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Cancer mortality among magazine printing
workers

Daniele Luce, Marie-France Landre, Thierry Clavel, Isabelle Limousin, Sylvie Dimerman,
Jean-Jacques Moulin

Abstract
Objectives-After an inquiry from the
employees of an offset printing plant, a
historical cohort study was conducted to
investigate cancer mortality among these
workers.
Methods-The cohort comprised 262
men, who contributed 2771 person-years
of observation. 16 deaths were identified
during the follow up period (1980-91).
Expected numbers of deaths were derived
from age specific regional rates.
Standardised mortality ratios (SMR) and
95% confidence intervals (95% CIs) were
calculated.
Results-An increased cancer mortality
was found after 10 years of employment
(SMR 213, 95% CI 98 to 405, based on nine
deaths), mainly due to a high mortality
from lung cancer (SMR 381, 95% CI 104 to
975, four deaths), and from oesophageal
cancer (SMR 1049, 95% CI 216 to 3065,
three deaths). For workers with at least 20
years since the start of employment, the
SMR was 262 (95% CI 105 to 540) for all
cancer sites, 447 (95% CI 92 to 1306) for
lung cancer, and 1094 (95% CI 132 to 3952)
for oesophageal cancer. The increased
cancer mortality was concentrated among
pressmen.
Conclusion-Although based on small
numbers, the findings suggest an
increased risk of cancer among these
workers, which should be further investi-
gated.

(Occup Environ Med 1997;54:264-267)
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Several investigators have reported an
increased cancer mortality among workers in
the printing industry. Studies have been con-
ducted among various groups of printing
workers, and excess risks have been found for
different cancer sites, particularly for lung can-
cer,'-6 haematopoietic neoplasms,5 78 and col-
orectal cancer.' 7 Increased risks have also
been detected for melanoma,' O1 cancers of the
buccal cavity and pharynx,'9 pancreas,' kid-
ney,5 6 and liver.67 However, the mortality
experience ofworkers in offset printing has not
been specifically studied.

In 1991, employees in an offset printing
plant expressed concern about a high number
of cancer deaths. We thus initiated a mortality
cohort study, to find whether cancer mortality

was increased among these workers relative to
the general population and to examine mortal-
ity patterns which could suggest an occupa-
tional aetiology.

Material and methods
The plant has produced weekly and monthly
magazines, and the four colour offset printing
process has been used since the start of printing
in 1956. Printing was carried out until 1972
with sheet fed offset printing machines, then
with web fed offset litho presses. Ink mists
may be generated when the presses are
running. Printing inks may contain poly-
cyclic aromatic hydrocarbons, including
benzo(a)pyrene, and other known or sus-
pected carcinogens, such as dichlorobenzidine
derived dyes. In the plant, the offset litho
machines included a damping system, which
used an isopropanol solution. The presses
were cleaned after each operating cycle, and
various solvents (mainly petroleum solvents)
were used during cleaning operations.

Reliable personnel records were available
only since 1980. The study population was
then defined as all male workers still employed
on 1 January 1980 (211 men) or employed
since then (51 men). The cohort included only
workers who had been employed for at least
one year. For each worker, the contribution to
person-years at risk started after they had been
employed for one year or at the beginning of
the follow up period (1 January 1980),
whichever occurred later, and was ended on
the date of death or at the end of study (31
December 1991).

Vital status was ascertained up to 31
December 1991 from information provided by
the registry office of the subject's birthplace,
and by the national file of the French National
Institute for Statistics (INSEE). Both sources
were used for French citizens. As deaths of
foreigners are also recorded in INSEE files, if
they died in France, foreign workers who had
left work and who were not identified as dead
were assumed to be alive at the end of follow
up. Date and place of birth, date of start and
end of employment, and job title were col-
lected for each subject from company's
records. For most workers, only the last job
title was recorded. However, workers' job
mobility has been limited over time, and
changes, if any, were usually from an unskilled
to a skilled job within the same category. It
was therefore possible to categorise each
worker according to the following groups:
pressmen, packers and forwarders, binders,
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Cancer mortality among magazine printing workers

Table 1 Observed deaths and SMRs for selected causes

Causes of death (ICD-9) Obs Exp SMR (95% CI)

All causes (000-999) 16 14 48 110 (63 to 178)
All cancer sites (140-239) 10 5-37 186 (89 to 342)

Oesophagus (150) 3 0-36 843 (174 to 2463)
Lung (162) 4 1-31 305 (83 to 781)

Cirrhosis of the liver (571) 3 0-83 360 (74 to 1052)

maintenance workers, platemakers, and others
(mainly administrative workers). Data on
smoking were abstracted from the occupa-
tional physician's medical records. Causes of
death were obtained from the national file of
the French National Institute of Health and
Medical Research (INSERM), which is
responsible for the coding of all French death
certificates. Expected numbers of deaths were
calculated from regional rates, with 10 year
age group specific rates. The reference rates of
1985 were applied to the whole study period.
Analyses with national rates and two calendar
periods (1980-6, 1987-91) produced similar
results and are not presented in this report.
Comparisons of observed and expected num-
bers of deaths were expressed as standardised
mortality ratios (SMRs) and exact 95% confi-
dence intervals (95% CIs) based on the
Poisson distribution were calculated. 12 The
SMRs were also computed according to years
since first employment, employment duration,
year of hire, age at hire, and job category.

Results
The cohort comprised 262 men, who con-
tributed 2771 person-years of observation. At
the end of the follow up, 228 men were known
to be alive, 16 had died, and 18 men who were
not identified as dead were assumed to be
alive. Table 1 shows the mortality for selected
causes. Although slightly increased, all cause
mortality was not significantly above that
expected. An increased mortality from cancer
was found, which was mainly due to an excess
of deaths from lung cancer and oesophageal
cancer. The other cancer deaths were one
from kidney cancer (v 0*10 expected), one
from colon cancer (v 0-22 expected), and one
from cancer of an unknown site. Also, a high
SMR was found for cirrhosis of the liver.

Table 2 shows the distribution of cancer
deaths by job category, year of hire, age at
hire, duration of employment, and time since
first employment. Cancer mortality was signif-
icantly increased among pressmen, with high
SMRs for lung cancer and oesophageal can-
cer. No significant excess for any cause of
death was found in the other job categories.
Significant excesses for all cancer sites, lung
cancer, and oesophageal cancer were also
found for workers hired before 1970. Among
workers hired at ages younger than 30 years,
SMRs significantly above 100 were found for
lung cancer and oesophageal cancer.
The SMRs increased with interval since first

employment and total number of years
worked. Only one cancer death (a kidney can-
cer) occurred among workers with a duration
of employment less than 10 years. The SMRs
for lung cancer and oesophageal cancer were
significantly increased after 10 years or more
of employment. For workers after at least 20
years since first employment, there was a sig-
nificant increase of total cancer mortality and
for mortality from oesophageal cancer; a non-
significant fourfold excess was found for lung
cancer. The small numbers did not permit a
more detailed analysis.
No consistent pattern was noted when simi-

lar analyses were performed for all cause mor-
tality and for cirrhosis of the liver.

Discussion
Standardised mortality ratios based on small
numbers are subject to wide fluctuations, and
should be regarded with caution. Never-
theless, several findings suggest that this
cohort presents an increased cancer mortality,
particularly for lung cancer, which could be
related to occupation. The largest SMRs were
found among workers with the longest dura-
tion of employment and time since first
employment, younger age at hire, and the
excess was limited to pressmen. No increased
cancer mortality was found among workers
who began employment after 1970. This may
reflect changes in work exposures. However, a
sufficient latent period may not yet have
passed to show an excess of cancer in this
group.

Table 2 Cancer mortality byjob category, year of hire, age at hire, duration ofemployment, and time since first employment

All sites Lung Oesophagus

Obs Exp SMR (95% CI) Obs Exp SMR (95% CI) Obs Exp SMR (95% CI)

7 2-13 328 (132 to 676)
3 3-23 93 (19to272)

8 2-99 268 (116 to 528)
2 2-38 84 (10 to 303)

3 0-52 580(119to1695)
1 0 79 126 (3 to 702)

4 0-74 538 (146to 1377)
0 0 57 0 (0 to 647)

5 2-22 225 (73 to 525) 3 0 53 570 (117 to 1666)
5 3 14 159 (52to371) 1 079 127 (3to708)

1 1-14 88 (2 to 490) 0 0-26 0 (0 to 1419)
9 4-22 213 (98 to 405) 4 1-05 381 (104 to 975)

3 2-69 111 (23 to 324)
7 2-67 262 (105 to 540)7 267 262 (105 to 540) 3 067 447 (92 to 1306)~~~~~~~~~~~

2 0-14
1 0-21

2 220
1 0-15

2 0-14
1 021

1396 (169 to 5042)
470 (12 to 2619)

987 (119 to 3565)
652 (16 to 3633)

1394 (169 to 5035)
471 (12 to 2624)

0 007 0(0to5271)
3 0-29 1049 (216 to 3065)

1 0-17 577 (15 to 3215)
2 0 18 1094 (132 to 3952)

Job category:
Pressmen
Others

Year of hire:
< 1970
> 1970

Age at hire:
< 30
> 30

Duration of
employment:
< IOy
> b0y

Time since first
employment:
< 20 y
> 20 y
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1 0-64 156 (4 to 869)
3 0-67 447 (92 to 1306)
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Tobacco smoking is a potential confounder
for lung cancer. Smoking habits were available
for only 75% of the workers. It was neverthe-

less possible to assess the potential confound-
ing effect of smoking on lung cancer by
performing the indirect adjustment proposed
by Axelson.'3 Among workers with known
smoking habits, 20% had never smoked,
15-3% were former smokers, 25-9% were

moderate smokers (< 20 cigarettes a day), and
38-8% were heavy smokers (20 cigarettes a

day). The proportions of the various categories
of smokers in the French male population in
1980-1,'4 adjusted for age distribution of the
cohort, were 25% never smokers, 26-4% for-
mer smokers, 21 6% moderate smokers, and
26-3% heavy smokers. Assuming relative risks
of 1, 5, 10, and 20 among never, former, mod-
erate and heavy smokers respectively, differ-
ences between the smoking habits of the
cohort and those of the French population
would lead to an SMR of 126 for lung cancer.

When data on smoking in France in 1991-2
were used for reference," the lung cancer

SMR due to smoking alone would be 139.
Given the magnitude of the SMRs found in
this study, it seems that the increase in risk of
lung cancer could not be entirely explained by
confounding with smoking.
The risk of lung cancer among workers in

the printing industry has been investigated in
several studies. These studies are difficult to
compare because they involved different occu-

pational groups, different sections of the
industry, and different printing processes.
Increased lung cancer risks were found among
workers classified as pressmen,16 printers,17
typographers, and lithographers.2 Significant'
or non-significant3 5 excess mortality from lung
cancer has been reported among newspaper
pressmen. Proportionate mortality studies
within other sections of the printing industry
failed to show a significant increase in risk,
although slightly increased proportional mor-

tality rates were found.37 Only a few studies
have provided information on the printing
process. A significant increase in risk of lung
cancer was found among newspaper pressmen
operating rotary letterpress machines in
Manchester.' In a recent study from
Denmark,6 factory workers in newspaper and
magazine production showed an excess risk of
lung cancer, which was attributed to work with
rotary letterpress printing.

Exposure to ink mists, and more specifically
to polycyclic aromatic hydrocarbons such as

benzo(a)pyrene, was suggested to be a possible
cause for the excess in lung cancer among let-
terpress printers.' Our results indicate that
pressmen in magazine production with offset
technology may also have had an increased
occupational risk of lung cancer. These workers
were also exposed to ink mists which contain
benzo(a)pyrene. However, the concentration
of benzo(a)pyrene in offset inks is lower than
in letterpress inks, and offset inks are less
liable to produce ink mist. In a recent analysis
of offset inks used in France in printing plants
similar to the present one, concentrations of
benzo(a)pyrene were generally low (< 100

(ug/kg), although in some inks relatively high
concentrations of about 1 mg/kg were found.
The same study found low atmospheric
concentrations of benzo(a)pyrene (< 1 g/
1000 m3), equivalent to those usually found in
urban areas (M Lafontaine, personal commu-
nication). On the other hand, although no
objective data were available, it is generally
admitted that the concentration of polycyclic
aromatic hydrocarbons in offset inks has
decreased over the past 20 years. Furthermore
many tasks which are now automated were
performed in the past in the vicinity of unen-
closed presses without exhaust ventilation.
Consequently, relatively higher exposures may
have occurred in the past. Thus the role of ink
mist in the excess of lung cancer found in the
present study may not be ruled out.
The increase in deaths from oesophageal

cancer is more likely to be related to non-
occupational factors. Alcohol consumption is
a known risk factor for this disease, and the
increased SMR found for cirrhosis of the liver
indicated a high proportion of heavy drinkers
among these workers. However, mortality
from cirrhosis of the liver and from
oesophageal cancer did not show similar pat-
terns, so that factors other than smoking and
alcohol could not be excluded. Several studies
have provided data on the risk of oesophageal
cancer among printing workers,39'-9 none of
which have shown a significantly increased
risk. Conversely, it is interesting to note that
an excess of cirrhosis of the liver has been pre-
viously reported in two studies among news-
paper pressmen.35

Because of the small size of the cohort, the
short follow up, and the lack of information on
occupational exposures, definitive conclusions
could not be reached. Nevertheless, despite its
limitations, this study suggests an increased
risk of cancer, especially lung cancer, among
workers in magazine printing with offset tech-
nology. Further investigations of this group of
workers, including complete occupational his-
tories and characterization of specific expo-
sures, are needed to confirm and to clarify the
present findings.

We acknowledge the cooperation of the company management
and Personnel Department (JP Pegon). We thank Dr JP
Raymond for providing data on smoking.
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Notices, Corrections, Book reviews

interpretation, the other main topic is epidemi-
ology and those working in health and safety at
work.
The meeting will be ofparticular interest to

representatives of authorities responsible for
the establishment of occupational exposure
limits or the definition of lists of occupational
diseases, medical inspectors of workplaces,
occupational physicians, safety engineers,
representatives of the social groups, the social
security institutions, and occupational epide-
miologists.

Further information from: the Office for
International Relations and Conferences,
Adalbert-Stifter-Strasse 65, A-1200 Vienna,
Austria. Tel. +43-1-33 111 - 537, Fax
+43-1-33 111 469 email: pressegauva.or.at

International Symposium on Good
Occupational Health Practice and
Evaluation of Occupational Health
Services. 8-10 June 1998. Hanasaari
Cultural Centre, Espoo, Finland

The symposium is organised by the Finnish
Institute of Occupational Health (FIOH), the
Ministry of Social Affairs and Health, Fin-
land, and the International Commission on
Occupational Health (ICOH), Scientific
Committee on Health Services Research and
Evaluation in Occupational Health.
The aim of this symposium is to stimulate

and to promote the international exchange of
experiences on achieving good occupational
health service practices and to promote devel-
opment of concepts, strategies, and
methodology in evaluating occupational health
services (OHS). Topics included in this area
are quality and effectiveness, multidisciplinar-
ity, flexibility and good practices with regard to
needs of clients and consumers' demands,
research on OHS as an advisory service
contributing to rational decision making on
national, regional, and local levels, as well as on
the enterprise level or the OHS service unit
level, and the interaction between scientific
institutions, service providers, and the health
service market. Considering the broad scope of
the subject matter of the symposium, issues
related to world wide trades and working life
are also included.
The programme will include plenary lec-

tures, oral and poster presentations, as well as
panel discussions. The working language of
the Symposium is English.

Topics include:
* Good occupational health practice, focus-

ing on workplace evaluation and systems
evaluation
Keynote lecture: Global trends and devel-

opments in occupational health services
(objectives and inputs); Jerry Jeyaratnam,
ICOH, Singapore
Keynote lecture: Good occupational health

practices: Concepts and criteria; Frank van
Dijk, The Netherlands
* Evaluation
Keynote dialogue: Strategies and methods

for scientific evaluation of occupational
health services; Peter Westerholm, Sweden
and Kaj Husman, Finland
* Future perspectives
Keynote lecture: Challenges of occupa-

tional health services in changing societies
and working life; Jorma Rantanen, Finland
* Other topics related to good occupational

health practice and occupational health
service evaluation

Further information from: Symposium on
Good Occupational Health Practice and
Evaluation of Occupational Health Services
Finnish Institute of Occupational Health
Symposium Secretariat, Inkeri Haataja
Topeliuksenkatu 41 a A, FIN-00250 Hel-
sinki, Finland; telephone: Int.+358-9-474
7470; fax: Int.+358-9-474 7548; e-mail:
Inkeri.Haatajaqoccuphealth.fi www: http://
www.occuphealth.fi/tiedotus

CORRECTIONS

Correlation between "Tc--HMPAO-
SPECT brain image and a history of
decompression illness or extent of diving
experience in commercial divers TG
Shields, PM Duff, SA Evans, HG Gemmell,
PF Sharp, FW Smith, RT Staff, SE Wilcock
(1997;54:247-253).

The bottom row of table 2 should read Total
II-V, not I-V. The address for S E Wilcock
should be only the Hyperbaric Research
Unit, Robert Gordon University, School Hill,
Aberdeen AB9 1FR.

Cancer mortality among magazine
printing workers Daniele Luce,
Marie-France Landre, Thierry Clavel,
Isabelle Limousin, Sylvie Dimerman,
Jean-Jacques Moulin
(1997;54:264-7)

Page 266 column 2 line 4 should read <1 gg,
not <1 g. Also in table 2 for oesophagus
< 1970, the expected number should be 0.20,
not 2.20.

BOOK REVIEWS

Mechanisms of fibre carcinogenesis:
IARC Scientific Publications No 140.
Edited by AB KANE, P BOFFETTA, R SARACCI, JD
WILBOUR. (Pp 135; £45). 1996. Lyon: IARC.
ISBN: 92832-2140-0.

This book represents a collection of reviews
written by the participants in a workshop on

the mechanisms of fibre carcinogenesis, held
at the LARC in Lyon on 9-11 January, 1996.
The goals of the workshop were twofold; to

review and discuss the current knowledge on

the mechanisms of fibre carcinogenesis, and
to use this knowledge in the assessment of
carcinogenic risks to humans or animals.
The primary outcome of the workshop was

the consensus report, which is presented in
the first part of the book, and was agreed by
all the workshop participants. This report
brings to light a surprising number of
weaknesses and data gaps in the available lit-
erature on fibre characterisation, genotoxic-
ity, cell proliferation or activation, and animal

studies. A prime example of such shortcom-
ings is the general lack of information on the
characterisation of fibre dose-that is, num-
bers, dimensions, surface area, chemistry,
durability, and biopersistence-for most in
vitro and in vivo studies. The report also dis-
cusses the relevance of mechanistic data from
in vitro and in vivo assays for the evaluation of
carcinogenic risk to humans and concludes
with several recommended experimental
studies which would provide additional data
for the future assessment of fibre carcino-
genicity.
The remainder of the book focuses on

various aspects of mineral fibre carcinogenic-
ity which were outlined in the consensus
report, and such reviews express the opinions
of their authors. Briefly, the paper by Kane
provides a good discussion of the proposed
five mechanistic hypotheses for fibre carcino-
genesis. Fubini follows up on these hypoth-
eses by examining the interactions between
fibres and cells through the analysis of fibre
parameters such as crystallinity, micromor-
phology, elemental analysis, solubility, and
adsorption, which are often not considered
by most investigators. The report by Jaurand
provides cautious consideration to the limita-
tions and feasibility of mutation and cell
transformation assays for investigating the
mechanistic effects of fibres. Topics presented
by Driscoll focus on processes which may
contribute to the neoplastic effects of various
fibres and current issues such as signal trans-
duction pathways, oxidative stress, antioxi-
dant mechanisms, and protooncogene ex-
pression. Donaldson describes in detail the
role of reactive oxygen species, cytokines, and
growth factors in preneoplastic and fibrotic
changes. The advantages and disadvantages
of inhalation, intratracheal instillation, and
intracavitary injection are reviewed by Ober-
dorster. The final review, by Davis, discusses
the interactions of inhaled particulate matter
along with fibres and the potential effects of
mixed doses on fibre pathogenicity.

Overall this book is a collection of concise
and up to date reviews on the subject of fibre
(mainly asbestos) carcinogenesis. It is gener-
ally readable, clear, and informative. Its com-
prehensive tables and references provides a
very good introduction for newcomers to the
subject, as well as being an excellent resource
for examination candidates. Unfortunately,
the most appropriate readers (students) will
be unable to afford its high price. The
sections in the reviews on recommended
experimental studies and unanswered ques-
tions are worthwhile to the professional audi-
ence. These sections state clearly the direc-
tions that research should take to close gaps
in data and strengthen current information.
There are several similar books on the market
today which deal with the health effects and
actions of mineral dusts; this book will be of
interest to those investigators who work
predominately with asbestos fibres.

KELLY ANN BERUBE

Immunopathology of Lung Disease
Edited by RICHARD L KRADIN, BRUCE WS
ROBINSON (pp 578; £87.99) 1997. Oxford:
Butterworth-Heinemann. ISBN: 0-7506-
9282-0.

This is the first comprehensive text book on
the immune responses of the lung in health
and disease since Immunology of the Lung and
Upper Respiratory Tract, edited by John Bien-
enstode, was published in 1984. The book
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