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Mortality in two cohorts of welders exposed to high- and
low-levels of hexavalent chromium
by Bengt Sjogren, MD, Annika Gustavsson, Lars Hedstrom, MSc'
SJOGREN B, GUSTAVSS01\l A, HEDSTROM L. Mortality in two cohorts of welders exposed to highand low-levels of hexavalent chromium . Scand J Work Environ H ealth 13 (1987) 247-251. Hexa valent
chromium particles are generated in the weldingof stainlesssteel. These particles have manifested a mutagenic
action in bacterial test systems and produced chromosome aberrations in cultured Chinese hamster cells.
A cohort consisting of 234 welders working on stainless steel and exposed to high levels of chromium
was selected. Accord ing to an earl ier survey the hexavalent chrom ium exposure of such welders was often
abo ve 20 "g /m'. Another cohort consisting of 208 railway track welders exposed to low levels of chromium was also selected. The participants of both cohorts had welded for at least five years some time between
1950and 1965and were followed for mortality until December 1984. Among the welders exposed to high
chromium levels five deaths occurred due to pulmonary tumors. Th is number is significantly greater than
the one death that occurred among the welders exposed to low levels of chromium, but not significantly
greater than the corresponding mortality of the general population. Thu s exposure to stainless steel welding fumes might be associated with an increased incidence of pulmonary tumors.
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Stainless steel is usually welded by one of two electricarc methods, one using coated electrodes and the other a shielding gas. In both these methods an electric
voltage creates an arc between the electrode and the
welded material. The coated electrodes produce gases
and slag which protect the splice against the oxidational
power of the air. This method is also called manual
metal-arc welding. In gas-shielded welding an inert gas,
argon , prot ects the splice against the air. This method
is further subdivided into metal inert- gas (MIG) welding, using a consumable electrode , and tungsten inertgas (TIG) welding, using a nonconsumable electrode.
A survey of welders working with stainless steel in
Sweden was performed in 1974(6). About 400 persons
carr ied out welding with coated electrode s, and about
500 persons carried out gas-shielded welding for more
than 50 0J0 of their worktime.
Stainless steel is an alloy which contain s mainly iron
but also chromium (10-20 0J0) and nickel (0.5-20 0J0).
The electrodes used contain about the same amount
of chromium and nickel. The chromium in airborne
particles is mainly in the soluble hexavalent form when
coated electrodes are used for welding. Gas-shielded
welding produces much less hexavalent chromium (5,
14,27,28, 29).
Bacteria tests have sho wn fumes from coated electrode stainless steel welding to be more mutagenic
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than fumes from gas-shielded welding. Fumes from
mild steel welding have no mutagenic effect (8, 16).
Fume particles from stainless steel have also been
shown to produce sister chromatid exchange s and
chromosome aberrations in cultured Chinese ham ster
cells (12). Stainle ss steel welding fume has also been
positive in other mammalian cell transformation assays (7). Welders working with coated electrodes on
stainless steel had equal amounts of sister chromatid
exchanges and chromosome aberrations in their peripheral blood lympho cytes when compared with unexposed referents (I I, 15). However , welders working
about equal times at MIG welding and welding with
coated electrodes had a slight but significant increase
in the number of chromosome aberrations (13).
Some epidemiologic studies of welders in general
have shown a 30-40 070 increase in the incidence of
pulmonary tumors (26). Asbestos (2, 21) and hexavalent chromium (22) are two possible causative agents.
A well-conducted case-referent study has revealed an
increased incidence of nasal and sinonasal tumors
among welders exposed to chromium (9).
The purpose of this stud y was to investigate mor talit y and the incidence of tumors in two groups of
welders. One group was exposed to high levels of
hexavalent chromium and the other group to low
levels.

Subjects and methods

High-exposure cohort
Eight different companies , from Lund in the south to
Avesta in the north of Sweden, provided lists of welders. These lists did not specify welding method or the
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material which was welded. A person (often an old
welder) with knowledge of all the presently and previously employed welders at the company selected welders who had welded stainless steel as the main task for
at least five years some time between 1950 and 1965.
Name, ten-digit identification number based on date
of birth, and the most used welding method were
registered for all the welders . The selected cohort consisted of 234 men. Most of them had welded with
coated electrodes. Gas-shielded welding, most frequently TIG, was performed by only a small number
of welders . The eventual mortality of the welders was
traced through the registration books of their local
parishes until December 1977, and this outcome has
been published (22).

Low-exposure cohort
The welders exposed to low levels of chromium consisted of railway track welders working at the Swedish
State Railways for at least five years some time between
1950 and 1965. All the welders identified in the registers of the company and working during this specific
time were selected. The welders were identified by
name and ten-digit identification number. The cohort
consisted of 208 men from Malmo in the south to Lulea
in the north of Sweden.
Calculations
The two cohorts have been followed until December
1984. The mortality of the welders was traced through
the registers of the National Social Insurance Office
and the local parishes. All the members of the cohorts
could be identified in these registers. All the death certificates were checked against the classification made
by the Swedish National Central Bureau of Statistics.
The expected numbers of deaths in the two cohorts
were calculated by the multiplication of the personyears of observation within five-year age categories
during 1955-1984 by cause-, gender-, age-class-, and
calendar-year-specific national death rates provided by
the same bureau of statistics. The rates for 1982-1984
were not yet available and therefore have been approximated according to the rates of 1981. The EPILIN
program (I) was utilized to calculate these expectancy
numbers. Person-years at risk were calculated after the
minimum five-year exposure period.
The high-exposure cohort was also compared with
the low-exposure cohort. The Mantel-Haenszel method was used to calculate rate ratios after stratification
for age (18). Confidence limits have been derived by
the use of the test-based principle (18).

Exposure

High-exposure cohort
Air pollution in stainless steel welding was surveyed
in Sweden in 1975 (29). The median time-weighted
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average value for chromium was 110 Itg /m ', and the
highest concentration was 750 Itg/m ', which was found
in welding involving coated electrodes . Eighty-five percent of the 85 chromium measurements exceeded 50
ug/rn", which was the occupational exposure limit
(OEL) for chromium trioxide in Sweden in 1975. In
gas-shielded welding the median chromium concentration was IO Itg/m', and the highest concentration
440 Itg/m' . The majority of these measurements was
made when workers were performing TIG welding.
About one-third of the 41 chromium measurements
exceeded the OEL. However, only a minor fraction
of the chromium was in the hexavalent form.
Measurements of stainless steel welding fumes do
not exist for the period 1950- I965. Representatives
from the eight companies from which the cohort was
selected had the impression that particle exposure was
similar to that of 1975. In some workshops the welding fume exposure was assumed to have been somewhat higher 25 years ago.
In some workshops, asbestos had been used earlier
for heat insulation. Welders were included in the
cohort only if representatives from the companies
stated that asbestos had not been used or only very
occasionally and never in a dust-generating way.
Measurements of airborne asbestos had never been performed in any of the companies during the period
1950-1965.

Low-exposure cohort
The most commonly used welding technique during
1950-1965 was thermite welding for joining rails and
gas-welding to produce the overlayer of rails . Chromium is not involved in thermite welding, and the
hexavalent chromium fume content in overlaying by
gas is probably lower than a few percent of the chromium content when coated electrodes are used (5). In
the beginning of the I970s coated electrodes were more
frequently used for the overlaying of rails . The electrode used for this type of welding contained 3.2 070
chromium, and the geometric mean of 33 measurements of chromium performed in 1975 was 10 Itg/m'
(30).
Asbestos has been used as a plug in thermite welding, but it has not been used in a dust-generating way.

Results

At the end of 1977 the number of deaths among the
high-exposure cohort of welders was slightly lower than
expected , based on the national death rate s (table 1).
The number of deaths occurring in thi s cohort during
the next seven years was lower than expected, the result being a low, but not significantly lower, total number of deaths at the end of 1984 (table 2). The total
number of tumors was equal to the number expected.
Five welders had died from pulmonary tumors. This
number was not significantly greater than the expected

number. Differen t histolo gical types of tumors were
seen, ie, three squamous cell carcinomas, one adenocarcinoma, and one nondifferentiated pulmonary
tumor.
In the low-exposure cohort the total number of
deaths was significantly lower than the expected number based on the national rates (tab le 3). The number
of deaths due to tumor s and ischemic heart disease was
lower, but not significantly lower, than expected .

When the welders with a high-exposure level were
compared with those with a low-exposure level, the
total number of deaths was about the same after stratification for age (table 4). The number of deaths due
to ischemic heart disea se and violence was about the
same , but the number of pulmonary tumors was significantly higher in the high-exposure cohort after
stratification for age.

Discussion

Table 1. Observed (0) and exp ected (E) numbe r of deaths
among 234 welders exposed to high levels 01 chromium and
foll owed unti l December 1977 and from 1978 unt il Decem ber
1984 . The ex pected numbers are based on the national rates.

Cause of death-

Until December
1977

Al l (1-999)
All tumors (140-209)
Tumor of trachea,
bronchu s and lung (162)
Ischemic heart diseas e
(410-414)
Violent deaths (800-999)

1978 until
Decem ber 1984

0

E

0

E

18
4

22 .2
5. 1

14
6

22 .0
5.4

3

0 .9

2

1.1

6
4

6.4
3 .9

4
2

8.9
1.6

a Code of the International Classification of Diseases (eighth

revision) in parenth eses.

Table 2. Observed (0) and expect ed (E) numbers o f deaths
among 234 welde rs exposed to high levels of chromium and
followed until December 1984. The expected numbers are
based on the nat ional rates . (SMR = standardized mortality
ratio, 95 % CI = 95 % confiden ce interval)
Cause of death -

0

All (1-999)
32
10
All tumors (140-209)
Tumor in rectum (154)
2
Tumor in trachea,
bro nch us and lung (162)
5
Ischemic heart disease
(410-414)
10
Viol ent deaths (800-999) 6
a

E

SMR

95 % CI

44 .2
10.5
0.5

0.72
0.95
4.31

0.49-1 .02
0.45 -1 .74
0.52-15.6

2.0

2.49

0.80-5.81

15.3
5.5

0.65
1.08

0.31-1 .20
0.39-2.35

Code of the Internat ion al Class if ication of Diseases (eighth
revision) in parentheses.

The outcome of the cohort of 234 welders exposed to
high levels of chromium has been published once before , in 1980 (22), after the cohort was followed until
December 1977. However the presented expectancy
numbers in that study were based on a computer pro gram which , several years after the pub lication, was
found to make erroneous calculations of expected
numbers from person-years and incidence rates . The
correct calculations are presented in table I . The computer program underestimated the expected values and
calculat ed the deaths from pulmonary tumors to be
0.7 instead of 0.9.
The ideal reference popu lation for welders exposed
to high levels of chro mium is welders who are exposed
to the same general environm ent except for the exposure of particular interest. The welders exposed to
low levels of chromium are theoretica lly a good

. Table 3. Observed (0) and expe ct ed (E) numbers of deaths
among 208 welders expo sed to low levels of chromium and tol lowed until December 1984 . The expected numbers are based
on the national rates . (SMR standardized mo rta lity ratio ,
95 % CI 95 % confi dence interval)

=

=

Caus e of death -

0

All (1-999)
47
All tumors (140-209)
10
Tumor in stomach (151)
3
Tumor in tra chea ,
bro nchus and lung (162)
Ischemic heart disease
(410-414)
18
Viol ent deat hs (800-999) 3
a

E

SMR

95 % CI

66.8
16.1
1.8

0.70
0.62
1.67

0.51-0.93
0.29-1 .14
0.34 -4.89

3.0

0.33

0.00-1 .84

24.5
6.0

0.74
0.50

0.43-1 .16
0.10- 1.47

Code of the International Classif icati on of Diseases (eig hth
revision) in parentheses.

Tabl e 4. Crud e risk ratio (CRR), base d on c rude rat es , and risk ratio (RR) calc ulated after st rat ification in three age categories,
for th e compari son betw een 234 we lder s expo sed to hi gh level s of chromium (contributing 5 324 person-years) and 208 we lders
exposed to lo w levels of ch rom ium (contributing 5273 pers on-years). (95 % CI 95 % confidence interval)

=

Cause of death "

CRR

95 % CI

RR

95 % CI

All (1-999)
All tumors (140-209)
Tumor in t rachea , bronchus and lung (162)
Ischemic heart disease (410-414)
Viole nt deaths (800- 999)

0.67
0.99
4.95
0.55
1.98

0.43 -1 .05
0.40-2.48
0.72-34.2
0.26-1.18
0.51-7.70

0.98
1.61
7.01
0.86
1.53

0.64-1.50
0.67-3.85
1.32-37.3
0.39 -1 .87
0.42-5.59

a

Code of the International Classifi cation o f Dise ases (eighth revision) in parentheses.

249

reference population; however, a major drawback is
the small size of the group. The general male population of Sweden is not an ideal reference population as
it contains persons with, eg, chronic diseases, drug addicts and unemployed, who in general have a higher
mortality than a working population. When the general
population is used as reference, the lower than expected
number of total deaths is referred to this incomparability between welders and referents generally
known as the "healthy worker effect" (17).
The increase in pulmonary tumors in this study
might be related to the exposure to hexavalent chromium in the welding fumes. Workers exposed to easily
soluble hexavalent chromium in the chromium plating
industry showed a higher incidence of tumors (4, 20)
or a higher incidence of pulmonary tumors than would
have been expected (4, 31). The Nordic Expert Group
on the Documentation of Occupational Exposure
Limits suggests that both chromates and chromic acid
should be regarded as carcinogens (19). One previous
study of chromium- and nickel-exposed welders revealed
an increased risk of cancer; however some cases of
mesothelioma suggested a confounding exposure from
asbestos (3).
Nasal and sinonasal tumors have been associated
with exposure to stainless steel welding fumes (9), but
no such tumors were observed in the present study.
According to the information given by representatives from the different companies and the Swedish
State Railways, it seems reasonable to assume that asbestos exposure was very low in the selected cohorts.
- Pleural plaques discovered in a radiographic examination are an indicator of previous asbestos exposure. In a cross-sectional study of stainless steel
welders none of 37 men above the age of 40 years had
pleural plaques (29) and among 113 railway track welders one man had such plaques (24). The welder with
pleural plaques had been exposed to asbestos prior to
his employment as a welder. In Uppsala County 1.3 070
of the male population in the same age category had
pleural plaques (10). These data indicate that these two
cohorts of welders had not been excessively exposed
to asbestos.
Male welders in Sweden have, on the whole, smoked
more frequently than the general male population (25).
In a register-linking study of 23 000 welders, the rate
ratio for pulmonary tumors decreased about 8 0"/0 after correction for smoking habits, from 1.42 to 1.30
(23). In other words, the expected number of deaths
based on the national rates might be too low, as
smoking habits are not taken into account. However,
smoking as a confounder is unlikely to have a major
influence on the comparison between the two cohorts
of welders.
Considering the results of the mutagenic tests on
welding fumes and the epidemiologic studies on workers exposed to chromic acid, it seems reasonable to assume that the excess number of pulmonary tumors in
the high-exposure cohort of welders might have a causal
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connection with the inhalation of hexavalent chromium
generated in stainless steel welding. Studies on larger
samples will be needed in the future to verify or refute
this assumption.
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