE 1

NUMBER OF DEATHS IN THE OCCUPATIONAL GROUPS AND THEIR PROPORTIONAL DISTRIBUTION BY CAUSE
OF DEATH

Absolute numbers of deaths Percentage distribution

The ArtisaThe ArtisansCause of death specific Agrl- General and specific Agri- General and
factory cult rs labourers shop- factory cultural labourers shop-
workers ers workers workers wor ers workers

Diseases of heart and circu-l
latory system . . 17 105 50 221 22-7 32-9 255 315

Diseases of the respiratory
system of th py 19 70 45 151 25 3 21P9 23-0 21-5

Diseases of nervous system 6 18 18 78 80 56 9 2 11 1
Disease of digestive and

genito-urinary system . 3 14 11 47 4-0 4-4 5-6 6-7
Infectious & general diseases 3 30 21 64 4-0 9 4 10-7 9-1
Violence, ill-defined and

other causes .. 5 36 24 56 6-7 11P3 12-2 8-0
Cancer: all forms .. . 22 46 27 84 293 14-4 13-8 12-0

Total .. .. 75 319 196 701 100 0 100 0 100 0 100 0

materially from the proportion found in other groups
of workers in the same area. To acquire this
material the following procedure was adopted.
The factory was situated, and most of its employees
lived, in a small country town within a specific
births and deaths registration sub-district which
contained no other factory of the same kind. By
consulting the death registers of the area and
studying the recorded occupations of the deceased
it was, therefore, possible to identify with a high
degree of accuracy the deaths of its employees which
took place within that specified area. At the same
time the deaths of males not so employed could be
extracted from the same registers for comparison.

Residents of the town, whether employed in the
factory or not, who died away from home would
not, of course, appear in this sample. The difficulty
here lay mainly in the removal to a hospital in
another area, an adjacent town, of patients with
certain illnesses. In the event of their death in
hospital, registration would be, effected in this town.
These registers had, therefore, also to be consulted
since the causes of death of patients removed to
hospital might well be of considerable importance.

Basic Data from the Death Registers
In the registration sub-district of the town in which

the factory was situated a complete study was made of
the death registers over the years 1900 to 1943 inclusive,
particulars being extracted for each recorded death of a
male of age 20 and over. These particulars included the
date of death, age at death, certified causes of death, and
the occupation followed. The total number of such deaths
was 2,063 but 367 of these, it was found, related to men
who had died within the area but were not residents of

it (in a Poor Law Union and a hospital). Such non-
residents were not relevant to the inquiry, and excluding
them left 1,696 deaths for further analysis. Of these
1,696 deaths, 64 had been workers in the specific factory
and 1,632 employed in other pursuits. Tabulation of
these deaths by year of occurrence showed that only 3
of the factory workers' deaths took place in the first
decade of the period, 1900-19091. In view of the very
small amount of data at this end of the time-scale it was
decided to limit the collection of further data, and the
analysis, to the subsequent years, 1910 to 1943.
The collection of further data took place in the

adjacent town, mentioned above, the death registers of
which revealed 14 cases of factory workers dying in the
hospital there who were residents of the town containing
the factory. Other occupations produced 153 such cases.
In total, therefore, these searches gave rise to 75 deaths
of factory workers between 1910 and 1943 and 1,412
deaths of other workers.
The list of deaths provided by the factory, and referred

to above, gave a total of 88, so that there was a dis-
crepancy of 13 between this figure and the 75 deaths
identified in the registers. Two of those missing were
known to be residents of the adjacent town, and to have
died there, and one had died on active service in the war
of 1914-18. The remaining 10 could not be traced.
They may have lived and died in some other adjacent
area, they may have been moved in their fatal illness to
some more distant hospital. The three who were traced
(living in the adjacent town and dying on active service)
have not been included with the 75 known factory
workers' deaths since the data for the other occupations
used for comparison could include no such cases. The
inclusion of such cases on one side and not on the other
would not be just.

'One died of phthisis, aged 28, in 1903 ; one died of sarcoma
of the arm and recurrent sarcoma of the thorax, aged 56, in 1908;
one died of epithelioma of the tongue, aged 42, in 1909.
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These other occupations were subdivided into four
broad groups, namely 319 agricultural workers, 701
skilled artisans or shop workers, 196 general labourers,_
and 196 other workers, mainly in professional, manager-

ial, and clerical occupations. This last mixed group has
been omitted, since on a social and industrial basis it is
not comparable with the factory workers. The final
data for comparison relate, therefore, to the 75 deaths
of the factory workers and 1,216 deaths of other workers,
subdivided as described.

Comparison of Factory and Other Workers
In the absence of the actual numbers of men of

different ages at risk of dying in these occupations,
and in these years, no death rates can, as previously
pointed out, be calculated. The comparisons are,
therefore, limited to proportional mortality figures,
that is, the proportion of the total recorded deaths
which were certified as being due to specified causes.
The resulting figures are set out in this form in

Table 1, which disregards the age at death and the
period of time at which it took place. In this
somewhat crude form the figures show that a
considerably larger proportion of the deaths of the
factory workers had been attributed to all forms of
cancer than was the case with the other occupational
groups, which, in this respect, closely resemble one
another. Thus, approximately 29 per cent. of the
factory workers' deaths were from cancer, compared
with 14, 14, and 12 per cent. of the deaths of the
agricultural labourers, general labourers, and
artisans and shopworkers respectively. These differ-
ences are quite unlikely to have been due to chance,
being with their standard errors as follows:

Factory workers excess over agri-
cultural labourers 14*9 64-8

Factory workers excess over general
labourers 15-6±-52

Factory workers excess over artisans
and shopworkers 17-4 d4-2

Taking the other three occupations as one group
gives 157 of their 1,216 deaths, or 12 9 per cent., as
due to cancer compared with the 22 in 75, or 29-3
per cent. in the factory workers, a significant
difference of 16-4L4-1. -

Analysis of Deaths by Period of Time and Age
This comparison, as pointed out, is somewhat

crude in that it takes no account of the ages at which
deaths took place in the comparative groups or of
the secular period of time at which they were
certified. A finer comparison, taking each of these
factors into account, is given in Tables 2 and 3.
When so divided, the numbers necessarily become
small, but they confirm the conclusions reached
from the cruder comparison. Table 2 shows that

TABLE 2

NUMBER OF DEATHS DUE TO ALL CAUSES AND THE
NUMBER REGISTERED AS CANCER IN DIFFERENT

PERIODS OF TIME

Factory Other 3 occupa-
workers tional groups

Period
of time All Cancer due to All Cancer due to

causes cancer causes cancer

1910-19 14 4 28-6 350 39 11 1
1920-29 29 8 27-6 373 54 14-5
1930-43 32 10 31X3 493 64 13-0

Total.. 75 22 29-3 1,216 157 12 9

the proportional excess of cancer deaths in the
factory workers is a consistent feature of each of
the three periods of years 1910-19, 1920-29, and
1930-43. Tests of significance give: 1910-19,
x2 2-43, P=0 12; 1920-29, X 2-61, P=0 11;
1930-43, x2 6 84, P=0 0009. Sum of x% =11 88,
P less than 0 01.

Table 3 shows that it is apparent at ages under 55
(mainly ages 40 to 54) and at ages 55 to 69, but at
ages 70 and over the two groups do not differ very
much (the experience of the factory workers is here
based upon 13 deaths only). Tests of significance
give: Under 55, X2 4-92, P=0-027; 55 to 69,
x2 674, P=00009; 70+, x2 00007, P=099.
Sum of X2=11-66, P less than 0 01.
A more detailed analysis was made taking both

age and period of death into account as follows.
The deaths from all causes of the factory workers
were listed by period and age using the three periods
given in Table 2 and the four age groups under 40,
40-54, 55-69, and 70+. Each group of these
factory workers' deaths for a given period and given

TABLE 3

NUMBER OF DEATHS DUE TO ALL CAUSES AND THE
NUMBER REGISTERED AS CANCER AT DIFFERENT

AGES

Factory Other 3 occupa-
workers tional groupsAge_

group % %
All Cancer due to All Cancer due to

causes cancer causes cancer

Under 55* 29 8 27-6 268 30 1 12
55-69 . 33 12 36-4 386 64 16-6
70 and

over 13 2 154 562 63 11'2

Total.. 75 22 29-3 1'216 157 12-9

*Majonty at ages 40-54.
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age were then divided into the numbers that would
be " expected " to be due to (a) cancer and (b) other
causes, on the basis of the proportions shown by the
other three occupational groups (combined) in that
same period and same age group2. These
" expected" numbers were then summed for all
periods and all ages. This form of standardization
leads to the result that of the 75 factory workers'
deaths 11 or 14 7 per cent. would have been expected
to be due to cancer, whereas there were in fact
registered 22, or 29-3 per cent. The difference is
slightly less than that shown by the preliminary
crude comparison, namely 29-3 per cent. to 12-9
per cent., but shows that that comparison is not
seriously in error.

In spite of the rather small numbers involved it
is clear that the factory workers as a whole have had
between 1910 and 1943 a significantly greater pro-
portion of their 'deaths attributed to cancer of all
forms than is to be observed in other occupational
groups in the same area.

Comparison of Workers within the Factory
A further and illuminating analysis could, how-

ever, be made by means of a broad sub-division of
the deaths according to the actual occupations
followed by the men within the factory. This
division was based not upon the occupation given
on the death certificate but upon the advice of the
factory itself from available records and memory.
The results show (Table 4) that there is no pro-
portional excess at all of deaths attributed to cancer
in those workers who would not be exposed to any
specific hazards-builders, printers, box-makers,

TABLE 4

PROPORTION OF CANCER DEATHS IN THE FACTORY
POPULATION DISTINGUISHING TYPE OF WORK

Description of work other

(bdyfctorny Cancer causes Total due to

~of death cancer

Chemical workers .. 16 25 41 39.0
Engineers and packers 3 7 10 30-0
Others (builders,

printers, watchmen,
carters, boxmakers,
sundries) .. .. 3 21 24 12-5

Total .. .. 22 53 75 29-3

2For example, in 1920-29 there were 10 factory workers' deaths
at ages 55-69. At these ages in 1920-29 there were 112 deaths in
the other occupational groups, of which 24, or 214 per cent., were
due to cancer. We should, therefore," expect" 2-14 of these 10
factory workers' deaths to be due to cancer, whereas 4 of them
were so certified.

etc. Of the 24 deaths in this group 3, or 12-5 per
cent., were due to cancer, a figure very similar to
those found in the other occupational groups of
Table 1. The excess proportion found for the
factory as a whole is therefore derived, as Table 4
shows, from the workers denoted as chemical
workers (i.e. workers in the process), 39 per cent.
of whose deaths were certified as due to cancer, and
from the small group of engineers and packers, of
whose 10 deaths 3 were attributed to cancer. This
differential incidence within the factory obviously
adds considerably to the evidence for a real hazard.
Statistical tests indicate a- significant difference-
between the chemical workers and the general group
of other occupations (x2=3 95; P= 047), but not
between the small group of engineers and packers
and the latter (x%2=X53; P=0-47).

Analysis of Cancer Deaths by Site
In dealing with the bodily distribution of the

observed cancer deaths, there is clearly too little
material to allow a firm conclusion. In Table 5
the deaths of the factory workers and the other
three occupational groups have been put into broad
site groups on the basis of the Registrar-General's
tabulations. The result suggests a relative excess
in the factory workers of cancers of the respiratory
system and skin and a corresponding deficit in the

TABLE 5

NUMBER OF DEATHS DUE TO CANCER ACCORDING
TO SITE

Absolute numbers Percentages

Site* Other 3 Other 3Site* Factory occupa- Factory occupa-
workers tional workers tional

groups groups

Buccal cavity and
pharynx .. 2 10 9.1 6-4

Digestive organs
and peritoneum 5 91 22-7 58-0

Respiratory
organs .. 7 25 31'8 15'9

Genito-urinary
organs .. 2 13 9.1 8-3

Skin .. 3 2 13 6 1V3
Other sites or

unspecified .. 3 16 13'6 10-2

Total .. 22 157 99.9 .100.1

*In detail the sites involved under each heading were as follows.
Buccal cavity: lip, tongue, mouth, jaw, pharynx. Digestive: a
phagus, stomach, splenic flexure, sigmoid flexure, large intestine,
rectum, liver, gall bladder, pancreas, intestine undefined. Respiratory:
larynx, lung, mediastinum, bronchus. Genito-urinary: kidney,
suprarenal bladder, testis, penis, scrotum.
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digestive organs and peritoneum. An alternative
approach gave as follows. It will be remembered
that 22 cancer deaths were observed in the factory
workers, whereas 11 were expected on the basis of
the deaths recorded in the other 3 occupational
groups. These 22 deaths were composed of 5 from
cancer of the lung (including one of the bronchus),
2 from other respiratory sites (larynx and medi-
astinum), 3 from cancer of the skin, and 12 from
cancer at other sites. The corresponding expected
numbers, comprising the total 11, were 101 -lung and
bronchus, 1 43 other respiratory, 0-12 skin and 8-42
other sites. Some excess is apparent under each
heading, but particularly, the small figures suggest,
for the lung and skin. These eight deaths (lung
and skin) all occurred in the 41 total deaths of the
chemical workers.

In view of these results an attempt was made to extend
the investigation to other factories similarly engaged.
It proved, unfortunately, impossible to do so. The
numbers employed were either so small as to be of no
value whatever, or the factories were situated in large
towns in which there could have been no means of
identifying the deceased employees in the local death
registers. This form of inquiry, -the only possible
approach to the problem, was dependent upon the unique
situation of the factory in question.

Conclusions
1. The factory workers whose mortality experi-

ence has been analysed show in their deaths-
recorded in 1910-43 a proportional and significant
excess of deaths attributed to cancer when compared
with three other occupational groups living in the
same area. The deaths of the former include 29
per cent. attributed to cancer, and the latter 13 per
cent. Standardization for age and period of time
does -not materially affect this comparison.

2. A proportional excess of cancer in the factory
workers, and of much the same order, is consistently
apparent in each of the three periods 1910-19,
1920-29, and 1930-43. It is present at ages under
55 and 55-69 but is small and insignificant at ages
70 and above.

3. The proportional excess is confined to workers
in the chemical processes, including engineers and
packers, and is entirely absent from a general group
of operatives in the same factory, such as printers,
box-makers, etc., who would be unlikely to be
exposed to any specific hazard.

4. The numbers are small when subdivided by
the site of growth, but there is a suggestion in the
figures that the factory workers have been especially
affected in the lung and skin.

II. CLINICAL AND ENVIRONMENTAL INVESTIGATIONS
BY

KENNETH PERRY, R. G. BOWLER, H. M. BUCKELL, H. A. DRUElT,
and R. S. F. SCHILLING *

In view of these findings regarding the mortality
experience of past years it was decided to investigate
the present environmental conditions at the factory
and the clinical condition of the workers. The
operatives concerned with the chemical processes
could be compared with a control group of opera-

-"tives employed in other branches of the works and
not exposed to arsenic.

Envrbnmental Investigation
The section of the firm investigated was concerned

with the preparation and packing of an arsenical
powder.

Description of Process.-The process consisted of the
manufacture of a solution of sodium arsenite which is
mixed and heated with other ingredients not relevant to
this investigation. A hard cake is produced which is
broken up in a crushing machine from which the coarse
powder passes to dryers. From these it passes by way
of conveyors into storage boxes in which it remains to
cool. It is then fed by shovelling to a conveyor leading

to a grinding machine. The ground powder then passes
to sieving machines and thence to storage hoppers.
Mixing with other ingredients in a mechanized mixer
then takes place, and finally the resulting powder passes
to an automatic filling machine on which it is packed
into cardboard cartons which are sealed automatically
and then labelled.
Almost all the men employed in these processes wear

dust masks of cotton wadding held in place by a wire
ring; with these it is comparatively easy to leave the
nose quite free. A few of the men who do not wear
masks plug their nostrils with bits of wadding and then
breathe through the mouth. Everywhere there is dust
on the floor and a thick layer settles on all ledges.
Sweeping is done from time to time when necessary, as
after a spill, and on Friday afternoons the machinery is
turned offand the whole factory cleaned, a process which
produces a high concentration of dust.

Atmospheric Dust Sampling.-Samples of airborne
dust in various parts of the factory were taken using the
Cascade Impactor, the slides being coated with;a thin
layer of starch-glycerine jelly. Samples for chemical
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