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A FURTHER CONTRIBUTION TO THE KNOWLEDGE
OF CARCINOGENIC EFFECT OF AROMATIC AMINES
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ABSTRACT

Cause-specific mortality of 906 workers first employed between 1922 and 1970 in a dvestuff
factory in Northern Italy was compared in this study to national figures: a marked excess of urinary
bladder cancer was observed (36 observed vs, 1.23 expected deaths). The mean latent period was 25
vears. The excess was higher among those with longer duration of exposure. Mortality from
urinary bladder cancer was much higher among those manufacturing benzidine and
naphthylamines than in those exposed to these compounds through use or intermirtent conract
only. The excess urinary bladder cancer was also very high among fuchsine manufacturers. There
was evidence that o-toluidine and 4,4° methylene bis (2-methyvlaniline) should be implicated in such
excess mortality. Authors therefore suggest caution in handling these compounds and stress the
need for further studies to confirm the findings.

This survey has been undertaken on workers engaged in a dyestuff factory
in Norrthern Italy in order to assess whether evidence could be obrained of the
carcinogenicity of some aromatic amines not already recognized as being
carcinogenic to man.

SUBJECTS AND METHODS

It has been possible to follow up 868 workers out of 906 first employed
between 1922 and 1970 and to compare mortality during the period from 1946
through 1976 to national figures, according to the usual method of man-vears2,

Detailed information was available from factory archives on chemical
compounds manufactured and used as well as on processes carried out in each
department of the plant. The date of the start and end of each operation was
reported. The type of exposure for cach worker was therefore defined by linking
individual information and knowledge of chemical processes corresponding to
the jobs mentioned in personal records.

RESULTS

In the period from 1946 through 1976 there were 36 deaths from urinary
bladder cancer, whereas only 1.23 were expected to occur on national basis.
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TABLE 1
Urinary bladder cancer. Observed and expected deaths by duration of exposure and larent period.
Duranon Observed Latent ; Observed
of exposure  Observed  Expected period  Observed Expected
(vears) Expecred (years) Expected
Up to 10 8 0.64 12,50 Lp to 10 0 0.10
1020 13 .38 34.21 1020 ] 0.37 21.62
21 and over 15 .21 T1.43 21 and over 28 0,76 36.84
Toral 36 1.23 29.27 Total 36 1.23 29.27

Table 1 shows the distribution of these deaths and the expected number
according to the duration of exposure and the elapsed time since the first
exposure or latent period. It can be seen that there is an increasing risk with
increasing duration of exposure, while no deaths were observed until at least ten
yvears since the first exposure; the risk thereafter increases with time since first
exposure. The mean latent period was 25 vears.

TABLE 2

Urinary bladder cancer. Observed and expected deaths by category of exposure,

) Observed
Exposure Noin study Observed Expected
Expected

Benzidine and naphthyvlamines

manufacture 155 23 0.19 121.05
Benzidine and naphthylamines

use and intermittent contacts 455 B (.68 11.76
Fuchsine and safranine T manufacture 33 5 .08 62,50
Finished product workers 79 1] .10

Orher exposures 126 0 0.18

All exposures 868 36 1.23 29.27

Detailed information on individual jobs and on technical processes at the
plant allowed the risk of dying from urinary bladder cancer to be related to
specific exposure. This is shown in Table 2, where workers were grouped in five
categories of exposure.

Approximately 80% of workers had been engaged in jobs involving
exposure to naphthyvlamines and benzidine.

The mortality was exceedingly higher among those emploved in benzidine
and naphthylamines manufacture than in those only exposed in their use or
intermittent contact, but a striking excess of urinary bladder cancer was found
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among those only engaged in fuchsine and safranine T manufacrure, Looking for
causal agents of these tumours requires an examination of chemical processes as
well as of location of operations at the plant.

The type of fuchsine manufactured at this plant was the so called New
IF'uchsine or New Magenta (Basic Violer 2 — Colour Index n" 4252047
1s also called Basic Red 2 (Colour Index n® 50241 >

CHs

H,N < >\
(il =NH, >Cl
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New Fuchsine - Bagic Violet 2 (Colour Index n. 42520)

HsC O_N:Ocm
—N= NH)_

H N P
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. Safranine T

Safranine T - Basic Red 2 (Colour Index n. 50240)

FI1G. | Structural formula of New Fuchsine and safranine T,
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Figure 1 shows structural formulas of these compounds. The full process to
obtain fuchsine and safranine T was carried out in two scparate departments
located in two different buildings within the factory area. In the first department
the synthesis of o-toluidine and 4,4'methvlence bis (2-methvlaniline) was carried
out according to the sequence illustrated in Figure 2. In the second department
processes to obtain fuchsine and safranine T were carried out. In this process a
mixture of o-toluidine, 4 4’ methylene bis (Z-mcth_\'lnni'linc) and o-nitrotoluene
was heated to obtain fuchsine. Safranine T was obtained by oxidizing a mixture

CHs CHs

CHs
Hz SO NOE T
4 e
ANOy HCT ===

Toluene o=Nitrotoluene o-Toluidine

HzC

CHs
— HLND-—CH; —DNHL

4,4'Methylene bis (2—methy1aniline)
(3,3'Dimethyl-4,4'diam inodiphenylmethane)
(Ditolyl Base)

FIG. 2 - Svnthesis of o-toluidine and 4, 4'methvlene bis (2-methylaniline).

of o-toluidine and 2-5-diaminotoluenc in the presence of aniline. o-
Aminoazotoluene was the intermediate of the reaction. Workers engaged in the
first department were therefore only exposed to compounds reported in Figure 2
sequence, whereas workers manufacturing fuchsine and safranine T were
exposed to finished products and their precursors. Three deaths from urinary
bladder cancer were reported among those engaged in the first department, that
is in the intermediates synthesis, and two deaths among workers engaged in
fuchsine and safranine T synthesis. It should be remembered that the toral
expectation for these deaths was shown to be 0.08. These workers had never
changed their secrion or specific job during employment at the plant.
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DISCUSSION

These findings point to the conclusion that precursors of fuchsine and
safranine T [namely o-toluidine or 4,4’'methylene bis (2-methylaniline)| should be
causal agents of urinary bladder cancer both during manufacture and use. This
does not exclude possible carcinogenicity of the intermediate o-aminoazotoluene,
and of the finished product.

A support to he hypothesis that o-toluidine would be actiological factor of
the observed tumours comes from reviewing the available literature, An excess
urinary bladder cancer was found among those manufacturing magenta by Case
and Pearson in 19541, who were nor able to indicate what compounds could have
been implicated. According to Colour Index” the classical name magenta
indicates a dye differing from New Magenta by the number of methyl groups. In
commercial production of magenta, o-toluidine or p-toluidine is used but not
4,4'methylene bis (2-methylaniline). Based on the hypothesis that Case’s study
population was engaged in such manufacture, it might be suggested that o-
-toluidine should be the common causal agent.

Results of other studies were accurately evaluated by the IARC Working
Group3, who stated that at present no human or animal data are available which
clearly demonstrated the carcinogenic effect of o-toluidine. On the contrary
results of two animal experiments3.6 demonstrated a carcinogenic effecr in rats
after oral administration of 4,4’methylene bis (2-methylaniline). No data related
to observation in man are available at present.

Whereas no complete information is available on the current production and
use of 4,4’methylene bis (2-methylaniline), IARC Working Group quoted the
annual production of o-toluidine as high as 1-5 million kg in Western Europe
only3.

Current legislations in many countries do not include toluidine as a
carcinogen in their lists. Since it may be concluded that both o-toluidine and
4 4'methylene bis (2-methylaniline) should be regarded as almost certainly
causing cancer of urinary bladder in man, severe rules should be established in
handling both these chemicals.
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