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Abstract
A mortality study was carried out in conjunc-
tion with the European mortality study among
welders coordinated by the International
Agency for Research on Cancer (IARC). The
study was aimed at assessing risks for lung
cancer in relation to exposure to asbestos,
welding fumes containing chromium and
nickel, and tobacco smoke. The study included
a cohort of 2721 welders and an internal com-
parison group of 6683 manual workers
employed in 13 factories in France. The mor-
tality of the two cohorts was studied from 1975
to 1988 by the historical prospective method.
Job histories of welders were traced including
welding processes used, metals welded, and
proportion ofworktime spent in welding. Data
on smoking habits were collected from
medical records. The observed number of
deaths were compared with those expected
(standardised mortality ratio (SMR)) based on
national rates with adjustments for age, sex,
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and calendar time. The smoking habits of87%
ofthe whole study population were known. The
distribution ofwelders and controls according
to smoking was not statistically different. The
overall mortality was slightly higher for wel-
ders (SMR = 1P02, 95% confidence interval
(95% CI) 0-89-118) than for controls
(SMR = 0-91, 95% CI 0 84-0 99). For lung can-
cer, the SMR was 1-24 (95% CI 0-75-1-94) for
welders, whereas the corresponding value was
lower for controls (SMR = 0-94, 95% CI 0 68-
1-26). The SMR for lung cancer was 159 among
non-shipyard mild steel welders (95% CI 0-73-
3 02). This contrasted with the results for all
stainless steel welders (SMR = 0-92, 95% CI
0-192-69), and for stainless steel welders
predominantly exposed to chromium VI
(SMR = 1-03, 95% CI 0-12-3-71). Moreover,
SMRs for lung cancer for mild steel welders
tended to increase with duration of exposure
and time since first exposure, leading to sig-
nificant excesses for duration >20 years and
latency 20 years. Such a pattern was not
found for stainless steel welders.

(British Journal of Industrial Medicine 1993;50:234-243)

Welding consists of several processes that result in
occupational exposures to various substances. The
content ofwelding fumes depends both on the metals
welded and on the welding processes involved.'2 In
the case of stainless steel welding, unlike mild steel
welding, the fumes contain nickel and chromium
compounds, particularly chromium VI,." which
have carcinogenic effects for humans under certain
situations-namely, chromate production, chromate
pigment production, chromium plating industries,
and the nickel refining industry.'
To assess risk of lung cancer due to welding,

several epidemiological studies have been carried out
over the past 40 years. A recent paper' has reviewed
14 case-control studies taking welding into account
and 27 cohort studies."6 Only five of them reported
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relative risks below 1.00,&-10 whereas the other 36
pointed out a relation between lung cancer and weld-
ing.1"4 Of these, several (five case-control studies""-5
and 16 cohort studies'"31) reported relative risks
ranging from 1-25 to 1-70. Relative risks higher
than 2-00 were found in nine studies.324 Of the
36 studies considered, the results of only four
case-control studies'4 33 35 36 and 12 cohort
studies'118 23 24 27 28 30 31 38 39 41 reached statistical
significance.
A 30% to 40% increase in relative risk of lung

cancer among welders is now a generally accepted
figure.3'547 Nevertheless, three questions remain
unanswered with regard to the explanation of this
moderate excess. It could be accounted for by a
higher excess in the sub-group of stainless steel
welders exposed to nickel and chromium com-
pounds, under the assumption that stainless steel
welders have risks for lung cancer similar to those
found among workers exposed to the same com-
pounds in the mentioned industries.'3 Additional
exposure to asbestos, particularly in shipyards, may
have resulted in the occurrence of some lung cancer
cases in excess.47 The carcinogenic effects of tobacco
smoke may also have contributed to this excess as
some previous studies have suggested that welders
may smoke more than the general population.449
To investigate these three problems, the Inter-

national Agency for Research on Cancer (IARC)
initiated a mortality and cancer incidence study
including 135 factories from eight European coun-
tries, of which France contributed five. The results
concerning the European cohort along with those
obtained in some countries have already been pub-
lished.4 25 29-31 41
The data collection in France was further extended

for the present study both by incorporating new
factories and by updating the follow up for the
existing ones. Thus the present study is an extension
of the French data that were included in the IARC
study.4 3' Furthermore this study differs from that of
the IARC because smoking habits are taken into
account and an internal reference group is involved.
The French study was initiated and conducted
within the framework of collaboration coordinated
by the National Institute for Research and Safety
(INRS) and the Institute of Occupational Health of
Lille, and includes the Institutes of Occupational
Health of Grenoble and of St Etienne, along with the
National Health Insurance Fund ("Caisse Nationale
d'Assurance Maladie"), five regional health
insurance funds ("Caisses Regionales d'Assurance
Maladie"), and the French Ministry of Research and
Technology.

Materials and methods
STUDY POPULATIONS
The data were collected from the personnel registers

of 13 factories including three shipyards. Two
cohorts were defined in each factory. The welding
exposed cohort consisted of all male workers who
were employed as welders at the date of beginning of
the follow up period. For each welder, three controls
(if possible) were selected at random among the non-
welders employed at this date. Due to the absence of
non-welders, this selection was not possible in two
factories that included 8-5% ofthe study population.
The cohorts were restricted to workers with at least

one year of employment. Each control had to be a
manual worker, and have never been employed as a
painter, a foundry worker, a boilermaker, or a cutter.
The internal comparison group was restricted in
such a manner to avoid the potential lung cancer risks
due to chromate paints, polycyclic aromatic
hydrocarbons, silica, and welding fumes.
The personnel offices of the factories provided the

name, date and place of birth, date of first
employment, and date and reason for end of
employment when applicable, for each subject.

FOLLOW UP AND VITAL STATUS
It was decided that the follow up would start in the
1970s, because most stainless steel welding activities
started in the decade 1950-60, and because
occupational lung cancer usually occurs 10 years or
more after the beginning of exposure. These follow
up periods differ slightly from factory to factory
depending on the availability of data: they started in
1975 or in 1976 and they were extended up to 1987 or
the end of 1988.
The vital status of the subjects was determined

from information provided by the administrative
records of the factories, by the registry office of the
subjects' birthplaces, and by the national file of the
French National Institute for Statistics and
Economical Studies (INSEE). The vital status of
foreigners was also ascertained from INSEE, except
for those who died abroad whose deaths are not
recorded. For this reason, foreigners were considered
as still alive at the date of the end of the follow up for
the calculation of person-years.
A total of 730 deaths were detected in the whole

study population.

CAUSES OF DEATHS
The causes of deaths were ascertained through the
French national file ofcauses ofdeath managed by the
French National Institute for Medical Research and
Health (INSERM, Dr F Hatton, Mrs E Michel).
This national file is anonymous and contains the
codes of the International Classification of Diseases
(ICD) so that names could not be used to identify the
deaths in the study. Each subject had to be sought,
matching on the three following items that appear in
the national file: date ofbirth, date ofdeath, and place
of death. Thus these data were used for the linkage
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between the national file and the database of the
study.
Due to incomplete data, or because more than one

person in the national file satisfied the matching
criteria, 7% of the causes of death could not be
identified. These unknown causes of death were then
ascertained from records of hospitals and of general
practitioners. After this further investigation, the
causes of deaths were available for 98% of the
subjects.

SMOKING HABITS
The workers of French factories have to undergo an

individual clinical examination by the occupational
physician once a year, so that smoking habits
throughout the working history are usually recorded.
The smoking data collected for this study were

abstracted from these medical records. The available
items were the three smoking groups-namely,
never, former, and current smokers; the last being
subdivided into five groups: < 5 cigarettes day, 6-15
cigarettes day, > 15 cigarettes day, pipe-cigar, and
unknown amount. As the complete smoking history
was not available, no cumulative assessment of
smoking could be done. As shown in table 1, the
smoking habits were known for 86-6% of the whole
study population (86-6% ofthe welders and 86-5% of
the controls). The percentage of knoWn smoking
habits varied from factory to factory, ranging from
61-7% to 97-1%, depending on the completeness of
medical records.

EXPOSURE DATA ON WELDING FUMES
Three factories, including 471 welders and 1388
controls, are shipyards. The materials most com-

monly used in these three factories are mild steel and
low alloyed (chromium or nickel) steels, which are

sometimes coated with antirust paints. Two other
factories also work for the army, producing armoured
military vehicles and tanks. Their main base

materials are mild steel, stainless steel, armoured
steels, and aluminium. The other factories produce
different types ofproducts for metallurgy, using mild
steel, stainless steel, or aluminium as base materials.
The main welding techniques initially used in

most factories were manual metal arc (MMA) weld-
ing and oxyacetylene welding to a lesser extent. Due
to further technical developments which occurred in
the industry, other welding processes have been
introduced: t-ungsten inert gas (TIG), metal inert gas
(MIG), and metal active gas (MAG). These last three
processes along with MMA account for most of the
welding activities encountered in this study. Other
processes, such as oxyacetylene and plasma cutting,
arc gouging and brazing, and submerged arc welding
are more rarely used.
The welding activities include the metals welded,

the welding processes involved, and the proportions
of worktime spent in welding. They were taken into
account for each welder since the date of first
employment in the factory. This information on job
histories was available at individual levels in eight
factories, providing the successive periods of time
corresponding to each welding activity carried out by
each welder. In the other five factories, the individual
data provided information only on the workshops
where each welder had been successively employed.
To assess individual exposures, details were then
obtained on the welding activities in each workshop
throughout the periods of employment of the wel-
ders. It was then assumed that all welders in a given
workshop of a factory had done similar work at any
given period of employment.
A similar heterogeneity in the data collection on

job histories appeared in the European study carried
out by the IARC and the same assumption was made
with regard to the exposure assessment of the welders
when individual data were not available.4 Sub-
groups of welders were then defined according to the
job exposure matrix set up for the IARC study:4 (1)

Table 1 Demographic data, job histories, and smoking habits of the study populations

Welders Controls

No of subjects 2721 6683
Lost to follow up 122 (4 5%) 221 (3 3%)
Person-years 34131 84429
Average year of birth 1940 1938
Average year first employed 1965 1962
Average duration of employment (y) 19 5 21 9
Average year of death 1983 (203 subjects) 1982 (527 subjects)
Known smoking habits (%) 86-8 86-5
Non-smokers* 32-3 34-7
Former smokers* 14 1 12 8
Current smokers* 52-7 52-5

S 5 g/day* 6-3 5-5
6-15 g/day* 20 3 20-0
> 15 g/day* 24-1 22-2
Unknown amount* 1 8 4-5
Pipe-cigar* 01 0-3

*Percentage of subjects with known smoking habits.
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boilermakers and part time welders only, (2) mild
steel welders only, (3) ever stainless steel welders, (4)
welders predominantly exposed to chromium VI.
The last category included welders for whom more
than 70% of the welding activities had been, for at
least one year, either MMA welding of stainless steel
or MMA welding of armoured steel using stainless
steel coated electrodes or oxyacetylene welding or
cutting of stainless steel.

ADDITIONAL EXPOSURES OF WELDERS AND CONTROLS
Welders may be exposed to asbestos, either because
of the use of individual protection devices such as
gloves or blankets, or because of the presence of
insulation materials in the working environment.
The second exposure is likely to have occurred in
shipyards. The information on exposure to asbestos
was available at the factory level only, so that it was
not relevant for the statistical analysis. The only way
to account for the effects of asbestos was to separate
shipyards from other factories. Furthermore, due to
the possible presence of asbestos in the environment
of the workplaces in shipyards, shipyard controls
might also have been exposed to asbestos, which was
another reason to carry out a separate analysis for
shipyards.

In some factories, primers or paints might have
been applied to minimise corrosion of steel during
storage. The welding of such coated steels may have
resulted in additional exposure to organic contamin-
ants or to metals such as chromium, depending on the
chemical composition of the paint.' As for exposure
to asbestos, this information was not available at
individual levels so that the welding of coated steels
could not be taken into account in the analysis.

ANALYTICAL METHODS
Standard methods as described by Breslow and Day'5
were used to compute person-years at risk, expected
numbers of causes of death, and ratios between
observed and expected numbers (standardised mor-
tality ratios (SMRs)), with the program written by
Coleman et al." The observed numbers of deaths
were assumed to follow the Poisson distribution and
exact confidence intervals were computed for the
SMR. For the welders as well as for the controls,
person-years began at the beginning of the follow up
period or once they had been employed for one year,
whichever was later.

In the analyses by subgroups, person-years were
assigned to the mild steel only group from the
beginning ofmild steel welding until end offollow up
or until the first occurrence of stainless steel welding;
person-years were assigned to the ever stainless steel
group from the moment they had welded stainless
steel until the end of follow up. In the same way
person-years in the predominantly chromium VI
group started as soon as this exposure began. Thus if
a welder had, for example, been welding mild steel

from 1970 to 1980 and stainless steel afterwards with
a beginning of follow up in 1975 he contributed five
years (from 1975 to 1979) to the mild steel only group
and all the subsequent person-years to the ever
stainless steel group. A small percentage of welders
was excluded from this analysis by subgroups
because of incomplete working histories.
Death certificates and causes of death collected

from general practitioners were coded using the
International Classification of Diseases (ICD) codes
(8th revision from 1975 to 1978 and 9th revision from
1979 to 1988). The reference rates used to compute
the expected numbers of deaths were the national
rates for the male population subdivided by five year
age groups and five year periods. Death rates of
welders and controls were thus compared to rates of
the French male population using analyses conduc-
ted according to duration of employment and time
since first employment. Additional analyses were
performed within the subgroups of welders using
duration of exposure to welding and time since first
exposure to welding. Furthermore, a five year lag
period was introduced because exposures occurring
shortly before death are unlikely to be the cause of
cancer. All welding periods within five years ofdeath
or end of follow up were therefore excluded from
consideration.

Relative risks comparing welders with controls
were calculated by dividing the SMRs of welders by
the SMR of non-welders. Significance was assessed
using the binomial distribution as described by
Breslow and Day."' To be able to compare directly
welders and non-welders without external reference
rates, a Poisson model using the EGRET and GLIM
software packages was fitted.52"5

Results
DESCRIPTION OF THE STUDY POPULATION
Table 1 gives a description of the cohort of the
welders compared with the control cohort. The
follow up of 9404 workers was 96% successful and
was similar between welders and controls. The
comparison of the average year of birth shows that
the matching procedure was nearly successful. The
differences in year offirst employmentand in duration
of employment are consistent with the year of birth
and do not suggest any fundamental differences
between the job histories of welders and non-
welders. The data on smoking habits showed that the
welders had smoked slightly more than the controls
(32-3 v 34 7 non-smokers and 24-1 v 22-2 heavy
smokers). This difference was taken into account in
the analysis of mortality by lung cancer with
Axelson's indirect adjustment and in the Poisson
modelling procedure.54

WELDERS AND CONTROLS
Table 2 gives the mortality results by cause of death
for the two study cohorts and for all factories
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Table 2 SMRs and 95% CIsfor selected causes among 2721 welders and 6683 controls

Welders Controls

Causes of death (ICD-8) Obs Exp* SMR (95% CI) Obs Exp* SMR (95% CI)

All causes (000-999) 203 198-17 1-02 (0-89-1-18) 527 577-16 0-91 (0 84-0 99)
Circulatory system (390-459) 47 43-20 1-09 (0-80-1-45) 114 132-83 0-86 (0-71-1-03)

Ischaemic heart diseases (410-414) 28 18-57 1-51 (1-00-2-18) 52 57-01 0-91 (0-68-1-20)
Cerebrovascular diseases (430-438) 9 9-71 0 93 (0-42-1-76) 25 30-01 0-83 (0-54-1-23)

Respiratory system (460-519) 6 7-32 0-82 (0-30-1-78) 20 22-63 0-88 (0-54-1-36)
Digestive system (520-579) 25 18-55 1-35 (0-87-1-99) 69 54-47 1-27 (0-99-1-60)

Cirrhosis of the liver (571) 20 13-39 1-49 (0-91-2-31) 53 39-14 1-35 (1-01-1 77)
Accidents and violence (800-999) 35 36-64 0-96 (0-67-1-33) 78 92-73 0-84 (0-66-1-05)

Suicides (950-959) 13 11-71 1-11 (0-59-1-90) 25 29-94 0-84 (0-54-1-23)
Travel accidents (810-829, 846-848) 10 10-50 0-95 (0-46-1-75) 18 25-35 0-71 (0-42-1-12)

All malignant neoplasms (140-208) 60 64-28 0-93 (0-71-1-20) 187 194-21 0-96 (0-83-1-11)
Buccal cavity, pharynx (140-149) 6 7-12 0-84 (0-31-1-84) 16 20-80 0-77 (0-44-1-25)
Larynx (161) 3 4-46 0-67 (0-14-1-97) 15 13-26 1-13 (0-63-1-87)
Oesophagus (150) 4 5-12 0-78 (0-21-2-00) 17 15-36 1-11 (0-64-1-77)
Stomach (151) 6 2-87 2-09 (0 77-4 55) 12 8-90 1-35 (0 70-2-35)
Intestine (152, 153) 1 3 03 0-33 (0-01-1-84) 5 9-48 0 53 (0-17-1-23)
Rectum (154) 1 1-52 0-66 (0-02-3-66) 6 4-76 1-26 (0-46-2-74)
Liver (155) 3 2-31 1-30 (0 27-3 79) 10 7-20 1-39 (0 67-2-55)
Pancreas (157) 0 2-17 0 00 (0-00-1-70) 5 6-67 0 75 (0-24-1-75)
All digestive cancers (150-159) 17 18 52 0-92 (0-53-1-47) 56 56-96 0-98 (0-74-1-28)
Lung (162) 19 15-33 1-24 (0-75-1-94) 44 46-72 0-94 (0-68-1-26)
Pleura (163) 0 0-41 0-00 (0 00-8-92) 3 1 25 2-40 (0-49-7-01)
Bone- sarcoma (170-171) 0 0-77 0-00 (0 00-4 79) 2 2-18 0-92 (0-11-3-31)
Prostate (185) 0 1-77 0-00 (0-00-2 09) 6 6-05 0-99 (0-36-2-16)
Bladder (188) 1 1-53 0-65 (0 02-3-64) 4 4-86 0-82 (0-22-211)
Brain (191) 0 1-34 0-00 (0-00-2 75) 6 3-82 1-57 (0 58-3-42)
Hodgkin's lymphoma (200-203) 2 1-96 1-02 (0-12-3-68) 7 5-64 1-24 (0-50-2-55)
Leukaemia (204-208) 2 1-76 1-13 (0-14-4-10) 2 5-01 0 40 (0-05-1-44)

ICD-8 = International Classification of Diseases, 8th revision.
*The expected numbers were calculated using national death rates, with adjustment for sex, age, and calendar time.

combined. The overall mortality ofwelders was close
to that expected (SMR = 1-02) whereas a statis-
tically significant deficit occurred for controls
(SMR = 0-91). An opposite pattern was seen for
mortality from ischaemic heart disease because an
excess of borderline significance existed for welders
(SMR = 1-51) that contrasted with the lower result
of controls (SMR = 0-91), leading to a significant
relative risk of 1-66 (95% CI 1 01-2 68).
Welders and controls both showed low results for

non-malignant respiratory diseases (SMR = 0-82
and SMR = 0-88 respectively) and for violent causes
(SMR = 0-96 and 0-84 respectively). With regard to
cirrhosis of the liver, however, the SMRs were high
and similar (1-49 and 135 respectively, the second
reaching statistical significance).
The SMR for mortality from all cancer sites was

close to unity both for welders (0 93) and controls
(0-96). There were non-significant excesses for
stomach cancer (2-09 and 1-35 respectively) and for
cancer of the liver (1-30 and 1-39 respectively). For
lung cancer, the main focus of interest of this study, a
slight and non-significant excess occurred for welders
(SMR = 1-24), which contrasted with a slight deficit
for controls (SMR = 0 94), and which led to a non-
significant relative risk of 1 32. Three deaths from
pleural tumours occurred in the control cohort,
giving a non-significant excess of 2 40. These three
deaths occurred in workers from shipyards, so that

the SMR was significantly above 1 00 (SMR =
3/0 26 = 11-54, p < 001) in these three factories.
This result suggests that exposure to asbestos is likely
to have occurred in the shipyards of the present
study. Although no death from mesothelioma
occurred among shipyard welders, the possibility of
exposure of welders to asbestos could not be dis-
carded as the expected number was 0 09, indicating
that the statistical power did not enable such a risk to
be detected among welders.
Table 3 provides further data for selected causes of

death, comparing both welders and controls to the
French population. These cohorts can actually be
compared using two measures that can be deter-
mined for welders and controls-namely, the dura-
tion ofemployment and time since first employment.
Boundaries were chosen before the statistical
analysis. An increasing trend occurred for the overall
mortality with duration of employment among wel-
ders, which contrasted with the opposite pattern
among controls. The same was found for time since
first employment. There were similar results for
mortality from ischaemic heart diseases and cir-
rhosis. No clear pattern occurred among welders and
controls for non-malignant respiratory diseases and
lung cancer. This lack of trend, however, could be
partly due to small expected numbers in some
categories.
The direct comparison between welders and con-
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Table 3 SMRsfor selected causes among welders and controls by duration of employment and by time since first employment

Welders Controls

Causes of death (ICD-8) Obs SMR* p Value Obs SMR* p Value

Duration of employment
All causes (000-999):

< 10 years 17 0-72 NS 55 1-03 NS
10-19 years 40 0-78 NS 126 0 94 NS
>20 years 146 1-18 p = 005 346 0-89 p < 005

Ischaemic heart diseases (410-414):
< 10 years 0 0 00 NS 4 1-27 NS

10-19 years 4 1-00 NS 7 0-63 NS
20 years 24 1-79 p < 0-05 41 0-96 NS

Respiratory system (460-519):
< 10 years 0 0-00 NS 0 0 00 NS

10-19 years 4 2-62 NS 1 0-23 NS
> 20 years 2 0-38 NS 19 1-12 NS

Cirrhosis (571):
< IO years 1 0-64 NS 6 1-52 NS

10-19 years 2 0-58 NS 15 1-55 NS
20 years 17 2-03 p < 0-05 32 1-25 NS

Lung cancer (162):
<10years 1 1.19 NS 0 000 NS

10-19 years 2 0-63 NS 11 1-23 NS
20 years 16 1-41 NS 33 0 93 NS

Time since first employment
All causes (000-999):

< 10 years 24 0-76 NS 73 1-04 NS
10-19 years 45 0-89 NS 131 0-90 NS
20 years 134 1-15 NS 323 0-89 p = 0-05

Ischaemic heart diseases (410-414):
< 10 years 1 0-55 NS 4 0-89 NS

10-19 years 4 0-95 NS 9 0-68 NS
20 years 23 1-84 p < 005 39 099 NS

Respiratory system (460-519):
< 10 years 0 0-00 NS 0 0 00 NS

10-19 years 4 2-44 NS 1 0-19 NS
> 20 years 2 0-41 NS 19 123 NS

Cirrhosis (571):
<10years 1 0-86 NS 5 1-64 NS

10-19 years 2 0-58 NS 13 1-42 NS
20 years 17 1-94 p < 0-05 35 1-30 NS

Lung cancer (162):
< 10 years 1 0-75 NS 1 0 30 NS

10-19 years 3 0 90 NS 13 1-25 NS
> 20 years 15 1-41 NS 30 0 91 NS

*The expected numbers were calculated using national death rates, with adjustment for sex, age, and calendar time.

trols by Poisson regression showed that after adjust-
ment for age, the rate ratio for lung cancer mortality
was 1-29 (non-significant), similar to the ratio of
SMRs (1 32).

WELDING ACTIVITIES
As mentioned, welders have been divided into four
groups whose results are given in table 4 with a five
year lag period. The overall SMRs were slightly
lower for the two groups of stainless steel welders
than for the other two categories of welders.
Similarly, no excess was found among stainless steel
welders compared with mild steel or part time
welders for mortality due to non-malignant res-
piratory disease or to lung cancer. For ischaemic
heart diseases, however, SMRs were high and similar
among the four groups.

Table 5 provides the results ofmortality from lung
cancer with a five year lag period, according to
duration ofexposure and time since first employment
as a welder. Due to possible exposure to asbestos in
shipyards, these factories have been analysed
separately. The highest lung cancer SMR was found
for mild steel welders (SMR = 159), with lower
values for shipyard welders (SMR = 0-91), part
time welders, and boilermakers (SMR = 1 14), and
for the two groups of stainless steel welders
(SMR = 0 92 and SMR = 1 03). When taking into
account duration of exposure and latency, although
the numbers involved were limited, a statistically
significant excess mortality from lung cancer was
found for mild steel welders with more than 20 years
of exposure and more than 20 years of latency. The
SMRs were 3-24 and 2 42 respectivelv. It is worth
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Table 4 SMRs and 95% CIs for selected causes among controls and sub-groups of welders including shipyard welders (five year lag)

All causes (ICD-8 000-999) Ischaemic heart diseases (ICD-8 410-414)

Causes of death (ICD-8) Obs Exp* SMR (95% CI) Obs Exp* SMR (95% CI)

Controls 527 577 16 0 91 (0-84-0 99) 52 57-01 0-91 (0-681-20)
Part time welders only or boilermakers only 42 36 72 1 14 (0-82-1 55) 5 3-34 1 50 (0 49-349)
Mild steel welders only 110 96-22 1-14 (0 94-138) 14 9 33 1 50 (0-82-2 52)
Ever stainless steel welders 45 54 12 0-83 (0 61-1 11) 9 5-25 1 71 (0-78-325)
Predominantly chromium VIt 19 23-33 0 81 (049-127) 4 2 24 1-78 (0-49-456)

*Expected numbers were calculated using national death rates, with adjustment for sex, age, and calendar time.
tIncluded in "ever stainless steel welders."

noticing that no such pattern occurred among stain-
less steel welders (the three observed cases had less
than 10 years of exposure) or in the subgroup of
stainless steel welders predominantly exposed to
chromium VI.

Discussion
This study was set up in 1985 when the IARC started
to coordinate the European mortality and cancer
incidence study. Although the observed number of
deaths is limited because of the shortness of the
follow up period, the French study is of interest
because (1) an attempt was made to separate mild
steel welders from stainless steel welders, (2) the
smoking habits of nearly 87% of the study popu-
lation are known so that this major confounding
factor can be taken into account in the statistical
analysis, (3) an internal comparison group was used,
as was done in previous studies.'0212543 The last
method enabled control for the healthy worker effect
and other non-occupational factors-namely, socio-
economic category and geographical factors that can
affect the occurrence of lung cancer.

SMOKING HABITS
Our data indicate that welders had a non-significant
excess of lung cancer when compared with controls
(relative risk = 132). This raises the question of
whether or not this result could be accounted for by
smoking habits, because welders smoked slightly
more than controls (table 1).
To assess the excess of lung cancer due to smoking

alone, a crude adjustment was made using the
method already proposed.5455 According to
previously published results,56 the four different risk
levels of 1-00, 2-00, 9-00 and 15-00 were assumed
respectively for non-smokers, smokers of < 5 g/day,
smokers of 6-15 g/day and smokers of > 15 g/day.
This method indicates that the tobacco over-

consumption would lead to a 6% lung cancer excess
among welders v controls. This level of risk is
noticeably lower than the 32% excess obtained by the
comparison of SMRs or than the 29% excess
observed using the Poisson regression.

Despite the fact that this method does not take into

account the duration of smoking, it can be stated that
the lung cancer excess in welders v controls in the
present study is unlikely to be explained by different
smoking habits between these two groups.

EXPOSURE TO ASBESTOS
Asbestos is the other possible factor that needs to be
discussed with regard to mortality from lung cancer.
Due to the lack of individual data, exposure to
asbestos cannot be directly taken into account in the
analysis. An indirect assessment, however, can be
attempted using mortality from lung cancer accord-
ing to smoking habits, given the well known syn-
ergism between asbestos and smoking on the risk of
lung cancer.57
Table 6 provides the results ofmortality from lung

cancer according to smoking habits. As expected,
when compared with the French population, sig-
nificant excesses were found among heavy smokers in
all factories and among welders (SMR = 3-21) as
well as among controls (SMR = 2-64). Also, due to
the fact that the French population contains- many
smokers, low SMRs appeared among non-smokers.
When considering shipyards separately, where
asbestos exposure is likely to have occurred, SMRs
were remarkably high among heavy smokers, for
welders (SMR = 6 94, NS) and for controls
(SMR = 5 07,3p < 0-01).Thesetworesultscontrast
with those found for heavy smokers in other fac-
tories, (2 73 (p = 0-05) and 2 13 (p < 0-05) respec-
tively).
These different patterns for shipyards and non-

shipyard factories, along with the high SMR for
mortality from mesothelioma among shipyard con-
trols (SMR = 11-54, p < 0-01) suggest that
exposure to asbestos had probably been higher in
shipyards than in other factories. It could therefore
be suggested that the excess of lung cancer in non-
shipyard mild steel welders (SMR = 1-59, table 5) is
probably not attributable to exposure to asbestos.

EXPOSURE TO WELDING
The overall mortality of welders did not differ from
that expected (SMR = 1-02) whereas a significant
deficit was seen for controls(SMR = 0-91, p < 0 05)
(table 2). Moreover, the SMRs of welders for all
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Respiratory systemii (ICD-8 460-519J Lung cancer (ICD-8 162)

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

20 22 63 088 (054-136) 44 4672 094 (068-126)
1 1 36 074 (002-410) 4 269 1-49 (041-381)
3 363 083 (0 17-241) 10 7 71 1 30 (062-2 38)
0 201 000 (000-183) 5 448 1-12 (036-261)
0 085 000 (000-434) 2 195 103 (012-371)

Table S Lung cancer mortality for shipyard and subgroups of non-shipyard welders, by duration of exposure to welding and
time since first exposure to welding (five year lag period)

Duration of exposure Time sincefirst exposure

Obs/exp SMR (95% CI) Obslexp SMR (95% CI)

Shipyards welders:*
Total 3/3.28 0.91 (0-19-267)
<20 years 2/1.25 1 60 (0-19-578) 2/0-60 3-33 (040-12 03)
>20 years 1/2.03 0-49 (0-01-2 74) 1/2-68 0-37 (0-01-2 08)

Part time welders, boilermarkers:t
Total 3/2.63 1 14 (0-24-333)
<20 years 0/1-67 0 00 (0 00-221) 0/1 11 0 00 (0 00-332)
20 years 3/0.96 3 11 (0 64-910) 3/1 52 1 97 (0 41-5 77)

Mild steel welders only:t
Total 9/5 65 1 59 (0-73-302)
<20 years 4/4 11 0 97 (0-26-249) 1/2 36 0 42 (0 01-2-36)
20 years 5/1-54 3 24 (1 05-7-55) 8/3 30 2-42 (1 05-478)

Ever stainless steel welders:t
Total 3/3 26 0 92 (0 19-269)
<20 years 3/279 108 (022-314) 2/166 120 (014-435)
> 20 years 0/0 47 0°00 (0-00-7 82) 1/1 60 0 63 (0 02-3-49)

Predominantly chromium VI:+
Total 2/1-95 1-03 (012-3-71)
<20 years 2/1 71 1 17 (0 14-4-22) 1/0.93 1-08 (0-03-599)
20 years 0/0 23 0 00 (000-15 85) 1/1.01 0 99 (0 03-551)

*Part time welders and boilermakers not included.
tNon-shipyard welders.
+Included in ever stainless steel welders.

Table 6 Lung cancer mortality according to smoking among welders and controls employed in shipyards and in otherfactories

Welders Controls

Obs SMR p Value Obs SMR p Value

All factories:
Non-smokers 2 0-54 NS 2 0 14 p < 0 001
Current <5 cigarettes/day 0 0 00 NS 0 0 00 NS
Current 6-15 cigarettes/day 1 0-36 NS 9 1 24 NS
Current ) 15 cigarettes/day 8 3 21 p < 0 01 21 2-64 p < 0 001

Shipyards:
Non-smokers 0 0 00 NS 0 0 00 NS
Current < 5 cigarettes/day 0 0 00 NS 0 0 00 NS
Current 6-15 cigarettes/day 0 0 00 NS 1 0 70 NS
Current > 15 cigarettes/day 2 6-94 NS 7 5 07 p < 0 01

Non-shipyards:
Non-smokers 2 0 65 NS 2 0 16 p < 0 001
Current < 5 cigarettes/day 0 0-00 NS 0 0 00 NS
Current 6-15 cigarettes/day 1 0 42 NS 8 1-38 NS
Current > 15 cigarettes/day 6 2 73 p = 0 05 14 2 13 p < 0-05

causes of death tended to increase with duration of Also, the significant excess of mortality from
employment and with time since first employment ischaemic heart disease among welders compared
whereas controls were opposite (table 3). The inter- with controls is difficult to interpret because such a
pretation of this difference in terms of occupational risk has never been previously reported. For this
risk is unclear, as it occurred particularly in the case reason, although the result was statistically sig-
of ischaemic heart diseases and cirrhosis. nificant, it could still be due to chance.
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Table 7 Overall mortality and lung cancer mortality: comparison of results of the present French study with those previously
found in the European study3'

European study French study

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

All causes (ICD-8 000-999)
Total welders 1093 0-93 (0-87-098) 203 1 02 (0 89-1-18)
Shipyard welders 405 1 00 (0 91-1 10) 48 1 23 (0-91-1-64)
Mild steel only 287 1-01 (0-90-113) 76 1 06 (0-84-1-33)
Ever stainless steel 335 0-86 (0-77-0-96) 31 0-77 (0 53-1 10)
Predominantly stainless steel* 212 0-84 (0-73-0 96)
Predominantly chromium VI* 19 0 81 (0 49-1-27)

Lung cancer (ICD-8 162)
Total welders 116 1 34 (1-10-1 60) 19 1 24 (0-75-1-94)
Shipyard welders 36 1 26 (0-88-1-74) 3 0.91 (0 19-2 67)
Mild steel only 40 1-78 (1 27-2-43) 9 1 59 (0-73-3 02)
Ever stainless steel 39 1 28 (0-91-1 75) 3 0-92 (0-19-2 69)
Predominantly stainless steel* 20 1 23 (0-75-1 90)
Predominantly chromium VI* 2 1-03 (0 12-3-71)

*Included in ever stainless steel welders.

When compared with the French population,
stainless steel welders had SMRs slightly lower than
those of mild steel welders for all causes of death
(table 4). This was also the case in the European
study, the only previous study that has been able to
separate mild steel from stainless steel welders, as the
authors have reported SMRs significantly below 1 00
for all causes of death among stainless steel welders
(table 7).' For lung cancer in the present study, the
highest SMR was for mild steel welders
(SMR = 1 59) whereas the lowest values were for
whole stainless steel welders (SMR = 0-92) and for
stainless steel welders predominantly exposed to
chromium VI (SMR = 1-03) (table 5, 7). Due to the
small numbers, none of these results reached statis-
tical significance, except for mild steel welders having
more than 20 years of exposure and more than 20
years since first exposure. Consequently no firm
conclusion could be drawn from this study alone.
Nevertheless, the European study showed similar
results with the highest lung cancer SMR obtained
for mild steel welders (SMR = 1 78, p < 0 05), the
corresponding values being lower for ever stainless
steel welders (SMR = 1 28) and for predominantly
stainless steel welders (SMR = 1 23), (table 7).31
Two further comments can be made from the

present study. Firstly, it has been shown that the
excess of lung cancer among welders in comparison
with controls (relative risk = 1 32) might not be due
to smoking as the excess attributable to smoking was
about 1 06. Secondly, the comparison of lung cancer
SMRs of heavy smokers among shipyard and non-
shipyard workers suggests that the excess of lung
cancer among non-shipyard mild steel welders
(SMR = 159) is unlikely to be explained by
exposure to asbestos. If these two assumptions are
accurate, the lung cancer excess found among mild
steel welders remains unexplained.
The conclusion drawn by the authors of the

European study, however, was slightly different. Due
to the fact that smoking habits were unknown and
that there was a significant excess ofmesothelioma, it
has been suggested that smoking, or exposure to
asbestos, or both might have contributed to the
excess of lung cancer.3'
On the whole, it can be concluded from the present

study that the statistical analysis failed to show that
risk for lung cancer is higher for stainless steel
welders than for mild steel welders. The same
conclusion was drawn in the IARC monograph on
welding when reviewing the European study: "a
large European study ... demonstrated no consistent
difference in cancer risk among stainless steel welders
as compared to mild steel welders or to shipyard
welders."' These conclusions disagree with those
previously published by Becker et al"5 and by Sjogren
et al," 4 which suggested high risk of lung cancer for
stainless steel welders.

Requests for reprints to: Dr J J Moulin, INRS,
Avenue de Bourgone, BP 27, 54501 Vandoeuvre
cedex, France.
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