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Incidence of cancer among ferrochromium and
ferrosilicon workers: an extended observation period

S Langard, A Andersen, J Ravnestad

Abstract
Results are presented of a cohort study on the
incidence of cancers and crude death rates in
ferrochromium and ferrosilicon workers. The
whole cohort was observed from 1 January 1953
to 31 December 1985. Two sets of results are

presented; one restricted to workers first
employed before 1960 and one to workers first
employed before 1965. The latter cohort con-

sists of 1235 workers. The total mortality in the
whole cohort was low (SMR = 81) as was the
overall incidence of cancers (SIR= 84). There
was an overall deficit of deaths and cases of
cancer in the ferrosilicon group. An excess of
lung cancer (SIR= 154) and cancer of the pros-
tate (SIR= 151) was observed in the ferro-
chromium workers employed before 1965.
Cancer of the kidney was also in excess

(SIR = 273) in the ferrochromium group, with a
mean "latency time" of 39 years. Two cases of
malignant melanomas had occurred versus

0 19 expected in a small subgroup ofworkers in
electrical shops and an electric power station.

For more than 50 years, hexavalent chromium com-

pounds have been considered to constitute an

occupational cancer hazard.' 2 Epidemiological
studies have contributed much to the present
knowledge of the carcinogenic effects of chromium'v
compounds and to the knowledge of their carcino-
genic potency. Nevertheless, as there are only a few
reliable studies among well defined chromium
exposed populations,3 there is still a need for
supplementary results from such populations.
Some researchers have interpreted their results in

favour of the view that exposure to trivalent
chromium compounds may constitute a cancer

hazard to exposed workers4 (and TF Mancuso at
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heavy metal conference, Toronto, 1975). These
suggestions stimulated us5 and Axelsson et al6 to
carry out studies in Norway and Sweden, respec-
tively, to evaluate Mancuso's claims. As it was shown
that the workers in these studies, at least to some
extent, had been exposed to fumes containing
chromium"v compounds, the results derived from
these two studies failed to evaluate the possible
relation between exposure to chromium "' and the
development of bronchial cancer. The results from
these two studies were not fully consistent; our study
indicating an association between long term work at
ferrochromium furnaces and occurrence ofbronchial
cancer, whereas no such association was indicated by
the Swedish results.
The results generated in these studies have attrac-

ted interest among both regulatory and advisory
agencies'78 and have been applied as a source of
information in assessing the risk of cancer related to
exposure to chromium in environmental air.9 To our
knowledge, no studies of the incidence of cancer or
cancer mortality in ferrochromium workers have
been published since the above results were reported.
On these grounds we find it appropriate to reassess

the results from the Norwegian ferrochromium study
cohort by extending the observation period by a
further eight years. The aim of the present extended
study was to evaluate further whether the suggested
association between exposure to fumes among ferro-
chromium workers and occurrence oflung cancer has
strengthened or weakened, and further to explore the
possibility that work related exposure in the study
cohort may constitute a cancer hazard at sites other
than the bronchial tree.

Study plant and production
The study plant and production were described in
the previous report.5 In brief, the plant is located on
the west coast ofNorway in the county of Hordaland
and has been operating since 1928. Production of
ferrosilicon started in 1928 and ferrochromium in
1934. Ferrochromium production was terminated by
the end of 1982 and no chromium production has
taken place since. Several changes have taken place in
the production methods during the observation
period but the processing has mainly been based on
electrochemical reduction ofchromite ore and quartz
with coke. From 1928 to the mid-1950s quartz was
produced in local quarries owned by the plant.
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Ekxposure nformation
During the second world war production was inten-
sive and doors and windows were kept closed which
may have lead to comparatively high exposure levels.
No environmental surveys were carried out before
1975 when a comprehensive industrial hygiene
monitoring programme was performed.' These
measurements showed that the concentration of total
dust in the working areas near the ferrosilicon
furnaces ranged from 0-8 to 5 mg/m' at the tapping
floor, from 3 to 10 mg/m' during tapping, and from 6
to 26 mg/m' during charging, whereas maintenance
workers operated in an atmosphere containing
between 4 and 46 mg/m' of mixed dust. The ferro-
chromium furnace operators worked in an atmos-
phere with from 0-3 to 24 mg/m' general dust and
from 0 04 to 0-29 mg/m' total chromium. The highest
concentration was during packing when the concen-
trations of mixed dust sometimes exceeded 25 rag/
mi. It was on the tapping floor that workers spent a
great proportion of their active working time. At the
charge floor the mean concentration of total
chromium was 0 05 mg/m', of which 11-33% was
water soluble. The water soluble chromium com-
pounds are considered to be in the hexavalent state.

Asbestos has been used in the furnaces for heat
insulation During the years of production there has
been no obvious difference in the use of asbestos at
the ferrosilicon and the ferrochromium furnaces. In
general, the workers employed by the plant have
maintained the furnaces.

Material and methods
STUDY POPULATION
The area in which the study plant is located used to
be isolated, at least until the 1940s. Traditionally, the
local population was occupied with fruit production
and dairy farming. The study plant is the only major
employer in the area. Therefore, most of the workers
have been recruited from the local population, which
has resulted in a stable workforce. During the second
world war, however, workers were recruited from
elsewhere. Several workers were continuously
employed from the late 1920s and early 1930s until
they retired in the 1970s.
The number of full time workers increased

gradually from 50 in 1928 to about 250 in 1932 and
450 in 1940. Since the war the number has varied
between 400 and 500. After 1976-7 the number of
full time workers has gradually been reduced to about
300 in 1988.

METHODS
The present investigation was designed as a cohort
study of incidence of cancer and total mortality. The
study population was generated from workers
employed for more than one year at the plant from
1928 onwards. To allow for an assumed development

time for cancer of20 years or longer, those employed
for the first time after 1 January 1965 were excluded
from the study cohort. As the Cancer Registry of
Norway gives a complete coverage of the whole
Norwegian population since 1 January 1953, the 25
workers who had died before that date were
excluded. As the total number offemale workers was
small before 1965 women were also excluded.
The figures for observed and expected cases of

cancer were generated from the data in the Cancer
Registry, which contains all cases of cancer and their
locations that have occurred in the whole female and
male Norwegian population from 1 January 1953 to
date, except for epithelial skin cancer. The observa-
tion period for incidence of cancer is from 1 January
1953 to 31 December 1985. The expected number of
deaths was based on age specific national death rates
by five year age groups for each calendar year from
1953 to 1985. To make comparison with previous
results possible, a separate presentation was perfor-
med on incidence of cancer and deaths to the end of
1985 in the cohort of 976 members employed for the
first time before 1960, which was reported on
previously.5 This subset ofthe population was other-
wise restricted according to the criteria presented
above and was included in the whole cohort.
The cohort was generated on the basis of a

complete personnel list containing all workers
employed by the company from 1928. Workers from
the 1930s with names beginning with the two last
letters of the alphabet were lost due to water leakage
in the storage place. This deficiency, however, was
not considered to constitute selection in the recruit-
ment cohort. Information on surrogates for personal
exposure for each individual member of the cohort
was collected from three different sources; (a) the
personnel lists provided by the company included
job categories for about 40% of the cohort members;
(b) detailed work history for those workers employed
between 1946 and 1952 as recorded by the companies
industrial physician; and (c) supplementary informa-
tion from 10 independent, old workers, some of
whom had been employed from the early 1930s. All
information on job categories and exposure was
collected in 1975-6.
The job categories listed on the basis of the first

two sources were not told to the 10 workers and the
information provided by them was checked against
that from the other two sources. Those job categories
and work periods which were confirmed by the first
or the second interview were accepted. In cases of
discrepancies, the information given from the
interview with the closest work relation to the subject
was accepted. These interviews were performed in
1975 by one of the authors (SL).
The present follow up is based on the same job

descriptions and exposure category that served as
basis assignment to job categories in the first follow
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up of the population.5 Three workers classified as

electrode producers in that paper were classified
under "various jobs" in the present study.

It is of interest to know to what extent the workers
have moved from one job to another during
employment in the plant. The individual work
histories showed that change of job between the job
categories has been limited for those workers who
have been employed at the plant for a long period.
Work at the ferrosilicon and ferrochromium furnaces
has been quite specialised. Therefore, among the
workers assigned to these two job categories less than
10% had changed from one category to another.
When workers had served at both types of furnaces,
that category where the worker had served the
longest period was chosen as job category. The
electrical shop and electric power station workers
(category 7) were also skilled workers. Hence, this
small group ofworkers has been quite stable and may
be considered as belonging specifically to that
exposure category.
Ninety five per cent confidence intervals (CI) are

presented on the basis of an assumed Poisson dis-
tribution of the cases of cancer.

Results
Table 1 shows the results from the follow up of the
same subset of the population that was included in
the previous study5: the crude death rates, the
incidence of cancer at all sites, stomach cancer,
bronchial cancer, and cancer of the prostate during
the whole observation period. The table also shows
(in parentheses) the corresponding figures for the
extended observation from 1978 to 1985. The total

number ofobserved cases of cancer has risen from 64
(E = 79.4) to 124 (E= 144.9).
The observed number of stomach cancers had

increased by three, whereas the expected figures had
increased from 11-5 to 16-4. The total number of
cancers of the lungs and bronchial tree has increased
from nine to 17, whereas the corresponding expected
figures have risen from 9 5 to 19-4. A deficit of lung
cancer was observed in the ferrosilicon group; two
cases observed versus 5-75 expected; the deficit for
other sites was less apparent. There was an excess of
lung cancer in the ferrochromium group; 10 versus

6-5 expected (CI = 4-8, 18-4), a slight reduction ofthe
rate ratio in the previous study. Three cases of lung
cancer had occurred in this subgroup during the
extended observation period versus 3 05 expected.
An excess of cancer of the prostate was still present;
31 observed versus 26-6 expected, which is less than
in the previous observation period.5
The following results are derived from the whole

study population. Table 2 shows the total observed
number of deaths and cases of cancer that had
occurred in the study population by the end of 1985.
As may be calculated from this table, the standar-
dised mortality ratio (SMR) for all deaths is 81,
whereas the standardised incidence ratio (SIR) is 84
for all cancers. The SMR was below unity in all job
categories and as low as 44 among white collar
workers (category 6). A minor difference is seen

between the SMRs in the ferrosilicon group

(SMR= 75) and the ferrochromium group
(SMR = 88). The SIRs for all cancers in these two
groups were 69 and 116, respectively. The figures in
parentheses shows that 30 cases of cancer versus 22-8

Table 1 Observed (O) and expected (E) cases ofcancer, all sites, stomach cancer (151), lung and bronchial cancer (162), and
cancer of the prostate (177) in the subpopulationfirst employed before I January 1960. Observation period isfrom January 1953
to December 1985. (Observed and expectedfiguresfor the extended observation period (1978-85) are given in parentheses)

Stomach Bronchial Cancer of
All deaths All cancers cancer cancer prostate Person-

No of - years
Job category workers 0 E 0 E 0 E 0 E 0 E 1953-85

Various jobs(1) 83 29 31-55 8 1111 0 1-23 1 1-28 1 1-96 2312-5
(11 12-39) (3 4-37) (0 0-34) (0 0 58) (0 0 92)

Ferrosilicon (2) 243 88 121-30 30 42-99 3 5 00 2 5-08 4 8-53 6812
(30 49 34) (15 18-16) (0 1-43) (2 2 29) (2 4-19)

Ferrochromium (3) 325 107 123-33 54 45-75 7 4-83 10 6-14 12 7-68 9450 5
(51 55 26) (29 21-32) (2 1-61) (3 3-05) (7 4-35)

Intemal maintenance 88 19 26-18 5 9-10 0 0-86 1 1-20 2 1-34 2569-5
(6 10-17) (2 4-12) (0 0-30) (1 0 63) (0 0-68)

Quartz quarry (5) 45 19 19-15 4 6-30 0 0-76 0 0-73 2 1-16 1237-5
(7 6 87) (1 2 24) (0 0-17) (0 0-31) (0 0-44)

Office workers (6) 41 7 17-24 3 6-63 0 0-74 0 0-75 2 1-18 1248-5
(4 7 83) (1 3-15) (0 0 25) (0 0 40) (1 0-57)

Electric shops (7) 49 17 21-30 8 7-41 0 0-92 0 0 75 4 1-51 1400-5
(7 8 06) (2 2 69) (0 0-21) (0 0-31) (1 0-59)

External maintenance 39 13 18-07 3 6-56 1 0-83 0 0-72 2 1-40 1088-5
(2 5 62) (1 2-22) (1 0-17) (0 0-31) (0 0-45)

Intemal transport (9) 63 31 31-80 9 9-42 2 1-16 3 1-12 2 1-82 1584-5
(8 9-76) (3 3-65) (0 0 29) (2 0 45) (1 0-85)

Total 976 330 409 94 124 144-96 13 16-43 17 17-76 31 26-59 27704
(126 165-30) (57 62 07) (3 4 76) (8 8-33) (12 13-13)
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Table 2 Observed (O) and expected (E) deaths and cases of cancer. Observation time from 1 January 1953 to 31 December
1985. Workersfirst employed after I January 1965 were excluded. (Observed and expected number of cases ofdeaths and cancer
for the extended observation period (1978-85) are given in parentheses)

All deaths All cancers Person-
No of years

Job category workers 0 E 0 E 1953-85

Various jobs 117 34 13) 36-23 (14-78) 8 (3) 12-52 (5-48) 3000.0
Ferrosilicon 320 100 (34) 132-91 (55 34) 33 (17) 47-70 (20-81) 8349-0
Ferrochromium 379 114 (54) 129-26 (58 43) 56 (30) 48-25 (22 83) 10561-0
Intemal maintenance 114 20 (6) 27-60 (10 90) 5 (2) 9-69 (4 49) 3072-0
Quartz quarry 46 19 (7) 19 01 (6 89) 4 (1) 6-32 (2 25) 1262-5
Office workers 53 8 (4) 18-12 (8 29) 3 (1) 7-01 (3 38) 1509-0
Electrical shops 58 17 (7) 21-79 (8 34) 8 (2) 7-62 (2 82) 1592-5
External maintenance 49 13 (2) 19-03 (6-17) 3 (1) 7-00 (2-51) 1294 5
Internal transport 99 36 (10) 36-41 (12-37) 12 (5) 12-25 (4 70) 2285 0

Total 1235 357 (137) 440-56 (181-51) 132 (62) 157 34 (69 26) 32925 5

expected had occurred in the ferrochromium group
during the extended observation period. Except for
the ferrochromium group, all job categories show
deficits in the incidence of cancers at all sites.
Table 2 also shows that the number ofworkers and

number of person-years is lower in the ferrosilicon
group than in the ferrochromium group, whereas the
expected number of deaths and cases of cancer is
virtually the same in the two subgroups. This
difference between number of person-years and
expected cases ofcancer and deaths indicates that the
ferrosilicon group consists of slightly older workers
than the ferrochromium group.
Table 3 gives the job specific observed and expec-

ted number ofcases ofcancer at all sites and a selected
set of tumour sites in the whole study population at
the end of 1985. The observed figures are lower than
the expected for most job categories; SIRs may be
calculated from the figures. For lung cancer the SIR
for ferrosilicon workers was only 35, whereas the
incidence was still in excess in the ferrochromium
workers (SIR= 154). Three cases of lung cancer
versus 3-26 expected had occurred in the ferro-
chromium group during the extended follow up.

There was still a slight excess ofcancer ofthe prostate
in the whole population; 32 cases observed versus
28-2 expected. A deficit was still seen in the
ferrosilicon group but an excess (SIR= 151) was
noted in the ferrochromium group. Nevertheless, the
excess has decreased during the extended observa-
tion period; seven cases occurred versus 4-57 expec-
ted (numbers not shown in table 3).
The workers in the ferrochromium and the

ferrosilicon groups have performed the same type of
work and dust exposure in the two groups has also
been similar, except for exposure to chromium
compounds. Therefore, internal comparison be-
tween the groups would have been interesting. The
two groups, however, have not been intemally stan-
dardised for age, and may therefore not be used as

each others reference groups. As the mean age among
the ferrosilicon group is slightly higher than that of
the ferrochromium group, comparing the ferro-
chromium group with the other group leads to minor
underestimation of the rate ratios. For lung cancer
such a comparison gives RR= 4-3; for cancer of the
prostate, the RR is 2-8.
As shown in table 3, malignant tumours of the

Table 3 Observed (0) and expected (E) deaths, cases of cancer all sites, and cases at selected cancer sites occurring in the study
population during the observation periodfrom 1 January 1953 to 31 December 1985

Selected work categories

All categories Ferrosilicon Ferrochromiun Electrical shops

Deaths and cancer sites 0 E 0 E 0 E 0 E

All deaths 361 423-1 114 125-1 100 125-1 17 19-9
All cancer sites 132 157-3 33* 47-7 56 48-3 8 7-6
Cancer of the
Stomach (151) 14 17-4 4 5-4 7 5-0 0 0 9
Rectum (154) 10 81 6 2-5 2 2-5 0 0-4
Pancreas (157) 7 6-2 2 1-9 3 1 9 0 0-3
Bronchi (162/163) 17 19-4 2 5-8 10 6-5 0 0-8
Prostate (177) 32 28-2 5 9-2 12 8-0 4 1-5
Kidney (180) 9 5-6 2 1-7 5 1-8 1 0-3
Malignant melanomas (190) 6 3-9 1 0 3 0 0-4 2* 0-2

Person-years 1953-85 32 926 8349 10561 1592

*Significant at 95% level

17



Langcrd, Andersen, Ravnestad

Table 4 Year of birth, time offirst employment, work category, duration ofemployment inyears, andyear of diagnosisfor the
nine cases of renal cancer observed in the study cohort

Age when Time of Duration
Year of cancer first Department of

Born diagnosis diagnosed employment ofwork employment (y)

1894 1975 81 1928 FeSi 34
1898 1963 65 1928 FeSi 35
1904 1985 81 1947 FeCr 25
1915 1976 61 1935 Electrical shops 10
1917 1983 67 1947 FeCr 28
1918 1985 67 1941 FeCr 21
1919 1975 56 1958 Transport 2
1921 1983 62 1946 FeCr 6
1924 1983 59 1942 FeCr 34

kidneys and malignant melanomas of the skin are in
excess. The over all excess of renal tumours appears
to be explained by the excess in the ferrochromium
workers (table 4), where five cases were observed
versus 1-83 expected (CI= 1-6, 11-7). In the muni-
cipality where the plant is located there were seven
cases versus 5 0 expected, based on national figures,
from 1975 to 1984.10 It could be confirmed that at
least six of these seven cases were recruited from the
study population. Table 4 also shows that five of the
subjects with renal cancer were first employed during
the 1940s. It may be calculated from table 4 that the
mean time between first employment and occurrence
of renal cancer is 37-3 years for all cases, and 39 years
for the five cases occurring in the ferrochromium
group. Malignant melanomas (ICD 190) are in excess
in the whole population (table 3); over all, SIR = 156.
Two cases versus 0 19 expected in the power station
and electrical shops workers account for most of this
difference.

Discussion
The present study was carried out in a population
that was characterised for exposure surrogates in
1975-6, and categorisation was carried out without
knowledge of illnesses or deaths. There is no way that
assignment to subgroups of cases of cancer and
deaths occurring after 1975-6 could be influenced by
the allocation of the workers to the different
categories. Exclusion of 26 subjects who died before
1 January 1953 might have lead to a slight "healthy"
survivor effect among the remaining members of the
cohort. Considering the long observation period in
this study, however, the assumed dilution of the
results as a result of this exclusion must be small.
The results from the present study show that the

excess incidence oflung cancer in the ferrochromium
subpopulation has been reduced to some extent
during the eight year extended observation period.
The SIR for the employees from before 1960 was 163
(table 1) versus 151 for the whole ferrochromium
subpopulation (table 3). Table 1 shows that all 10
cases of lung cancer in the ferrochromium group
occurred in the subgroup first employed before 1960,

and that no additional cases occurred among ferro-
chromium workers first employed between 1960 and
1965 (table 3). Nevertheless, the observation period
for the subgroup employed between 1960 and 1965 is
only 20 to 25 years, which may be too short for the
development ofexposure related lung cancer at levels
ofchromium1v as low as in the present study. Another
possible explanation for the observed reduction
could be that the levels of exposure to the causal
agents have been reduced since the late 1950s. In the
present small study, however, the observed reduc-
tion should not be considered to be robust and may
be due to chance.
The incidence oflung cancer among male residents

of the municipality where the plant is located was
lower than for the country as a whole (SIR= 59)
during 1976-85.1o This local population basis was
considered too small to be used for reference pur-
poses. Ifthe local male population were to be used as
reference population, however, the SIR for lung
cancer in the ferrochromium groups would be 256.

In addition to water soluble (presumably hex-
avalent) chromium compounds in the working
atmosphere the workers have also been exposed to
high concentrations of fumes and dust particles with
unspecified composition. Long term exposure to
unspecified dust and fumes in the working atmos-
phere has been indicated as being accompanied by a
risk of cancer."' Such unspecified dust and fumes are
considered to be present to about the same extent at
the ferrosilicon and ferrochromium worksites.
Therefore, it seems unlikely that this exposure could
affect the two groups differently. Both subgroups
may have been exposed to low concentrations of
polycyclic aromatic hydrocarbons and intermittent
low level exposure to crysotile asbestos particles. It
may be assumed, however, that exposure to these
factors has been similar in both subgroups.

Information on smoking habits among the workers
was not available. There is no obvious reason why
work at the ferrochromium furnaces should be more
attractive to smokers than work at the ferrosilicon
furnaces. In fact, smoking during work close to any of
the furnaces has always been prohibited, which to
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some extent may have discouraged smokers from this
type of employment.
On the other hand, exposure to low levels of

chromium compounds has occurred only among the
ferrochromium group. Therefore, at present no
other exposure factor than low levels of compounds
containing chromiumlV can be pointed out as an
explanation for the difference between the incidence
rates of lung cancer in the two subgroups.
An excess in renal cancer has also been observed

among workers in other Norwegian ferroalloy smel-
teries,'2 which makes the excess in the ferro-
chromium group in the present study noteworthy.
The overall excess in the present study (SIR= 159)
was at the same level as in a recently published study
in a calcium carbide producing population.'2 In a
population of workers producing ferrosilicon and
ferrovanadium the excess of renal cancer was even
higher (O/E = 4/0-9) (J Alexander, XX International
Congress on Occupational Health, Cairo, 25 Sep-
tember-i October, 1981:476 (abstract)). At present,
little can be said about the possible aetiology of these
observed excesses of renal cancer.

In this study the excess was observed in the
ferrochromium subgroup only, which might indicate
that possible causal exposure factor(s) could be
associated with work at ferrochromium fumaces.
The results do not explain the possible relation
between work related exposure and the occurrence of
renal cancers. It seems worth noticing that the mean
"latency time" for these cases was as long as 37-3
years in the whole group and 39 years for the five
cases occurring in the ferrochromium group (table
4). A relation with work at the ferrochromium
furnaces would probably have resulted in a reduced
latency time compared with the other cases.
Therefore, if the excess incidence of renal cancer is
related to work exposure it is more likely to be related
to aspects of the work other than exposure to
chromium.
The observed over all excess of malignant melan-

oma may be a spurious result. As malignant melan-
omas have become increasingly focused in relation to
work related exposure,1-'5 the two cases in the
electrical shops and power station workers may add
to the list ofoccupations that should be considered as

being of interest in relation to occurrence of malig-
nant melanomas.
As in the previous study5 the overall incidence of

cancer of the prostate was increased (SIR= 110).
When including those who had been first employed
between 1960 and 1964 (table 3), the overall SIR in
the ferrochromium group was reduced to 151. In the
municipality in which the plant is located 43 cases
occurred versus 36-9 expected based on national
figures during the period 1975-84.10
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