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PREFACE

The work which is the subject of this thesis was done
by me at The Clayton Aniline Company Ltd. to which organisation
I have been the sole medical officer for 20 years.

| The Company manufactures some heavy chemicals but is
engaged principally in the manufacture of synthetic dyestuffs
and pigments and of the intermediate chemicals used in their
synthesis,

At least 123 men who were engaged in this work are known
to have developed tumours of the bladder. 1In a few instances
the tumours were in the ureter or the pelvis of the kidney and
these cases are included under the present title.

| The thesis is set out in the following order. There
is first a short history and explanation of the origin and
development of the synthetic dyestuffs industry in general and
of that in the Clayton Aniline Company Ltd. in particular,
The historical background of occupational tumours of the bladder
is then traced and the incidence of the disease abroasd and in
Britain described. The compounds which have been suspected or
proved to cause the disease in workmen are considered together
with the methods of their manufacture and the risks involved.
The industrial, epidemiological and experimental evidence of
their carcinogenicity or otherwise is evaluated. Their

metabolism and mode of action is considered. Much of the work
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on the metabolism of one of these compounds (benzidine) was
done under my direction in the Works Medical Department.

Against this background my own work on the problem of
occupational tumours of the bladder is prescribed.

The relevant compounds are discussed; these are the
- carcinogens which have been manufactured at Clayton and certain
other compounds pertinent to the subject. Of the latter some
have not been manufactured at Clayton and some are thought not
to be carcinogenic. The conditions existing from time to time
and the populations exposed are described. |

There follows a detailed description and statistical
analysis of the incidence of the disease in the Clayton factory.

The difficulties of achieving early diasgnosis and the
relative merits of various screening methods are compared.
Clayton waa one of the two factories in which exfoliative
cytology was first used for the early detection of tumours of
the urina.zyb tract in workmen at risk. Its original introduction
into industrial medical practice and the successful development
of the application of cytodiagnostic methods to the Claytomn
works population is 'detailed at some leﬁgth.

The clinical, histological and pathological features of
the tumours are described and an account is given of the incidence
of recurrent tumours, treatments and age factors.

The legislation relating to the actual working conditions



LIST OF CONTENTS
PART I - GENERAL

ORIGIN AND HISTORY OF CHEMICAL DYESTUFFS

HISTORY OF MANUFACTURE IN THE CLAYTON ANILINE CO.LTD.

HISTORY OF OCCUPATIONAL TUMOURS OF THE BLADDER

Germany and Switzerland pre-1920
Great Britain

Germany 1920 - 58
Switzerland 1920 - 58

United States of America

Ttaly ’

France

Other countries

Survey by Association of British Chemical
Manufacturers

RELEVANT CHEMICAL COMPOUNDS
Fuchsin (Magenta)
Aniline
Benzidine and its Homologues
Betanaphthylamine
Alphanaphthylamine
Auramine '
Xenylamine
Diphenylamine
Other compounds

THEORIES OF CAUSATION AND METABOLISM

33
33

37

42

S 338

66
67

69



PART I -~ GENERAL.
ORIGIN AND HISTORY OF CHEMICAL DYESTUFFS

Faraday discovered benzeﬁe in 1825 and Hofmann isolated it
from coal tar in 1845, yet as late as 1847 Berzelius was writing
in support of the belief that a "vital force" was necessary for the
production of organic compounds. Organic chemistry was then in
its infancy and synthetic dyes were undreamed of. Compounds which
are commonplace to-day were unknown or merely of academic interest,

In 1856 aniline was a rare, almost prdcious, substance and
toluidine was even rarer. In that year William Henry Pexrkin, then
aged only 18, was working in Hofmann's laboratory in London
attempting to make q_uinine from the toluidine derivative allytoluidine
by oxidizing it with potassium bichromate. The experiment was
unsuccessful but Perkin tried again this time using impure aniline
sulphate from which he obtained a dark resinous mass which practi=-
cally every other chemist of his time would have thrown away. Perkin,
however, studied it and discovered it could dye silk a brilliant
mauve, a shade which at that time was obtainable only from natural
colour and which had always been very fugitive especially on silk
usually fading to red within 24 hours. He sent his new dye which
he called msuveine to Sir R.Pullar of Perth, head of the Scottish
firm as well-known then as it is now. Pullar liked it and was
prepai‘ed to use it if he could obtain it in suff iciently large

quantities.



Perkin thereupon set up a factory at Greenford Green in Essex to
make mauveine on a commercial scale and‘he took out his first patent
in 1856, one hundred and two years ago. This was the start of the
coal tar or aniline dye industry which was soon to become important
in many countries.

After numerous experiments, Perkin decided that the reduction
of nitrobenzene was the best source of aniline, He succeeded in
devising and setting up plant for its manufacture on the requisite
scale, The aniline which he obtained and the aniline manufactured
for the next two generations contained many impurities, the most
important of which were ortho and paratoluidine., On the relative
amounts of these depended the colour of the mauveine and that of
many other products, Mauveine would not dye cotton or wool and this
limited its application. He turned his attention to this aspect of
the'problem and discovered a method of applying it to these materials

thereby extending its use enormously. Perkin's mguveine was used

/N

? (Chaef constituent 3

homoiogues are
also present.)

for dyeing many different textiles and paper and as a pigment until
the turn of the century when it was superseded by newer dyes.

Some msuveine as made by Perkin is, however, still available and a

'piece of silk dyed by it is attached, (in Vol.IT).
Perkin's discovery stimulated research into the subject all



over Burope. In the same year Natansen in Poland produced a new
purpie dye by heating aniline with ethylene dichloride., This was
soon to sweep the market. Two years later Hofmann obtained a
similar product from aniline and carbon tetrachloride. In 1859
Verguin working with Renard Fréres et France of Lyons discovered a
process using stannic chloride and aniline, and this firm was the
first to manufacture it industrially. The dyestuff wés named
magenta to commemorate the Fremch victory over the Austrians in the
battle of Magenta in 1859, The Germans took it up with enthusiasm
and named it fuchsin, a pretty play on their word for fox (fuchs)
and the name (Renard) of the French originators. In 1860 Medlock
devised a method of manufacture using arsenic acid with aniline which
was widely adopted. In 1869 Coupier of Paris developed a process
using nitrobenzene which was first successfully carried out on an
industrial scale by the firm of Meister, Lucius and Bruning at
Hochst-am-Main, This process superseded the arsenic acid method
everywhere. As with mauveine tine production of colour depended on
toluidines being present; it is now known that pure aniline yields
a guite different substance of the induline type. In 1887 Caro
developed acid magenta, a trisulphonic acid derivative which greatly
widened its application and its use in industry.

Picric acid was also used as a dye. A well-known firm of
Burton brewers (Allsops) was disconcerted by the popularity of a
rival beer which had an enhanced bitter taste compared with their

own, They employed a firm of analysts to find the reason for this



and one of their chemists Peter Griess found that picric acid had
been added to it., TFollowing this Griess subsequently became head
chemist at Allsops, where, working in his spare time, he developed
the diazo reaction which he had discovered previously whilst a
student at Marburg in 1858, On this reaction depends the synthesis
of a large class of dyestuffs comprising thousands of azo-dyes which
are the foundation of the dyestuffs industry. In this class are
many colours in which benzidine, alphanaphthylamine and betanaph-
thylamine are used as components and although these intermediates
have, or have had, other uses inside and outside the dye industry,
their large scale manufacture and use has been predominantly for the
production of azo colours.

Benzidine was first discovered by Zinin, a Russian chemist in
1853, He showed that azobenzene when treated with ammonium sulphide
and boiled with sulphuric acid gave the sulphate of a base which he
called benzidine. This was confirmed by Hofmann in 1862, who
identified and isolated the intermediate hydrazobenzene which he
found was easy to convert to benzidine by the action of a mineral
acid. Finally Fittig showed that the base was 44' diaminodiphenyl.
An early use of benzidine was in the manufacture of Palatine orange
(tetranitrodiphenyl) which quickly became obsolete as a dyestuff.
Following Bottigers major discovery in 1885 of the direct cotton
dyestuffs many of which,such as Congo Red, are made from benzidine,
benzidine began to be made in very large quantities and khis has

continued to the present day. It was not, however, until 1902



that the first commercisl patent for its manufacture was registered
by Lillienfeld in Berlin., This was an electrolytic reduction of
4-aminobenzoic acid.

Alphanaphthylamine was discovered also by Zinin eleven years
previously in 1842, It was first prepared by the ammonium sulphide
reduction of alphanitronaphthol and subsequently many different
reducing agents have been used in its manufacture, for example, iron
and acetic acid in 1854, tin and hydrochloric acid in 1861, zinc and
hydrochloric acid in 1870, and alcoholic potash in 1877, On the
industrial scale the reduction of alphanitronaphthalene is still the
method employed.,

Betanaphthylamine was first recorded in Germany by Lieberman
and Schneiding (1875) who obtained it by the reduction of l=bromo
betanitronaphthalene with tin and hydrochloric acid, In 1880 it was
commercially manufactured in Germany by heating betanaphthol with
ammonis at 160°C under pressure (D.R.P.14612) a principlé substan~
tially similar to that which was used in The Clayton Aniline Company
in Manchester until its manufacture was abandoned in 1950,

Until about 1876 the British chemical industry was pre-eminent
in the manufacture of dyestuffs but after that it was increasingly
outstripped by its German and Swiss competitors until by 1914 Britain
was virtually dependent on them for dyestuffs and many other chemie®ds.
The stimulus and stark necessity of war forced an effort from the
British industry which rendered‘it independent of foreign suppliers,

an economic and strategically vital independence which it hés



maintained ever since,

History of Manufacture in The Clayton Aniline Comlza.nx' Limited.

The Clayton Aniline Co.,Ltd. of which I have been medical
officer for 20 years, was founded in 1875 in Manchester and has
manufactured aniline from that time. The cases of occupational
tumours of the bladder which are the subject of this thesis arose
there, It was one of the few dyestuffs manufacturing companies
in England which survived the Continental competition and between
1875 and 1914 it continued to make coal tar chemicals. It
carried out the refining of coke oven benzole to obtain benzene,
toluene and'naphtha. From these were manufactured nitrobenzene,
aniline, paranitroaniline and various other nitro and amino
compounds, It listed about 20 dyes, the principal ones being
aniline black, nigrosine, primuline and some stilbene colours.
Primuline was developed at Clayton by A.G.Green, later Professor
of Colour Chemistry in Leeds.

Some indication of the comparative British and German out-
put during these years can be had from‘the numbers of patents
taken out between 1885 and 1900 which were quoted by Green at the

meeting of the British Association in 1901 s-



Egg;and
Brooke, Simpson and Spiller 7
The Clayton Aniline Co.Ltd. 31
Levinstein and Co. (later I.C.I
Dyestuffs Blackley) 19
Read Holliday & Co. 4 28
Claus and Ree 9
W.G.Thompson 2
Total British patents .96
Total German patents 948

This accords with an estimate (C.A.C.Qnarterly, 1951) that by the
beginning of the 1914 War about 8% of all our supplies of dyestuffs
for textiles came from Germany.,

In 1909 as a result of the English Patent Act of 1907 which
required the compulsory manufacture of products in order to maintain
patent rights, certain reciprocal arrangements were made with the
Society of Chemical Industry in Basle (now Ciba Ltd.) which
culminated in that organisation eventually purchasing the whole share-
holding of the company and taking over effective control in May 1911.

At the outbreak of the war in 1914 about 200 tons of trinitro-
toluene were being made annually at Clayton for dye manufacture.

This substance was of great importance as an explosive and so its
production was rapidly expanded to 3000 tons a year. In 1917,

because of the urban location of the factory, manufacture was dis-
continued for safety reasons. The trinitrotoluene plant was then
turned over.tb the manufacture of several compounds which are used

in the intermediate stages of dyestuffs manufacture. One of these



was bengzidine which was made by the zinc reduction process.

Betanaphthylamine manufacture was begun in 1920 in another
department and continued until it was given up voluntarily in 1950
because of the health hazard associated with it.  Alphanaphthy-
lamine was made for a short period from 1926 to 1930. At all
other times it has been bought from other manufacturers and used on
a fairly large scale. Magenta was manufactured from 1920 to 1926
and since then has been bought only at intervals and then on a
comparatively small scale, Several other substances which have
been suspected of being carcinOgenié have been manufactured or used
and will be referred to later. All these intermediates have also
been used in the colour factory in the synthesis of azo~dyes and
other compounds, There has beén a rapid develdpment of the manu-
facture of many other intermediates and of all types of synthetic
coal tar dyes, particularly azo colours, vat dyes and triphenylme-
thane colours. Auramine has never been manufactured by this
company .

Thus,ﬁp to the end of the First World War while the dyestuffs
ana chemical industry had grown to large proportions in Germany, and
to a somewhat lesser extent in Switzerland, a few companies here in
Britain had maintained a small steady production in the face of
their continental competitors. It was’not, however, until after
the First World War that the naphthylamines,beazidine and magenta,
all compounds subsequently to be indicted as bladder carcinogens,

were manufactured on a substantial commercial scale in this country.



As slready described The Clayton Aniline Company was among the

largest British manufacturers.




HISTORY OF OCCUPATIONAL TUMOURS OF THE BLADDER,

Towards the end of the 19th century skin cancers in chimney
sweeps and workers in shale oil, tar and similar industries had come
to be accepted as occupational in origin. The occurrence of lung
tumours in the Schneeberg miners at Joachimstall in Bohemia had
already been reported. No occupational tumours in orgens remote
from the site of contact had been recognised.

At a congress of the German Surgical Society in 1895 Rehn, a
surgeon in Frankfurt-am-Main which was the centre of an important
chemical industry, discussed the frequent occurrence of haematuria
in chemical workers in his practice. He reported among them three
cases of men who had bladder tumours, two with papilloma and one
with carcinoma, and mentioned a fourth man who had not been examined
cystoscopically but who also was presumed, for gocd reasons, to have
had a tumour of his bladder. All of these men had worked in the
fuchsin room in one factory, and a total of 45 men at the most were
known to have worked there duringthe period when these men had been
exposed, The three men with bladder tumours, recorded by Rehn,
bad been employed in this shed for 15, 29 and 20 years and had had
haematuria for 4 years, 1—12— years and 6 months respectively. Rehn
concluded that :-

1. the fumes which develop during the manufacture of fuchsin lead



A

to disturbances in the urinary system,
2) after years of work in the fuchsin industry tumours of the (

bladder may occur as a result of continuous irritation,
3) the injurious effect is mainly due to the inhalation of aniline

vapour. |

Thus early these tumours were attributed to exposure to

aniline and the name "aniline-cancer! was to stick for many years
before it was finally accepted that aniline is not a significant
cause and the misnomer was dropped. Despite the c§nvincing evidence
of certainly three, and probably four, cases of men with bladder
tumours in a population of 45 in one workshop some scepticism was
expressed about their occupational origin. Grandhomme (1896), an
official of the works previously owned by Meister, Lucius and Bruning,
the firm which introduced the nitrobenzene process for the manufacture
of fuchsin about 1869 and which had mgde it on a large scale since
then, writing on the sanitary and social aspect of his factory,
expressed strong doubts as to the connection between the occupation
and the disease. He claimed that in the same room and over the same
period described by Rehn (i.e. 1883 -'95) 493 operatives had remained
healthy and that in other factories 4000 operatives had worked on
similar processes and under similar conditions and no bladder tumours
had been diagnosed. He agreed that aniline might irritate the
mucous membrane of the bladder and produce pain and haemorrhage but

maintained that it had no connection with the production of tumours.
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Although one may suspect that Grandhomme was not disinterested and
that his motives were not altogether altruistic, it is nevertheless
still accepted that beavy exposure to toluidines and some other
aromatic amines, many of them not carcinogenic, can cause acute
haeﬁorrhagic cystitis,

Bachfield in 1898 supported Grandhomme's view when he
reported 63 cases of poisoning by aniline, toluidine or nitrobenzene
from a factory in Offenbach. Of these, 16 had dysuria and haema-
turia but no tumours were observed. Later in the same year
Leichtenstern (1898) attributed a bladder tumour to naphthylamine,
This was 18 years after the manufacture of betanaphthylamine was
begun in Germany and about the same time after the alpha-isomer began
to be widely used. It is the first mention of naphthylamines as a
cause of tumour.

In 1904 Rehn made a report of a further 20 cases to the
Surgical Congress which then asked him to compile material for a
comprehensive survey of the incidence of tumours of the bladder in
‘aniline factories. He investigated the workmen at 18 factories and
found a total of 38 cases which had arisen in seven of the factories.
In addition to aniline and fuchsin, benzidine and naphthylamine were
now identified as significant contacts. Several other authors
reported other cases from the same area but most of them were
probably included in Reln's 1906 report (Wendel, 1900, 3 cases:
Posner,1904, 1 case: Straus,1904, 1 case: Randesheuse 1904, 2 cases:

Schedler, 1905, 2 cases: Seyberth, 1907, 5 cases: Labour



Inspector's Report, 1909, 2 cases: Cesabianco, 1911, 1 case).

The cases hitherto reported had nearly all come from the
Frankfurt area and those like Grandhomme who were sceptical of_
their occupational source, or were unwilling to admit it, were
very ready to suggest a geographical origin for them, although
Schedler in 1905 had reported two cases from Basle which he
ascribed to aniline. Any credence which the geographical theory .
had gained was exploded in 1912 when Leuemberger produced 18 cases
in aniline dye workers in Basle. Adding to them the 41 cases
previously reported, he reviewed all the existing reports.

He compared the incidence in aniline dye workers with that
in the general population in Basle, He showed that the incidence
of deaths from tumour of the bladder had increased from 7 per
thousand of the average population of the city for the decads 1871 -
'80 to 20 per thousand for the decade 1901 - '10.  Further, during
1901 - '10 the number of workers in aniline and aromatics in Basle
was 840; the total male working population was 56,500. During
this time 6 workers in aniline died of bladder tumour compared with
12 men in the rest of the male population. From these data he
calculated that the deaths due to tumour of the bladder among workers
in aniline dyes were 33 times that of those in the rest of the male
population.

He also cited figures from the records of the Basle Surgical

Clinic. During the forty years 1861 - 1900, when the chemical



industry was growing, 15,800 pat;ents were recorded, among whom were
six cases of tumours of the bladder, none of whom was known to have
worked with aniline; in the next ten years 1901 -~ 1910, during which
the chemical industry had developed, there were 16 cases of bladder
tumour in 8,650 patients. Of these 16 cases, 12 were aniline workers
or dyers. Of all tumours treated during this latter ten year period
7.8% were bladder tumours. In Vienna where there was no chemical
industry, bladder tumours constituted 0.39% of all tumours. In
Frankfurt where the chemical industry was heavily concentrated they
comprised 25 - 30% of all tumours by 1918 (I.L.O. Report, 1921).

By 1913 Schewin (1920) had collected 100 cases which he
discussed at a conference of factory doctors in Leipzig in that year.
He had personslly seen 38 cases Qf industrial origin against only one
of non~industrial ofigin. The rest of his1060 cases had previously
been reported.

Thus by 1913 Rehn's observation that bladder tumours were an
occupational disease of aniline workers had been confirmed and had
come to be accepted by those working in this field in BEurope. The
great bulk of the aniline and synthetic dyestuffs industry was still
located in Germany and Switzerland and no cases had yet been reported
from elsewhere. In England, Legge, H.M.Senior Medical Inspector
of Factories in his Annual Reports for 1912 and 1933, following a
vigit to Frankfurt in 1911, had called attention to the hazard, but
no cases were reported in England despite the fact that this warning

must have increased the likelihood of any occupational cases being



recognised. The German and Swiss industries, aware of the risk
and alert to it, made considerable improvements in their methods of
working. As their industry expanded before and during the First
World War, new plants were built and re-organisation and amalge-
mations into large combines tended to concentrate the dangerous
manufactures into fewer factories where, on the whole, working
conditions were better, populations larger and supervision closer.
At the end of the war, the subject of industrial tumours of
the bladder was again discussed in Germany by the Congress of
Pactory Doctors in 1920, A Commissioﬁ of Inquiry composed of
representatives of doctors, manufacturers, government and workers
- was appointed to study the question. Curschmann, the  secretary,
conducted a survey by circulating a questionnaire and he reported
later the'same year on the results. He revealed that 28 new cases
had arisen since 1913. In addition to these his report included
several which had been previously reported, several which were not
tumours but other "troubles of the bladder" and one which was
described as a cancer of the kidney. He estimated the total number
of cases since Rahn's first report todate at 177 but the report of
an I.L.0. study in 1921 revised his estimate pointing out thét
many cases had been included in more than one report. This I.L.O.
study gave the number as 87 excluding Nassauers' (1919) %2 cases,
as thefe was dbubt whether they had been previously included in
other reports.

The I.L.0. report summed up the position in Germany and
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Switzerland up to 1920 and made recommendations for industrial and
medical prophylactic measures. The report recommended the keeping
of detailed records; it listed many compounds which were suspected
by various authors as csusative agents. Aniline was the substance
most often named, although the report concluded, among other fhings
that it was not possible to determine the substance capable of
engendering tumours; that one could go no further than to
incriminate the amine compounds, particularly benzidine and betanaph-
thylamine. This was the first time such emphasis had been placed on
these two compounds which were later to figure so largely in this
problem,

By the end of the 1914-18 war, the dyestuffs industry through-
out the world had, to a large extent, been redeveloped and manufacture
in the allied countries had increased to a level comparable with the
crippled German output. The problem of bladder cancer in these
countries outside Germany and Switzerlsnd was forgotten, if it had
ever been seriously believed or heard of, and a complete repetition
of the German and Swiss experience was set in motion in Great
Britain, Italy, France and the United States of America.

Great Britain.

In Great Britain, Ross (1918) writing on oocupational cancer
of the bladder stated that although the éniline dye industry was not
of a large size the Chief Inspector of Factories "refers to a series

of 14 cases of villous growth of the bladder in a works where the



men concerned are engaged in handling aniline dyes". I have not
been abie to trace any published or private reports of these cases,
Hueper (1954) and several other writers have, presumably on the
strength of this paper, mistakenly credited Ross as being the first
to discover or describe the existence of occupational bladder tumours
in Britain, Henry, Kemnaway and Kennaway (1931) found some barely
‘conclusive evidence from an examination of death certificates that
there was a higher incidence of deaths from tumours of the bladder
and prostate in workers in coal gas, pitch and tar then in the
general population, They also found 61 fatal cases of cancer of the
bladder in chemical workers and dyers but could not obtain reasonably
accurate figures of the population at risk. Bridge, H.M.Senior
Medical Inspector of Factories in his Amnual Report in 1926 recorded
12 chemical workers who had died from the disease in the preceding
four years,

Wignall (1929) the appointed surgeon to the British Dyestuffs
Corporation (later Imperial Chemical Industries Ltd.) delivered a
paﬁer on the "Incidence of Disease of Bladder in Workerg in Certain
Chemicals" to the Section of Occupational Diseases of the 97th
Annual Meeting of the British Medical Association in Manchester. -
This is the first report from a factory doctor in England of an
incidence of occupational tumours of the bladder in a defined
industrial population. His paper in many ways is reminiscent of

Reln's although he does not mention him, Like Rehn, he describes



a high incidence of cyanosis from methaemoglobinaemia among his
workmen, and of gross haematuria from the cystitis induced by

some aromatic amines, He then describes in some detail 14 cases

of tumour, papillomata and carcinomata, of the bladder arising in
his factory, 7 of whom had worked in alphanaphthylamine, 3 in
colour manufacture, 2 in benzidine and the others in other inter-
mediates. A further 8 men whose illness had arisen before 1910
might have had tumours due to alphanaphthylamine but his information
on these cases is not complete.

‘Betanaphthylamine is not mentioned but his successor in the
factory, Goldblatt (1956), states that Wignall had at that time no
reason to suspect that benzidine and betanaphthylamine, which were
extensively used in the factory were able to lead to bladder tumours.
Macalpine (1929) the urologist who treated Wignall's cases, published
a detailed surgical description of 7 of them, Apart from another
reference by Bridge in 1936 no further cases were published in
England until two years after the last war (Goldblatt 1947). IMiller
(1951) remarked that little interest in these diseases had been
shown in England during the Second World War. This was completely
unjustified as reports from Goldblatt (1947 and 1949a) and myself
(Scott 1952) unquestionably showed.

In 1949 Goldblatt reviewed his experience during the period
1934-47 from two British chemical factories manufacturing intérb
mediates, dyestuffs, and many other compounds. In his series there

were 99 cases of workmen who developed bladder tumours of whom 59



had died, and "as to causative agents, alphanaphthylamine,
betanaphthylamine and benzidine were manifestly involved®. He

also attributed 3 cases of papilloma to aniline, but retracts this
in & more recent publication (1956) and agrees that later rigorous
studies by other investigators appear to rule aniline out completely.
These three cases mentioned by Goldblatt are of interest in that
they are the only inculpation of aniline as a causative agent in
post-war England. No other observers appear to have had reason to
suspect it. (Scott, 1952, 1953, 1954, Williams 1958).

Goldblatt's papersevince the enormous interest, care and
work which he had maintained in this problem in his factories during
the war years. Data were carefully recorded throughout; regular
examination of all workers at risk and routine urine tests were
maintained; continuous medical supervision of workers and of the
working environment was carried out and the investigation and treat-
ment of suspected and established cases of tumour were vigorously
pursued. It is an index of the care he directed to this problem
that the average daily excretion of aromatic amine in the urine of
alphaﬁaphthylamine workers was estimated during the difficult war
years of 1942, 1943 and 1944,

In a paper read to the International Congressvof Industrial
Medicine at Lisbon in 1951 I presented a further 66 cases from
another factoryx in England (Scott 1952). These cases were attri-
buted to benzidine, alphanaphthylamine, betanaphthylamine and

' various combinations of these. In addition to thh usual medical

x The Clayton Aniline Co.Ltd.
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aend statistical details I gave the history of the manufacture of
benzidine and betanaphthylamine in this factory with diagrammsatic
illustrations of each. From these histories it can be seen that
many improvements in plant and process working were instituted and
that some of the most important of these were introduced during the
war years of 1939~45 thus further demonstrating the efforfs made in
England during the war to improve conditions and lessen risk.
Goldblatt's papers were published four years and two years respect-
ively before Miller's statement that little interest had been shown
in England during the war and my own paper was delivered to the
International Congress in the same year as Miller made this state-
ment.

Germany 1920 - 1958,

Meantime in Germany there was a succession of reports of
cases from 1920 onwards from Oppenheimer (1920, 1926 a & b, 1927)
who suggested in 1920 that not only operatives but also people living
in the vicinity of the works might develop the disease, Bauer (1926),
Ullman (1926 & 1933), Brezina (1929), Simon (1929, 1930 a,b,c, 1932),
Sebening (1930) and Sieben (1931). Buttner (1931) found that the
German literature had reported on 300 cases by that time - not a
surprising figure in view of the size of their industry and the time
which tumours had had to develop.

In 1940 Gross reported on 85 cases which had occurred in a

Tudwigshaven factory. He attributed 36 to betanaphthylamine, 3 to
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benzidine base, 13 to mixed exposures and he gave aniline as the
cause in 33 cases. He is reported to have confirmed the aniline
cases when examined by the Allied Commission in 1945 (B.I.O.S.
Final Report No.784, 24) although he then qualified it by saying
that very few men in comparison with the number of workers exposed
to aniline had been affected. On raising this important point
with him since then, I have received a personal communication in
which he refutes his 1940 view entirely, He writes (14.11.57)
Yboth betanaphthylamine and aniline seem to be extremely dangerous,
I have not said or written so., This opinion concerns betanaphthy-
lamine only and, as we know now, benzidine too, but never aniline",
Since then at a meeting of the bladder cancer working group
of the Deutache Forschungsgemeinschaft held in Bad Godesburg in
November 1957 which I attended, the most recent German totals of
cagses were reported. Badische Aniline at Ludwigshaven now have
191 known cases, Beyers at Leverkusen have 152, Hochst at Greisheim
23 and Bayers at Offenbach 22, These figures have been collected
since a similar meeting held in 1954 had re-stimulated interest in
the problem in Germany., Except for these two meetings in 1954
and 1957 no further reports hawe emerged from Germany since the
last war. The proceedings of the 1957 meeting will be circulated
privately among the 20 attending members but it is unlikely that

they will be published.
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Switzerland 1920 - 1958.

In Switzerland, MHller who had succeeded Leuenberger as
urologist in Basle, supplemented his predecessor's cases in 1933
- by a collection of 54 further cases of bladder tumour and followed
this by several subsequent publications (1933, 1934, 1936, 1940,
1945, 1949) culminating in his outstanding treatise of 1951, the
most comprehensive review of the subject which had so far been
written., He added a further group of 85 cases bringing his total
up to 139. (Miller gives his total number as 161 but 22 cases
were of haemofrhagic cystitis without tumour). He considers
aniline to be decidedly dangerous and incriminates it in 22 cases,
benzidine in 36, betanaphthylamine in 37, various combinations of
these in 8 and other substances several times. His colleagues
Uebelin and Pletscher (1954), the medical officers of the factory
where the majority of his cases originated, in describing 100 cases
from their factory, most of them undoubtedly in Millers series,
modified this view. They said that the effects of aniline were
formerly held to be the principal cause of bladder tumours in
dyestuff workers but to-day this opinion is doubted, and it is
probable that benzidine and betanaphthylamine are primarily respon-
sible. In their works 300 workmen were directly exposed to these
two compounds and of their cases they attribute 20 to benzidine,
25 to betanaphthylamine, 20 to a mixed exposure of these two and

the remainder to mixed exposure of one or the other of them with
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other amines, No tumours arose among 500 workmen in contact with
aniline alone or with aniline together with other amines,

United States of America

If the U.S.A. had appeared fortunate or provident in having
had no industrial bladder tumours, any complacency which might have
been felt there must have been dispelled in 1934 when 27 cases were
reported by Gehrmann. The first case had arisen in 1931 - about
16 years after manufacture of coal tar dyes in America had begin
to assume the proportions of an important industry. Further cases
quickly followed and by 1934 it was deemed expedient to hold a
"Symposium on Aniline Tumors of the Bladder" at which papers were
presented on the incidence (Gehrmann), the etiology (Ferguson),
the chemical and industrial aspects (Gehrmenn), the pathology (Gay),
the incidence, diagnosis and results (Anderson) and the treatment
(Washburn). Except for two alphanaphthylamine workers all the men
had been exposed to either betanaphthylamine or benzidine, or both,
and only two had not been exposed to betanaphthylamine; no tumours
were found in aniline workers. Routine cystoscopy of all workers,
which will be digcussed later, had already been applied and
recommendations for safe working methods were put forward. Three
.years later Evans (1937) reported 85 cases which included those of
Gehrmann, and he blamed naphthylamines, benzidine and "other nitro
and amido compounds" as causative agents, but again aniline was -

specifically excluded from the list of suspected carcinogens.
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In a communication to the IXth International Congress of
Industrial Health in 1948 Gehrmann Foulger and Fleming (1949) were
convinced that aniline did not induce bladder tumour, a conviction
that has not been disproved and, in fact, has since been universally
agreed. As betanaphthylamine was the only compound able to producé
tumours experimentally and as every case of tumour they had met with

-had had exposure to it at some time, they refused to accept benzidine
in the role of a bladder carcinogen until an incidence of tumours,
higher than that in the general population occurred in benzidine
workers who had had no contact with betanaphthylamine or, although
he did not specifically say so, presumably until tumours were induced
in experimental animals with it.

Both these requisites'were soon to be satisfied. I reported
a new series of cases in England, amongst whom were 23 benzidine
workers, from a total working population since 1918 of 198 men who
had never had contact with betanaphthylamine or any other knmmf or
suspected carcinogen (Scott 1952). Memntime, tumours had been
induced with benzidine in experimental animals by Spitz, Maguigan
and Dobriner (1950). Maguigan (1950) also recorded nearly 200
cases of industrial bladder tumour which had appeared in America up
to the time of his writing - a figure which is not surpriéing when

one considers the size of the post-war American industry and the

- fact that 85 cases had already arisen in the six years between 1931

and 1937,
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Italy

The experience in the other countries in Europe which had
not started manufacturing dyestuffs on a large scale until the
First World War was remarkably similar to that in England and
America. In Italy the first bladder tumour in a dyeworker to
be attributed to his occupation occurred in 1931 - the same year
as the first American case. This first Italian case was one of
11 reported by Di Maio, a Milanese urologist, in 1937. In 1948
in London at the IXth International Congress he presented a

further report, His results are summarised in Table I,

TABLE T

Italian cases in 1947 (Di Maio)

Department

Benzidine | Betanaph- Alphanaph- | Aniline
thylamine thylamine

No. employed 213 40 30 619

No.with tumours 22 9 2 1

In addition he lists 68 cases with "congestive" lesions of
the bladder which he believed to be precancerous and of which 8
subsequently became cancerous. At the same Congress, Barsotti
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and Vigliani (1949) described 33 cases of tumour and 58 of
Ycongestive lesion" from benzidine, betanaphthylamine and alpha-
naphthylamine but they found none due to aniline. Their cases
undoubtedly overlapped Di Maio's and were probably mostly included
in his series. Bellesini (1949) described a factory manufacturing
benzidine by the zinc reduction process for a total period of 15
years where none of the 54 workmen had developed tumours., Goldblatt
(1956) later reveals from his personal knowledge, that subsequent
cystoscopy of these men revealed five tumours at the first sitting.
France:

In France there had been no reports of any occupational
fumour of the bladder up to 1947. As late as 1941 Hugeuin said
that occupational bladder cancer, so widely known in America, was
practically unknown in France. Miller (1951) remarks that the
Congress of the French Society of Urologists had bladder papilloma
as its subject in 1946 but chemical aetiology was not discussed.

In view of the incidence in other countries and the similar manu-
facturing conditions existing in France it was too much to hope

that none had arisen up to that time and it was not surprising when,
in 1947, Billiard Duchesne disclosed 17 cases from the Rouen and

Le Havre area. At the International Congress of Industrial Health
in London in the following year he was able to report a total of

34 known cases in France which had arisen since 1937 (Billiard

Duschesne 1949)., These included the cases previously published by
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Desoilie, Hochfeld and Aboulker (1948) by Douiller (1949),
Delinotte Arnaud and Chatain (1949) and Aboulker, Gaultier,
Benguigi and Smagghe (1949). Again his experience agrees with
that of most other post war observers that the tumours are due to
contact with benzidine and the naphthylamines,

Other Countries.

Occupational bladder tumours in aniline dye workers are
not a monopoly of the Western world. Rosenbaum and Gottlieb as
early as 1926 reported 13 cases in a population of 9000 operatives
in Russia and cases had occurred in Japan (Nagazio and Kimosita
1940) by the beginning of the Second World War.

Survey by Association of British Chemical Manufacturers.

Thus,by the early 1950's there existed a large body of
opinion, supported by a great weight of epidemiological evidence,
which agreed on the occupational nature of bladder tumours in
dyestuffs operatives and which indicted certain compounds as causal
agents. The original cases were attributed to aniline or to
>fuchsin (magenta) or to a combination of them and some years later
benzidine, alphanaphthylamine and betanaphthylamine emerged as the
most likely respongible compounds, Aniline was given a clear bill
by most observers, Puchsin was not mentioned in the later reports.
It must be remembered, however, that as the century advanced its
manufacture declined compared with that of the-othe¥ suspected
agents and in later years it has been made only on a comparatively

small scale. Neverthless five cases have recently arisen in a
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small factory in England (Ashworth, personal communication,
sho;tly to be published) and these will be considered later.

Two major surveys have been described, one by Rehn who
reported in 1906 and one by Curschmann who reported in 1920.
The results of these surveys went a long way towards confirm-
ing the industrial nature of these tumours and indicating the
agents causing them. A third survey, this time on a major
national scale, was inaugurated in Great Britain in 1947 when
the Association of British Chemical Manufacturers (A.B.C.M.)
decided to conduct and finance a major research project on
industrial "papilloma of the bladder", as it had come to be
known, in England, ‘This intentional euphemism had come to be
used because of the fearful sound of the word cancer to English
ears and in order not to encourage cancerphobia by its use.
The A.B.C.M. among other measures appointed a "Scientific
Committee", under the chairmanship of Professor Alexander Haddow,
to guide research work into the cause, consider diagnostic methods
and examine preventive techniques, A sub-committee was formed,
under the chairmanship of Mr N.Strafford,to provideaecurate
methods for the analysis of suspected compounds under industrial
conditions, The Scientific Committee was disbanded in 1954 and
succeeded by a smaller permanent one, the Papilloma Committee
under the chairmanship of Mr J.D.Rose and having as its two medi-

cal members Dr.M.H.C.Williams and myself.
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In 1948 Dr.R.A.M.Case was appointed to & research fellow-
ship created by the A.B.C.M. at the Chester Beatty Imnstitute, to
conduct an investigation, in the first place by an extensive field
survey, to establish whether aniline, benzidine, beta or alphanaph-
thylamine are implicated and what factors affect production of
tumours of the bladder in workmen in the industry.

Case and his co-workers obtained from the relevant member
firms of the A.B.C.M., a register of names of men who had had any
contact of over six month's duration with the named compounds
(the "Nominal Roll") and a 1list of all men then known by the firms
to have developed bladder tumour. They also obtained from the
records of hospitals in the appropriate areas the names of men
who had been treated for bladder tumour in the neighbourhood of
the relevant factories and, from the Registrar General, the names
of all males dying between 1921 and 1949 whose death certificates
mentioned bladder tumour. Coroners records and death certificates
which mentioned the chemical industry as the occupation of the
deceased were also used.‘

By the beginning of 1952 they (Case, Hosker, McDonald and
Pearson 1954) had found 455 cases of bladder tumour from the
British chemical industry 444 of which had occurred after 1921; of
these 444 men there were 341 whose names were on the nominal roll
of men who had worked in contact with the described substances
in the factories of the member firms, This group of 341 from a

nominal roll of 4,622 was examined statistically in detail.
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Of these 341 men, 298 (87.4%) had had contact with benzidine,
betanasphthylamine or alphanaphthylamine or some combination of
these and 32 (9.4%) were not known to have had such contact.

Case and his co-workers found that the overall risk of dying of

a bladder tumour, if on the nominal roll was 30 times greater

than that-of the general population - a statistical finding
remarkably similar to the figure of 33 times reached by Leuenberger
forty years earlier by much cruder methods.

They also found that betanaphthylamine was the most potent
agent and that the relative potency was in the ratio of beta-
naphthylamine 5: mixed exposure 2.7: benzidine 1.7; alphanaph-
thylamine 12 . The chance of a workman in betanaphthylamine
developing a bladder tumour was 61 times greater than that in the
general population, that of a benzidine worker 19 times greater
and that of an alphanaphthylamine worker 16 times greater., Their
statistical proof of the industrial carcinogenicity of betanaph-
thylamine, benzidine, and alphnaphthylamine was overwhelming.

They found no statistical evidence to suggest that aniline
had cauéed occupational bladder tumours in the British chemical
industry between 1910 and 1952 (Case and Pearson 1954) but the
manufacture of magenta and auramine "appears to have a definite
occupational hazard of causing tumour of the urinary bladder" but
it should not be assumed that the finished products are necessarily
dangerous”, This again confirmed the earlier observations made

by Rehn in 1895 that fuchsin manufacture was dangerous. Case
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and Hosker (1954) have estimated statistically the number of
cases which may be expected to arise in the future from people
already exposed. Case (1953) set out a method by which it is
possible for a firm in Britain to estimate the number of deaths
that might arise by the non-occupational risk in a given popula-
tion. A comparison of this with the actual number might usefully
detect unsuspected dangers. Case and Lea (1955) have since set
out a simpler method which can be more génerally applied to other
" forms of cancer as well.

The results of the A.B.C.M. study were given to the Factory
ﬁepartmnt of the Ministry of Labour and to the Ministry of
Pensions and National Insurance, and in 1953 papilloma of the
bladder was prescribed in Great Britain as an industrial disease
in chemical workers under certain conditions. A pamphlet setting
out the nature of the study, the results, the knowledge available
and the means of prevention was issued to management and workers
throughout the industry, by the A.B.C.M. (A.B.C.M.1953). Mean-
time the analytical sub-committee had completed its work and it
subsequently published analytical methods for determining
benzidine and betanaphthylamine (Butt & Strafford, 1956). Diag-
nostic techniques 4ad been studied and appraised in two of the
member companies, in The Clayton Aniline Co.Ltd. by myself and
in The Imperial Chemical Industries Ltd. by Drs.Crabbe, Cresdee
and Williams, The results were published in 1952 and 1956

(Crabbe, 1952, Crabbe, Cresdee, Scott and Williams 1956).
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Dr.Williams and I were invited by the A.B.C.M. to draw up
a "code of industrial practice" to cover the manufacture and use
of known and suspected carcinogens, Our recommendations for
safe working were accepted in toto by the Association and were
circulated to the member firms in 1953, They were published in
1957 (Scott and Williams 1957). They have since been circulated
in extenso by the International Labour Office in English and

French to its member countries,
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RELEVANT COMPQUNDS

In considering the compounds which have Been suspected or
proved to be capable of causing occupational tumours in workmen,
the history of the manufacture of each one will be described and
special reference will be made to their manufacture at The Clayton
Aniline Co,Ltd. The experimental evidence relating to their
carcinogenicity will be reviewed and an assessment of their potency
will be made. |
Fuchsin (Magenta).

Fuchsin was the first of the triphenylmethane group of dyes
to be manufactured commerdially. In Rehn's time it was made by
oxidising crude aniline with nitrobenzene in the presence of ferric
chloride. As with Perkin's mauveine the shade of fuchsin produced
depended on the purity of the aniline used and the most important
factor was its relative content of toluidines and xylidines all of

which kave a higher boiling point than aniline.
- CH3 .
e e “2"@“'"‘ ‘D”"’
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PARAROSANILINE HYDROCHLORIDE. ROSANILINE_ HYDROCHLORIDE.
Hence by using crude aniline of varying boiling points a dye

rangiﬁg from red to blue could be produced at will. As early as
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1864 it had been shown that pure aniline did not produce fuchsin.
The formulation of the dye depended on the CH3 group in the
toluidine producing the central carbon atom which is necessary for
the triphenylmethane structure., The fuchsin at this time was a

mixture of salts of "rosaniline".

NH, NH, NHo NHy NHo
O OCHa CHj Jijma
CH3

CH CH

3 3

“ANILI NE. ORTHOTOLUIDINE PARATOLUID!NE METAXYLIDINE PARAXYLIDINE.
B.R 180C. B.R200°C. B.P 200%C. B.P 212°C. B.P 215°C.

It was later found to be possible to produce the desired colour
with accuracy by using pure aniline and the exact proportion of
toluidines or xylidines required.

Several other amines were also present in the aniline of
the last century. Walpole, Williams and Roberts (1952) pointed
out that Hofmann (1862) had identified a new amine, Xenylamine
(4aminodiphenyl) in the distillation residues of aniline and that
Jackson (1875) had isolated methylated xenylamines and naphthy-
lamines from the aniline of his time. The original benzene,
therefore, must have contained not only toluenes and xylenes but
also naphthalene and diphenyl which were also nitrated and reduced
when aniline was made. For the past 40 or more years, and since
the 1914 war in England, fuchsin has beén made by condensing ortho
toluddine with formaldehyde to form ditolyl

CHa

CH3 CHj3
' HoN HaN NH
2 + HCHO —»
, c
Hy

ORTHOTOLUIDINE DITOLYL BASE.
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The ditolyl base is filtered and dried and is then reacted with
ortho toluidine hydrochloride using nitrotoluene as an oxidizing
agent, to give "magenta" of a slightly different formula from

the original dye but which is a more stable and constant product.
CH4

CHy4
HaN G’,NHQ ®
¢C = ciL o
CH,

MAGENTA.
NH,

The statistical evidence of Case and his co-workers Bas confirmed
the original obseIVations of the danger to workmen wh§ have been
engaged in the manufacture of magenta, The original writers'
opinions that aniline was the carcinogenic agent were based on
reasonably adequate evidence at that time. The suggestion of
Walpole, and his co-workers, that these early tumours were due to
impurities in the aniline, supported by their experimental results
(to be discussed later) makes it still valid, especially when one
considers the heavy exposure which must have been commonplace.
The fact that since 1910 when pure or purer aniline was used in
Germany no tumours have been sttributed to it supports their
proposition., Neverthless, Case and Pearson's magenta cases all
arose in association with the more modern magenta process in
which aniline is replaced by ortho-toluidine. Ashworth's five
cages were from a factory making magenta from orthotoluidine.where

no other sugpected carcinogens have been used.
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It has been suggested that the toluidine is the offending
agent but there is no firm evidence to support or contradict this,
Animel experiment has so far been negative (Williams 1958) but it
must be remembered that experiments have not yet been on a suffi-
ciently extensive scale to be regarded as conclugive., Haematuria
from acute cystitis is a common symptom in men exposed to tolui=-
dines., It is described by Rehn and many subsequent writers -
several cases will be reported later in this work - but it is not
accepted as a necessary precursor of tumour (Goldblatt, Scott,
Williams). Bleeding usually occurs when exposure has been heavy
and may be taken as some index of the conditions existing., Where
haematuria has been common, it can be presumed that the exposure
has been heavy not only to toluidine but to the other amines
present at the same time. More positive evidence than exists at
present would be required before it could definitely be concluded
that toluidines are causative agents. Similarly, in the absence
of conclusive proof, such as animal experiments might afford, it
ig iméossible to make any informed judgement as to the role of the
magenta itself.

As Scott and Williams (1957) stated "it is not possible to
sgy at this moment whether the cause of the magenta tumours in
England is due to intermediates, to impurities in the magenta
process or to the fimal product itself."

Megenta was made at The Clayton Aniline Co. from 1920 to
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1926 by the formaldehyde - ortho toluidine process. Its
manufacture was discontinued in January 1926 and from then until
1938 small quantities were bought for the preparation of acid
magenta, The total number of men known to have worked on
magenta manufacture is 19, As luck would have it, after its
manufacture ceased 4 of these men were engaged in making pyrogen
sulphur melt colours some of Which involved the use of benzidine,
There were, therefore, 15 men who had been exposed to magenta
and not to benzidine and 4 of those have so far develbped tumours,
At the same time 2 of these men who have been exposed to both
benzidine and magenta have also contracted the disease.
Aniline,

Aniline is manufactured by the reduction of nitrobenzene
by iron filings in the presence of hydrochloric acid. The iron
is exidised to ferric oxide and the aniline is distilled off and

purified by a series of distillations and condensations.

NO, NH3
+ 2 Fe — + Fey03
Q+ Het)
NITROBENZENE. ANILINE.

Animal expe:iments with aniline have failed to yield any
convineing proof of its carcinogenicity.  Hartwell (1951) lists
17 series of experiments in rabbits, rats and mice. Roffo (1931)
using resin pearls impregnated with the chemical,reported 3

bladder papillomata in rats but he obtained similar results in his
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control animals and this experiment can be discounted as evidence.
Yamazki and Sato (1937) claim to have induced papillomata in 12 of
37 rabbits by introducing 1% solution into the bladder but their
experiment is not convinéing and solutions of 5% and 1q% yielded
negative results, No tumours of the bladder were reported by the
other workers. Goldblatt (1957) says that aniline has not been
found to be tumour-inducing in any experimental animal., Beremblum
and Bonser (1937) and Gerhman, Foulger and Fleming (1949) have also
failed to induce tumours in carefully set up and controlled experi-
ments, |

Walpole, Williams and Roberts suspected that the alleged
carcinogenicity of the aniline of last century wad due to the
naphthylamines and aminodiphenyls it contained and they tested
both 4 aminodiphenyl and 3:2' dimethyl 4 aminodiphenyl on rats

(1952) and the former on dogs (1954).

CH3 CHj
4 AMINODIPHENYL. 3:2' DIMETHYL 4 AMINODIPHENYL.

Both compounds were found to be highly carcinogenic, the former
more effective as a bladder carcinogen in the dog than either
benzidine or 2acetylaminefluorene and at least as potent as
betanaphthylamine. They suggested that the compounds were meta-
bolised to orthohydroxyamihes and that on this orthohydroxylation

depends their carcinogentity, a suggestion which was to be
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extended and developed later.

The inference that those aminodiphenyls and'napﬁthylamines
present in the early aniline were &ufficient to account for the
tumours which had been attributed to it was not accepted by Walpole,
Williams and Roberts in their first paper. They did not believe that
the small quantities present could have accounted fully for the early
tumours especially as the greater part of these impurities was left
in the distillation residues so that even less significant amounts
would have been present in the distillate. In their second paper -in
1954 however, they modify this view and remark that this amine
(4aminodiphenyl) might have been partly responsible for "aniline
cancers of the bladder in Germany before 1920"., This revised view
seems more reasonable because although the dose and time necessary to
induce a tumour in man is not known, it is highly probable that quite
small doses for a short time may be sufficient eventually to do so.

Hamilton (1921) suggested that arsenic might be the responsible
agent., Her contention was based on two facts; first that fuchsin
was originally made by the arsenic acid method (but not since about
1870 !), and secondly that arsenic was present as an impurity not only
in the iron and zinc used for the reduction of nitro benzene to aniline
or benzidine but also in the sulphuric acid and in the metal of the
vessels used in the process. Small amounts of arsine were often
liberated and as late as the time at which she was writing, haemolysis

from it was frequently observed in workmen.
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Kennaway (1925) finally dispelled this hypothesis, Apart
from the increasingly conclusive proof pointing to other substances
he cited his own 38 consecutive cases of arsenical tumour in none
of which had there been any bladder tumours. He knew of only.one
case in the literature of a person exposed to any of the other
cancer-producing materials (i.e. not aromatic amines) developing
cancer of the bladder and that was an inoperable tumour in a tar
worker who had previously undergone operation for warts,

Gross's personal communication to me, quoted earlier, is
perhaps enlightening in that it suggests that aniline was blamed
in a generic sense when the actual agents which were responsible
were benzidine, betanaphthylamine and some other amines., Nassauer
(1919) claimed that the "irritating substance" was always aniline
and so dangerous did he consider it that he allowed only three
months employment at a time in the benzidine department where aniline
was liberated as an impurity in the process at that time, This
practice must have increasdd the numbers at risk to an enormous
extent in a plant where exposure must have been heavy. Hamilton
likewise stated that it was said (although she does not state who
said it, it was, in fact, Nassauer) that in the making of benzidine
there may be more actual exposure to aniline vapour than in the
manufacture of aniline itself and she inferred that the aniline
vapour rather than the benzidine was the danger.

Since the early 1930's , however, all observers have agreed
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that there is no evidence to suggest that aniline is the acfive
carcinogen in cases that have arisen in their generation and this
certainly coincides with the time since reasonably pure aniline
has been manufactured.

It is, therefore, suggested that while some, and possibly
many, of the so-called aniline tumours in the earlier years were
due to carcinogenic impurities in the aniline, many of the others
were loesely sscribed to aniline when in fact anothervcompound such
as benzidine or betanaphthylamine was being worked, It must be
borne in mind fhat cases arising in Britain from exposure to
magenta after the Pirst World War remain to be accounted for and it
cammot be taken as certain that all of the early German fuchsin
cases were due to impure aniline,

Under modern conditions of manufacture of aniline, which
takes place in an enclosed system, exposure to the vapour or liquid
and absorption of it either through the skin or by inhalation is
so low as to be practically negligible. Williams (1957) suggested
the possibility that aniline is a very weak carcinogen and that the

-advent of modern conditions lowered absorption to levels below those
capable of producing tumours, British experience does not support
this view, No cases of aniline tumours are known to have arisen
in England despite three quarters of a century's experience of
manufacture during the first 50 years of which conditions of con-

stant and heavy exposure must have revailed,
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It has been manufactured in The Clayton Aniline Company
since 1875 and up to the 1920's conditions are admitted to have
been bad by modern standards., They were improved between the
wars but it was not until 1940 that a completely enclosed modern
plant was constructed. Certainly exposure must have been heavy
even in the first 20 years of this century and until 1940 it was
more than we would consider safe to-day. Records are good for
the past 40 years and some go back to 1900, Since 1920 there
has been a‘working population of 78 men who have worked on this
plant (men with less than six months service are excluded).
Turnover has been so low that there have only been two new workers
on this plant, one processman and one crane man, since it was
described by me in 1952, The majority of these 76 men have very
long periods of employment - up to 45 years -~ most of it under the
more primitive conditions of the earlier years. No tumours have
arisen among these aniline manufacturers nor could any tumours be
attributed to aniline in any obher part of the factory.

The experience at Clayton, therefore, accords with the view
that aniline is not carcinogenic in man under industrial conditions
even in the earliest days of its manufacture,

Benzidine (4:4' diaminodiphenyl). Its Homolgues and Derivatives.

Benzidine and its derivatives, the most important of which
are tolidine, dichlorbenzidine and dianisidine are used largely

for the manufacture of azo dyes.
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CHs ‘ CHj
BENZIDINE. TOLIDINE.

ci ci OCH3 OCH3
DICHLORBENZIDINE. DIANISIDINE.

This process depends on the diazotization by nitrous acid
of an aromatic amine which produces the "azo" linkage, i.,e. two
nitrogen atoms united by a double bond., The molecule is highly
reactive at this point and will unite or "couple" with, for example,
an amine, Many of the resultant compounds are colours.

Benzidine manufacture began to assume large proportions sbout

1880 when the azo dye Congo Red was first made on a commercial scale.

AZO AZO
NH, LINK LINK NHa
e O Do
SO3H SOgH SO3H
NAPHTHIONIC ACID. CONGO RED.

It was quickly followed by many similar dyes using benzidine, alpha—
naphthylamine, betanaphthylamine and many other aromatic amines for
diazotisation and a great variety of aromatics and aromatic amines
as coupling agents., There is virtually no limit to the changes
which can be rung and many thousands of azo colours have been listed.
Many of them have stood the test of time by virtue of their shade,
their affinity for certain materials, their brilliance, their fast-

ness to light, sweat, washing and their many other properties.
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Benzidine is also used in the manufacture of certain other types
of colours.

In the manufacture of benzidine, nitrobenzene is reduced in
an alkaline medium. (It will be recalled that reduction of mitro-
benzene im an acid medium results in the formation of aniline).
The reduction is affected either by zinc or iron and caustic soda,
by sodium amalgam or by electrolytic means. The nitrobbnzene is
reduced through azobenzene to hydroazobenzene -~ some factories,for
example, one I visited in Germany, start with azobenzene which is
made in another plant, The hydrazobenzene is then converted by

the addition of hydrochloric acid to benzidine,

(e o (e ) —

NITROBENZENE. AZOBENZENE.
" HYDROAZOBENZENE. BENZIDINE.

(The arrows indicate the conversion mechanism.)
Dichlorbenzidine, tolidine and dianisiaine are made similarly from
chlornitrobenzene, nitrotoluene and;nitroaniéole.

Benzidine manufacture (Fig.1l) was started in The Clayton
- Aniline Company in 1918 following preliminary-experimentation and

trials in 1917,
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HISTORY OF BENZIDINE MANUFACTURE
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It has always been made by the zinc reduction process. A solvent
was introduced into the process in order to keep the reduction
reaction smooth. Orthodichlorbenzene was used for this purpose
until 1926 when it was replaced by paraffin oil., In this process
the hydroazobenzene is formed as granules and these are filtered
out and re-charged in the next stage. 1In 1947 this method gave
way to the use of solvent naphtha, which dissolves the hydrazo-
benzene and keeps it in solution ﬁntil the conversion by hydro-

chloric acid. Benzidine dihydrochloride is thereby formed and



46

precipitates out. It is redissolved by adding water and heating,
The aqueous solution of the amine is separated from the upper
solvent layer by running off and the benzidine dihydfochloride is
then salted out.

Benzidine was first produced as the sulphate which was then
converted to the base and until 1944 either the sulphate or base or
both have been made, From 1944 to 1951 the hydrochloride was
manufactured.

Open vacuum filters were used until 1929 when they were
replaced for technical reasons by a large filter press. Contact
was heavy at this stage. It could not be reduced to the level
thought desirable, and so in 1944 specially designed covered vacuum
filters were substituted. (It is of interest to note that in
November 1957 filter presses were Been in a German factory making
benzidine). Some exhaust ventilation was installed in 1938 and
this was added to and improved from time to time since then.

In 1951 a completely new plant was opened. In this the
manufacture of benzidine and its derivatives is now carried-on
separately from other manufactures. Benzidine is not isolated;
it is tetrazotised in the usual way with nitrous acid and the
resulting tetragomium dichloride now containing virtually no
benzidine and still in the enclosed system, is conveyed by pipeline

to the colour factory several hundred yards away. It is then
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distributed to the azo dye manufacturing vessels without leaving
the enclosed system.

By 1949 the danger to workers in benzidine of contracting
bladder tumours had been agreed by observers in all countries
except for those in America whose doubts were resolved soon after-
wards, The epidemiological evidence of its carcinogenicity to
workers was incontrovertible, the danger existing both in its
manufacture and in its use, It had been held that all stages of
the manufacturing process were hazardous as men engaged in the
reduction to hydrazobenzene were apparently affecteé gqually with
those doing the conversion to benzidine and its separation, Other
men engaged on other processes in the same building were also
affected and the whole operation was regarded as dangerous until
Barsotti and Vigliani (1949) described a factory where hydrazo-
benzene was made in one building and conveyed to another factory
for conversion to benzidine, No tumours had occurred among’ the
men making hydrazobenzene - the exposure times are not given -
but tumours had arisen in some of the benzidine men. | No tumours
have so far been induced in experimental snimals with hydrazo-
benzene (Hartwell, 1951). Scott and Williams (1957) believe that
the hazard exists after the conversion of hydrazobenzene to
benzidine,

The accepted industrial carcinogenicity of benzidine to

workmen had naturally led to many experiments being made on animals
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but until 1950 all had negative results. As early as 1920 Jaffe
sensibly suggested that negative results should be published so

that other workers would not repeat fruitless experiments. Bierich
(1922), Kenneway (1924), Berenblum and Bonser (1937), Yoshildi et
al (1941), Gehrmann, Foulger and Fleming (1949) all reported

animal experiments with benzidine in which no tumours were induced.
The last named used dogs and continued their experiments for five
years,

In 1950, Spitz, Maguigan and Dobriner published a report of
the successful induction of tumours in rats and dogs by the
administration of benzidine. A high proportion, 1(% of about
500, of the rats developed tumours of a sebaceous gland adjacent
to the external auditory meatus and sdenocarcinomata of the colon,
but not bladder tumours; of 11 dogs, seven ¢n benzidine and four
on benzidine sﬁlphate, seven survived and three of these were
eventually reported to have developed papillomata and carcinomata
of the bladder after periods up to 10 years. The rat tumours
were similer in type and distribution to those occurring with
2acetylaminofluorene in that they were found in the liver, colon
and auditory sebaceous gland, A much smaller proportion (4.3%
of 105) of rats who received orthotolidine contracted tumours.

The doses given were high and administration was prolonged -
the dosage to the rats was of the order of 15 mg. per week of

benzidine injected over periods averaging 2 years. The explanation
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of the failure of previous experimenters to induce tumours may
lie in inadequate dosage given for insufficient periods, or to
their using unsuitable species. For example, Beremblum and
Bonser in 1937 used rats and rabbits - the latter species has
since proved to be relatively insusceptible to induced bladder
tumours - and they gave much lower doses. In one series of 8
rabbits who survived, the experiment was continued for 4 years but
in another series of 29 rats it was discontinued after 76 weeks.
Thus the carcinogenicity of benzidine was placed beyond any
doubt by the epidemiological evidence and animal experiments. The
results of Spitz and her co-workers have been confirmed several
times since and many compounds related to aminodiphenyl and diamino-
diphenyl (benzidine) have proved carcinogenic in animals (Walpole,
Williams and Roberts 1954, Miller, Sandin, Miller and Rusch 1956).
Certain homologues and derivatives of benzidine, of which
orthotolidine, dichlorbenzidine and dianisidine are the most
important are used for similar purposes to those of benzidine.
No population of workmen is known which has been exposed to these
homologues without also having been exposed to benzidine itself,
Most factories which manufacture benzidine make the homologues as
well, but one at Grenoble in France mskes benzidine only and some
cases of tumour have arisen there (Williams, personal communication).
The homologues have hitherto been less in demand than benzidine

and, therefore, have been made on a much smaller scale so that
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exposure to them has been less, both in amount and in total time
.than it has to benzidine,

Orthotolidiné was found by Spitz to be a weaker carcinogen
than benzidine but so far no animal experiments have been published
in which tumours have been induced by dichlorbenzidine or dianisidine.
Animal experiments now in progress support the view that the two
latter compounds are much less active even than orthotolidine,
(Walpole and Williams, personal communication) and it is thought that
these conclusions can be held also to apply to man (Scott and Wiliiams
1957).

It is, howe§er, anticipated that the demand for some of these
materials will increase rapidly for the making of certain paints and
pigments so that the scale of their production may come to rival that
of benzidine, Meantime, one must reserve judgement on the carcino-
genicity of these homologames and, if large amqunts of them are to
be handled, they should, as Scott and Williams recommend, be treated
industrially in a similar fashion to benzidine itself.
Beta-naphthylamine (2 Naphthylamine).

‘ The manufacture of betanaphthylamine has been carried oﬁt by
the same fundamentsl principle since its inception as a commercial
product about 1880 until it was given up in 1950. ‘It was made by
the action of ammbnium sulphite and ammonia on betanaphthol
(2hydr0xynaphtha1ene) in autoclaves under pressure at 150°¢. This

is known as Bucherers reaction,
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OH NH2
+ NH3 .
#(NHg), 505

BETANAPHTHOL. BETANAPHTHYLAMINE.

When the reaction was completed the betanaphthylamine was
isolated vby being filtered off, dried and distilled. It was then
allowed to solidify and either broken into lumps or more finely
prepared by flaking it or grinding it to a powder.

Betanaphthylamine is a whitish powder or a dull grey red
flaked product depending on its purity and its physical state.

It is apparently a harmless substance and acute toxic effects
do not occur readily., MUller has described twe men who developed
acute haemorrhagic cystitis as a result of massive exposure 'l;o it,
but nb such effects have been recorded at Clayton at least in the
last 25 years of its manufacture. It is non-irritant and has not
caused dermatitis in the workmen.

Manufacture of betanaphthylamine started at The Clayton
Aniline Co, in 1920, and Fi'g.?. is a diagramatic representation of

its history in the firm.
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HISTORY OF £ NAPHTHYLAMINE MANUFACTURE 1920 - 1950.
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FIG. 2.

The first stage of the process, the heating of betanaphthol with
ammonium sulphite and ammonia has been virtually the same through-
out. The second stage, that of separation of the amine from the
liquors in the autoclave has been progressively improved. For
the first 13 years until 1933 the charge was filtered in open
filters and dried in large stoves which the workmen had to enter.
It was purified by being distilled in another building, (where for
many years benzidine was also distilled) and the molten amine was
run on t shallow trays to cool and solidify. When solid it was

broken up by hand into small pieces and finally ground in a mill
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to a fine powder. In 1933 stoving, setting in trays, breaking up
by hand and grinding were omitted. The distilled pooduct was
#flaked" by being run on to a drum revolving against 2 knife edge.
It solidified on the surface of the drum and was scraped off in
flakes, In 1938 more enclosure of the process was attained by
keeping the reacted charge in the cloged vessels and washing out
the other products from them;  the betanaphthylamine was then
dried in these vessels and piped molten to the still where it was
distilled and then flaked as before. By 1947 further impfovements
which had been impossible during the war were applied to keep
exposure to a minimum. The flaker was enclosed and elaborate
improved exhaust ventilation applied to it; distillation was
omitted to minimise vaporization,

Finally, in 1950 the manufacture and use of betanaphthylamine
in this Company was abandoned because of the danger associated with
it. Other organisations followed this lead and by 1952 it had
been stopped everywhere in Great Britain. Sulphonation of beta-
naphthol followed by amidation is now the method used for preparing
the.sulphonic acids in the synthesis of the dyestuffs for which

betanaphthylamine was previously used as an intermediate.

SO3H SO3H
OH : OH NH2
SULPHONATION AMIDATION

BETANAPHTHOL. OXY TOBIAS ACID. TOBIAS ACID.
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The total number of men who had had over six months'
employment in the autoclave shed was 129 and the normal working
strength was 55.‘ An average of two men were employed in the
stillhouse,

A Tough estimation of the hazard existing during these
periods is indicated in the diagram. Conditions in the first
13 years of manufacture were bad and exposure must have been
heavy, There must have been heavy skin and atmospheric
contamination in the stoving, handling and bresking up of the
amine and the workmen's clothing, hair and skin became powdered
with it in the grinding. Some dust must have been inhaled and
swallowed, Melting and distillation under the conditions
prevailing must have resulted in a high vapour content in the
atmosphere and a correspondingly high intake by inhalation. The
working place was heavily contaminated with dust and the risk of
absorption even when the process was not running must have
remained high. The vapour and the dust constituted a danger to
men working in adjacent processes and in neighbouring sheds.

In viéw of the German and Swiss experience even before 1920
itr may seem strange that the hazard was not recognised in England
earlier. Yet itmust be remembered that the same lack of
realization, or lack of action, ruled in America, France, Italy
and even in experienced Germany and Switzerland for long after

the First War. It is only fair to say that the Swiss gave up
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its manufacture in 1938 and that Britain would have abandoned it
much earlier than 1950 buf for the war. It is still manufactured
in the U.S.A., in Ttaly and in Czechoslovakia. One Germsn
factory is known to buy it from the last source (Commnication to
mee6ing of Cancer Commiésion. Deutsche Forschungagemeinschaft,
November 1957).

There has long been a remarkable agreement among all reporters
about the carcinogenicity of betanaphthylamine. It was the first
of the compounds suspected of causing occupational tumours of the
bladder to be proved capable of inducing tumours in experimental
animalgs, Many attempts had been made to induce tumours in animals
with it before success was achieved. Schar (1930) claimed to have
induced bladder papillomsta in one rabbit in a series of six who had
been exposed for over two years to the inhalation of betanaphthylamine
vapour in air but his interpretation of the histology is suspect and
his experiment is not convinecing. Perlmamn and Staehler (1932)
'described bladder tumours in 6 of 31 rabbits receiving daily
injections of it. Beremblum and Bonger (1937) failed to confirm
either of these results despite heavy dosage over long periods in
8 large series of rabbits and rats. All their results were
negative.

A preliminary paper in 1937 from Hueper and Wolfe followed
by a full repqrt from Hueper, Wiley and Wolfe (1938) described the

successful induction of tumours, papillomata and carcinomata, in
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female dogs after subcutaneous and oral dosage for two to three
years. They had also used rabbits and failed to induce tumours
in them, 'The dog was later to prove to be the most suitable
gpecies of animal for this work. The tumours in the dogs were
similar to those seen ip dye-workers in that they continued to grow
and to recur after cessation of the treatment and in one dog the
tumour arose several months after administration ceased. In
several of their dogs tﬁey observed lesions which they considered
to be pretumourous and which were similar in description to those
described by Di Maio in dye-workers. Their results have been
confirmed by other workers, notably Bonser (1943) who virtually
excluded impurities asg the cause by inducing tumours in dogs with
a highly purified compound in similar dosage over five years,

Case and Pearson (1954) nevertheless maintained that impurities in
the betanaphthylamine might possibly still be the cause as they had
isolated small amounts of the carcinogen 3:4:5:6 dibenzearbazole
from the so-called pure compound.

Later work on the metabdlism of betanaphthylamine and cher
amines in animals and in man sheds a great deal of light on the
way in which they act and supports the view'that the carcinogenicity
of betanaphthylamine does not depend on impurities in it. This
will be discussed in the chapter on the mode of action.

There is undoubtedly overwhelming evidence that betanaphthy-

lamine is a highly active carcinogen not only to laboratory animgls



57

but to man under industrial conditions of manufacture and use,
so'much so that its manufacture has been given up in Britain solely
because of the danger associated with it.

Alphanaphthylamine. (lnaphthylamine).

Alphanaphthylamine is used in'induséry for similar purposes
to those for which betanaphthylamine is usea, that is for the
manufacture of azo dyes, condensation colours and for certain
rubber processess. It is mahﬁfactured by the nitration of
naphthalene to alpha~-nitro-naphthalene and its subsequent reduction.
When naphthelene is nitrated the product consists of about 90 - 96%
of alpha-nitro-naphthalene and about 10 - 4% of beta-nitro-naphthalene
so that subsequent reduction and isolation yields the corresponding

proportions of alphanaphthylamine and betanaphthylamine.
NOy

RE DUCED

96 /o
ALPHANITRONAPHTHALENE. ALPHANAPH THYLAMIN E.

+ HNO 3
Qi]/ REDUCED [D
4°lo

BETANITRONAPHTHALENE. BETANAPHTHYLAMINE.

Under present day conditions of manufacture &hé beta-isomer content
can usually be kept down to about 4% .
Alphanaphthylamine is also used for the manufacture of

alphanaphthol by hydrolysis.
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HYDROLYSIS

ALPHANAPHTHYLAMINE. ALPHANAPHTHOL .

This is in contrast to betanaphthylamine which is made from
betanaphthol prepared more directly from naphthalene. Sulphoﬁated
naphthylaminesare used widely in fhe colour industry and among

the most widely used are naphthionic acid and sodium naphthionate
which result from the simple sulphonation usually by sulphuric acid

of alphenaphthylamine under controlled conditions,

NHo NHj NHy

SO3H SO3Na
NAPHTHIONIC ACID. SODIUM NAPHTHIONATE.

This sulphonation is "preferential" to the alpha-isomer. Virtually
only the alphanaphthylamine is sulphonated in this process with
the result that most of the betanaphthylamine content is left

unreacted so that when the naphthionic acid is isolated the residue
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contains a much higher proportion of betanaphthylamine than the
original compound - often as high as 30%. |

Alphanaphthylamine was manufactured in The Clayton Aniline
Co., by the method described, for only four years, from 1926 to
1930. The usual number of men employed on this process was three
and a total of four men in all were engaged on it for over six '
months. Nonme of these has so far developed bladder tumour. Both
before 1926 and after 1930 it has been bought from other manufacturers
and used in large quantities for the large scale manufacture of
alphanaphthol, sodium naphthionate and a wide range of azo dyes ahd
other colours. The total number of men engaged in work involving
its use in these respects is 88 and 4 of them have so far developed
tumours.

The carcinogenicity of alphanaphthylamine has not been so
readily accepted and agreed upon as that of betanaphthylamine
despite the number of céses which have been attributed to it in

many countries (Table 2).
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TABLE 2

No, of cases attributed to alphanaphthylamine
from literature.

Year Author Country of origin ‘ No. of cases
1929 Wignall England 7 (+8 doubtful)
1937 Evans U.S.A. : 20

1949 | Gehrmamn et al |  U.S.A. 2

1948 Di Maio Italy 2

1948 | Barsotti Italy 2

1948 Duchesne France 2

1948 Goldblatt England 1

1952 Scott Englz;nd 1 (now4)
1954 Case et al England 28

The 28 cases found by Case et al in England almost certainly
include those of Wignall and Goldblatt and the one of mine. Di
Maio's and Barsotti's are probably the same two cases. Hence a
total of 56 reported cases is estimated but, apart from Millers in
1951, no reports have been published from America or Burope during
the last ten years and many more cases may have arisen from these
sources in the meantime.

While there can be no doubt that "technical" (i.e. commercial)
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alphanaphthylamine is dangerous under industrial conditions of
manufacture and use,it is not universally agreed whether it is a
carcinogen per se or only by virtue of its beta-isomer content.

No experimental tumours have so far been induced by it in animals.
Schar (1930) claimed to have induced papillomata in two rabbits
with it but one must agree with Beremblum (1932) that the histo-
logical appearancesin the photomicrographs are not convincing and
that they'fail to support the findings described in the'texg. His
experiments have not been confirmed.

I suggested that the tumours which arise in alphanaphthylamine
users more heavily eiposed to the résiduesin.naphthionic acid
manufacture might be due to their high betangphthylsmine content
(Scott 1953). I advised that one mist reserve judgement about the
carcinogenicity of pure alphanaphthylamine itself as it is not used
in the industry but that one must treat its manufacture and use with
the same care and respect that must be accorded to betanaphthylamine
and benzidine,

Since then the evidence on which alphanapthylamine may be
considered to be carcinogenic per se has accumulated. In 1954
the A.B.C.M, survey (Case et al) revealed 28 cases of bladder tumour
in workers in alphanaphthylamine (apart from other casesin workers
exposed to it in combination with other amines such as betanaphthy-
lamine and benzidine), 20 of whom had been engaged in its manufacture

and 8 in its use. . The average latent period from beginning of
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exposure to onset of tumour was 22 years, (S.D. 6 years) and this
was significantly different from that of betanaphthylamine which
was 16 years (S.D.6). Case concluded therefore, that the
betanaphthylamine content of the alphanaphthylamine may not be the
sole active agent (unless it is assumed without evidence that
alphanaphthylamine exerts a delaying action on the rate of develop-
ment of betanaphthylamine tumours) and that alphanaphthylamine
itmelf is capable of causing tumours in man, The longer develop-
ment may account for the delay in alphanaphthylamine becoming
accepted as a carcinogen in the industry and for the small number
of cases reported in.the earlier literature.

Although no tumours héve been induced in experimental animsls
with alphanaphthylamine, one of its metabolites 1 amino 2 naphthol
has been found to induce tumours in five mice out of six when
implanted into the bladder (Clayson, 1953). This is also one of
the metabolites which are excreted in the urine in man.

It is, therefore, difficult to escape the conclusion that
alphanaphthylamine is carcinogenic to man. Even if it were not
itself a carcinogen it is never found in industry without at least
4% of betanaphthylamine in it and in some processes this figure
riges to 30% in the residues. The carcinogenicity of betanaph-
thylamine is not in doubt. - One must consider alphsnaphthylamine,
therefore, as it is found in industry ("technical alphanaphthylamine")

end there can be no doubt epidemiologically and theoretically of
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the risk attached to it. No refuge should be sought on the
grounds that it takes longer to act and is less potent than either
betanaphthylamine or bengzidine. Scott and Williams (1957)
recommend a standard of precautionary measures in its manufacture
and use as high as that recommended for benzidine.

Auramine,

Cagse et al (1954) found evidence that the manufacture of
auramine may cause tumour of the bladder in workmen engaged in its
manufacture. There was a statistically significant excess in'the
number of deaths certified as being due to bladder tumour among
them, The age at onset and at death tended also to be lower than
in the general population.

Aursmine has been manufactured and used since 1884 for the
colouring of paper and some textiles. Dimethylaniline and
formaldehyde are reacted to produce Michler's base (tetramethyl
diaminodiphenyl methane) which is converted to auramine by heating

it with sulphur and ammonium chloride in the presence of ammonia.

CHy  CHy CH CHy
\N/ {N/
[CH;  CHa]
\N/
2 +HCHO — CH2 — C=NHz @
cie
N N
7N PN
4 CHy  CHy CHy  CHy
DIMETHYLANIL INE MICHLER'S BASE AURAMINE .

(METHANE BASE)
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No tumours from auramine had been reported before Case, ‘but Mtiler
has described two cases, which he attributed to dimethylaniline
in men making auramine from it. No other cases of tumour from it
seem to have appeared before 1954 and Scott and Williams raised
the point that the tumours in Case's series may have been due to
other chemicals handled in the auramine shed. They advised
further examination of this possibility but no further evidence has
come to light. |

Another possible explanation is now suggested. In & paper
by Kehrmann, Roy and Ramm (1922) it is pointed out that Michlers
base can be oxidised by lead dioxide and sulpburic acid to tetra

methyl benzidine, a potent carcinogen (Walpole and Williams (1958).

CHj \N/CH3 CHj \/N;CH3 CH3 N/CH3
:/ ‘OX IDATION CH\gH +
/2\ (PbOz) /\
\N‘/ , N N
RIS s s .
CHy~ CHy CHy CHy CHy  CHj.
MICHLER'S BASE. MICHLER'S. HYDROL. N:N!'TETRAMETHYLBENZIDINE.
(MAIN PRODUCT) (Y - PRODUCT)

So far there isno evidence that such impurities have been present
in auramine or at any stage of its manufacture at any time in
Britain or the Continent. No work on its metabolism is known to

have been done but it is possible that tetramethylbenzidine is

formed in the body.
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Auramine has never been mamufactured at The Clayton
Aniline Co. but dimethylaniline and Michler's base, hydrol and
ketone have been made for 25 years, The normal working comple~
ment is 2 men and a total of 20 men have been exposed in all.
No tumours attributable to these have arisen,
Xenylamine (4amidodiphemyl)

Unlike most of the intermediates implicated as industrial
bladder carcinogens, xXenylamine manufacture was not started on
an industrial scale until 1938 when it was first made in the U.S.A.
for use as a rubber antioxidant., The method was the familiar

one of nitration (of diphenyl) and subsgquent reduction,

DIPHENYL. 4:NITRODIPHENYL.  4: AMIDODIPHENYL .
‘ (XENYLAMINE)

Some 2nitro and hence 2aminodiphenyl are found at the same time.
In 1952 Walpole,.Williaﬁs and Roberts published the first
proof of its carcinogenicity. They induced tumours with it in
rats and in 1954 confirmed this by using dogs. They pointed out
that it may be capable of causing bladder tumours in man.
In 1955 Melick, Escue, Naryke, Mezera and Wheeler confirmed

Walpole and his colleagues' prognostication when they reported 19

cases among 171 men who had been engaged in its manufacture and
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use, that is to say that within 20 years of starting its

manufacture 11% of the men exposed to it had developed bladder

tumours. Its manufacture was forthwith stopped in the U.S.A.

Scott and Williams recommended that it should not be started in
Britain and in fact it has never been made in this country.

Diphenylamine,

Diphenylamine like many of the other intermediates
considered has been made since about 1880, at first in Germany
and later all over the world, It is made by the reaction of

aniline or aniline hydrochloride under high temperature and

pressure.
| O] — (Ol i
ANILINE. -DIPHENYLAMINE.

A small smount, usually about .025%, of 4aminodiphenyl
is also formed in some processes (Stagg and Reed, 1957) and is
likely to be present in the finished product, while as much as

1% may be present in the residues. The manufacture of dipheny-

" lamine has increased rapidly in amount during the last 15 years

'for rubber anitoxidants and insecticides such as phenothiazine
and it is still increasing., More men are likely to be exposed

to it for more continuous periods. Miller attributed two tumours
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to it in 1933, but no other reports of its carciﬁogenicity have
been published,

It has been manufactured at The Clayton Aniline Co. since
1921. Until about 10 years ago the old method of condensation
of aniline with its hydrochloride was used; since 1948 it has
been made by condensing aniline using bhosphorous trichloride as
a catalyst in high pressure autoclaves, Amounts of 4aminodiphenyl
~ of the order of 0,005 and 0.01% have been identified in this
process and of 0.2% in the residues since Stagg and Redd's method
of determining it was applied early in 1957. No tumpurs have
arisen which could be attributed to it. Careful watch is being
kept on what may ultimately prove to be a dangerbus manufacture
and working conditions are carefully safeguarded.

Other Compounds.

S8veral other compounds which are made and ﬁsed in the
dye industry must be considered. It has never been suggested that
either alphanaphthol or betanaphthol, neither of which are smines,
are carcinogenic and there has been no evidence to indicate that
they are likely to be so. As alphanaphthol is made froﬁ
alphanaphthyiamine it must be ensured that the final product is
free of amine. Phenylalphanaphthylamine and ethylalpha-
naphthylamine have not been shown to be, and are not believed to
be, dangerous except when made from alphanaphthylamine, the
handling of which may constitute a danger. They can be made

safely from alphanaphthol.
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Phenylbetanaphthylamine is sometimes thought to be
carcinogenic because of its name but there is no evidence to
suggest that it isi dangerous and it is not comsidered to be an
industrial carcinogen (Scott and Williams)., It was made at
Clayton from 1932 to 1942, from betanaphthol and aniline, on a
fairiy large scalve and no tumours have been'attfibuted to it

among the men who were engaged on its manufacture and use. ‘
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THEORIES OF CAUSATION AND METABOLISM

Theories of thevcause of bladder carcinoma have been largely
influenced by the general conception of the aetiology of cancer
acqepted #t the time and by the existing state of knowledge.

Bayle (183%3) first suggested a possible cause in a gouty diathesis
accompanied by urinary calculus; Waldeyer (1873) suggested an
epithelial origin and Lubarsch (1901) distinguished tumours arising
from embryonal rests from the far more numercus ones of different
origin, The knowledge that bilharziasis was directly related

to a type of bladder tumour strengthened Rehn's contention that in
his cases the tumours were due to inflammation and irritation
caused by earlier cystitis and calculi.

Rehn in his first paper quoted Engelhardt as showing that
aniline is excreted in the urine as a conjugate of paraaminophenocl.

Adler (1907) showed that 3 3' dihydroxybenzidine was found in the

NH»>
OH OH
>
OH
PARA AMINOPHE NOL. 3:3' DIHYDROXYBENZIDINE.

urine of animals given benzidine. Engel (1920) confirmed these

experiments but was unable to find anything then known to be
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carcinogenic in the urine although Oppenheimer (1920) had
suggested that it was a metabolite of benzidine or aniline which
was specially active on the bladder epithelium., Schar (1930) and
Perlmann and Staehler (1932) who claimed to have induced tumours
in animals with alphanaphthylamine and betanaphthylamine were
likewise unable to demonstrate a carcinogenic agent in the urine.

Tumours were eventually induced in animals with betanaphthy-
lamine by 1937 by BHueper and his co-workers, with benzidine by 1950
by Spitz and her co-workers and with 4aminodiphenyl by 1952 by
Walpole, Williams and Roberts, These three are the only compounds
imputed to be causes of occupational bladder tumours in man, which
have been confirmed as carcinogens by experiments on animals., In
most of the experimental animals, tumours have been induced by them
in many organs, but the dog is the only animal in which bladder
tumours have appeared readily or early. In men exposed to these
compounds under industrial conditions careful investigatioﬁ has
failed to reveal an incidence of tumours in organs, other than the
bladder and renal pelvis, higher than that in the general population.
Man and the dog are the only known animals who have this high
susceptibility of the bladder to tumours induced by aromatic
amines. Why do man and the dog react differently in this respect
from other species and why should the bladder be attacked?

Bonser and her co-workers (1951) suggested and investigated

three possible reasons for this species difference in response,



71

(1) that it might be because of a difference in metabolism from
other species, or (2) that metabolite(s) may be at maximum
concentration in the’urine, or (3) because in man and the dog the
urine is acid.

They conducted a series of experiments in an attempt to
determine these severai points, First they reconfirmed the high
susceptibility of the dog to betanaphthylamine by inducing bladder
tumours in six animals out of gix in under four years. In three
of the dogs the urine was kept alkaline by the administration of
godium bicarbonate an& no difference in tumour induction compared
with the other three was observed. This was regsrded as sufficient
evidence to dispose of the third theory ~ that the pH of the urine
was important,

Using larger numbers of different animsls, rats (25) mice
(49) and the same number of rabbits (6), they found that tumours
of the bladder could be induced only occasionally and after a long
time in rats and rabbits and not at all in mice although the mice
readily developed benign and malignant hepatomata.

Previously Engel (1920), Wiley (1938) and Manson and Toung
(1950) had shown that 2amino 1 napthol was a metabolite of beta~
naphthylamine in man, dogs and rats respectively,

OH
NHy

2 AMINO | NAPHTHOL.
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Clayson (1950) had developed a method for estimating 2amino-
1 naphthol conjugates and this enabled Bonser and her colleagues
to study species diffefences in the mode of urinary excretion of
the metabolite after administration of various doses of beta-
naphthylamine., They found that there was an approximate
correlationrbetween the relative susceptibility to induced bladder
tumours in the dog, mouse, rat and rabbit and the amount of
2amino 1 naphthol conjugates they excrete after dosage with beta-
naphthylamine, In the dog the concentration of 2amino 1 naphthol
conjugates in the urine was about 206 times that invthe blood plasma.
They concluded that not only was there a species difference in
metabolism of betanaphthylamine in the dog but there was also a
meximal concentration of the metabolite in the urine.

The presumption that this metabolite was the active carcinogen
was attrabtive, and they tested this theory on three mice using a
method devised by one of them (Jull, 1951) which consisted of
implanting 2amino 1 naphthol in wax pellets into the bladder. One
developed a papilloma, ene.a carcinoma and one metaplasia and
hyperplasia “amounting almost to a papilloma". Further experiments
(Bonser, Clayson, Jull and Pyrah 1952) on a larger scale confirmed
these results. This time betanaphthylamine was also Eﬁésted by
implanting it in mice’bladders and no tumours were indﬁced by it.
Sercomata at the site of injection of 2amino 1 naphthol confirmed
thet it is a local carcinogen whereas no local tumours could be

induced at the site of injection with betanaphthylamine in mice,
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rats or rabbits. In 1954 Bonser and her co-workers described

a method of introducing carcinogens in oil into the bladders of
dogs by catheter, a technique whicﬁ mgy facilitate further experi-
ments in this species and render comparison with other species
easier,

It seems reasonable at this stage to conclude that this
metabolite, 2amino 1 naphthol, is the active, or one of the active,
substances in the production of bladder tumours in man and the dog.
It is not the only metabolite nor is it suggested that it is
necessarily the only carcinogenic metabolite of betanaphthylamine
but the fact that it is formed in higher percentages from beta-
naphthylamine in these species and concentrated so highly in the
urine must be a determining factor in the localigation of the
initial disease to the bladder.

The position with benzidine is similar in many wayé.

Baker (1950 and 1953),working in my laboratory, isolated 3:3!
dihydroxybenzidine from the urine of men working on benzidine and
induced tumours in the bladder and livers of mice with it. He

fed it to rats and induced tumours including ear gland tumours,
similar to those reported by Spitz and her co-workers with benzidine.
The tumours appeared in a shorter time than those induced by

benzidine itself. Three of the rats developed bladder tumours,
This suggested that a similar mechanism (i.e. by an active meta-

bolite) was operating in the case of benzidine to that of

2 acetylaminofluorene (Bielschowsky 1984 ) and betanaphthylamine.
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01aysoﬁ and Bradshaw (1955) identified 3hydroxybenzidine as a
minor metabolite in dogs but did not report finding the 3:3!
compound, M#ller, Sandin and Miller and Rusch (1956) investi-
gating 4 acetylaminodiphenyl, N:N diacetylbenzidine and eighteen
related compounds did not find 3hydroxybenzidine or its acetyl
derivative to be carcinogenic in rats, but they fed them for only
8 and 10 months respectively and terminated their experiments
after 13 months. Bonser and her co-workers'! rat experiments
with 2amino 1 naphthol were sustained for twice as long.

Halpole, Williams and Roberts in their 1952 paper, which
described the successful induction of tumours in rats with 4amine
diphenyl and 3:2' dimethyl 4aminodiphenyl, suggested that in
each case the effective carcinogen is an orthohydroxyamine formed

in the body by metabolic hydroxylation.

O/H CHI3' 9H3
= C A
OH

ORTHOHYDROXY 4 AMINO DIPHENYL. ORTHOHYDROXY 3:2' DIMETHYL 4 A.D.P.

They further postulated that the higher activity of the 3:2'
dimethyl homologue is due to the preferentisl directien of the
hydroxy group into a position ortho to the amino group under the
'influences of the 3 methyl group, so that there is formed a large

amount of the "orthohydroxy" metabolite, which they presumed to
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be the active one, Again, in 38 rats which developed tumours
out of a group of 46, only one had a bladder tumour but in their
next experiments (1954) on two dogs both had developed advanced
bladder tumours 2% years after the start of dosing. This again
confirms the "species difference" of the dog's susceptibility to
induced bladder tumours. They suggestea a working rule that if
a compound does not produce tumours at the site of injection then
it is not a direct or iocal carcinogen and that if tumours. are
produced in organs remote from the site of administration then the
carcinogen must be a metabolite.

Clayson (1953) propounded a similar hypothesis and further
developed the theory that hydroxylation in the position ortho to
the amino group rehders certain aromatic amines carcinogenic. He
illuétrated his hypothesis by comparing large numbers of published
experiments and pointed out that this route of conversion is
facilitated if the position para to the amino group is blocked as
it is in benzidine and betanaphthylamine., The experimental testing
of his hypothesis requires proof of the carcinogenicity of the
ortho hydroxyamines and Dr.Bonser's department of which he is a
member, has set up experiments on mice using the wax pellet implant
technique, with 1 amino 2 naphthol, 3 amino 4 hydroxydiphenyl,

3 amino 2 naphthol, 1 amino 2 naphthol 4 sulphonic acid,

333! dihydroxybenzidine and orthoaminophenol.
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NHy
{ AMINO 2 NAPHTHOL. 3 AMINO 4 HYDROXY DIPHENYL.

. NH2

NH,
3 AMINO 2 NAPHTHOL. | AMINO 2 NAPHTHOL 4 SULPHONIC ACID.
OH
OH\ - /OH NH5
o

3:3! DIHY DROXYBENZIDINE. ORTHOAMINOPHENOL .

Clayson states that 1 amino Z2naphthol a metabolite of alpha-
naphthylamine has already induced tumours in five mice out of six
in experiments in his department, but no résults regarding the
other compounds have been published.

Walpole, Williams and Roberts extended their theory to
include compounds with a single ring such as orthotoluidine.
Clayson could not agree with them. There is no published evidence
that amines with only a single ring are active and he considers
that the hypothesis should be confined to compounds with more
than one ring. Walpole and Williams (1958) pertinently point out
that orthotoluidine has never been tested on the dog and they now

have experiments in progress.
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Before one could accept the proposition that single ring
compounds can be carcindgenic oné would. require either incon-
trovertible evidénce of industrial tumours in workers exposed
only to them, or proof of their carcinogenicity in experimenta}
animals, This does not mean that in the absence of such proof
one should relax the stringency of the precautions applied in
industrial practice.

Why the bladder should be especially singled out for‘attadk
in man would appear, therefore, to be determined by the formation
of a metabolite, which is a local carcinogen and its being
excreted in sufficient concentration in the urine to exercise an
effect on the epithelium of the urinary tract. Ferguson (1934)
held that the agent circulated in the blood and exercised its
harmful effect in the terminal capillaries of the bladder mucosa.
He believed that in this way the whole of the bladder was affected
and that recurrences afose because of this and not from implants
or seedlings.

Hueper (1938) was able to identify betanaphthylamine in
the liver, kidneys and bladder wall of mice one or two hours after
it was injected but none was found in the bladder epithelium,

In a second series injected with betanaphthylamine three times at

four day intervals none of these organs showed any betanaphthylamine
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after the third day following the last injectioﬁ, although traces
of it persisted in the urine longer than in the parenchymatous
organs. These observations indicate that when the organism is
floodadwith the compound betanaphthylamine may be deposited in the
organs as an acute toxic effect but Hueper held "the main and
probably only contact of the epithelum with the carcinogenic agent
takes place on the mucosal surface".

Many other writers from Oppenheimer and Engel (1920) up to
the present day have also preferred the theory that prolonged
contact of the bladder epithelium with urine containing the harmful
agent causes the change. This seems a more reasonable view and
would account for the bladder being the site of the tumours in
man .and dogs. Many people (e.g. Hueper, Gey 1935) have cited,
in support of this, the location of the bladder tumours in these
species — in man around the ureteral openings and the trigone and
in the dog on the anterior and lateral surfaces of the bladder -
and have suggested that'because.of the posture adopted by each the
urine is more in contact with these areas. This postulation has
been widely upheld but it is difficult to accept it when one
reflects that the bladder is only potentially a hollow viscus and
that wheﬁ part full it contains virtually no air or gas and the
whole surface of the wall, as the bladder is contrazted down, must
be in contact with the urine. Gay in 1937,when he described a
larger series than he had in 1934,tock the view that the distri-

bution of the lesions did not support the theory of a urogenous
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origin, as the majority of the lesions in his cases were
situated above the level of the ureteric orifices. On these
grounds he then supported the haematogenous theory.

The contention that a urine borme carcinogen is the active
agent has been further strengthened by more recent work., Scott
and Boyd (1953) fed betanaphthylamine to three groups of dogs;
in the first group with normal bladders all kinds of bladder tumours
resulted; 1in the second group the ureter of one kidney was implanted
into the sigmoid and tumours arcse in the bladder but not in the
colon of these animals; in the third group both ureters were
diverted %0 the sigmoid and no tumours were found in either the
bladder or the colon but in some of these animals there were tumours
in the uretefs and metaplastic changes in the pelvis of the kidneys.
McDonald and Lund (1954) separated pouches off the bladder of dogs
so that the urine could not get in contact with the mucosa in them
and fed the animals betanaphthylamine., Tumours developed in the
bladder but none appeared in the pouches. Ma@Donald and Thorson
(1956) placed fragments of papilloma from other dogs fed betanaph-
thylamine in similar pouches in another series of dogs on normal
diet and several of these became implanted and grew in the mucosa
of the pouch. All these experiments suggest that while the
carcinogen reaches the bladder in the urine rather than by the
blood stream there is also a susceptibility of the urinary tract
epithelium to react to it and that the "receptiveness" of the

bladder epithelium may also be an important factor in the
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initiation of the tumours,

Boyland, Wallace and Wallace (1955) think that the ﬁmours
are due to an excess of the enzyme glucuronidase in the urine which
liberates a free animophenol from the excreted metabolite. They
found a high glucuronidase content in the urine of men who had
bladder tumours and also in those who had been treated and were
free of tumouis. They have suggested that this enzyme might be
inhibited by the administration of saccharolactone especially in
the event of accidental massive exposure. The problem in industry,
however, is one of long term exposure possibly to very small doses.
The threshold of the dose is unknown and may be very low. Prolonged
exposures over 15 = 20 years are more important than accidental
contamination and it is not proposed to use sacchérolactone.
Prevention must lie in directions other than the administration of
uncertain long term antidotes,

To sum up, it would require a great deal more evidence than
exists at present to support the view that the activity of the
.carcinogen in the bladder depends on its reaching it by way of the
blood stream. The conclusion that it reaches the epithelium of
the urinary tract by being conveyed there in the urine and that it

acts upon it directly is inescapable.
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PART II

"OCCUPATIONAL TUMOURS OF THE BLADDER ARISING AT
THE CLAYTON ANTLINE FACTORY"

ANALYSIS OF RESULTS

Introduction.
In 1950 a works register (the "nominal roll") was compiled

recording the names and working histories of all men who were known
to have been engaged for more than six months in the manufacture of
or use of aniline, alphanaphthylamine, betanaphthylamine, benzidine,
and magenta. Men with less than six months employment were omitted
partly because it was difficult to get details of some of those who
had worked for very short periods and partly because, in the absence
of any known experience to the contrary, six months exposure was
regarded as a reasonable minimum time necessary to initiate a bladder
tumour in industrial conditions. The nominal roll is brought up to
date annually but aniline is now omitted as it has not been shown to
be carcinogenic.

By the end of 1957, when the list was closed for the purpose
of this analysis, the names of 667 men (excluding the aniline workers)
were on the roll. At the same time 123 men were known to have
developed tumours of the bladder. A system of checking the names
of men whose death certificates mentioned tumours of the bladder or
chemical work, set up in the Factory Department by courtesy of H.M,
Senior Medical Inspector has helped to ensure that men who develop
tumours after leaving the factory are traced. The normal expected
mmber of cases in similar members in the general population wouid

not exceed three cases in thirty years.
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Of the 125 men who developed tumours, 87 were engaged in
that section of the works where carcinogens were manufactured, 28
in processes entailing their use and 8 were ancillary workers -

2 chemists, 2 fitters, a weighman, a transport worker and a man
who worked as a boiler fireman for 28 years following three months
exposure to betanaphthylamine.

It is obviously impossible to determine which individuals
in u working population will develop tumours. Individual
predisposition has been suggested as an explanation of the fact
that they appear in some workmen whilst others placed in apparently
similar circumstances escape. Gross (1958) suggests that chemical
and other types of carcinogen merely activate latent oncogenic
viruses. If this is true, then he contends that those who
develop cancer represent only a small fraction of those actually
carrying the seeds of the disease. In industrial practice,
however, many other factors are operating; Some are impossible
to measure; conditions in the factory have varied from time to
time and have progressively improved during the past twenty years;
dirty workers will absorb a higher dose than clean workers.
Familial tendencies are impossible to estimate; two pairs of
brothers (cases 11 and 12, and 65 and 86) contracted the disease
but each had worked on the same job as his brother,and other
workmen on it also developed tumours of the bladder. The pre-

disposing influence of good or poor general health and intercurrent



83

diseage is also impossible to #ssess but I have already emphasized
(1954) that good health and strong physique have no relation to a
man's resistance to carcinogens.

There are, however, several measurable factors which may
influence the incidence of tumours. These include the duration of
exposure to the dangerous chemical, the time which has .elapsed
since first eﬁtry into the dangerous occupation, &he type of work
“upon which the men have actually been engaged, and the compound
handled.

Incidence

In the present series the overall incidence of tumours is
18.4%. This crude figure is of little value on its ofn. For
insfance, roughly one half of all the men have entered the industry
vithin the last 12 years and would be unlikely to have developed
tumours as yet.

The incidence among the total population at risk according
"~ to length of exposure is given in Table 3. It rises with the
duration of the exposure until it is 71% for men who have been

exposed for more than 30 years.
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TABLE 3
Incidence by Length of Exposure

Total Years of Exposure

0-10 11-20 21-30 31+ Total

Population at risk 429 139 (6] 24 667
No. of cases 26 51 29 17 123
Incidence per cent 6 37 39 (71) 18.4

More information is required in order to be able to assess

the extent of the hazard to which certain groups of men are exposed.

It appears probable that not only the actual duration of exposure but

also the period of time which has elapsed since first entering the

hazardous occupation influences the incidence (Table 4)..

TABLE 4.

Incidence by Date of Entry

Date of Entry

After | 1947- | 1942~ | 1937-| 1932~ | 1927=| 1922- | Before
1951 | 1951 | 1946 | 1941 | 1936 | 1931 | 1926 1922

NOcat I‘isk
No.of cases

Incidence
per cent

157 97 63 110 80 62 59 39
- 1 2 9 16 28 46 21

- 1 3 8 20 45 78 54
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It is impossible in the present series however to be able
to distinguish a difference in these two factors which in any event
are very closely correlated. |

In order to assess the effect of the type of work, the men
who were exposed to benzidine have been grouped in three categories,
those who were directly engaged in the manufacturing processes,
those who worked in the same building but were not directly concerned
with the manufacture (Mservices men" )and those who used the chemical
for the synthesis of dyestuffs in an entirely separate building

("users"). The incidence of tumours in these three groups is shown

in Table 5,
‘YABLE 5,
Manufacturers, Services Men and
Users, Exposed to Benzidine.
Date of Entry
Job, Before 1927- 1937~ Total
1927 1936 1957
Manufacturers | Pop.at risk 20 13 109 142
(142) No.of cases 13 8 4 25
Incidence
per cent. (65) (62) 4 18
Services Pop.at risk | 17 56 76 149
(149) No.of cases 1 3 3 7
Incidence
per cent (6) 5 4 5
Pop.at risk | 21 30 33 86
Users .
(86) No.of cases | 10 4 1 15
Incidence
per cent. (48) (13) (3) 17
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Although the mumbers who started work more than 20 years
ago, that is before 1937, are somewhat small, there is a very highly
significant difference between the experiences of the mamufacturers
and the service men. Twenty-one of the 33 men in the former group
have developed tumours, compared with 4 of the 73 service men.

The users have an incidence between these other groups, 14 tumour
cases out of 51 men at risk. These findings indicate that thére
has been a greatly increased hazard for men directly engaged in
manmufacture and, to a lesser extent, in handling the chemical
compared with men working in less close proximity. This is
obviously of great importance in the prevention and control of the
hazard. |

The incideﬁce according to age at entry and length of
exposure in the three categories of workers with benzidine is shown
in Pable 6. Again the numbers are small but there is no evidence
to suggest that older men entering the industry get a higher
incidence of tumours than their younger colieagues., This is of
the greatest importance in the selection of workers and will be
referred to later.

In the case of the men who have worked solely with benzidine,
alphanaphthylamine and magenta it has been possible to allocate
accurately the compounds to which they have been exposed. The
numbers involved with the last two compounds are too small for

fruitful analysis.
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TABLE 6.

Incidence by age at entry. Length of -
exposure -~ Benzidine workers.

Length of Exposure (Years)

Under 11 11-20 21 -
Type of No, of Age at entry | Age at entry | Age at entry Total
Work. Mem With iy der |31 & |Under |31 & |Under| 1 & | Under| 31 &
31 over 51 over 31 over 31 |over
Manufac~ | Pop.at risk | 20 86 10 14 11 1 41 |101
turers. :
No.of cases 1 5 7 6 5 1 13 12
Services | Pop.at risk | 30 59 29 20 7 4 66 | 83
No., of cases| 1 1 1 2 1 1 3 4
Users Pop.at risk 9 18 17 16 19 T 45 41
No.of cases - 2 3 1 6 3 9 6

It has not been possible to allocate with the same accuracy the

men who worked in betanaphthylamine manufacture.

Many of them were

called upon to distil benzidine and use alphanaphthylamine in their

section of the factory so that, while a proportion of them have worked

exclusively on betanaphthylamine, many have had mixed exposures.

is not easy to trace the history of every man on this plant and

It

attempts to do so cause a great deal of alarm, but when a man develops
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a tumour a complete history is obtained and checked against his
own account,

For this reason the incidence of tumours in the betanaphthy-
lamine men cannot be given accurately nor can the potency of
betanaphthylamine be compared with the other compounds at the
present' stage, This aspect of the problem, however, has already
been well covered (Case et al) and the greater potency of

betanaphthylamine as a carcinogen is generally accepted.

Discussion of Incidence.

Apart from any possible individual predisposition or
personal factor in actual working, the incidence has been influenced
by the date of entry into the industry, the length of exposure, the
type of work done and the type of compound worked. One cannot
easily sepé.rate these factors as more than one, and often all of
them, have been operating at the same time,

Although it is impossible to forecast which men will develop
tumou:cs it would be useful to know the final total yield of cases
which can be expected. Case and his co-workers estimated by an
elaborate statistical method that eventually, when all the workers
on their nominal roll will have died, 20 will have died of the
disease.

The groups of workers described by Gross, by Hueper and

by Goldblatt all had a crude incidence varying from 50 - 100% at
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the time of their writing and it can be presumed that their
death rates would be higher than 20%. MWllers workmen already
had a 33% incidence in 1951 and they may well have an ultimate
death rate higher than one in five. Williams (1958) has
reported that 94% of 78 men who had worked for five years or more
distilling benzidine and betanaphthylamine under poor conditions
had developed tumours 30 years after starting,

One cannot compare these results with each other or with
the present series as the groups are comprised differently and
it is not known précisely th_'.ch workers have been included.
¥Williams' énalysis is based on men with five or more years
exposure under bad conditions whereas Case's figures were derived
from men with over six months' exposure who were employed by a
. mumber of firms inany of whom made or used only small amounts of
carcinogens sporadically.

My results come Ifrom a factory where the carcinogens have
.beez; made and used on & large scale all the time; there is no
doubt that in the earlier years exposure must have been heavy
although it has decreased prOgreésively over the last 20 years as
conditions have improved. Already 18.4% of the men on the nominal
roll are known to have‘developed tumours and there may be others
who have not yet been traced. There is no evidence that the
annual yield is tending to drop and tumours have already been seen
among the men who started within the last 20 years. It is only

within the last ten years that conditions have been brought up to
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the standard now considered satisfactory so that it is unlikely
that the full effects of improvements in conditions will be felt

for another decade at least.

Latent and Exposure Periods.

Industrial bladder tumours arise after a long latent period
between entry into the industry and onset of the tumour. This
latent period is not necessarily the same as the period of
exposure as many men leave the industry and subsequently develop
tumours, In those who remain in the industry until the tumour
appears the period of latency and of exposure is, of course, the
same,

The range of the latent period is wide but there has been
a surprisingly cohstant average throughout the gixty three years
since the hazard was fiist described. In 1927 Oppenheimer's
cases had a range of 1 - 45 years with an average of 18 years.
Miller in 1936 described the range as 2 - 28 with an average of
18; Goldblatt in 1947 gave the range of 4 - 48, average 19. In
1952 describing the earlier cases now included in this analysis
I found the range at that time was 4 - 33 years and the average
16 years. Many other writers have had similar averages
(Anderson 13 years, Buttner (1931) 17 years, Heuschen (1937) 17
years, Hueper 11 - 15 years). Hueper (1950) analysed 277 cases
from the European literature and summarized the percentage
incidence according to years of latency (Table 7) and Evans (1937)

tabulated his 83 American cases similarly with a similar result.
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TABLE 7
thent Periods in Years fﬂuepe; 12592.

Latent Period
in years 1-5 -10 -15 -20 -25 =30 =35 ~40

No. of cases 32 49 | 69 T4 28 13 6 6

Percentage 11.5 17.7 |24.9 26.4 10.1 | 4.7 2.2 2.2

In the present series the latent periods ranged from 4 to 41
years, the average was 20.4, and the most frequent period was between
15 and 19 years (Table 8 and 9). Five men developed tumours 35 or

mon&years‘after starting in the dangerous work.

TABLE 8.

Latent Periods in Years (Present Series)

Latent Period |0 = 4 |5 - 9| 10-14 | 15-19 | 20~24 | 25-29 | 30- | Total

No. of cases 2 9 23 35 21 15 18 125

Percentage of
total cases 1.6 7.3 [18.7 |28.5 |17.1 |12.2 |14.6 100

Most writers have given average latent periods for their'
collected cases as a whole but a few have attempted to analyse them
according to the chemical involved. Beremblum (19%2) pointed out
that the average latent period varied according to the department and

that in fuchsin workers it was 24 years but in benzidine workers
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only 12 years. In Mlller's series the range of the latent period
was given for various carcinogens but not the average.

VCase and his co-workers (1954) in their statistical analysis
ofithe collected cases in Britain found that the mean latent period,
or induction period as they called it, for betanaphthylamine and
benzidine was the same, (16 years S.D. 5 and 6 years) and that it
did not differ significantly from that due to mixed exposures,

(18 years S.D.7). There was, however, a significant difference in
that of alphanaphthylamine which was 22 years (S.D.6). They
considered that this longer latent period was a characteristic of
alphanaphthylamine and a proof that it was carcinogenic per se and
not only on account of its betanaphthylamine impurity.

In the present series there were no statistically signifi-
cant differences between the average latent periods for the various
compounds although the 4 cases exposed to alphanaphthylamine had
very short latent periods (18, 16, 14 and 14 years) in marked
contrast to the experience of Case and his colleagues (Table 9).

The range of the average latent period is remarkably
constant whether the initial tumour be papillomatous, carcinoma-
tous or multiple and the maiignant tumours do not develop more

quickly than the benign.
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TABLE 9

Mean Latent Period in relation to
Compound used.

Compound | No. of Mean Latent Period
Men with in Years
tumours. Papilloma Carcinoma Total
Ben. 48 18.2 21.25 19.2
An. 4 (16.0) (14.5) (15.3)
Bn. 23 21.1 18.45 19.8
Other 11 25 04 23 07 2409
Mix. 37 22.15 20.9 ’ 21.6

Variations in the latent period may be dué to a variety of
possible causes, and it has not been possible to determilie the most
important. The natuie of the carcinogen is not necessarily the
only factor. The intensity ©#r length of exposure may also be
important. Hueper (1950) showed that in experimental dogs dosed
regularly with 250 mgms. of betanaphthylamine bladder tumours
appeared in 1% - 3 years but if dosage was stopped after six months
the first tumours did not appear until after 5 years. Case and
his colleagues failed to confirm that intensity of length of

exposure influenced the latent period. Williams (1958) suggests
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this was because of the relatively small number of men whd
developed tumours following short exposures or to the wide
veriations of the degree of exposure in the different factories
from which their material was drawn.

Widé variations in the exposure period have also been
observed. MUller (1951) states that over the whole of the tumour
material seen at Basle the exposure varies from 3 months to 36
years but he gives no further details of the man whose exposure
was so short. Koelsch (1935) contended that only six months -
exposure to betanaphthylamine was sufficient to induce & tumour
ultimately but he did not cite any cases in support of this theory.
Goldblatt (1949 b) déscribed one case of a man who developed a
small papilloma after three months in the industry. This he
regarded as non-occupational without giving any reason for this
assumption. Many exact reports of exposure (and latent) periods
of one year are available, e.g. Hueper (1938), Oppenheimer, Evans,
etc. and short exposures of several months must be regarded as
dangerous. I have taken six months as the qualifying period for
registration on my nominal roll.

BEqually interesting and important is the léngth of time
which may elapse bétween the cessation of work with carcinogens
and the onset of tumour. In 1954 1 gave details of eight wo:kmen
who developed bladder tumours on an average 7 years (1-13 years)
after leaving the work. Their average latent period was 15 years -

little different from that of those men who stayed on and developed
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the disease. This is different from Hueper's finding in animals
‘that early cessation of dosage lengthened the induction period.
This suggestion is confirmed in the present larger series. Twenty-
five men who left the industry have now developed tumours at some
time after their exposure to the hazard had ceased. There is
little difference between the latent periods for these men \meah
21.5 years) and those of the other 98 men (20.1 years) despite the
fact that the first group had an average exposure of only 9.9 years
whilst in the second group it w#s 20.1 years. Table 10 shows
that 10 of the 25 men who had left the industry had actually had
less than five years exposure although their latent periods ranged
from 5 to 34 years.

TABLE 10

Length of exposure and latent periods of 25 men
who left the industry before onset of tumour.

Length of ‘ Latent Period (years)
exposure
(years) |04 |5-9 [10-14 | 15-19 | 20-24 | 25-29 | 30- Total
0-4 1 2 2 1 2 2 - 10
5 2 1 1 1 5
10- 1 1 2 4
15 - 1 1 2
20~ ' 1 1 2
25 - 1 1
30 and over 1 1
Total 1 - 5 5 3 8 3 25
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These figures‘stress the fact that removal from contact
after short exposures does not eliminate the prospect of develop-
ing a tumour and does not necessarily postpone its onset. ‘These
points are of great importance in prevention because replacing men
on this work after short periods of exposure would certainly
increﬁse fhe numbers at risk and might well increase the ultimate
yield of tumours,

Fifteen of these 25 men who developed tumours after leaving
the industry have so far survived for periods up to 16 years, 8
of them for more than 5 years. Of the 10 who died, 1 survived 13
yvears before dying of arteriosclerosis at the age of 77; the other
9 all died from tumours of the bladder within 7 years, 6 of them
under 5 years after the onset of tumour. It follows, therefore,
that removal from exposure doeé not mitigate the severity of the
diseage if it arises subsequently.

Perhaps the most sinister aﬁd disquieting observation

-arising from the study of these 25 men is the {ime which elapsed
between their leaving the iﬁdustry and the onset of the disease.
This averaged 11.7 yeafs but 4 men had been out of the industry for
over 20 years, and 1 of them (Case No.59), who had worked for only
1l year and 7 months in betanaphthylamine mahufacture, developed a
carcinoma of the bladder 29 years after leaving the industry during
all of which time he had worked as a railway porter. It'is feared
that other men with similar histories may not have been traced and

many may well have forgotten the names of the chemicals and some
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even the name of the firm with which they were associated for
such a short time so long before.

The first 66 cases in this series were described by me in
1952 and the average latent period for these at that time was
16 years (range 4-33). The lengthening of this by over 4 years
to its present average of 20.4 years (range 4-41) is\not’
statistically significant. The average latent period in my 1952
series was longer in users (21 years) than in manufacturers (16
years) and there was a suggestion that mixed exposures tended on
the whole to induce tumours earlier but neither of these findings
are confirmed in this larger series. The average latent period
for the magenta workers who developed tumours tended to be longer
but their number is too few for one to draw any conclusions or
make any comparison with other writers.

The duration or nature of the exposure has never been found
to have any influence on the type of tumour. Benign and malignant
tumours and all gradations between them appear apparently
indiscriminately and independently of these factors. In 1952 I
noted thetmen who had tumours following exposure to more than one
compdund had a higher proportion of carcinomata than those whose
exposure had been to only one carcinogen. This‘is no longer the
case as the numbers of papillomata (15) and carcinomata (16) in
the mixed exposure group is virtually equal (Table 23). Earlier
diagnosis may be responsible for this in that a greater number of
tumours are detected before demonstrably malignant changes are

manifest.
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AGE FACTORS

The aferage age at onset of chimney sweeps who developed
scrotal cancer prior to 1853 was between 30 and 40 years ZCurling,
1853). These men had started work when they were 4 - 10 years
old. By the end of the century the effécts of the law forbidding
boys to start wqu as sweeps until they were sixteen were seen
when the average age at onset had risen to 40 - 50 years (Butlin,
1892. By 1935 the average age was 61.9 years but by this time

~improvements in hygiene may well have had a beneficial effect as
great as raising the age at entry (Henry, 1937). :

I have always insisted that the age at onset of occupational
bladder tumours is directly related to the age of entry into the
industry which entails exposure to carcinogens (Scott, 1952,41953,
1954). I also showed that the average age at death from such
tumours is similarly related to the age of entry.

Curschman in 1920 and Beremblum (1932) had already indicated
that the onset of the tumours did not depend on the age of the
workers., Hueper in his 1938 treafise noted a shift towards the
younger age groups in his own and Evéns' series of occupational
bladder tumours compared with those of unknown aetiology, and in
1952 agreed that "the manifestation age of environmental and
occupational tumpurs is directly related to the age at onset of
the carcinogenic exposure". In Goldblﬁtt's 1949 series 33% of
the 93 caseé were diagnosed before the men reached the age of

45 and the mean age at onset was 50.55. Case and his co-workers
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(1954) confirmed this tendency when they found that the mean age
(40.5) at onset of bladder tumours in 137 chemical workers was 20
- years earlier than that in 750 men who had bladder tumours of
unknown origin. They also found a similar difference, 15 years,
in the most frequeﬁt age at death from bladder tumours in chemical
workers (50 to 55 years) compared with other males. Stocks (1950)
took records of cases of cancer of the bladder and ureter from 275
hospitals in England and Wales’in 1945 and found that the average
age of all cases at first attendance was 62.5 years and at death
66.3 years. From the Registrar General's figures for 1947 the
average age at death of 1,417 males who died of neoplasms of the
bladder, ureter and urethra was 67.5 years.

Case and his colleagues showed that the earlier age at death
from occupational bladder tumours was due neither to a shorter
survival time from the onset of the disease nor a selectively
greater susceptibility to the disease in young men, and they
confirmed that it was dependent on the age at first exposure to
risk. 1 had already (1952) emphasized the shortened expectation
of life of men who are exposed to bladder carcinogens before the
age of 30 and the importance of this in the control of the disease
in industry.

In the present series the average age at onset of tumour
is 49,7 years (Table 11). This confirms my earlier results andv
is in accord with the experience of other writers. The majority

(75, i.e. 61%) of the 123 men who have so far developed bladder
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tumours entered the industry before they reached the age of 30.

TABLE 11
123 Cases of Bladder ‘umour by Age at Entry.

Age at entry
Total
Under 31 31-40 Over 40
No. of cases 5 35 15 125
Mean age at onset 46.9 52,9 5047 49,7
Mean latent period 19,8 19.6 16.5 20.4
‘'ABLE 12
55 Fatal Cases by age at Entry.
Age at entry
Total
Under 31 | 31-40  |Ovee 40
No. of cases 27 18 10 55
Mean age at onset 43,7 54,2 61.5 50.4
Mean age at death 49.6 57.4 66.1 53.7

Thirteen (11%) started after they were 40.

Fig.3 shows the ages

at onset in five year groups. The average age at onset in the men

who have subsequently died is given in iuable 12 and the ages at

death in five year groups are shown in Fig.4.

Of those who started

under the age of 30 and later died of bladder tumour the average

age at onset was 43.7 years, whereas of those who entered the

industry when they were over 40 and later died of tumour the average

age at onset was 61.5 years.
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The ages at death are of the greatest importance. Whereas
the mean age at death for those who entered the industry before
they were 30 was 49.6 years, it was 66.1 years for thosé entering
over 40 which approximates to the age at death for non-occupational
tumours, It was figures such as these which led me in 1950 to
exclude men under the age of 30 from starting work where carcino-
gens are manufactured and eventually to insist that only men over
40 should be engaged. This was to exclude younger entrants who
would have their lives shortened should they develop tumours

despite modern precautions.
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It will also be noted from Fig.3 that the age at which the
tumours appeared fend to be much younger than that for non-
occupational tumours appearing on the average about 15 years
earlier than in Stock's series. This shift to the younger age
groups at onsgt of a tumour may be used as an indication that &
hagard is éperating in cases where they may be doubt as to the
occupational origin (Case et al 1954). It will be noted from
Table 11 that the average latent period (16.5 ;ears) for men
starting over the age of 40 is shorter than that for men (19.8)
who started before the age of 30, Despite this, it must be
remembered that fhere is no evidence to suggest that the incidence
of occupational bladder tumours is higher in older men entering
the industry (Table 6).

Another fact which is apparent is the considerably worse
prognosis for the older men. There were 10 fatal cases among

15 who started over the age of 40 compared with 27 fatal cases

amongst the 75 in the youngest age group.
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- DIAGNOSIS

Introduction.

‘Occupational tumours of the urinary bladder once established
differ little in their clinical features from those arising in the
general population. There is, hgwever, one important practical
difference in that they usually arise in men who are known to have
been at risk, Consequently such men can be kept under supervision
so that the tumours may be detected at as early a stage as possible.
It cannot>be in doubt that, apart possibly from the degree of
malignancy, the most important single factor in the effectiveness
of treatment is the stage of a tumour when it is first discovered.

Tumours appearing in the general population are usually
heralded by symptoms such as haematuria, dysuria, frequency.of
micturition or pain, and these symptoms may not supervene until the
tumou? has grown to a considerable size, become fungating, infiltra-
ted into surrounding tissues, 6r even formed metastases. In
Riches (1958) series of over 500 patients with tumours of the
bladder haematuria was present in 97% of them when first seen.
Routine clinical examination is unlikely to detect the symptomless
tumours at an early stage and it has never serigusly been advocated
as a useful measure in this respect. Whilst mass screening of
the general population for the detection of bladder tumours by any
known methods will be shown to be impracticable on account of the

difficulties of applying it, and would be unrewarding because of
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 the comparative rarity of non-occupationalbvesicél tumours,
nevgrtheless the high incidence of such tumours in groups of
chemical workers not only justifiés the application of mass
screening methods to them but renders it imperative if all
possible care is to be afforded the workers at risk,

In this section the various methods which have been used
to screen industrial populations at risk for the early detection
of tumours of the bladder are described. Regular periodic
cystoscopy of exposed workers and the routine examination of the
urine for microhaematuria are evaluated as screening techniques.

The history of the application of cytodiagnosis to the
urine of workmen is given, Its introduction and development at
Clayton are described., The successful results in new cases, and
the disappointing results in old cases, are analysed and compared
with those obtained by otfier writers. Reasons are given for the
striking differences in these results. A comparison of the old
techniques with a modified Papaniculaou technique and an

evaluation of their merits is made.

Screening Methods.

In 1920 Oppenheimer recommended regular microscopical
examination of the urine for red blood cells and Nassauefvsuggested
that pus cells might have éome significance. This was taken up
by the Gemmans (Gross), the Swiss (Miller) and, in the earliest

days, b¥ the Americans (Anderson)., It was adopted in Britain
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from 1934 onwards (Crabbe, Cresdee, Scott and Williams 1956) and
was the method of screening relied upon in this country until the
introduction of cytodiagnostic techniques in 1951. Workers in
many other countries relied upon the routine cystoscopy of all

their workers at regular intervals usually of a year.

Routine Cystoscopy

In America, when the first bladder tumours arose in men in
the Wilmington workg iﬁ 1931, routine cystoscopy of all exposed
workmen at regular intervals was introduced and it was even extended
to the pre-employment examinations of new recruits. In the 22
months between December 1931 and October 1933, 532 men from that
factory were cystoscoped and 25 of them were found to have tumours
of the bladder (Gehrmann 1934). By 1937 (Evans 1937) 2,868 cystos—
copies had been performed and 85 cases of tumour detected. These
examinations are said to have been done annually and the rate of
yield of tumours is interesting :~ 49 men were found to have tumours
when being cystoscoped for the first time, 16 at the second cystos-
copy, 15 at the third and one each on the fourth, fifth and sixth
occasion. The quickly diminishing number of tumours found aftér
the first three annual cystoscopies suggests that a pool of
undiagnosed tumours was awaiting the investigators when they started.
As the years went on the number of examinations with a normal result
mst surely seriously discourage a workman from submitting himself

to an uncomfortable éurgical procedure,

Miller relates how the Americans at a conference with him
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and his colleagues in 1934 convinced the Swiss that they should
apply routine periodic cystoscopy to their workmen at risk, and

in 1937 he introduced it for contacts with benzidine, beta-
naphthylamine and other dangerous substaﬁces. In the five years
before 1937 using the wet smear technique for~occuit haematuria

he had performed 152 cystoscopies and detected 15 tumours, whereas
in the fifteen years after 1937 doing annual cystoscopy of all men
at risk, he performed 968 cystoscopies and detected 35 tumours.
Between 1947 and 1950 he did 499 cystoscopies and found 22 tumours.
This means that before routine cystoscopy was introduced he was
doing an average of 30 cystoséopies per annum, in the first 10
years after its inception he averaged 42 per annum and for the last
4 years precedding his report he averaged 125. From these figures
it can be inferred thag'unless the total number of the employees
was as low as 125, annual cystoscopy has not been epplied even to
the majority of the men at risk even during the period of greatest:
activity in 1947<50.

Wolfe (1937) details the difficulties he encountered in
America in applying routine endoscopic examination to all workmen.
'he time lost following the examination, the attribution of
extraneous complaints to it, labour unrest, the opposition caused
by preliminary treatments,such as meatotomy, all engendered many
persistent refusals to be examined or treated. In the face of
this discouragement he perseverdd and apparently was able to

maintain a reasonably wide cover. He describes 984 original and
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repeat cystoscopic eiaminations in one plant, of which 329 were
done in 22} working days - the imagination boggles at the effects
such a heroic procedure would have had on a population of British
workmen. Despite the obvious difficulties, the reports of
Gehrmann and his colleagues in 1949 showed that the Americans were
8till continuing to apply annual cystescopy as a method of control
in their factories, and it has not been given up so far as is known.
It is, however, extremely doubtful if all workers submit to it
regularly. (Sundry personal communications, Williams, Case, etc.)
In Italy annual cystoscopy had been adopted before 19357
(Di Maio) and wWas still being advocated with enthusiasm at the
International Congress in London in 1948 by Barsotti and Vigliani
(1949) whose figures do not, however, convince one that they were
entirely successful in getting their workmen to submit. Only 13
of 106 men engaged in benzidine utilisation and only 9 of 36 men
in one group of benzidine reduction workers were cystoscoped. They
were more successful with their betanaphthylamine men of whom 33 out
of 40 were examined. Workers were not obliged, but were advised,
to submit periodically to cystoscopy at the works surgery and they
say that in many of these workmen cystoscopy could be repeated
several times, One must infer that the others declined to submit
themselves for repeat examinations. They also cyst'oséoped workers
attending other kinds of work for "control purposes" but they do
not specify any further details of these examinations.

The French practice seems to have been less unanimous.
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Billiard-Duchesne (1949) advocated systematic cystoscopy of all
workers, He applied it in two factories and found six tumours
iﬁ 55 workmen. In other factories which he mentions it does not
appear to have been accepted. Alboulker, Gaultier, Benguign and
Smagghe (1949) used the wet smear technique for occult haematuria
buf they did not apply routine cystoscopy to all their workers.
In Great Britain routine cystoscopy has never been applied
to working populations. Although Goldblatt in 1947 advocated
that it should be performed on all exposed men before stafting
work and at least once a year thereafter, he never applied it to
his own werkers. 1In 1949, he declared that the attitude of
workers in Britain tqwards cystoscopy was far from favourable,
an understatement such as one does not usually get from him. There
are other more valid objections and drawbacks to its regular use,
(Scott,1953; Crabbe, Cresdee, Scott and Williams, 1956). It is
often an uncomfortable procedure and undesirable sequelae can
occur so that its application might lead to refusal to undergo it
at the very time when it has become most necessary; many men
might leave after one or two cystoscopies rather than continue in
employment where they had to undergo it, and their replacement
would increase the numbers at risk; a tumour could arise and
become inoperable in less than a year after a negative ;esult had
led to a‘ false sense of security; it would be impossible of
impracticable to extend regular cystoscopy to all those workers

whose exposure has been relatively slight but who may have a
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remote chance of developing bladder tuméurs, for example labora-
tory workers and men who have worked in areas adjacent to the
dangerous ones, In addition to these practical disadvantages
all investigators in Britain are agreed that periodic cystoscopy
would not be accepted by British workmen, either as part of the
pre-employment examination or as a regular routine thereafter,
and it has never been introduced in this country. This does not,
of course, apply to the follow-up and re-examination of men who
have developed tumours.
Haematuria

As routine periodic cystoscopy was not considered to be an
acceptable and efficient means of screening in @reat Britain some
other method of deciding when cystoscopy should be done had to be
applied., until the end of 195v the examination of wet smears of
urinary deposifs was the only other useful method available and
was the one depended upon in this country. It was introduced into
The~Clayton Aniline Company in 1936 and was the chief screening
method used there until cytodiagnosis was started in 1951. As
urine can be collected and examined without discomfort or difficulty
the test was extended to all workers in the factory and to those
members of the staff who had even the most remote contact with
carcinogens. It is still done at monthly intervals and there have
never been any objections or refusals. it bas been part of‘the

factory routine for many years.
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Wet Smear Technique.

The exact technique is described in Appendix A, The
presence of large numbers oi the persistence of smsll numbers of
red blood cells in the urine of a man who has had a "sufficient"
exposure to carcinogens was almost invariably regarded as an
indication for cystoscopy (Scott 1954) but as haematuria is not
specific for bladder tumours many other factors had to be consid-
ered. Haematuria, occult or gross, can be occasioned by many
causes other than tumour, for example, infection, trauma, calculi
and divers other bladder, prostatic and renal diseases. Acute
haemorrhagic cystitis is a common manifestation of the absorption
of certain chemicals such as the toluidines and 5 chlor 2 toluidine
which are often made and used in dyestuffs factories (Goldblatt
1949, Scott 1953). Red blood cells are also found in the urine
of some apparently healthy individuals.

Red blood cells had been observed in the urine of a disturb-
ingly large proportion (&%) of recently employed men on their first
routine test after starting. ‘''here was no apparent cause for this
and none of them had been exposed to the amines which cause haemorr-
hagic cystitis., These cases raised difficulties in assessing the
results of the tests. It was impossible to be certain if the men
were healthy and the microhaematuria transient or of no significance.
The urine of the new recruits was, therefore, examined from 1948
onwards so as to eliminate any men who had microhaematuria.before

they started. It was hoped in this way to avoid periodical



confusion in the appraisal of urine tests in the future.

During the period of three years - 1948 to 1950 - approxi-

mately 2000 men (1,926) between the ages of 20 and 55 years were

examined prior to engagement in the factory but not specifically

for work carrying a risk of tumour of the bladder, Apart from

those rejected because of various disabilities, 142 (7.4%) were

rejected because of some abnormality of the urinary system (Table

13).

TABLE 13,
Pre-employment Examinations 1948 ~ 59.

Total no, examined

Total no, accepted

Rejected for all causes
Rejected on "general grounds"
Rejected for urinary abnormality

46
142

1,926
1,738
188

2.4%
7.4%

100%
90, 2%
9.8%

The urinary abnormalities for which these 142 men were

rejected fell into three groups - albuminﬁria without red blood cells,

a history of urinary disease and the presence of microscopic haematuria

of undetermined origin (Table 14).

TABLE 14,

142 men rejected because of urinary abnormality

Albumen without R.B.C's
- History of urinary disease
Red blood ¢ells in Urine

17
5
120
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The presence of albumen alone did not necessarily entail
rejection, If it was postural or present only in small amounts
and there was no evidénce of any disability it was not disquali-
fying but no man with albuminuria was éllocated to a hazard plant.
When it was severe or if accompanied by other factors such as
cardiovascular or renal impairment it caused rejection in 17 cases;
Of the five men who had a history of genito-urinary disease four
had had a nephrectomy and one an operation for renal calculus. One
man had a history of a previous attack of visible haematuria of
unknown cause and when examined had many blood cells in his urine;
he is included in the next group.

The largest number of men rejected (6.2%) were those who
had a "significant" amount of blood in the urine (more than 6 - 8
R.B.C's per low power field on microscopy of centrifuged urine
deposit) in the absence of any detected disease or disability.

As the pre-employment examinations were strictly for the
placing of male applicants for employment a certain degree of
selection had already been exercised by the personnel department
before the men were submitted for medical examination and the
obviously unfit and undesirable had been eliminated. The circum-
stances and the need for a prompt assessment precluded the use of
any elaborate laboratory methods such as Addis counts of cells in
the urine, nor was it possible to do further investigations on tﬁe
men rejected exceptAin a few cases. All of them were advised to

consult their own doctorswho were informed of the reason for
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rejection. Only three men are known to have had further investi-

gation, including cystoscopy, and in each it failed to reveal any

lesion.
The possibility that many of these cases were due to infection

is discounted by the fact that no acute gonogrheal infections were
found in the series nor were there any men with a sufficiently large

number of leucocytes in the urine to be described as pyuria.
The presence of the blood cells was not related to any parti-

cular age group. Fig.5 shows the percentage of applicants in each
age group against the percentage of men with blood in the urine in
each age group, and the proportion is constant. It was not possible

to assess any dieteyl{ic influence but the men were all more or less

in the same working class social group.

| —— % OF NEW STARTERS IN AGE GROUPS - 1,926 MEN=100%
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There is the possibility that different men may excrete
blood cells at different times. 'Table 15 shows that the percent-
age of men in 1950 who had occult blood in the urine on their first
routine test after starting work was much lower than it was in

1947 before applicants with occult blood were rejected.

TABLE 15.
Men with microhaematuria on first urine test after starting.

Total new starters | Show blood on %
in plants first urine
test after
starting,
1947 | Noepre—employment
R.B.C.test ' 202 16 8.0
1950 | Clear at pre-
employment R.B.C.test 337 4 1.2

These results suggest that at least a proportion of the rejected
men would have continued to show blood in their urine.

No similar healthy population which has not been exposed to’
chemicals was available for comparison and enquiries failed to
elicit any other similar survey of healthy men or new entrants -
even in the atomic industry.

No reason, therefore, was found to explain the micro-
haematuria in these men and it was presumed that they were healthy
but this was largely speculation until the publication of Green,
0'Shaughnessy and Hendricks (1956) six years later strengthened

the opinion that the majority of the rejects had no serious
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‘uro-genital lesions. These writers described the results of
the urological investigation of 500 patients referred to them
because of the presence of symptomless microhaematuria which had
been detected incidentally in the course of examination for
complaints unconnected with the genito-urinary system., Of these
patients nearly 80% were over 40 years of age and more than half
were over 50 so that one could reasonably expect a higher incidence
of disease among them than in The Clayton Aniline group with its
higher proportion of younger people. Nevertheless, théy found
that only 16% of these people had "moderate to great" lesions of
the genito-urinary tract, and only 2% had tumours; half of the
remaining 9U% had an "insignificant" lesion which required little
or no treatment and in the other half no lesion whatsoever was
found. The incidence of significant 1eéions was not greater in
thosé who had the higher degrees of microhaematuria., There was
no indication in the urinary examination (which did not include
the study of exfoliated cells) which patients were likely to have
a detectable lesion and which were not.

It is, therefore, reasonable to conclude that at least a
very large proportion of the men rejected for employment at Clayton
on account of microhaematuria were healthy. But where bladder
carcinogens are contacted the presence of blobd cells in the urine
must always be regatded as s possible sign of bladder tumour. These
men Were rejected lest they should continue to pass blood in their

urine and difficulty should arise in the assessment of their wet
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smears in the future and to eliminate those who might have urinary
" tract disease or a predisposition to it. |
Haemorrhagic chemical cystitis.

The occurrence of acute haemorrhagic cystitis in workers in
certain amines has been recognised since last century. It was
described by Rehn and many other of his contem?or’awiesnand:-mt; of
¥hem attributed it to aniline and toluidines. Miller (1951) refers
to two instances in'young men after two days of heavy exposure to
betanaphthylamine, Goldblatt (1947, 1949b) cites benzidine and
chlor-aniline as causes and Melick and his co-workers (1955) found
it in workers in 4 amino diphenyl. Aniline has not been reported
as a cauée during the last thirty years. By far the most active
of the commonly used chemicals in this respect are the toluidines
and 5 chlor 2 toluidine. Goldblatt (1949b) thinks the other two
isomers of chlor toluidine may be inactive. Currie (1933) gives
details of 11 cases of haematuria from cystitis arising in workers
manufacturing 5 chlor 2 toluidine; in one group of 13 workers
there were 9 men who developed haematuria. All the men had
sufficiently heavy exposure to induce some degree‘of cyanosis from
methsemoglobinaemia as well. Both the haematuria gnd the cyanosis
cleared up rapidly on removal from expesure. These acute attacks
of cystitis are not thought to be precursors of tumours and it is
not suggested that 5 chlor 2 toluidine is carcix;ogenic (Goldblatt
1949, Scott 1954, Williams 1959, etc.). Truhaut (1952) goes so far

as to state that it should be absolutely struck off the list of
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substances causing bladder cancer.

Manufacture of 5 chlor 2 toluidine hydrochloride has been
carried out at Clayton since 1929. One man opérated the process |
for many years until 1953. He has never complained of haematuria
_or had blood cells in hié urinary deposit on regular monthly tests.
Since then another experienced man has replaced him and he also has
had no complaint or signs of cystitis.

in the ménufacturing process the temperature does not exceed
- 100°%C. and the final material is kept in a wet paste as far as
demands permit so that vapour and dust are not great. From time
to time a dry product is required and the amine has to be dried on
trays in a large stove so that the risk from volatilization and
dusting is increased.

The compound has been used in another part of the same
building, being condensed with other compounds of low toxicity
to form an intermediate of the Ciba-naphthol series. Three to
four men at é time have been engaged on this job which normally
operates for one or two periods of three to four weeks each year.
'he condensation is done at high temperature so that there is a
' potential vapour risk. All the men have their urines examined
daily while they are on this work, If blood célls are found in
the urine of any man he is taken off immediately. ‘ Despite this,
and despite the‘most stringent precautions which are taken on the

plant, three cases of gross haematuria arose during the past three

years 1954 - 57.
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The following summary of the three cases, none of whom
became cyanosed, illustrates several points which arose.

Case No.M, 50031 (A;ge 31). Started March 1954, In
May 1954 had worked 3 days on Ciba naphthol. Ne
blood cells had been seen in his urine which was
examined daily. On the evening of the third dey
whilst at home he started passing blood painlessly.
He was sent into hospital by his own doctor, Cyst-
oscopy revealed dense congestion and inflammation of
the bladder mucosa ("haemorrhagic cystitis"). This
cleared up in three days and he was well on discharge.
There was no recurrence of blood in his urine up to
his leaving the company on 14.1.55.

Case No.J. 50002 (Age 24). Started October 1955.

On 17th October, 1956, after working a week on Ciba-
naphthol, his daily urine test revealed 6-8 red blood
cells per low power field. His job was immediately
changed so that contact with 5 chlor 2 toluidines
was eliminated. Next day he had a moderate degree
of visible haematuria which lasted one day. Micro-
haematuria gradually decreased and took 10 days to
disappear entirely., He is still employed and has
had no further symptoms or signs of urinary trouble.

Case No.B., 50016 (Age 52), Started 14.1.57. On
28.5.57 he was engaged in cleaning out stoves which

had contained 5 chlor 2 toluidine, That evening he
suddenly developed severe dysuria and frequency. The
urine was blood stained., His symptoms cleared up in
two days, but he had another slight attack on the
fourth day. The microhasematuria gradually subsided
and by June 3rd his urine contained no blood. Stained
smears of exfoliated cells showed normal (Class I) ceils
throughout, His urine has been clear on subsequent

examination,

Other similar cases have been recorded in earlier years

and all have cleared in a few days under simple treatment; fort-

unately none has developed clot retentions
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Thus the significance of occult blood in thé urine of
workers in a chemical factory can be iery difficult to assesé,
and a single sample can be misleading, If there is micro-
haematuria in a specimen from a man with a history of recent
contact with certain amines, further examination after removal
from exposure may be necessary., The persistence of small
number of blood cells or the sudden appearance of large numbers
has usually been regarded as an indication for cystoscopy but
such signs are in no iay specific for tumour even in men with
histories of long and heavy exposure to carcinogens. Each case
had to be considered individually, taking into account the
history of exposure to carcinogens,before deciding if cystoscopy
should be advised, bearing in mind the importance of keeping the
number of negative cystoscopies as low as possible in order to
avoid the risk of refusal in the future.

Nevertheless, although the application of the wet smear
technique had disadvantages and short-comings many presymptomatic

diagnoges have been achieved by this method. The average number
of men employed during the past 15 years has been about 1,800 and
approximately 22,000 wet smears have been examined from them each
year. During the eleven years from 1940 - 1950, 40 men whose
urine was being examined reéularly by the wet smear test, developed
tumours, In 16 of thesé men there was no indication whatsoever
that a tumour was present until blood cells were observed on

microscopy of their urine. In 12 cases small numbers of blood
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cells considered to be insufficient in quantity to warrant
adviging cystoscopy, were present. In 12 men symptoms oi- gross
haematuria were the first indications of bladder trouble. The
wet smear technique,therefore, was unsatisfactory in detecting

the presence of tumour in 24 men out of 40.
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CYTODIAGNOSIS.

The disadvantages of depending on the detection of micro-
haematuria or on regular routine cystoscopy for the early
diagnOSis of tumours of the bladder kept one on the alert for any
other means of screening the workmen. fo'agments of tumour and
tumour cells were sometimes identified on routine examination of
unstained wet smears of urinary deposit from men kmown to have
tumours. This was not a new observation as desquamated cells
were Said to have been seen in the urine as early as 1864 (Sanders).
It was not, however, until the introduction of differential
staining by Erlich in 1891 that the accurate assessment of such
cells became possible. In 1903, Albarren and Imbert suggested a
search for neoplastic cells in the urine in cases of inexplicable
haematuria, Stennius (1924) and Heiburg (1926) tried to assess
the malignancy of cells in urine by measurements of the cells and
of their nuclei, Parmenter (1925) thought the urine could usefully
be examined for tumour cells as well as blood cells before cystos-
COopy.

Papanicolaou, following the successful application of his
technique of exfoliative cytology to the diagnosis of cancer of
the cervix uteri (Papanicolaou and Traut 1943) extended it to the
urine (Papanicolaou and Marshall 1945, Papanicolaou, 1947). He
reported his findings from cytological studies of the urine in
240 hospital patients. Of these, 76 had tumours (55 of bladder,

12 of kidney, 1 of renal pelvis, 8 of prostate) and tumour cells
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were found in the urines of 43 (57%). A further 21 were
suspicious or doubtful, 7 were slightly suspicious and 5 were
negative. There were also two false positive fingings.

" Schmidlapp and Marshall (1948) treated 333 patients whose smears
had been classified by Papanicolaou. Despite an encouraging
number of true positive results they reported that the technique
was not dependable in the detection of benign tumours ~ they had
36 patients with histologically benign papillomata in 27 of whom
the smear was negative and in 8 of whom it was suspicious. Chute
and wniiams (1948) applied the technique to the urine of 168
hospitai patients with encouraging results in malignant neoplasms
(55% true positive in 59 patients with tumours and 1% false
positive results in the others) but their results in cases of
benign papilloma were not dependable. Possible reasons for this
are discussed later. Although in 1950 Cromwell and Papanicolaou
(1952) had suggested the screening of dyeworkers at risk by this
method it has not yet been extensively applied in America. Within
the past few months it is being introduced there by Melicow for
the screening of 4 amino diphenyl workers on the advice and under
the guidance of British industrial physicians (sundry personal

communications and correspondence).

In 1951 the stained smear method of Papanicolaou was
introduced into three British factories (Crabbe 1952;  Crabbe,

Cresdee, Scott and Williams, 1956) one of which was The Clayton

niline Company. It has been used in this fastory as the principai
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method of control screening of workers since then. The other
two factories belonged to Imperial Chemical Industries Ltd, and
Drs.Crabbe, Cresdee and Williams were their medical officers.,

In the 1956 paper the joint results obtained by examining the
urine of some 1800 workers and the cystoscopic findings amongst
91 men are reported. Of these I contributed approximately 1500
men who were on routine test and 44 of the 91 men who were cystos-
coped. Since the joint paper was written further cases of
bladder tumour have been diagnosed by cytodiagnosis and confirmed
by cystoscopy.in The Clayton Aniline Company's factory and my
cgmplete‘results are now described and discuséed.

When the technique was introduced at Clayton in January 1951,
wet smears were being done at monthly intervals on all workers and
this has been continued. At first if any wet smears showed
epithelial cells or blood cells a stained smear was made by
Papanicolaou's method and examined. One also examined stained
smears from all workers at least annually and at more frequent
intervals from those men at high risk due to long or heavy exposure
to carcinogens., The two latter types of survey were done for the
first four years, but it was found that a great deal of time and
energy was wasted on preparing smears, many of which were acellular
when examined. Furthermore, it seemed desirable that a more
frequent check should be maintained on those workers at high risk,.
If the urines of all the men were to be fully processed each month

it would have necessitated doing something of the order of 1500
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stained smears every month, a number which was administratively
and economically impossible, Therefore, from 1955 stained smears
were prepared only from those urines with cells in the wet smear.
Much time previously wasted in preparing and -examining acellular
material has thereby been saved. With experience, variations in
cell structure were noted in the wet smear and were confirmed on
examining a stained smear. In this way it was found that cells
which were atypical or abnormal could be distinguished on the wet
smear, Stained smears were thereafter prepared for further
examination and classification only from urines containing abnormal
or atypical cells and from those containing blood cells, ‘

With the adoption of this procedure, which was finally worked
out and applied by the beginning of 1955, an average of 100 stained
smears require to be prepared and examined each month from the 1500

or so men who are on monthly urine test.

Phage Contragt Microscopy

The fact that atypical and abnormal epithelial cells could
be distinguished from normal cells in wet smears of urinary deposit
under the microscope using conventional illuminants suggested that
if phase contrast microscopy were applied it might be possible to’
make a direct reasding. This would eliminate the time spent in
preparing and examining stained smears.

In order to test this hypothesis 1,000 urine deposits were

examined using phase contrast microscopy. 1t was found that the

classification of the cells present corresponded in all cases to
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that made by the same reader on the same urine stained by the
Papanicolaou technique. It was concluded that direct readings
by phase contrast microscopy can readily be made on unstained wet
smears. The re-training of a technician or technologist used to
gxamining stained material would not be difficult. The advantage
expected of phase contrast microscopy was the saving of the time
spent in preparing and staining smears. In fact little time was
saved as a fresh specimen had to be prepared for each urine so
that it could be examined under a high power objective using a
cover slip. A batch of 20 Papanicolaou smears can be stained and
mounted in about 30 minutes.

The great disadvantage of phase contrast microscopy was
found to be the absence of a permanent preparation. This is
essential for (a) the confirxqatory examingtion by the medical officer
of a technician's findings, (b) the re-examination of suspicious
smears and their comparison with subsequent specimens, () reference
back in the case of readings which subsequently appear to be false
and (d) teaching and demonstration purposes. These considerations
outweighed the apparent advantages and it was decided to discard
phase contrast microscopy and to concentrate on increasing the

~efficiency of the stained smear technique.

Stained Smear Technique.
The original technique (Crabbe 1952) consisted essentially
of fixing the urine with an equal volume of 95% ethanol and centri-

fuging 40 mls. of it. Smears wers made by spreading a small amount
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of the deposit on a slide and placing it in a fixative solution,
It is then stained, comnterstained and mounted. The technique
is described in detail in Appendix A. While it is preferable to
use fresh urine (Sarvaya, Saudin and de Almeida, 1954, state that
it should be processed within one hour) it has been found that
unfixed urine will keep several hours and fixed urine as long as ;
96 hours at room temperature.

| Most urines examined from symptomless, healthy workmen are
crystal clear and yifld little deposit and few cells. As there is
a marked increase in the exfoliation of bladder epithelium after
exercise (Hyman, Solomon and Silberblatt, 1956) urine is collected
from men at work, when they are active, in order to get the maximum
possible number of cells in the specimen. The collection of clear
urine in two pots appeared unnecessary and during a trial period
of two months in 1955 smears were prepared from each pot and from
a mixture of the two specimens. There was rarély any difference
in the smear whichever specimen was used and since then one pot
specimens have been collected. Occasionally when there is a heavy
cellular deposit a two pot specimen may be-required.

In industrial practice most of the urines yield little

cellular deposit. The addition of the 95% sbohol often precipi-
tated a heavy deposit of amorphous debris and also halved the

possible cellular yield in the final deposits. It was found after

a series of trials that the ommission of alcohol for fixation did

hot affect the cells if they were processed within four hours of
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micturition and alcohol fixation was therefore discarded.

' The smears made from many of the urines showed so few
cells that a great deal of time had to be spent in searching for
them. Some method of concentrating more cells into a smaller
area Was sought. ‘Deden (1954) used 400 ml. of urine, allowed it
to settle for six hours and centrifuged the deposit. This is
cumbersome and is impracticable in mass screening. Rofe (1955)
concentrated the cells by differential centrifugation. A 4
modification of his method was eventually developed and is yhe one
now used. Fig.6 shows a random smear preparéd after oxdin;g.zl*}
centrifugatioﬁ of clear urine and Fig.7 shows a smear froé:‘fhe
same specimen after special concentration. It will be sten that
many more cells are availsble in each field for examination\.w

Deden (1954) found that staining by haematoxylin and eosi:i\«_. 8
\

was as reliable as Papanicolaou's stains. A series of smears o
stained by each method confirmed Deden's opinion. It was found, , ‘1‘7".’{""
however, that examining H & E stains for long periods was mach more’. ' -

, . S
tiring to the eyes than the Papanicolaou stains and the latter o \} :
: ,‘;f.v )

are preferred and used. v

Jariations in staining were troublesome until trisls showed
that standardization of the pH of the urine and of t}le stains gaje
uniform results. Leishman's stain was also tried in oxder to get
more delicate nuclear staining but was abandoned because all

attempts to stain smears in batches with it resulted in uneven and

undatisfactory staining. ' .
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The use of a tissue processor for staining was also trie'ci
as it was thought that automatic staining might save time and
standardize results. Against controls stained ‘by hand there was
some distortion of the cytoplasm and the nuceli were poorly
defined. This was probably due chiefly to the time taken (75 secs. )
to change over from one bath to another so that the smears tended
to dry out, and partly to the limited number of operations possible.
Automatic staining has, therefore, not been introduced., In any
case the time that might have been saved by its use is small
compared to that required to examine the slides.

The technique of preparation and staining of the smears
which was finally adopted is detailed in Appendix A,

Clagsification of smears.

Papanicolacu (1954) described and depicted in his Atlas the
criteria of malignancy. His clagsification of smears is as
follows :~

Class I. Absence of atypical or abnormal cells.
Class II Aéypical cytology but no evidence of malignancy.

Class III Cytology suggestive of, but net conclusive for
malignancye.

Class IV Cytology strongly suggestive of malignancy.
Class V Cytology conclusive for malignancy.
Crabbe, Cresdee, Scott and Williams emphaéize that the
interpretation of the smears is difficult and requires a thorough

knowledge not only of the criteria of malignancy but also of the

numerous variations from normal due to non-neoplastic conditions.



129

We stress that it takes mamy months of instruction and practice
to train a technician to make a relisble assessment of exfoliated
cells.

As Papanicolaou points out, exfoliated cells differ greatly
in appearance from corresponding cells in tissue section. No
gingle criterion is sufficient to establish conclusively the
presencé of malignancy and he bases his classifications on struct-
ural modifications of cells and their nuclei, and changes in the
inter-relationships of cells as evidenced in cell clusters and
tissue fragments. Crabbe (1959) includes as the main criteria
-enlargement and prominence of the nucleus with an alteration in
the amount and pattern of chromatin, marked irregularity in nuclear
shape and abnormality in size, and he notes that mitotic figures,
though uncommon, are sometimes seen; the cells may be large and
bizarre in shape and phagocytosis of other cells by malignant ones
is common. Figs. 8 and 9 show malignant cells illustrating many
of these criteria in smears from the urine of men under routine
test.

As a practical working method in screening the Clayton
workers, Class I and II have been regarded as negative, Class III
as suspicious and Class I¥ and V as positive. A positive result
is regarded as an indication for investigation (including cystos~
copy of the genito-urinary tractd. Suspicious smears are regarded
as positive if blood is also present or if exposure to carcinogens

is deemed to have been significant but otherwise the examination
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is repeated until a definite appraisal can be made. Many of
the case histories illustrate the application of these principles.
Results of cytodiagnosis

The results cover the seven year period 1951 - 58,
Special reference will be made to the last three years when the
improvements in cytodiagnostic technique and interpretation. had
been fully developed.

Approximstely 1500 men were examined regularly when new
starters and leavers are taken into account., Table 16 shows the
number of hourly paid male employees on the tests. A number of
the staff were also examined.

YABLE 16

Men on routine urine tests

Total at New Starters Leavers during Overall
Jan.lst during year year Total
) (8) () (4+3B)

1951 1472 627 498 2099
1952 1601 81 778 1682
1953 904 534 240 1438
1954 1198 392 294 1590
1955 1296 282 248 1578
1956 1330 10L 261 _ 1430
1957 1169 212 179 1381
1958 1202

fhe results are divided into two main groups, first those

men who had never previously had bladder tumour and secondly,
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those who had developed, and been treated for, tumours and who

Were under regular follow-ﬁp review. The results in these two
groups are so strikingly different that they are described and

discussed separately.

Cytodiagnosis in men with no previous tumour.

In the first group 55 men were cystoscopéd because of the
findings in the routine urine tests or because of the onset of"
symptoms and 35 new cases of bladder tumour were discovered.

The results are summarized in iable 17.

Smear results compared with cystoscopic findings in 55 _men

‘umour Present No tumour found
Yrue | Prob.| False | Total Falgse | True | Total
Pos, | True | Neg. Pos. Negz.
Symptoms .
and/or R.B.C's | 10 2 3 15 1 15 16
Ne. n @ 17 3 - 20 2 2% 4
Total 27 5 3 35 3 17 20

* cystoscoped at own request

There were 27 men with positive Papanicolaou smears in whom

tumours were found on first cystoscopy (true positives). Of these

10 had symptoms or a degree of microhaematuria sufficient in

themselves to be an indication for cystoscopy; the other 17 had

not at any time had symptoms or blood cells in the urine or any

indication, other than the stained smear, that a tumour was present
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Five other men irith positive smears, but in whom no tumour was
found when they were first cystoscoped, were found to have tumours
on re-examination at varying intervals up to 18 months later and
are regarded as probably true positives., Three men who had
negative smears were investigated because of sudden haematuria in
one, and the persistence of red blood cells in the urine of two,
and they were found to have bladder tumours (false negatives).

No tumour has been found in 20 men who have been cystoscoped
for various reasons. Three examinations were made on men whose
smears were considered to be positive (false positives) and 17 on
men whose smears were negative (true negatives), 15 because they
had symptoms or occult haematuria and two at the men's own request
for an examination to allay their fears.

Discugsion of resultse.

Of 35 men whose stained smears were positive 27 (77%) were
found to have bladder tumours on first cystoscopy. When the 5
"probably true positives" are included this figure becomes 32 (91%).

Men who had negative Papanicolaou and negative wet smears
were presumed to be clear of tumours in the absence of symptoms and
they were not investigated further. During the period under
review all the tumours which were found were at an early gtage of
development when first seen. This supports the view that no
tumour remained undetected until it was at a late stage. In fhe
three cases in which a tumour was found associated with a negative

stained smear, two of the men had increasing microhaematuria which
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prompted further examination but the other had only an
insignificant number of blood cells in the urine‘ before a sudden
haematuria supervened. In each case the Papanicolaou smear was
positive after initial out-patient_ cystoscopy and before the men
were admitted to hospital for treatment, so that the detection of
the tumour by stained smear examination would probably not have
been long delayed had the other reasons for initiating investi~
gations not arisen.

The ability to distinguish normsl cells on the unstained
wet smear leads one to the conclusion that urines which are
classed as normal in this way are rightly regarded as negative
for tumour. During the last 3~year period 1955-57 approximately
40,000 urines were examined by this method and 2,544 were selected
for staining and further examination. Deducting 820 smears from
men with new tumours or established tumours which had previously
been treated there were therefore 1724 true negative stained smears
and approximately 39,000 true negative smear examinations in all.
During this period the presence of only one bladder tumour has
been revealed other than by routine urine examination (Case No.4l)
and it is reasonable to presume that this is the only false
negative result, using the two techniques, in about 39,000 examin-
atioxis.

Both tests have been applied throughout. Table 18 shows
the results of the application of the wet smear technique for

microhsematuris and Table 19 those of the Papanicolaou technique
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since the latter was introduced in 1951,

TABLE 18

Vet Smear Results.

Red Blood cells or symptoms

Cystoscopy Total
Present Absent
(Positive ) ( Negative )
lumour present 15 20 35
No tumour present 16 4 20
Total 31 24 55
TABLE 19
Papanicolaou Smear Results,
Cystoscopy Papanicolaou Test ‘Total
Positive Negative

Tumour Present 32 3 35
No Tumour Present 3 17 20
Total 35 20 55
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These data emphaéize the great superiority ofv the
Papanicolaou technique over the wet smear technique for the
detection of blood cells. With the latter there were 20 (36.4%)
false negative results whereas with the Papanicolaou technique
there were only 3 (5.5%). Moreover there were 16 (29%) false
positive results with the wet smear and only 3 (5.5%) with the
Papanicolaou smear. | }

The improvements in the technique and the eiperience gained
in the interpretation and classification of the smears would be
expected to improve the results. Table 20 shows the results for
the past three years 1955 - 57 during which 21 new cases of bladder
tumour have arisen in men still at work and under supervision.

TABLE 20

Tumours ariging in the past 3 years,

Papenicolaou smear

True Pos. False Pos. | False Neg. | Total

lood cells and/
or symptoms 1l 0 1 2

No blood cells : 1
or symptoms 19 Y 0 2

No. of men with :
tumours 20 0 1 21
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There were during this period 19 men (90%) with symptom—
less tumours which were detected by the Papenicolaou before there
was any other indication whatsoever of their presence.

Palse positive results,

There were eight men whose smears were positive but in wlom
no tumour wes found when they wei‘é first investigated. Five of
these men were found to have tu:ﬁours on subsequent urological
investigation at intervals varying from five to 18 months later and
they have been tabulated as "probably true positives". The
following case is representative :-

Case No.122., This man was aged 56 when the tumour was
found in 1954. He had worked on magenta manufacture
for 3 years 1922 ~ 25 and had used benzidine in small
amounts for 19 years 1930 - 49. In January 1954 a wet
smear of his urine contained a few red blood cells and a
Papanicolaou smear revealed "many malignant cells and
clusters - Class V - positively malignant®. Cystoscopy
was done on 25,1.54 but no tumour was seen in the bladder;
intravenous pyelography revealed no abnormality. Ex-
foliated malignant cells continued to be present in the
urine and he was re-investigated four months 1ate;. On
25.5.54 cystoscopy showed widespread papillomatosis of
the bladder which proved on biopsy to be papillary
carcinoma.

Von Hamm and Menzies (1953) found malignant cells .in vagipal
smears from laboratory animals some time before experimentally

induced carcinomata of the cervix uteri could be identified, and

it seems reasonable to presume that cells with malignant character-

istics were exfoliated from early foci of tumour formation which

Were too small to be demonstrsble by the most careful investigation.
Melicow and Hollowell (1952) described 30 cases of carcinoma in

situ from the Squier Urological Clinic in New York. Among thes§
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were 17 in the bladder epithelium while two involved the ureter
and one the renal pelvis.

it is possible that the appearance of malignant cells in
one case in this series in which no cause has been found may
prove to have a similar explanation :~

Case No. ¥.M, 53035: Born 10.,10.02. He worked in
a process using benzidine for 20 years 1931 = 51.

A carcinoma of the colon was successfully removed by
right hemicolectomy in 1954. In March 1956 cells
with characteristics suggestive of malignancy (Class
{V) vwere observed in his urine. On 21.8.57 he
complained of severe lower chest and abdominal pain
radiating to the left arm and was admitted to the
Manchester Royal Infirmary as an emergency on 21.8.57.
Investigations and liver function tests confirmed a
diagnosis of acute pancreatitis. He was discharged
from hospital on 27.9.57. He was cystoscoped as an
out~-patient on 19.10.58 and no bladder tumour was
found. Smears up to 17.3.58 have been Class I. He
is being kept under observation.

it remains to be seen if this man will eventually develop

a tumour. Roland and Marshall (1957) held that unexplained
positive smears should be followed up indefinitely. Crabbe,
Cresdee, Scott and Williams had four men (the above case is not
one of them) who had repeatedly shown malignant cells in their
smears over periods of up to two years but in none of them had
a tumour been found. Two of these men were from The Clayton
Aniline Co.Ltd. and are included in the present series (Case
Nos. 47 and 127). Both of them have since been found to have
tumours on follow-up cystoscopy and are now included in the

"$robably true positive" group.

Une of two men in the series who developed the initial
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tumour in the renal pelvis had malignant cells in his urine for
8 year before a diagnosis of tumour was confirmed. There was
a gradual progression of the classification from normal to
frankly malignant over a few months and this has been observed
in many of the cases,

Case No.127 H.C.: Borm 9.6.05. This msn worked

on or near the benzidine manufacturing unit for

15 yeara 1939 - 52, Stained smears of his urine
were clagsified as I or II until lst nNovember 1955.
A reading of Class II - III was made on that day and
again on 30th November and 3rd Jamuary 1956, On

the 2nd rebruary 1956 it was Class III - IV and on
the 2nd March Class IV. Three further smears during
the same week were Class IV, Some blood cells vere
also present then. Fig.l0 is a photomicrograph of
the smear on 2nd March. In view of these findings
he was cystoscoped on 26th March 1956, No tumour
was present in the bladder. Straight x-ray of the
urinary tract showed no abnormality and an intravenous
pyelogram revealed good excretion and no abnormality
of the renal or pelvic outlines,

He continued to exfoliate Class IV or V cells
and he was admitted to Salford Royal Hospital on
22.12.56. Cystoscopy again revealed an apparently
normal bladder. On retrograde pyelography the
appearances were suggestive of tumour at the right
pelvi-ureteric junction and this was confirmed on an
intravenous pyelogram.

On 15.1.57 right nephrectomy and ureterectomy
was performed by Mr D.S.Poole-Wilson and a papillo-
carcinoma of the renal pelvis was found. Section
showed this to be invasive. Smears were Class I
after hig operation.

He subsequently developed bilateral pulmonary
tuberculosis of which he died on 18.12.57. At post-
mortem examination his bladder, left kidney and renal
pelvis were clear of tumour.

Papanicolacu \1954) stated that there was evidence that

exfoliation appears early in tumours of the pelvis of the kidney.
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He cites two cases in which the diagnosis was made by the
examination of ureteral urine and was confirmed by nephrectomy
performed on the strength of the urinary findings. Owing to
the limitations of diagnostic methods the detection of renal
pelvic and ureteral tumours at as early a stage as those in the
bladder is difficult and it is likely that exfoliation does not
necessarily take place earlier from theme tumours than from
bladder tumours but that it occurs before the growth is suffi-
ciently advanced to be demonstrable by other methods. For this
reason it is probable that renal pelvic tumours will give rise
to positive readings on urinary smears before they can be
demonstrated by conventional methods.

Two of the men whose smears were classified as positive
were investigated and were found to have symptomless renal
calculi. Ferguson (1949) held that certain non-neoplastic
conditions can produce cells almost identical to malignant cells.
Papanicolaou in his Atlas pointed out that renal calculi may
‘cause the appearance of atypical transitional cells which are
mostly small or medium sized and that their differentiation from
malignant cells is at times difficult. The smears from each
case showed clusters of cells which were not unlike those from a
benign papilloma. There was, however, ample cytoplasm between
the nuclei and the cell membranes and the outline of the clusters
was smooth and well-defined; there were some erythrocytes and

leucocytes in each case. Fig.ll is a photomicrograph (Case No,.
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59028) showing these several points. It was thought that one
could in the future recognise these appearances as typical of
the presence of renal calculi and differentiate them from those
of benign papilloma. Smears from two patients in Salford
Royal Hospital who were known to have renal calculus were made
and this impression was strengthened. Fig.12 shows a photo-
micrograph from a smear of one of these patient's urine and the
same characteristics are evident. This can be compared with
Figs. 13 and 14 which are from benign papillomata.

Crabbe (1959) feels it is far worse to miss detecting a
tumour until it becomes inoperable than for a man to undergo
whet he describes as a "negative cystoscopy" and that, therefore,
false positive results are far less undesirable than false
negatives. No one could seriously refute this statement., Deden
{1954) looking at the same point from another aspect is of the
opinion that if one aims to be so cautious as to exclude any
false positive the result would presumably be to get too low a
number of correct positive findings and thus reduce the clinical
value of the procedure. These views are merely speculative,

The point has already been made that in approximately 40,000
examinations in the last three years, only one case arose which
was not first detected by the smear technique. In all other
cases a positive smear gave an indication that a tumour was
Present and in a few apparently false positive cases it preceeded

the appearance of the tumour by some months. Furthermore, in
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only one case does a false positive smear remain unexplained.
False negative results,

‘three men (Case Nos. 22, 23 and 41) whose Papanicolacu
smears were negative were found to have tumours when cystoscoped.
Two were investigated because of the presence of gignificant
numbers of red blood cells in the wei smear and one (No.41)because
of the sudden onset of haematuria. Thus if both teohniques are
taken into account there was only one false negative.

Case No.41: Born 12.1.07. This man had been
engaged in the manufacture of beta-naphthylamine

for 23 years, 1927 - 50. Wet and stained smears
examined at monthly intervals had been consistently
negative, the datter was Class I on every examina-
tion except for a Class II reading on 14.10.55.

The last urine test previous to the onset of symptoms
was on 16.1.56 and it was again negative. On
18.2.56 he had a sudden attack of haematuria. Cystos-
copy on 24.,2.56 revealed a tiny benign papilloma
which was destroyed by diathermy. Biopsy confirmed
that the tumour was a benign papilloma.

In each of these three cases the clinical appearances vere
those of a benign papilloma and this was confirmed by biopsy in
two of them., In the other case {No.22) the biopsy material
showed oedematous bladder wall only. Soon afterwards this man
passed large numbers of cells with the characteristics of
malignancy and he has continued to do so. He is discussed more
fully in the comsideration of established cases(page 149).

Crabbe, Cresdee, Scott and Williams had a false negative

finding in a man with a solid type of carcinoma covered with

slough and calcareous deposit which presumably sealed off any



142

cells which might have exfoliated. No advanced or solid
carcinomata occurred in the present series and the three false
negative Papanicolaou. findings were all associated with tiny
benign papillomata,

Benign Papillomata.

Papanicolaou in his discussion of the criteria of
malignancy states that Class V is the only conelusive group and
that a varying degree of error in interpretation is to be
expected in each of the other four groups. Many authors (Chute
and Williams, 1948, Schmidlapp and Marshall 1950, McDonald 1954,
Deden 1954) stress the difficulty of detecting benign papillomata
because the cells exfoliated from them would not be expected to
show the ususl criteria of malignancy and would be similar to the
normal. In fact Dean (1948) and Leadbetter (1955) maintained
that they showed no recognisable difference from normal cells.
Osborn (1953) thought that even fragments of tissue voided in the
urine from benign papilloma showed little cellular variation from
each other or from the normal, but three years later (1956) he
said that cytology of the urinary tract was of the greatest value
in diagnosing both benign and malignant tumours and that the cells
from each are easily distinguished from the other.

Crabbe, Cresdee, Scott and Williams (1956) reported 56 new
cases of bladder tumour, Among these were 29 casds of clinically
benign papilloma which had been detected by the appearance of

positive smears and of which 15 were confirmed on biopsy. In
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three cases clumps of cells which were considered to be benign
papilloma cells were seen and in each the presence of a benign
papilloma was confirmed on cystoscopy. My co-workers and I
were convinced that, contrary to many opinions, it is possible
to detect a significant proportion of benign papillomata by the
stained smear technique. My own experience since then has
strengthened me in this conviction.

The reading and interpretation of large numbers of smears
have resulted in a greatly improved perception of the character-
istics of cells exfoliated from benign papillomata and malignant
neoplasms. The results still show that while both types of
tumour may exfoliate cells with malignant characteristics, some
benign papillomata will exfoliate cells, which while qot having
the criteria of malignancy have specific characteristics by which
they can be classified as having originatéd from benign papilloma.
Figs. 15 and 16 show two examples of such smears. ‘they are from
Cases No.51 and 66 respectively. The cells are clustered in
groups, are fairly small but have a high nuclear cytoplasmic
ratio and there is nuclear hyperchromasis; there is little
variation in the size or shape of individual cells within the
clusters. Occasionally a small piece of tigsue is identified
as having been shed from a benign papilloma and Fi€-17>3h°"3 such
a particle from Case No.38.

‘rhere were 32 men in whom the onset of a tumour was

associated with a positive Papanicolaou suear (Table 2).
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TABLE 21

32 men with tumours whose Papanicolaou
smears were positive

Papilloma Carcinoma Total
Class IV or V 16 10 2%
Papilloma cells 6 0 6
Total 22 10. 32

In 6 the smear contained cells typical of benign papilloma
and in 26 the smears were classed IV or V, in fact, the appear-
ances were suggestive of or conclusive for malignancy. Of these
32 men, 10 had clinical carcinomatous lesions all confirmed by
biopsy and 22 had elinically benignpapillomata of which 14 were
confirmed by biopsy. The latter include the 6 cases (Nos. 20,
38, 40, 46, 51, 66) in which only clumps of benign papilloma cells
Were seen.

Thus, 16 men out of the 22 with benign papillomata had
apparently malignant cells in the urine. It is difficult to
explain this finding in such a high proportion of men with benign
tumours, unless malignant changes are already taking place in
these tumours, If this is so then one would expect & higher
eventual incidence of malignancy over all the period than there

actually is.
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The degree of innocence or malignancy of the simple
histologically benign papilloma is a very controversial point
(Crabbe 1959). Some {e.g.Demming 1950) regard it as benign
throughout, others (e.g. Marshall 1956) take the easier vay of
regarding it as being in a distinct class by itself and many
(Ash .1940, Wakeley and Graves 1958) regard the papilloms as &
potential source of cancer. Wakeley and Graves held that
"gome benign growths will remain benign, some will become malig-
nant soon and some will have malignancy thrust upon them"

(the last from super-added irritant). Dukes(1947, 1952) held
that some benign neoplasms contain a focus of carcinoma which
is not invasive and Macalpine (1947) thought that a urinary
papilloma may be benign in one part and malignant in another,

The one very important conclusion that can be drawn with
certainty from the results in this series is that it is possible
to detect benign papillomata by cytodiagnostic techniques but
it has not been found possible to predict the nature of the tumour
from the appearance of the exfoliated cells except in the small
number of men in whose urine benign papilloma cells could be
identified. If, as some claim, normal locking cells are, in
fact, exfoliated from a benign papilloma and are not identifiable
in the urine then it could be expected that the degree of malig-
nancy of the tumour would be very low. Such a faléo negative
reading would not be so serious as it would be in the case of

a malignant tumour or one potentially malignant, The more
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malignant a tumour is the more readily does it exfoliate in the
early stages (Chute and Williams 1948, Booth 195§ in print) and
the more likely it is to be detected.

Contrary to the many opinions expressed previously, it has
been found that the cytodiagnostic technique is capable of
detecting a significent proportion, and probably most, of the
benign papillomata. Many of the opinions to the contrary were
expressed in the early days of its application and were founded
on the results in various series of hospital patients in whom new
untreated tumours and advanced or previously treated tumours were
indiscriminately mixed.

Cytodiagnosis in the follow-up of old cases.

The high liability to recurrence makes it essential that
regular review of all those who have bladder tumours should be
maintained for the rest of their lives. The possibility that
examination of smears could be substituted at least in some
measure for:cystoscopic examinations was naturally attractive
and it was hoped that it would prove dependable in this respect,
The results (Table 22) have utterly dashed this hope.

The table shows the results for the 2% year period up to
January, 1958. This period is chosen because the improvements
in technique had been established by then and the readings are
likely to be more accurate than in the earlier days of its use.
Despite this it is obvious that the results are quite inconsis-

tent and that no dependence can be placed on them,
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TABLE 22

Results of 130 review cystoscopies and
smears of 7 men who have had tumours.

Cystoscopy
Negative Suspicious Positive Total

Smear (No tumour (Tumour

Results found). Present)

Negative 46 4 | 19 69
Suspicious 10- 1 0 11
Positive 19 2 29 50
Total T T 48 130

Marshall and Whitmore (1956), because they had a "moderate
number" of patients who had positive smears for some time before
cystoscopic observation could detect a recurrence, concluded that
the Papanicolaou smear technique had become a useful adjuvant to
follow up examinations. This would only hold good if a large
proportion of recurrences were detected and if one could be reason-
able certain of the absence of recurrences in those with negative
smears. It is disappointing that, in the present series, in 19
instances patients with negative smears had recurrent tumours on
cystoscopy and only in 46 instances out of 69 (66.6%) was a

negative smear completely vindicated om cystoscopy. In fact,





































































































































































































































































































































































































































































































































































































































































































































































































































