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Incidence of lung cancer among cobalt-exposed women 
by Finn Tiichsen, MSc,' Marianne V Jensen, MD,' Ebbe V i l lad~en,~  Elsebeth Lynge, PhD2 

Tiichsen F, Jensen MV, Villadsen E ,  Lynge E.  Incidence of lung cancer among cobalt-exposed women. Scand J 
Work Environ Health 1996;22:444-50. 

Objectives The purpose of this study was to estimate the risk of lung cancer for women occupationally 
exposed to cobalt-aluminate spinel. 
Methods A retrospective cohort of 874 women occupationally exposed to cobalt in two Danish porcelain 
factories and 520 woinen not exposed to cobalt were identified from personnel files. Vital status was assessed in 
the national population register, and incident cancer cases were traced in the national cancer register. Thirteen 
women (0.92%) were lost to follow-up. The observed deaths and incident cancer cases were cornpared with the 
expected number based on rates for all Danish women. 
Results The total mortality of the cohort was the same as for all Danish women. The incidence of all cancer 
was slightly elevated among the exposed women (67 observed, 55.8 expected) and equal to the expected in the 
reference group (60 observed, 60.6 expected). An increased lung cancer incidence was found both in the 
exposed group [8 cases, standardized incidence rate (SIR) 2.35, 95% confidence interval (95% CI) 1 .014 .61  
and in the reference group (7 cases, SIR 1.99,95% CI 0 . 8 4 . 1 ) .  The exposed group had a relative risk ratio of 
1.2 (95% CI 0.4-3.8) when compared with the reference group. 
C O ~ C ~ U S ~ O ~ S  Both the cobalt-exposed group and the reference group had an increased lung cancer risk 
compared with all Danish women, but the risk was only slightly higher for the exposed group than for the 
reference group. The study was based on few persons, and we recommend a follow-up after five years. 

Key terms cancer, cobalt-aluminate spinel, cohort study, epidemiology. 

The evidence for a possible cancer risk associated with 
exposure to cobalt and cobalt colnpounds was reviewed 
(1) and evaluated (2) recently. In 1990 the International 
Agency for Research on Cancer concluded that the epi- 
demiologic evidence was inadequate to classify cobalt or 
cobalt compounds as human carcinogeils and that there 
was sufficient evidence for the carcinogenicity of cobalt 
metal powder and cobalt [11] oxide in experimental ani- 
mals; limited evidence for metal alloys containing co- 
balt, chromium and molybdenum, cobalt [11] sulfide and 
cobalt [11] chloride; and inadequate evidence for cobalt- 
aluminium-chromium spinel, cobalt [II,III] oxide, cobalt 
naphthenate, and cobalt[III] acetate (2). 

Since then, an update of a French cohost study of 
workers employed in cobalt production in an electro- 
chemical plant found a standardized mortality ratio of 
0.85 [3 cases, 95% confidence interval (95% CI) 0.1 8 - 
2.501 for lung cancer (3). As the original study was 
considered supportive of the hypothesis that cobalt expo- 

sure causes lung cancer, the update study weakened the 
evidence. 

A recent study based on the Danish Product Register 
estimated that from 1964 to 1985 approximately 45 000 
workers had been exposed to cobalt in Denmark. They 
were employed in 136 companies and used a total of 
100 t of imported cobalt a year (4). A small amount was 
used in the production of hand-made underglaze porce- 
lain plates. 

The purpose of our study was to estimate the risk of 
cancer, especially lung cancer, among workers exposed 
to cobalt-aluminate spinel, the plate underglazing used in 
the porcelaiil factories in Denmark. 

Subjects and methods 

The study included all persons employed in the plate 
underglazing departments of two porcelain factories (fac- 
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tory 1 and factory 2) in Copenhagen, Denmark, and a 
reference group from a cobalt-free department in fac- 
tory 1 .  

Work description and work conditions 

The underglaze artware technique was developed in fac- 
tory 1 in 1885 and first presented to the public at the 
World Fare Exposition in Paris in 1889. The plate pro- 
duction started in 1888 in factory 1 (5), and in 1895 in 
factory 2 (6, 7). The production of Christmas plates be- 
gan in 1895 in factory 2 and in 1908 in factory 1, with 
regular series for collectors. Spray-painting equipment 
was available from the start of production. 

In both factories, the underglaze workers were all 
located in one department. All workers performed the 
same work tasks, but the number of plates produced per 
day varied. The work process was as follows: The work- 
ers sprayed cobalt blue dye on bare plates (round, diame- 
ter 15-25 cm) and later removed superfluous dye from 
parts of the plate in order to form a picture in white and 
various blue colors. 

In both factories, an exhaust cupboard was built into 
the workplace of each worker. According to the memoirs 
of one of the first workers the exhaust cupboard was 
installed in 1904 in factory 1. In factory 2 it was not 
installed in 191 7-1 9 19 according to photographs taken 
at the worl<place. The exhaust cupboard had a dustpan at 
the bottom. In factory 1 the dustpan was filled with 
water. This pan was covered with foam rubber or felt 
(factory 1) or felt (factory 2). The cover was used to 
clean the rim of the plate, and the felt tip or wash leather 
was used to remove the dye. The cover itself was cleaned 
with compressed air, a process which seemed to be one 
of the main sources of exposure. 

In factory 1, both the spraying and the removing of 
dye were done in the exhaust cupboard. The plate was 
sprayed with water-containing dye. After the drying proc- 
ess, loose-fitting dye was removed with a brush. When 
the rim had been cleaned, by turning it upside down and 
rotating it on the rubber foam cover, the parts of the plate 
meant to be white or light blue were cleaned with a small 
brush or a piece of felt. The dye was sprayed on and 
removed three times. The exhaust cupboard had an open- 
ing that was 70 cm wide and of variable height, from 25 
to 75 cm. A sliding door could be used to reduce the 
opening, and thereby increase the airflow into the cup- 
board. In the opening the airflow had a minimum speed 
of 37 m . min-I. 

In factory 2 the work process was performed in two 
workplaces. The dye was sprayed on the bare plates by a 
female worker holding an atomizer in a large fume ex- 
traction cupboard. After 1987 this cupboard was 
equipped with a permanent water film. After a pile of 
plates was sprayed and dried, it was carried to another 

workplace, where the superfluous dye was removed. The 
rim was cleaned on the felt cover. Superfluous color on 
the plate was removed with a piece of felt or with a wash 
leather. A brush was of no help in this department as the 
dye had a greater content of glue, and the plate had a 
deeper relief. The plates were then sprayed for the sec- 
ond time. Thc plate ended up with various blue shades 
and white parts. The removal of dye was performed at a 
desk with ventilation built into the front, and in an ex- 
haust cupboard which was smaller than in factory 1. At 
this workplace a small exhaust cupboard was placed on a 
table in front of each worker. The air speed was 
85 m . min-' in the exhaust cupboard doorway, and 
60 m . min-' in the dust pan in front of the exhaust cup- 
board. A few persons in the departments where cobalt 
was used were painting things other than plates, and their 
total exposure may have differed a little from that of the 
plate painters. 

The reference group of women working in another 
department of factory 1 had no exposure to cobalt. They 
worked in a dust-protected room, where they decorated 
glazed porcelain with small paint brushes. The amount 
of paint used did not exceed 3 g a person per day. This 
reference group was chosen because of the small amount 
of dye used and because the porcelain was glazed before 
it was brought to the decoration department. Therefore it 
is unlikely that any significant exposure to carcinogens 
like asbestos or silica could have taken place. 

Exposure 

Over time, some important changes were made in the 
composition of the coloring agent. The exact years of 
changes were known only for factory 1. Quartz-based 
glazing was replaced by glass-based glazing in 1952 in 
factory 1, and some years later in factory 2. The two 
firms were amalgamated in 1987. In 1989, the workers 
from the underglaze departments of factory 2 moved to 
factory 1, and the cobalt-aluminate spinel dye was then 
substituted by the cobalt silicate dye already used in 
factory 1 since 1972. The cobalt content was approxi- 
mately 25% in both kinds of dye. The content of nickel 
was less than 0.5%. 

Files of the National Institute of Occupational Health 
describe the work conditions and drawings of exhaust 
cupboards from 1948 and dust measurements from 1954. 
The concentration of dust was 170 particles (0.5- 
5 p) . ~ m - ~  in 1954 and 150 particles in 1967. 

In June 1981, the Industrial Health Center measured 
the airborne exposure to cobalt for 19 workers in factory 
1. The hygienic standard was exceeded for all the work- 
ers in the range from 1.3 to 172 times. In addition, the 
hygienic standard for airborne total dust was exceeded in 
measurements for four workers. Levels of airborne expo- 
sure to cobalt silicate and urine excretion have been 
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monitored regularly since 1982 in factory 1 and since 
1989 in factory 2 (8). The concentrations of total dust 
and cobalt since 1981 are shown in figure 1. 

Factory 1 

"i 

Factory 2 

Factory 2 

0 2 

Figure 1. Concentrations of cobalt and total dust in samples from the 
underglaze departments of two Danish porcelain factories, 1981- 
1988. * Data taken from reference 9; * *  one extremely high value, 
second highest value being 0.08 m g  . ma.  

As less attention was paid to exposures before 1980, 
the levels may have been constant for many years before 
1980. The main route of cobalt absorption in the plate 
underglazers was believed to be via the respiratory tract 
(2). The poor correlation between airborne exposure to 
cobalt-aluminate spinel and the urine excretion has, how- 
ever, given rise to speculations about other routes of 
absorption (9). A recent study indicated that metallic 
cobalt from hard-metal grinding can penetrate the skin 
(10). It is not known whether the cobalt-aluminate spinel 
dye can penetrate the skin. Another study indicated that 
surface contamination might be a possible source of oral 
exposure (1 1). This may have been an alternative route 
of exposure, especially before 1982 when the plates were 
held in one hand during the spraying process. The fore- 
arm became almost as blue as the plates. 

Throughout the century there was a cloakroom and a 
canteen for the workers, who were not allowed to smoke 
or drink coffee at the workplace. These rules were, how- 
ever, frequently violated. All the workers were doing the 
same tasks with the same tools but personal habits, in- 
cluding productivity, may have caused different expo- 
sure levels (11). It was not possible, retrospectively, to 
classify the workers according to the number of plates 
produced or other personal characteristics. 

Study population 

We registered all the women employed at any time in the 
two underglaze porcelain plate departments. As a refer- 
ence group we registered all female top glaze decorators 
employed in a department without cobalt exposure; see 
table 1. Altogether 1394 women were included in the 
study, 382 exposed from factory 1 and 492 from factory 
2 together with 520 referents. 

Table 1. Cohort admission criteria and the number of women employed in the underglaze and reference departments in t w o  Danish 
porcelain factories and their vital status as of 31  December 1992.  

First employment year included in the cohort 
Last employment year included in the cohort 
Last year of follow-up 
Vital status 

Alive 31 December 1992 
Dead or disappeared before 1 January 1943 
Dead between 1 January 1943 and 31 March 1968 
Dead 1 April 1968 - 31 December 1992 
Emigrated before 1 January 1943 
Emigrated 1 January 1943 - 31 March 1968 
Emigrated 1 April 1968 - 31 December 1992 
Unidentified or lost to follow-up 
Total 

Group 

Exposed Exposed Referents All 
factory 1 factory 2 

Year Number Year Number Year Number Year Number 

varies 
1987 
1992 

Persons included in the analvsis 382 49Za 520 1394 

a One person employed in 1962 in factory 2, according to personnel files, emigrated before 1962 according to the population register. 
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The cohort members were followed for death and 
emigration until the end of 1992 from data in the Central 
Population Register (available from 1968), and the mu- 
nicipality population registers. 

Incident cancer cases diagnosed during the period 
from 1943 to 1992 were identified by linkage with the 
Danish Cancer Register. The period at risk was from 1 
January 1943 (factory 1) or 1 January 1962 (factory 2) or 
date of first employment, whichever came last, until data 
of emigration, death or 3 1 December 1992, which ever 
came first. 

A woman with employment periods in both the ex- 
posed and the unexposed (to cobalt) departments would 
be classified according to the first exposed employment 
period, and a woman with employment in both factory 1 
and factory 2 was classified according to the first of 
these. 

Cancer incidence rates for all Danish women for five- 
year age groups and five-year calendar periods were 
used for calculating the expected number of cancer cases 
(12). The PYRS program (13) was used for the calcula- 
tion. We calculated 95% confidence intervals under the 
assumption that the observed number of cancer cases 
followed a Poisson distribution. The relative risk ratios 

be misleading. For factory 1, the number of women reg- 
istered in the personnel files could be compared with the 
number of women employed in the relevant departments 
according to various statistics from 1968 to 1987. The 
figures corresponded well and therefore indicated that 
the cohort was complete. 

For factory 2, no statistics were available for compar- 
ison. Therefore, we checked the completeness of the files 
indirectly by comparing the observed number of deaths 
in the cohort with the expected number based on mortali- 
ty rates for all Danish women. The overall mortality for 
all three groups corresponded well with the expected 
(table 2), and the cohort data were therefore unlikely to 
have an unbalanced deficit of registrations. 

During the follow-up period, 127 cancer cases were 
diagnosed in the cohort (table 3). The overall cancer 
incidence was slightly elevated among the exposed 
women (observed 67, expected 55.80, SIR 1.20, 95% CI 
0.94-1.52), and close to unity in the reference group 
(observed 60, expected 60.62). There were 15 lung can- 
cer cases. Two of the lung cancers observed (a solid 
squamous-cell lung carcinoma and a lung adenocarcino- 
ma) were found in the same woman, but were, according 

1 Cohort seoment Number Observed Ex~ected Standardized 

and the 95% confidence intervals were calculated on the 

assumption of a distribution by a 
Poisson distribution (14). 

Results 

Table 2. Standardized mortality ratios for total mortality for the 
cobalt-exposed groups and for the reference group. Standard: all 
Danish women in the same calendar year. 

I deaths deaths mortality 
(N) (N) ratio 

Table 3. Standardized incidence ratios (SIR) for all the cancer sites with at least one expected case (ICD-7 = 140-205) for the cobalt- 
exposed groups and the reference group. Standard: all Danish women in the same calendar year. 

If cards from diseased persons had been removed from 

Cancer sitea 

Exposed, factory 1 382 39 38.1 1 .O 
Exposed, factory 2 492 28 25.4 1 .I 

All Exposed, Exposed, Referents 
exposed factory 1 factory 2 

Ob- EX- SIR Ob- EX- SIR Ob- EX- SIR Ob- EX- SIR 
served posed served posed served posed served posed 

the personnel files, the results based on these files would Reference 520 91 96.3 1 .O 

Stomach (151) 
Colon (153) 
Rectum (154) 
Pancreas (157) 
Lung (1 62.0 & 162.1) 
Breast (I 70) 
Cervis uteri (171) 
Corpus uteri (172) 
Ovary (1 75) 
Kidney (1 80) 
Bladder (181) 
Melanoma (190) 
Other skin (191) 
Brain (193) 
Non-Hodgkin's lymphoma (200 & 202) 
Leukemia (204) 
All malignant neoplasms (140-205) 

a Code of the International Classification of Diseases, seventh revision, in parentheses. 
Lower limit of the 95% confidence interval above unity. 
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to the cancer registration forms, independent cases diag- 
nosed with several years' interval. The exposed women 
had a statistically significant increased risk of lung can- 
cer (observed 8, expected 3.41, SIR 2.35,95% CI 1.01- 
4.62). An increased risk of lung cancer, although not 
statistically significant, was also found for the reference 
group (observed 7, expected 3.51, SIR 1.99, 95% CI 
0.80-4.1 1). A co~nparison of the two exposed depart- 
ments with the reference department gave a relative risk 
ratio of 1.2 (95% CI 0.4-3.8). The only other cancer 
sites showing significantly elevated risks were cervical 
cancer among the exposed women (observed 12, ex- 
pected 5.20, SIR 2.31, 95% CI 1.19-4.03) and corpus 
uteri cancer in the reference group (observed 9, expected 
2.98, SIR 3.02,95% CI 1.38-5.73). 

Discussion 

There is reason to believe that the biological response to 
cobalt and various cobalt compounds is complicated. 
One atom of cobalt is part of the essential vitamin B,, 
(15). In the 1960s breweries in Canada, Belgium, and the 
United States added cobalt acetate(II), cobalt(I1) chloride 
or cobalt sulfate to beer to reduce the foam, and occa- 
sionally deaths were observed from this cobalt exposure 
in heavy drinkers. Up to 50% of the deceased heavy beer 
drinkers died from doses much lower (up to 1.5 pg . ml-I 
beer) than the doses of cobalt(I1) chloride hexahydrate 
used for treating anemia (oral doses of 20-300 mg a 
day). It may thus be important to be specific about the 
chemical structure of the cobalt and confounding expo- 
sures. One implication of the change in factory 1 from 
cobalt-aluminate spinel to cobalt silicate in 1972 is there- 
fore that the measurements of air and urine excretion are 

Table 4. Percentage of smokers in the two Danish porcelain plants 
in 1982 (22) and 1987-1988 (23) and in the groups "all unskilled 
workers," "all skilled workers," and "all women" in Denmark (24). 

Group 

Respon- Smokers Respon- Smokers 
dents % dents % 

Exposed, factory 1 49 69 25 50 
Exposed, factory 2 36 31 
Reference group la 51 29 
Reference group Ila 48 46 
Skilled women in Denmarkb 47 55 
Unskilled women in Denmarkb 55 57 
All Danish womenb 43 42 

a Reference group I comprised workers from the same department as the 
reference group used in this study, while reference group II was from 
that department as well as from other departments in factory 2. 

"cluster sample, stratified to be representative of all Danes, of approxi- 
mately 20 000 people are interviewed each year about their smoking 
habits. 

largely irrelevant for the estimation of exposures before 
1972. 

During the period from 1907 to 1972 only cobalt- 
aluminate spinel was used in the production of plates. 
The cobalt oxide originated from Zaire, where it has 
been processed from a copper ore since 1907. The sup- 
plier has stated that traces of nickel, but no measurable 
contatllillation of nickel or arsenic was present. Accord- 
ing to an analysis performed by the National Institute of 
Occupational Health, only insignificant amounts of nick- 
el were present. 

Sorbie et a1 (16) estimated the 24-h excretion of radi- 
oactive cobalt chloride from humans to be about 18%. 
After absorption, the cobalt is mainly found in the liver 
(17). Eight days after administration, 56% of the ab- 
sorbed cobalt had been eliminated via the urine and 1 1 % 
via the feces. After most cobalt chloride had been elimi- 
nated quickly, the remaining 10% usually clears slowly. 
The biological half-time is about two years (18, 19). It is 
thus likely that other organs may be at an illcreased 
cancer risk. 

In our study 13 persons (0.92%) could not be identi- 
fied or were lost to follow-up. For at least one person, the 
index card was probably removed from the national files 
during World War I1 in order to protect members of the 
resistance movement and Jews. Three persons with tem- 
porary addresses had probably not registered. Others may 
have passed unnoticed due to a common name combined 
with an incorrect day of birth. 

According to the memoirs of a former porcelain dec- 
orator, it was common for decorators to go for study 
visits to other factories in Europe. This may explain the 
high number of emigrated workers. 

It is comtnon that personnel files are selected in such 
a way that the records for persons known to be perma- 
nently ill are not included in new versions of the register, 
or they are even removed from existing files (20). If such 
a practice was used at these factories the true incidence 
would have been underestimated. 

The total lnortality in the three groups was near the 
average for "all Danish women." We have taken this 
finding as an affirmation of the completeness of the 
registration because missing records will almost certain- 
ly belong to diseased persons and consequently lead to 
an underestimation of the true risk. 

We found a high lung cancer risk both in the exposed 
groups and in the reference group. The lung cancer inci- 
dence in female unsltilled worlters in the manufacturing 
sector in Denmark is known to be increased compared 
with that of all economically active women (relative risk 
1.43) (21). Taking this into consideration, we are left 
with some indication of an increased risk of lung cancer 
for the cobalt-exposed workers, but the risk of the co- 
balt-exposed groups was only slightly higher than that of 
the reference group. 
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Smoking is the major cause of lung cancer. We have 
only sporadic information on smoking habits in the 
studied population froin two small surveys (22, 23). The 
response rate was 94% for the cobalt-exposed and 88% 
for the referents in 1982, while it was not known for the 
1988 study. Smoking habits for the Danish population 
are known from annual surveys (24) (table 4). 

There may have been more smokers in factory 1 than 
in the general population, but the differences per se, if 
any, are unliltely to explain the increased risk compared 
with that of all Danish women. 

In one of the animal inhalation experiments on cobalt 
oxide tobacco smoke was used to increase the suscepti- 
bility of the animals (25). A similar synergistic effect in 
humans cannot be excluded. The latency time ranged 
from 10 to 43 years for the lung cancer cases from the 
exposed departments. One case had been exposed for 
14 d only and two others for three to four months only. 
We found no association between length of employment 
and the incidence of lung cancer (data not shown). 

A new composition of the dye was introduced in 
factory 1 in 1972 and in factory 2 in 1989. None of the 
lung cancer cases had worked with this new dye only. 
The number of workers hired for the first time after this 
change was small and the follow-up time was too short 
for the data to be conclusive. 

We therefore recommend that this study be up-dated 
as soon as another set of five-year data is available on the 
incident lung cancer cases. 

Concluding remarks 

The incidence of lung cancer was increased among the 
workers exposed to cobalt-aluminate spinel, but the inci- 
dence was also increased among worl<ers froin the refer- 
ence department. The study was based on few persons, 
and we recommend that it be up-dated as soon as cancer 
incidence data for an additional five-year period are 
available. 
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