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Abstract
A multicentre cohort of 11 092 male welders
from 135 companies located in nine European
countries has been assembled with the aim of
investigating the relation of potential cancer
risk, lung cancer in particular, with occu-
pational exposure. The observation period and
the criteria for inclusion of welders varied
from country to country. Follow up was suc-
cessful for 96-9% of the cohort and observed
numbers of deaths (and for some countries
incident cancer cases) were compared with
expected numbers calculated from national
reference rates. Mortality and cancer in-
cidence ratios were analysed by cause
category, time since first exposure, duration of
employment, and estimated cumulative dose
to total fumes, chromium (Cr), Cr VI, and
nickel (Ni). Overall a statistically significant
excess was reported for mortality from lung
cancer (116 observed v 86-81 expected deaths,
SMR = 134). When analysed by type ofwelding
an increasing pattern with time since first
exposure was present for both mild steel and
stainless steel welders, which was more
noticeable for the subcohort ofpredominantly
stainless steel welders. No clear relation was
apparent between mortality from lung cancer
and duration of exposure to or estimated
cumulative dose of Ni or Cr. Whereas the
patterns of lung cancer mortality in these
results suggest that the risk of lung cancer is
higher for stainless steel than mild steel
welders the different level of risk for these two
categories of welding exposure cannot be
quantified with precision. The report of five
deaths from pleural mesothelioma unrelated
to the type of welding draws attention to the
risk of exposure to asbestos in welding
activities.

The first study reporting an increased risk for lung
cancer among welders was the case-control study by
Breslow et al.' Since that time, several case-control
studies oflung cancer have reported findings for wel-
ders,"' and a number of cohort studies of welders'
mortality have been carried out."24 Most of these
studies, along with several analyses of routine mor-
tality data, have reported excesses of mortality from
lung cancer ranging from 30% to 50%. Few studies,
however, have investigated the potential carcin-
ogenic effect of exposures to specific welding fumes.
They have been reviewed by Peto" and by the
International Agency for Research on Cancer
(IARC).26
Welders are exposed to welding fume, which in the

case of stainless steel welding contains the carcino-
gens nickel (Ni) and chromium (Cr). Also, some
welders are at risk of exposure to asbestos (par-
ticularly in shipyards) and suspected carcinogens
such as silica dust.27 Many earlier studies did not
subdivide welders by type of exposure; therefore the
major aim of this study has been the separation of
stainless steel welders, potentially exposed to Cr and
Ni, from mild steel welders and welders in shipyards.
This historical prospective study is unable, as in

most such studies, to measure the potential con-
founding effect of smoking habits.
The IARC coorganised with the European

Regional Offiice of the World Health Organisation
(WHO/EURO) and the Danish Welding Institute a
conference on welding in February 1985.'2 At the
same time WHO/EURO in collaboration with the
Danish Welding Institute established a network of
investigators conducting studies in three areas, with
the aim of standardising and improving research
methods. The areas were mortality and cancer
incidence studies, morbidity studies, and assessment
of industrial exposure through hygiene and
biological monitoring.

Several cohort studies were already under way or
at the planning stage, although each was of limited
size. To increase the statistical power of the study it
was agreed to carry out a formal pooling of these data
at IARC. The purpose ofthe study was to update and
to aggregate the information on mortality and in-
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Table 1 Inclusion criteria for each national cohort of welders

Country Minimum duration Started In employment

01 Denmark One year between 1 April 1964 and Before 1984 In 1964 or later
31 December 1984

02 England Five years In 1960 in factory 17
03 Finland One year
04 France In 1975 or 1976
05 Germany - Before 1971
06 Italy
07 Norway Three months between 1 January 1946 and Before 1977 After 1946

31 December 1976
08 Scotland Five years In 1970 in factory 01

In 1960 in factory 17
In 1971 in factory 21

09 Sweden Five years between 1950 and 1965 Before 1961 Between 1950 and
1965

cidence ofcancer among welders in several European
countries, and to investigate the relation between the
different types of exposure occurring in stainless
steel, mild steel, and shipyard welding, and various
sites of cancer, with particular emphasis on cancer of
the lung.

Materials and methods
The population under study comprises workers
employed as welders in 135 companies located in nine
European countries. Both existing and newly collec-
ted data sets contribute to the common database.
Data on occupational history (including type of

welding if known), vital state, cause of death, and
when available, cancer registration, were supplied to
IARC using a standardised protocol. The criteria for
inclusion in the cohort were different from country to
country depending on the availability of the data and
on the study design, and table 1 lists these criteria.
Table 2 presents data on exclusions. Out of 12 119

subjects received at IARC, 11 092 were included in
the cohort. Of the 1027 subjects excluded, 230
(22 4%) belonged to factories too small or of too
recent start of production to be included, 667
(64 9%) did not meet the inclusion criteria, and 130

(12 7%) had at least one element ofessential informa-
tion missing. Only men were included in the study.
One thousand and ninety three deaths were recor-

ded at the end of the follow up and 338 (3-1%)
subjects could not be traced or had emigrated.
Table 3 reports the vital state in detail by country.
Despite the different mechanisms operating in the

various countries the completeness of the follow up
(96 9%) can be considered satisfactory. Data sub-
divided by country are not presented, although the
contribution to observed deaths and cancer cases

varies appreciably by country due to variation in both
the size and the age structure ofthe study population.
Age and sex specific national mortality reference
rates have been computed at IARC using the WHO
mortality data bank. A conversion table was prepared
to allow the pooling of the results over different
revisions of the International Classification of
Diseases (ICD)."'1

National incidence reference rates, all according to
the 7th ICD revision29 have been supplied and used
for calculating expected incident cancer cases. This
applies to the four Nordic countries (Denmark,
Finland, Norway, and Sweden) providing cancer

registration at national level.

Table 2 No of subjects in the database, No of exclusions, andfinal No in the analysis

No of subjects excluded due to:
Total No of

No of Date of Exit before Not subjects Total 1
subjects Date of Date of first observation satisfying excluded of subje
in the birth exit exposure period Specific inclusion Factories from in the
database unknown unknown unknown started problems criteria excluded analysis analysi.

Denmark 5357 - 3 54 8 8 412 230 715 4642
England 398 1 1 2 1 - - - 5 393
Finland 1950 - - - 19 - 123 - 142 1808
France 1272 - 1 - - 1 80 - 82 1190
Germany 1221 - - - 15 - 7 - 22 1199
Italy 460 - - - 13 - - - 13 447
Norway 783 - - - 1 - 45 - 46 737
Scotland 239 1 1 - - - - - 2 237
Sweden 439 - - - - - - - - 439
Total cohort 12119 2 6 56 57 9 667 230 1027 11092
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Table 3 No of subjects by country and vital state

Total Alive Dead Lost tofollow up Emigrated

Total (%) Total (%) Total (%) Total (%) Total (%)

Total 11092 (100-00) 9661 (87-10) 1093 (9-85) 137 (1-24) 201 (1-81)
Denmark 4642 (100 00) 4361 (93-95) 230 (4 95) 2 (0-04) 49 (1-06)
England 393 (100-00) 317 (80 66) 55 (13-99) 21 (5 34) - (-)
Finland 1808 (100-00) 1224 (67 70) 468 (25-88) - (-) 116 (6-42)
France 1190 (100 00) 1093 (91-85) 53 (4-45) 44 (3 70) - (-)
Germany 1199 (100 00) 1123 (93-66) 62 (5-17) 8 (0-67) 6 (0 50)
Italy 447 (100-00) 399 (89-26) 26 (5 82) 21 (4 70) 1 (0 22)
Norway 737 (100-00) 646 (87-65) 66 (8 96) 1 (0-14) 24 (3-26)
Scotland 237 (100-00) 145 (61-18) 47 (19-83) 40 (16-88) 5 (2-11)
Sweden 439 (100-00) 353 (80-41) 86 (19 59) - (-) - (-)

Data processing and quality control were centrally
performed at IARC in close collaboration with the
national investigators. The expected number of
deaths or incident cases were computed by multiply-
ing the accumulated person-years in each stratum
across age and calendar period by the national
reference rates.'2 Standardised mortality ratios
(SMRs) and standardised incidence ratios (SIRs)
were calculated as the ratio of observed to expected
multiplied by 100. Ninety five per cent confidence
intervals (95% CIs) for SMRs and SIRs were

computed assuming a Poisson distribution.
For analysis by both qualitative and quantitative

fume exposure categories, subjects needed to be
included in categories by type of metal (mild or

stainless steel in most cases) or welding process
(MIG, MAG, TIG, or MMA in most cases). For
most of the cohort these data were available at
individual levels, but most subjects were assigned to
these exposure groups based on a systematic history
of each plant. Shipyard workers were separated from
mild steel workers in factories, because it was judged
that exposure to asbestos was likely to have been
higher in shipyards. Because exposures to Cr and Ni
are much higher in stainless steel than in mild steel
welding, the factory welders were categorised as
either mild steel only or stainless steel ever. A
subgroup of stainless steel welders, "predominantly
stainless steel," was also considered. This consisted
of subjects who had had at least one occupational
period welding stainless steel only or were employed
in a company with at least 70% of stainless steel
activity (for Sweden the pre-existing criterion of
inclusion was at least 50% employment in stainless
steel welding).
For each subject employed for at least five years as

a welder a cumulative dose was computed on the
basis of estimated levels of exposure specific to type
of metal welded, and factory and technological
changes over time. This was calculated using an

algorithm based on the history of welding in the
plants or companies as well as the available individual

information. Boundaries have been chosen on the
basis ofthe cumulated exposure at the threshold limit
values recommended by the American Conference of
Governmental Industrial Hygienists" after one, five,
10, 15, and 20 or more years of employment and
taking into account as far as possible an even dis-
tribution of the expected numbers in each category.
The estimated plant specific levels of exposure to

total fumes (TF), total Cr, hexavalent Cr (Cr VI),
and Ni were prepared before the statistical analysis
by two of us (CG and MG). The methodology is
described in detail elsewhere.""
Other exposures could not be estimated due to the

low quality of the information in the case of asbestos,
or to the lack of information in the cases of a-
radiation (from the use of thorium in TIG welding)
and electromagnetic fields.

Table 4 No in cohort and person-years by time since first
exposure: total cohort

Years since first exposure

Country 0-9 10-19 20-29 ,30 Total

No in cohort
Denmark 4421 2771 988 112 4642
England 370 337 195 86 393
Finland 1619 1763 1620 1162 1808
France 819 910 409 146 1190
Germany 841 1156 499 94 1199
Italy 335 355 134 34 447
Norway 737 705 256 86 737
Scotland 123 186 155 72 237
Sweden 368 436 426 304 439
Total 9633 8619 4682 2096 11092

Person-years
Denmark 28510 17466 3077 670 49722
England 1632 2575 1292 539 6038
Finland 10320 16269 14736 6990 48315
France 4743 4862 2038 650 12293
Germany 5545 6369 2483 37 14434
Italy 2628 1659 737 161 5185
Norway 6670 4608 1694 427 13399
Scotland 475 1288 947 515 3225
Sweden 1700 4004 3906 1857 11467
Total 62223 59099 30910 11845 164077
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Table 5 Mortality by detailed cause: total cohort

Cause of death (ICD 8th rev) Obs Exp SMR (95% CI)

All causes (000-999) 1093 1179-08 93 (87- 98)

All malignant neoplasms (140-207): 303 268-63 113 (100-126)
Buccal cavity and pharynx (140-149) 3 6-79 44 (9-129)
Oesophagus (150) 4 7 07 57 (15-145)
Stomach (151) 26 27-14 96 (63-140)
Intestine except rectum (152-153) 17 14-41 118 (69-189)
Rectum (154) 7 10 28 68 (27-140)
Nose and nasal cavities (160) 0 0-83 0 (0-444)
Larynx (161) 7 4-74 148 (59-304)
Trachea, bronchus, and lung (162) 116 86-81 134 (110-160)
Prostate (185) 10 12-95 77 (37-142)
Bladder (188) 15 7-86 191 (107-315)
Kidney (189) 12 8-61 139 (72-243)
Lymphosarcoma (200) 6 3-52 171 (63-371)
Hodgkin's disease (201) 2 3-32 60 (7-218)
Leukaemia (204-207) 6 9 49 63 (23-138)
Other lymphatic neoplasms (202-203) 7 6-12 114 (46-236)
Other malignant neoplasms 65 58-72 111 (85-141)

Benign and unspecified neoplasms (210-239, 208) 5 5-08 98 (32-230)

Circulatory system (390-458) 469 499 74 94 (86-103)

Respiratory system (460-519): 42 60-84 69 (50- 93)
Pneumonia (480-486) 12 19-16 63 (32-109)
Bronchitis, emphysema, and asthma (490-493) 26 30 75 85 (55-124)
Other respiratory diseases 4 10-94 37 (10- 94)

Digestive system (520-577) 34 50-82 67 (46- 93)

Accidents, poisonings, and violence (E800-E999): 142 183-72 77 (65- 91)
Industrial accidents (E916-E921, E923-E928) 7 8-44 83 (33-171)
Suicide (E950-E959) 44 66-39 66 (48- 89)
Other violent causes 91 108-89 84 (67-103)

Other known causes 89 110-25 81 (65- 99)

Unknown causes 9

Mortality results
Table 4 presents the number of subjects and person-
years at risk contributed by time since first exposure
for the total cohort and for each ofthe countries. Each
member of the cohort contributed on average 14-8
person-years at risk, ranging from a 10-3 person-
years contribution from France to 26-7 person-years
from Finland.
Table 5 presents the overall mortality for the total

cohort by cause. For all causes a statistically sig-
nificant deficit is present. This deficit is consistent in
all main groups of causes of death apart from
malignant neoplasms, which shows an excess of
borderline statistical significance. The main con-
tribution to this excess derives from lung cancer (116
observed v 86 81 expected deaths). Other excesses
are cancer of the bladder, kidney, and larynx, and
lymphosarcoma.
Table 6 gives the mortality for a selected number

of causes of death by time since first exposure. There
is no clear tendency for risk of lung cancer or any
other cancer to increase with increase in time since
first exposure.

When mortality from lung cancer is analysed by
time since first exposure separately for the four
different subcohorts of welders, however (table 7),
there is a tendency for the SMR to increase with time
since first exposure among mild steel, stainless steel
ever, and predominantly stainless steel welders.
The trend to increase with time is more noticeable

for predominantly stainless steel welders and is
statistically significant for this subcohort only (X' =
5*03, 1 df;p < 005).
The subsequent tables concentrate on the risk of

lung cancer, the main focus of interest in this study.
Tables 8 to 11 present results for mortality from lung
cancer subdivided by time since first exposure and
duration of employment for the four subcohorts.
Shipyard welders show a slight mortality excess that
is limited to the group with less than 20 years since
first exposure and is not increased among those with
10 or more years of employment (table 8). A larger
mortality excess, which is statistically significant, is
present for lung cancer among mild steel welders
(table 9). The excess is larger 20 or more years since
first employment. This pattern is most apparent
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able 6 Mortality by time sincefirst exposure for selected sites: total cohort

Years since first exposure

0-9 10-19 20-29 >30 Total
zuse of death
CD 8th rev) Obs Exp Obs Exp Obs Exp Obs Exp Obs Exp

I causes(000-999) 131 176-3 311 332-5 344 365-2 307 305-1 1093 1179-1
74* (62-88)t 94 (83-105) 94 (85-105) 101 (90-113) 93 (87-98)

.J malignant neoplasms 39 34 21 75 73-54 106 85-17 83 75 72 303 268 6
(140-207): 114 (81-156) 102 (80-128) 124 (102-151) 110 (87-136) 113 (100-126)

Larynx(161) 0 0-54 3 1-43 4 1-66 0 1 11 7 4 74
0 (0-683) 209 (43-612) 241 (66-617) 0 (0-332) 148 (59-304)

Trachea, bronchus, and lung 14 8 49 27 22-07 41 28-77 34 27-46 116 86 81
(162) 165 (90-277) 122 (81-178) 142 (102-193) 124 (86-173) 134 (110-160)

Bladder (188) 2 0-91 3 2 21 4 2-42 6 2-32 15 7-86
219 (27-792) 136 (28-397) 166 (45-424) 259 (95-564) 191 (107-315)

Kidney (189) 1 103 1 2 31 7 2-87 3 2 41 12 8 61
97 (2-543) 43 (1-241) 244 (98-503) 124 (26-363) 139 (72-243)

Lymphosarcoma (200) 1 0-65 1 0 94 1 1-06 3 0-85 6 3-52
154 (4-856) 106 (3-591) 94 (2-524) 353 (73-1033) 171 (63-371)

:spiratory system (460-519) 6 6 16 8 14-78 15 18-92 13 20 97 42 60 84
97 (36-212) 54 (23-107) 79 (44-131) 62 (33-106) 69 (50-93)

bs = Observed deaths; Exp = expected deaths.
;MR.
5% CI.

among those with less than 10 years of employment. found with cumulative doses of TF and total Cr in
Stainless steel ever welders also exhibit a moderate any of the four subgroups. Standard mortality ratios

lung cancer excess that is apparent only after 20 years for mild steel and predominantly stainless steel
since first employment and does not appear to be welders with at least 10 years of employment and 20
associated with duration of employment (table 10). years since first exposure were 173 (15 observed
An excess of the same magnitude is present for the deaths) and 176 (11 observed deaths). These results

cohort with predominant exposure to stainless steel are not presented here, but are available in detail in
and shows a more pronounced tendency to increase the full IARC report of the study."
after 20 years since first exposure than the stainless As a main interest is the possible risk from
steel ever cohort. Numbers are small within em- exposure to Cr VI and Ni among stainless steel
ployment and follow up cells and no clear increase welders, the results presented in table 12 are limited
with duration of employment is apparent (table 11). to the two subgroups of stainless steel welders with at
As outlined in the materials and methods section a least 5 years of exposure and concern the analysis of

dose response investigation of lung cancer mortality lung cancer mortality in the two subcohorts of
has been performed using estimated levels of ex- stainless steel ever and predominantly stainless steel
posure to TF, Cr, Cr VI, and Ni. No association was welders by cumulative estimated doses of Cr VI and

'able 7 Lung cancer mortality by time since first exposure and by type of welding activity

Years since first exposure

0-9 10-19 20-29 >30 Total

'ype of welding Obs Exp Obs Exp Obs Exp Obs Exp Obs Exp

hipyard welders 5 0 99 6 4-27 17 10-58 8 12 79 36 28-62
508* (165-1185)t 141 (52-306) 161 (94-257) 63 (27-123) 126 (88-174)

tild steel welders 4 2-97 11 6-79 11 5-91 14 6-75 40 22-42
135 (37-345) 162 (81-290) 186 (93-333) 207 (113-348) 178 (127-243)

tainless steel ever 5 4-80 12 11-26 13 9-83 9 4-63 39 30-52
welders 104 (34-243) 107 (55-186) 132 (70-226) 194 (89-369) 128 (91-175)
redominantly stainless 2 3-11 5 5-67 7 5-54 6 1-92 20 16 25
steel welders 64 (8-232) 88 (29-206) 126 (51-260) 312 (115-679) 123 (75-190)

bs = Observed deaths; Exp = expected deaths.
3MR.
)5% CI.
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Table 8 Mortality from cancers of trachea, bronchus, and lung* by duration of employment andfollow up: shipyard welders

Years since first exposure

0-19 . 20 Total

Duration of employment (y) Obs Exp Obs Exp Obs Exp

<9 10 3-79 15 12-93 25 16-72
264t (127-485)1 116 (65-191) 150 (97-221)

' 10 1 1-45 10 10-44 11 11-89
69 (2-384) 96 (46-176) 93 (46-166)

Total 11 5-24 25 23-37 36 28-62
210 (105-376) 107 (69-158) 126 (88-174)

Obs = Observed deaths; Exp = expected deaths.
*ICD 8th rev 162.
tSMR.
195% CI.

Ni after 20 years since first exposure. The SMR of
170 in the high Cr VI exposure category is raised
compared with the SMR of 123 in the low category,
but the difference is not significant. Otherwise no
relation between lung cancer and cumulative
exposure is apparent. Five deaths from pleural
mesothelioma have been identified in the cohort and
table 13 reports some individual characteristics of
these subjects (we know of one more death in the
stainless steel welder group that occurred after the
formal end of the follow up and is therefore not
included in the analysis). Three of the deaths
occurred at least 20 years after first exposure and they
belong one each to the subgroups of shipyard wel-
ders, mild steel welders, and stainless steel welders.
Although expected numbers were not formally com-
puted, we estimate the number of mesothelioma
deaths expected in this cohort to be below one on the
basis of the general population.

Analysis by cumulative dose was also performed
for non-malignant respiratory diseases and we found
no association with type of welding or dose (results
not presented).

Incidence results
Cancer incidence analysis was performed on the

population of 7510 welders (68% of the total cohort)
from the four Nordic countries that contributed
98 376 person-years (60% of the total).
The results for a number ofselected sites (table 14)

confirm the lung cancer excess and also suggest an
increased SIR for prostate cancer. Neither of those
sites, when further analysed, showed any association
with exposure. In particular, no difference exists for
lung cancer between stainless steel ever and
predominantly stainless steel welders in relation to
cumulative exposure to Cr VI and Ni (the results are
not presented here). An excess for cancer of the
buccal cavity and pharynx is also indicated but it was
not statistically significant.

Discussion
The population of welders investigated in this
collaborative study is characterised by a large
heterogeneity of exposure due to the different metals
welded, different technologies used, different types
of industrial production, and the different criteria of
inclusion that have been adopted in the various
countries.
The mortality from all causes and from the main

groups of causes of deaths, with the exception of

Table 9 Mortalityfrom cancers of trachea, bronchus, and lung* by duration of employment andfollow up: mild steel welders

Years since first exposure

0-19 20 Total

Duration of employment (y) Obs Exp Obs Exp Obs Exp

<9 8 6-92 10 3-94 18 10-86
116t (50-228)t 254 (122-467) 166 (98-262)

>10 7 2-77 15 8-68 22 11-45
253 (102-521) 173 (97-285) 192 (120-291)

Total 15 9-69 25 12 62 40 22 31
155 (87-255) 198 (128-292) 179 (128-244)

See footnotes, table 8 for explanations.
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Table 10 Mortality from cancers of trachea, bronchus, and lung* by duration of employment andfollow up: stainless steel
ever welders

Years since first exposure

0-19 > 20 Total

Duration of employment (y) Obs Exp Obs Exp Obs Exp

<9 15 13-04 9 6-19 24 19-23
115t (64-190)1 145 (67-276) 125 (80-186)

10 2 2-97 13 8-26 15 11-23
67 (8-243) 157 (84-269) 134 (75-220)

Total 17 16-01 22 14-45 39 30 45
106 (62-170) 152 (95-231) 128 (91-175)

See footnotes, table 8 for explanations.

malignant neoplasms, is lower than that of the
general population. This deficit is almost entirely
due to the low mortality of stainless steel welders, and
no such pattern is discernible among mild steel
welders and shipyard welders. The deficit is par-

ticularly noticeable for deaths from non-malignant
respiratory diseases and again it is more evident
among stainless steel welders than among mild steel
and shipyard welders. This "healthy worker effect"
may be related to stainless steel welding being a more

highly qualified and better remunerated job than the
other types of welding considered here. In some

countries (for instance, Germany) a special training
followed by an offlicial examination is required to
become a stainless steel welder.
The low mortality from respiratory disease for

stainless steel welders is remarkable given that stain-
less steel welding fumes irritate the mucous mem-

branes and have also been reported to cause allergic
asthma.6 This might have led to a secondary selec-
tion particularly when long term employees are

analysed.
Among the main groups of causes only mortality

from malignant neoplasms presents an excess that is
of borderline statistical significance. Several cancers

are in excess that have not been reported before-for
instance, bladder cancer (statistically significant),
and lymphosarcoma. These sites do not appear to be
related to time since first exposure, nor to duration of
employment.
An increased incidence of prostate cancer is con-

centrated among shipyard and mild steel welders and
does not appear to be related to exposure.

Hodgkin's disease and leukaemia, which have been
reported in excess in some studies, did not show an

excess overall. Cancer of the kidney, although in
excess, did not show any relation with exposure.
Based on previous evidence in man and on the

information available on exposure, cancers of the
nose, larynx, and lung were a priori considered the
sites at increased risk. No death from nasal cancer

was recorded among the members of the cohort but
less than one death was expected. The overall
mortality excess from cancer of the larynx is based on
insuffiicient numbers to allow an analysis by time
since first exposure, duration, or estimated
cumulative exposure.
The investigation of the risk of lung cancer among

welders was the main purpose of this collaborative
effort. The study was large enough to have an 80%

Table 11 Mortality from cancers of trachea, bronchus, and lung* by duration of employment andfollow up: predominantly
stainless steel welders

Years since first exposure

0-19 > 20 Total

Duration of employment (y) Obs Exp Obs Exp Obs Exp

<9 5 5-89 2 1-24 7 7-13
85t (28-198)t 161 (20-583) 98 (40-202)

10 2 2-88 11 624 13 9-12
69 (8-251) 176 (88-315) 143 (76-244)

Total 7 8-77 13 7-48 20 16-25
80 (32-165) 174 (93-297) 123 (75-190)

See footnotes, table 8 for explanations.
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Table 12 Lung cancer mortality for welders with at least
five years of employment by subgroup and cumulative
exposure after 20 years since first exposure

Cumulative exposure (mg-years/m3)

<0-5 >0.5

Obs Exp Obs Exp

Stainless steel ever welders
Cr VI 7 5-68 14 8-22

123* (50-254)t 170 (93-286)
Ni 17 10-23 4 3-67

166 (97-266) 109 (30-279)

Predominantly stainless steel welders
Cr VI 3 1-57 9 5-38

191 (39-558) 167 (77-318)
Ni 8 3-42 4 3-53

234 (101-461) 113 (31-290)

*SMR.
t95% CI.

probability of detecting a 30% overall increase in the
population at risk and a 35% increase after 20 years

since first exposure. The overall mortality excess
from lung cancer, although statistically significant, is
not associated with duration of exposure when the
total cohort is analysed.

Separate analyses of shipyard welders, mild steel
welders, stainless steel ever welders, and predomi-
nantly stainless steel welders show different patterns
of mortality from lung cancer with time since first
exposure. The raised lung cancer mortality in the
early latency period among shipyard and mild steel
welders is diffiicult to explain and could be caused by
exposure to carcinogens during previous occupations
(this might be particularly so for asbestos exposure

among shipyard welders in previous periods of
employment at other shipyards).
Mild steel, stainless steel ever, and predominantly

stainless steel welders all show an excess after 20
years since first exposure. The excess of observed
over expected deaths is greater for mild steel than
stainless steel welders. The excess mortality among

long observation employees (at least 20 years),
however, in mild steel welding is only slightly greater
than those with less than 20 years since first

employment. The largest difference (more than a
twofold increase) between long and short observation
groups is present for predominantly stainless steel
welders suggesting a relation oflung cancer mortality
with the occupational environment for this group.
The association, however, is not supported by the
analysis of estimated cumulative exposures to TF,
Cr, Cr VI, and Ni.
These results, overall, are consistent with the

findings of three previous studies that indicate an
association between lung cancer and stainless steel
welding.78 18

Considering that the cumulative dose for a propor-
tion of the cohort was not based on individual
occupational histories but on company information,
it is likely that some degree of misclassification has
been introduced. This usually has a diluting effect
and tends to obscure any dose response relation.
No systematic information is available on previous

occupational exposures and therefore the potential
confounding effect of previous exposures to
occupational carcinogens cannot be ruled out. This
could of course include past stainless steel welding
experience among workers categorised as mild steel
welders in this study.

It has not been possible to evaluate the part played
by exposure to asbestos on the excess mortality from
lung cancer as the information available from the
company histories on exposure to asbestos was too
poor to be used in the analysis. Contamination of
the working environment from asbestos occurs

frequently in shipyards and also in other welding
operations. The use of asbestos protection devices
(blankets, aprons, gloves, etc) may extend the risk of
exposure to this well known carcinogen to the
working environment ofmild steel and stainless steel
welders. That this study population has experienced
some past exposure to asbestos can be inferred from
the five deaths from pleural mesothelioma. The
distribution of the mesothelioma deaths in all the
occupational subgroups suggests that the risk of
exposure to asbestos might have been widespread in
all welding operations, or that some welders in each
particular category have worked in past jobs with
significant exposure to asbestos.

Table 13 Information on mesothelioma deaths observed in the cohort

Time since
Age at first Duration

Country death (y) exposure (y) group (y) Exposure group Cancer registration

Denmark 74 21 15-20 Mild steel only Mesothelioma
Denmark 63 9 1-5 Mild steel only Mesothelioma
Finland 50 26 1-5 Shipyard (mild steel only) Other and unspecified
Germany 50 17 10-15 Stainless steel ever NA
Scotland 68 Stainless steel ever NA

28 > 20 Total welding activity
20 1-5 Stainless steel
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Table 14 Incidence of cancer by detailed site; cohort
subjectsfrom Denmark, Finland, Norway, and Sweden

Cancer site (ICD 7th rev) Obs Exp SIR (95% CI)

All malignant neoplasms
(140-205): 363 301-39 120 (108-133)

Buccal cavity and pharynx
(140-148) 18 11-23 160 (95-253)

Oesophagus (150) 2 357 56 (7-202)
Stomach (151) 18 21-23 85 (50-134)
Intestine, except rectum

(152-153) 23 16-95 136 (86-204)
Rectum (154) 14 13-10 107 (58-179)
Larynx (161) 5 6-30 79 (26-185)
Trachea, bronchus, and lung

(162-163) 92 6702 137 (111-168)
Prostate (177) 36 2470 146 (102-202)
Bladder (181) 22 18-15 121 (76-184)
Leukaemia (204) 11 876 126 (63-225)
Other lymphatic neoplasms

(200-203,205) 15 1335 112 (63-185)
Other malignant neoplasms 107 9702 110 (90-133)

The prevalence of smoking can be higher for
industrial populations when compared with the gen-
eral population and such differences might explain,
at least in part, the difference in mortality from lung
cancer. The overall lung cancer excess in this cohort
falls into the range, albeit at the upper limit, which
could be explained by the confounding effect of
tobacco smoking, and the excess from bladder cancer

is consistent with this hypothesis.
As previously mentioned, information on smoking

habits is not available for the entire cohort so no

adjustment for tobacco could be performed. For two
of the national subcohorts, however (Finland and
Norway), smoking habits collected through surveys

do not indicate a substantial difference between the
members of the cohort and the general population.
Furthermore, the low mortality from diseases of the
cardiovascular and respiratory systems, and the
magnitude of the excess after 20 years since first
exposure do not support the hypothesis of tobacco
smoke as the main explanation of the lung cancer

excess.

Conclusions
The historical follow up of this heterogeneous cohort
of welders showed no overall mortality excess apart
from a significant increase in mortality from all
malignant neoplasms, mainly due to an increased
mortality from lung cancer.

The excess mortality from lung cancer is present
among shipyard welders, mild steel welders, and
stainless steel welders but it does not appear to be
related to duration of employment or cumulative
exposure to TF, total Cr, Cr VI, or Ni.
The mortality from lung cancer after 20 years since

first exposure in the workplaces under study is
approximately doubled for both mild steel welders

and those predominantly engaged in stainless steel
welding. Among stainless steel welders the lung
cancer excess is limited to workers with at least 20
years since first exposure and it is greater among
predominantly stainless steel welders than among
stainless steel ever welders. Overall, these data
suggest a possible role of occupational exposure to
stainless steel welding fumes in the excess mortality
from lung cancer. Although the patterns of mortality
from lung cancer suggest that the lung cancer risk is
higher for stainless steel than for mild steel welders
we cannot quantify with precision the different level
of risk for these two categories of welding exposure.
The potential confounding effect ofsmoking could

not be ruled out in this historical study and tobacco
could certainly have contributed to the overall
excess, although partial data from some of the
countries do not indicate heavier smoking habits
among welders compared with the general popula-
tion. The excess is, however, unlikely to be explained
by different smoking habits between the study
population and the reference populations.
The finding of five mesotheliomas and the dis-

tribution ofthe five deaths from this tumour strongly
suggest that past exposure to asbestos affects welders
inside and outside shipyards. Asbestos exposure
might therefore have contributed to the excess lung
cancer.
No excess from non-malignant respiratory dis-

eases was present in this cohort.
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