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Mortality and cancer incidence in the perfumery and
flavour industry of Geneva
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From the Geneva Medical Inspectorate ofFactories, ' 1207 Geneva, and the Geneva Cancer Registry,2 1205
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ABSTRACT An analysis has been made of the mortality and cancer incidence of 1 168 workers who
entered the three factories of the perfumery in4ustry of the Canton of Geneva from their
establishment at the turn of the century to the end of 1964. The workers were followed up from
their entry until 31 December 1980, at which date 344 were dead and 28 lost to follow up.
Among the whole study population only mortality from tuberculosis was significantly raised;
there was no significant increase in the incidence of or mortality from any cancer. Analysis by
four exposure categories showed a significant excess of deaths from heart disease among the
compounders. In addition, two deaths from aplastic anaemia were recorded in chemical process
workers exposed to benzene. Further analysis by cohort of entry and by birth cohort indicated
that, among the subgroup of men first employed in 1900-29 and born in 1880-99, the mortality
from a wide range of causes was significantly increased below the age of 70. This increase is
unlikely to be due to an occupational factor as indicated by the absence of an upward trend of
mortality with longer exposure.

Around the turn of the century three companies
processing natural products and manufacturing fine
chemicals for perfumery were set up in the Canton
of Geneva: Chuit and Naef in 1895 which subse-
quently took the name Firmenich, Givaudan in
1899, and "Usines de l'Allondon" in 1917. The last
company was absorbed by Firmenich in 1951.
Affiliated companies have been created in various
Europeah countries as well as in North and Latin
America and in the Far East, to the extent that
Givaudan and Firmenich today occupy respectively
the second and fourth places worldwide in this
branch of the chemical industry.
The production of fine chemicals, and the proces-

sing of natural products, requires the use of many
solvents and chemical reagents. Process solvents
have included benzene, toluene, cyclohexane,
methanol, ethanol, diethyl ether, and ethyl acetate.
The diversity of chemical reagents used by the
industry spans the vast range of organic,
organometallic, and inorganic substances that are
common to the fine chemical industry in general.
These have included some alkylating agents such as
ethylene oxide and dimethyl sulphate which are
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suspect carcinogens from short term tests and from
animal experiments but for which there is
inadequate evidence for carcinogenicity to man,
according to the International Agency for Research
on Cancer.'
The aroma chemicals that are finally incorporated

into perfumes are by necessity relatively inert
organic chemicals with molecular weights usually
between 100 and 300 and are most commonly
aldehydes, ketones, alcohols, ethers, and esters of
saturated, unsaturated, or aromatic hydrocarbons.

According to their function, workers came into
varying degrees of contact with these substances.
The workers whom we have studied may be divided
into four groups as follows: (a) chemical process
workers who could come into contact with any of
about 3000 chemical substances which are used as
chemical reagents, solvents, starting materials,
intermediates, and finished aroma chemicals, (b)
compounders and associated workers who would
have their exposure limited to 2000 or so aroma
chemicals and essential oils from which are com-
posed the mixtures for incorporation as perfumes
into consumer products, (c) maintenance workers
who could be exposed on an irregular basis to any of
the above chemicals and particularly to cleaning sol-
vents including benzene until the 1960s, and (d)
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Mortality and cancer incidence in the perfumery and flavour industry of Geneva

chemical research workers whose range of exposure
could extend to over 6000 different substances.

It is also important to mention that most of the
aroma chemicals and essential oils to which workers
might be exposed have not varied during the present
study.
The objective of the study was to examine within

the limits of the size of the population concerned,
whether there is any evidence of harmful long term
occupational effects by comparing the mortality and
the cancer incidence of male workers in the three
factories with those of the population of Geneva.

Methods

Complete personnel records since the establishment
of the factories were supplied to the Geneva Medi-
cal Inspectorate of Factories by the Firmenich and
Givaudan companies. The study was based on the
2318 male workers who had entered the Geneva
perfumery industry up until 31 December 1964. The
following categories were excluded: 237 clerks, 796
workers employed less than one year, 66 workers
born before 1880, and 51 "frontaliers"* who could
not be included because of the difficulty of tracing
them in France and the impossibility of obtaining
death certificates from that country.
The remaining 1168 men were traced from the

time they entered the industry until their death, or
the date at which all trace was lost, or 31 December
1980. Among the 1006 Swiss workers, 41 had emi-
grated and were traced through members of the fam-
ily remaining in Geneva or Swiss Consulates, or
both; only two were lost to follow up. Of the 162
foreign workers, 26 who had left Switzerland were
lost to follow up. All the workers were retrospec-
tively classified into four broad exposure categories,
except for 52 (4%) for whom the information was
insufficient (table 1).

*Foreign workers commuting every day into Swiss territory from
neighbouring regions of France.

Table 1 Study population. Number ofworkers by period
ofentry and by category ofe-xposure

Exposure category Period of entry Total

1900-29 1930-49 1950-64

Chemical process 154 237 197 588
Compounding 14 47 94 155
Maintenance 53 86 125 264
Research 17 27 65 109
Unknown 36 14 2 52
Total 274 411 483 1168

MORTALITY
Causes of death were obtained from the death
certificates supplied by the Swiss "Office F6ddral de
la Statistique." Since 1951 the underlying cause of
death has been coded on the certificate according to
the International Classification of Diseases (ICD)
for the purpose of the annual publication of national
mortality statistics. Thirteen workers died in foreign
countries, of whom five died while travelling and
eight after emigration. For six of these 13 workers
the cause of death was obtained from the death
certificate and for another three, complete medical
histories were sup-plied by the hospital in which they
had died. Detailed information supplied by close
relatives was considered sufficiently reliable for the
remaining four deaths: one cancer of the larynx, one
recurrence of myocardial infarction, and two "sud-
den deaths."

General mortality was analysed for the period
1900-80 and the cause of death for 1942-80.
Before 1942 death certificates were not kept by the
Swiss Federal Office of Statistics. Of the total of 344
deaths, 24 occurred before 1942. Person-years at
risk were computed with the program called Man
Years Computer Language.2 Expected numbers of
deaths were calculated using annual age specific
death rates for Switzerland and adjusted to make
allowance for regional differences in mortality, using
the ratio Canton of Geneva/Swiss age standardised
mortality rates. For the specific causes of death the
ratio was averaged for 1969 to 1980 (Geneva cause
specific mortality was not available before 1969)
and multiplied by the expected number of deaths
based on national rates.

CANCER INCIDENCE
The cases of cancer among the 785 male employees
who were resident in the Canton of Geneva were
collected by the Geneva Cancer Registry from 1
January 1970 (the date of the start of the registry) to
31 December 1980. Expected numbers of cases of
cancer were calculated using Geneva age specific
incidence rates, established by the registry, by sex
and matrimonial status.
The one sided significance of any excess of

observed deaths or cases of cancer was tested assum-
ing a Poisson distribution with a mean equal to the
expected value. The normal approximation of the
Poisson distribution was assumed where the
expected number was greater than 14-0.

Results

OVERALL MORTALITY
Among the 1168 men (33 938 person-years at risk)
there were 344 observed deaths from 1900 to 1980
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compared with an expected of 343-8. The latter
figure does not take into account the first 12 months
(or year 0) of follow up. Owing to the criteria of at
least one year of exposure for inclusion in the study
a man would be precluded if he had died during that
year. For the years 1 to 14 since entering the indus-
try the SMR from all causes of death was 76 (90%
confidence interval = 59-97) with 46 observed
deaths and 60*4 expected deaths, whereas the SMR
was 105 (95-116) for the years 15 and over (0 =

298, E = 283.4). The lower mortality for the first 15
years is probably due to a "healthy population selec-
tion effect."3 To control this bias, subsequent
analysis was restricted to the period of follow up
starting at the fifteenth anniversary of entry into the
industry.

Guberan and Raymond
As shown in table 2 no statistically significant

excess of observed mortality or incidence for any
cancer was found, and the total number of cases of
cancer for 1970 to 1980 was lower than expected.
Among the non-malignant causes of death (table 3)
an excess of observed deaths, significant at the 5%
level, was recorded for tuberculosis. The excess
mortality from chronic bronchitis and emphysema,
which was not significant (p = 0-07), was mainly due
to three deaths (0.7 expected) among men more
than 80 years old, an age where death certification is
the least reliable.

MORTALITY BY DURATION OF EXPOSURE
Fox and Collier have pointed out that to obtain an
unbiased measure of the effect of exposure duration

Table 2 Cancer mortality 1942-80, and cancer incidence* 1970-80, for men alive 15 years after entry

Site (ICD code, 8th rev) Deaths 1942-80 Cases of cancer 1970-80

Obs Exp SMR 90% Cl Obs Exp SMR 90% Cl

All neoplasms (140-239) 83 81-7 102 84-122 49 64-1 76 59-97
Buccal cavity, pharynx (140-149) 6 4-3 140 61-275 4 3-8 105 36-241
Oesophagus (150) 7 4-2 167 78-313 2 1-4 143 25-449
Stomach (151) 8 7-4 108 54-195 0 3-8 0 0-79
Intestine, rectum (152-154) 8 9-1 88 44-159 10 7-8 128 70-217
Liver (155) 3 2-9 103 28-267 3 2-1 143 39-369
Gall bladder (156) 2 0-8 250 43-786 1 0-5 200 8-945
Pancreas (157) 6 3-3 182 79-359 2 1-4 143 25-449
Larynx (161) 3 2-5 120 32-310 2 2-0 100 17-314
Lung (162) 19 19-8 96 63-141 11 13-4 82 46-136
Skin (172-173) 0 1-2 0 0-250 5 8 5 59 23-124
Prostate (185) 4 6-7 60 20-137 5 6-7 75 29-157
Bladder (188) 1 3-4 29 1-139 2 3-8 53 9-165
Kidney, other urinary organs (189) 3 1-9 158 43-408 1 2-0 50 2-236
Brain (191) 0 1-7 0 0-176 0 0-8 0 0-375
Lymph/haemopoMtic (200-209) 7 5 3 132 62-248 0 3-3 0 0-91
Hodgkin's disease (201) 2 0 9 222 38-698 0 0-2 0 0-1498
Leukaemia (204-207) 3 2-0 150 41-387 0 1-1 0 0-272

Others 6 7-2 83 36-164 1 2-8 36 1-169

CI = Confidence interval.
*Except in situ cancers.

Table 3 Mortality 1942-80 from all causes and from non-malignant causes for men alive 15 years after entry

Cause of death (ICD code, 8th rev) Obs Exp SMR 90% CI

All causes (0-999) 286 275 3 104 94-115
Tuberculosis (010-019) 10 5-3 189* 102-320
Diabetes mellhtus (250) 4 3-6 111 38-254
Heart disease (390-398, 410-429) 67 66-3 101 82-124
Hypertensive disease (400-404) 3 3 0 100 27-258
Cerebrovascular disease (430-438) 20 17 4 115 76-167
Other circulatory diseases (440-458) 9 8-3 108 57-189
Chronic bronchitis, emphysema
(491-492) 9 5-1 176 92-308

Peptic ulcer (531-533) 5 2-6 192 76-404
Cirrhosis of liver (571) 13 10-3 126 75-201
Motor vehicle accidents (E 810-823) 4 4-7 85 29-195
Other accidents and poisonings
(E 800-807, 825-949) 1it 7-3 151 84-249

Suicide (E 950-959) 5 7-8 64 25-135
Other non-malignant causes 43 51-9 83 63-107

CI = Confidence interval.
*p < 0-05.
tTwo deaths from aplastic anaemia due to chronic benzene poisoning.
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Mortality and cancer incidence in the perfumery and flavour industry of Geneva

Table 4 Mortality 1900-80 from all causes in relation to
the duration ofexposure, for men alive 15 years after entry

Years of exposure Obs Exp SMR 90% CI

1-4 71 66-7 106 87-130
5-9 30 20 8 144* 104-196
10-14 13 16-6 78 46-124
>15 184 179.3 103 91-116

CI = Confidence interval.
*p < 005.

the exposure and follow up periods should not over-

lap.3 Therefore the comparison of main interest in
table 4 is between exposures of one to four years,

five to nine years, and 10 to 14 years among men

alive 15 years after entry. There is no evidence of a

trend in SMR with longer exposure.

MORTALITY BY CATEGORY OF EXPOSURE
Analysis by exposure category indicated no

significant increase in mortality from the leading
categories of death (table 5) or from any specific
cause in chemical process workers, maintenance
workers, or chemical research workers. Among the
process workers, however, the cause of two deaths
was "aplastic anaemia due to chronic benzene
poisoning." These deaths occurred in 1943 and
1945 at ages of 54 and 57. Medical records obtained
from the Geneva University Hospital indicated that
both workers were exposed daily for more than 10
years to benzene, had experienced a first episode of
aplastic anaemia followed by complete recovery,
and had then had a relapse after several years of
re-exposure. Necropsies showed generalised symp-
toms of anaemia, and no other cause of death was
found. Medical experts concluded that the causal
relationship between exposure to benzene and
aplastic anaemia was certain in both cases.
Leukaemia mortality, which may be increased by
exposure to benzene,' was not excessive among
chemical process workers (0 = 1, E = 1 1), although
the small number of deaths precludes a valid
interpretation.
Among the compounders there was a significant

excess of deaths from circulatory disease (table 5)

which was accounted for mainly by the increased
mortality from heart disease (0 = 12, E = 4-8, SMR
= 250, 90% CI = 144-405). More detailed analysis
has to take into account the changes made in the
International Classification of Diseases. No death
from heart disease was observed for the years

1942-50 (E = 0.3). Under the sixth and seventh
revisions, during the years 1951-68, there were six
deaths (E = 1-5) from "arteriosclerotic and
degenerative heart disease" (ICD 420-422) and
three deaths (E = 0.4) from "other diseases of the
heart" (ICD 430-434). Scrutiny of the death
certificates from the first six cases shows that the
underlying cause of death was ischaemic heart dis-
ease (IHD) in four and " degenerative heart disease"
in the remaining two. Between 1969 and 1980,
under the eighth revision, two deaths (E = 1-8) were
due to IHD (ICD 410-414) and one (E = 0.8) to
",other forms of heart disease" (ICD 420-429). In
conclusion the excess of deaths from heart disease
occurred mainly in the 1950s and the 1960s and was
due to IHD as well as to other heart diseases.
Making allowance for a latency of 20 years, the

SMR from heart disease was 500 among the com-

pounders exposed one to nine years (90% CI =

20-2360, 0 = 1, E = 0.2), 286 (90% CI = 49-898,
O = 2, E = 0.7) among those exposed 10 to 19
years, and 219 (90% CI = 103-411, 0 = 7, E =

3.2) among those still in the industry 20 years after
entry. Thus the excess risk does not increase with
longer exposure, although the numbers of deaths are
small in the first two exposure categories. (Two of
the 12 deaths from heart disease were excluded
from this analysis because they occurred between 15
and 20 years since first employment.)
There were in total 101 chemists of whom 36

were associated with chemical processing and eight
with compounding whereas 57 were from the chem-
ical research laboratories. Their low mortality from
all causes (O =- 29, E = 38-6, SMR = 75, 90% CI =
54-102) is similar to that observed for Swedish and
American chemists.45 Nevertheless, the significant
increase in cancer mortality found among the Swed-
ish chemists was not observed in the present study

tble 5 Mortality 1942-80 from the leading categories ofdeaths by exposure category, for men alive 15 years after entry

use of death Chemical process Compounding Maintenance Research

Obs Exp SMR 90% CI Obs Exp SMR 90% CI Obs Exp SMR 90% CI Obs Exp SMR 90% CI

I neoplasms 39 45-7 85 64-111 6 6-1 98 43-194 22 17-7 124 84-177 7 6-6 106 50-199
culatory disease 54 53-7 101 79-126 16 6-8 235** 148-357 18 22-2 81 52-120 5 8-2 61 24-128
Alent deaths 13 11-8 110 65-175 1 2-0 50 2-236 4 4-7 85 29-195 1 1-8 56 2-263
her causes 46 41-3 111 86-142 5 5-2 96 38-202 23 16-5 139 95-197 1 59 17 1-80
l causes 152 152-5 100 87-114 28 20-1 139 99-191 67 61-1 110 89-134 14 22-5 62 38-97

= Confidence interval.
, < 0-01.
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Table 6 Mortality 1900-80 from all causes by cohort ofentry and by birth cohort, for men alive 15 years after entry

Years of entry Born 1880-99 Bom 1900- Total

Obs Exp SMR 90% Cl Obs Exp SMR 90% Cl Obs Exp SMR 90% CI

1900-29 134 101-5 132*** 114-152 51 54-2 94 74-119 185 155-7 119** 105-134
1930-49 29 32-7 89 63-121 68 78-2 87 70-106 97 110-9 87 73-104
1950-64 2 0-7 286 49-898 14 16-2 85 52-135 16 17-0 94 59-143
Total 165 134-9 122** 107-139 133 148-6 89 77-103 298 283-4 105 95-116

CI = Confidence interval.
**p < 0-01, ***p < 0-001.

Table 7 Mortality 1942-80 from all causes and from selected causes ofdeath below age 70 among men first employed in
1900-29 and born in 1880-99 (men alive 15 years after entry)

Cause of death (ICD code, 8th rev) Obs Exp SMR 90% CI

All causes (0-999) 65 41-7 156*** 125-192
All neoplasms (140-239) 19 12-1 157* 103-230

Digestive cancers (150-159) 9 5-1 176 92-308
Respiratory cancers (161-163) 6 2-6 231* 101-455
Urinary cancers (185-189) 3 1-2 250 68-645

Circulatory disease (390-458) 12 13-3 90 52-146
Violent deaths (E 800-999) 10 3-i 323** 175-547
Motor vehicle accidents (E 810-823) 2 0 5 400 69-1257
Other accidents and poisonings
(E 800-807, 825-949) 6 1-3 462** 201-911

Other causes (0-136, 240-389,
460-796) 24 13-3 180** 124-254
Tuberculosis (010-019) 7 1-7 412** 193-773
Peptic ulcer (531-533) 2 0-6 333 58-1047
Cirrhosis of liver (571) 4 1-7 235 80-538

CI = Confidence interval.
*p < 0-05, **p < 0-01, ***p < 0-001.

(O = 12, E = 11*3, SMR = 106, 90% CI = 61-
172).

MORTALITY BY COHORT OF ENTRY AND BY
BIRTH COHORT
As shown in table 6, mortality from all causes was
significantly raised among men first employed in the
period 1900-29 and who were born before 1900.
This raised mortality is accounted for by an excess of
deaths below age 70 from digestive, respiratory, and
urinary cancers, motor vehicle accidents, other acci-
dents and poisonings, tuberculosis, peptic ulcer, and
cirrhosis of the liver (table 7). There is no relation
between duration of exposure and mortality among
this subgroup of workers, for the men alive 15 years
after first employment: SMRs from all causes equal
143 for those exposed one to four years (90% CI =
103-193, 0 = 31, E = 21 7), 143 for those exposed
five to 14 years (90% CI = 86-223, 0 = 14, E =
9-8), and 127 for those still in the industry 15 years
after entry (90% CI = 106-151, 0 = 89, E = 70- 1).
No significant excess mortality was observed among
the men who entered the industry in the periods
1930-49 or 1950-64.

Discussion

There are no other published results from the per-
fumery industry which can serve for comparison
with the results of the present study.
The statement on two death certificates that aplas-

tic anaemia was due to chronic benzene poisoning is
supported by detailed information from the Geneva
University Hospital's records on exposure, features
of the disease, and necropsy. Benzene was the sol-
vent of choice for the extraction of some natural
essences and it was widely used in the three factories
for that and other purposes, such as for degreasing
operations. Other solvents such as toluene, ethyl
acetate, and cyclohexane were substituted for ben-
zene, and in the departments where the limited use
of benzene continues its exposure is now carefully
monitored.
Among the compounders and associated workers

there was an increased mortality from heart disease,
which does not seem related to duration of expos-
ure. None of the aroma chemicals or essential oils to
which these workers were exposed has, to our know-
ledge, been reported to increase the risk from heart
disease or circulatory disease. Carbon disulphide, a

Guberan and Raymond244
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Mortality and cancer incidence in the perfumery and flavour industry of Geneva

contributing agent to arteriosclerosis, was never
used in the compounding department. We found no
evidence of management selection of less fit workers
into this department but it may be relevant that
smoking during work was prohibited only about a
decade ago, contrary to chemical processing where it
has been generally prohibited for much longer. Thus
a self selection of heavy smokers to the compound-
ing department is conceivable, although we lack any
data on smoking histories. Furthermore, the num-
bers of deaths from lung cancer (O = 2, E = 1.6)
and from chronic bronchitis (O = 1, E = 0 3) are
too small to be interpreted. Finally, it should be
pointed out that about 50 specific causes of death
are analysed for each of the four exposure
categories. Therefore one can expect that an aver-
age of two significant differences at the 1% level
between observed and expected deaths would arise
by chance alone from the 200 comparisons. Wc
think that chance is the more likely explanation of
the excess deaths from heart disease.
Among the subgroup of workers who entered the

industry before 1930 and who were born before
1900 there is an excess of deaths from a wide range
of causes and there is a lack of relationship between
mortality and duration of exposure. This would
seem to exclude a causative occupational factor.

Conclusion

Most of the workers first employed until 1964 in the
Geneva perfumery industry for at least one year
have been included in the cohort, and the propor-
tion of those not eligible for admission and of those
lost to follow up was relatively low. The usual bias
due to the selection of healthy workers for employ-
ment resulting in lower than expected mortality was
reduced by using a 15 year latency period. This was
possible because the men were traced since their
entry to industry and because the follow up was long
(29 years on average). The restricted size of the
cohort, however, makes the comparison between

observed and expected deaths from specific cancer
sites and specific non-malignant causes subject to
large statistical fluctuations. Consequently the pres-
ent study lacks the sensitivity to detect unsuspected
occupational hazards, unlike a study in which the
disease is rare and specific or the mortality is greatly
increased.67 We will continue the surveillance of
mortality and cancer incidence among the Geneva
workers but further epidemiological observation of
the perfumery industry in other countries would be
highly desirable.
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