Int Arch Occup Environ Health (1992) 63:547-551

Fiemslional Arohives of

Occupationsal-
Emirl()fgmmal

© Springar-Veriag 1892

Cancer risk among workers at a copper/nickel smelter

and nickel refinery in Finland

Sakari Karjalainen!, Raimo Kerttula?, and Eero Pukkala'
'Finnish Cancer Registry, Liisankatu 21 B, SF-00170 Heisinki, Finland

2Qutokumpu Oy, Harjavaita Works, Harjavalta, Finland

Received November 20, 1991 / Accepted January 11, 1992

Summary. A total of 1388 workers employed for at least
3 months at a copper/nickel smeiter and nickel refinery
were followed up for cancer from 1953 to 1987 through
the Finnish Cancer Registry. There were 1339 male and
49 female workers, making a total of 27130 and 706 per-
son-years, respectively. All of the women worked in the
refinery, which opened in 1960, the same year the smelt-
ing of nickel began. A total of 67 cancers were diagnosed
among the men, the standardized incidence ratio for all
cancers being 1.0. No cancer was found among the wom-
en (1.8 expected). The risk of cancer among men was
analysed according to primary site, exposure to nickel,
type of work, years since first exposure and age at diag-
nosis. In the subcohort of nickel refinery workers, one
case of sinonasal cancer was observed, against 0.02 ex-
pected, but otherwise no sigaificantly increased risks of
cancer were found. In addition to the small size of the
cohort, the non-positive finding concerning lung cancer
might be related to the relatively low arsenic exposure
and, perhaps, to the latc commencement of nickel pro-
duction. :
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Iutroduction .
A thorough evaluation of the carcinogenicity of nickel
has been recently published in the Monograph Series of
the International Agency for Research on Cancer [4].
According to the expert group, nickel compounds are
carcinogenic to humans, and metallic nickel may be car-
cinogenic to humans. All the epidemiological studies on
cancer risk after nickel exposure were reviewed and most
of them re-evaluated with an extended follow-up and
more precise exposure data by the Internationa! Com-
mittee on Nickel Carcinogenesis in Man (ICNCM). The
report of the ICNCM concluded that more than one
form of nickel gives rise to lung and nasal cancer [6]. Be-
sides nickel, smelter workers are also exposed to arsenic,
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which increases the risk of skin and lung cancer [1,3,4,
7].

The main aim of this study was to assess the risk of re-
spiratory cancer among workers employed in nickel smet-
ing and refining by a Finnish company since 1960. Those
engaged in refining processes were primarily exposed to
soluble mickel in the form of nickel sulphate, The work-
ers involved only in copper production (employment
ended before 1960) formed an internal comparison group.
Nickel was the main carcinogenic agent in the environ-
ment; the smelter workers were exposed to very low
levels of arsenic compounds until the late 1970s, because
up to that time the smelter used ore from Finnish mines
having an especially low arsenic content.

Subjects and methods

The study cohort was made up of workers at a copper/nickel smel-
ter and a nickel refinery (Qutokumpu Oy, Harjavalta Works) in
southwestern Finland, Copper smeiting started at Harjavalta in
1945. In 1949, electric smelting was replaced by the flash smelting
method developed by the company. Nickel production commenced
in 1060; the smelter was started up at the beginning of January and
the refinery at the beginning of May. Since then the plant has con-
verted nickel-copper ore to a high grade matte consisting of mickel-
copper alloy, nickel subsulphide and copper sulphide. The later
stages of copper production take place in another plant. The matte
is ground, and then the mickel is extracted in a refining process
involving atmospheric pressure leaching, electrolytic copper re-
moval, cobalt removal and nickel alectrowinning.

The exposure to nickel among the cohort members was defined
by (a) period of employment and (b) area or type of work. Those
workers whose employment had ended before the year 1960 bad
not been exposed to nickel. Nickel exposure among those still
employed in 1960 or among those whose period of employment
began later was largely dependent on the type of work. The work-
ers were grouped into the following three categories according to
work area or type of work: (1) smelter workers, (2) refinery work-
ers and (3) maintenance staff. The maintenance staff worked, as
necessary, in either of the two places. They were nat continuously
exposed to nickel compounds but underwent occasional, probably
high, short-time exposures. )

The exposure to nickel has been evaluated since 1966. The re-
finery workers were primarily exposed to soluble nickel compounds,
mainly nickel sulphate and ta 2 lesser extent nickel chioride {Table
1). As reported earlier [6], exposure levels at the Harjavaia
Waorks have been low, Exposure to soluble nickel varied from 0.1
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Table 1. Description of the exposure of refinery workers to differ-
ent forms of nickel at Harjavalta Works since 1960

In the form of metallic dust in the cutting
and packing departments

The high-grade nickel matte produced by
the flash smelting process contains 60%
nickel

Metallic nickel

Nickel snlphide matte

Not present

Present at the cobalt removal stage in
oxidation tanks. Since 1972, Ni(OH) has
been the only insoluble form of nickel
present in the electrowinning department.
Exposure possible when dissolving tanks
are cleaned or repaired

Nickel matte and leaching precipitates
contain NiS, but it is not present in the
electrowinning deparfment

Nickel oxides
Nickel hydroxide

Nickel suiphide

Present in high concentrations in the
nickel matte and in the air when the matte
is ground. The airborne concentrations in
the grinding hall are between .05 and 0.2
mg Nifm?. It is also present in the precipi-
tates of the leaching reactors

Present in soluble form until 1972, con-
centrations have been low (not measured,
however)

Most of the nickel in the process and the
ajr after leaching is in the form of soluble

Nickel subsulphide

Nickel chloride

Nickel sulphate

nickel sulphate
Nicke] carbonyl Not present
Nickel nitrate Not present

to 0.5 mg Ni/m® (personal sampling) in the 1970s. The highest ever
recorded single concentration in the electrowinning department
was 1.1mg Nifm® (stationary sampling). Biological monitoring started
in the late 1970s, Concentrations of nickel in urine in leaching
workers after a working day were on average less than (.85 pmolA,
whereas the concentrations in workers involved in the electrowin-
ning process were on average 1,5-2 pmol,

The study population consisted of all workers who had been
continuously employed at the Harjavalta Works (Outokumpu Oy)
for at least 3 months during the period from January 1, 1945, to
December 31, 1985. The cohort was formed using the company's
employment records. The workers in the copper/nickel smelter
and maintentance men were followed up for the inciderce of cancer
from 1953-1987 and those in the nickel refinery from 1960-1987,
Workers who belonged to more than one exposure category were
included in all of them in the analysis.

To study the risk of cancer related to nickel exposure, the
workers were divided into two groups. Those whose employment
ended before January 1, 1960, were not exposed to nickel. All
employées who worked after that date were imcluded in the nickel-
exposed group. For these workers, the follow-up for cancer started
from the date of the first nickel exposure (January 1, 1960, or the
first day of employment, whichever came latef}.

Both the observed and the expected numbers of cancer cases
were obtained from the files of the Finnish Cancer Registry. Fol-
low-up commenced 3 months after the start of employment, and
only cancers diagnosed between January 1, 1933, and December
31,.1987 (the closing date forthe study), were accepted. The Reg-
istry covers virtually all cancer cases diagnosed in Finland during
the study period [9]. The members of the cohorts were followed up
for death and emigration, either through locai population registers
or by record linkage with the National Population Register. Eight

Table 2. Number of persons and person-years in the foliow-up of
the cohiort of smelter and refinery workers from 1953-1987 in Fin-

land by period of employment, type {site} of work and sex

Site of work Employment ended  Employment continued

before or started after
May 1, 1960 May 1, 1960°
No.b Person-  No.® Person-
years® years®
Men
Smelier 197 5172 566 10127
Repair shop 42 1178 238 4470
Refinery - - 36 6089
Alt men 233 6224 1106 19699
Women
Refinery - - 49 706
Total 233 6224 1155 20405

2 The starting date for calculation of the number of person-years at
risk is either May 1, 1960, or the actual date employment started,

whichever came later
b Some of the male employees had worked on two or three sites,
and thus the numbers do not tally with those int the Total row

workers (0.6%) conld not be identified through the population
registers and were excluded from the analysis. Another 7 employees
had died before the beginning of the follow-up for cancer and were
excluded. The final cohort consisted of 1385 employees, Two
workers had moved abroad and were follwed up until the date of

their emigration. .
The expected numbers of cancers were calculated on the basis

of person-years risk and with sex-, age-, and period-specific (5 sub-
sequent 7-year perfods) incidence rates for the population of south-
western Finland (a population of one million). The observed and
expected numbers of cancer were also classified by fotlow-up year
{0-4, 5-19, 20-), The standardized incidence ratios (SIR) were
calcnlated by dividing the observed numbers of cancers by the
corresponding expected numbers. The observed numbers are as-
sumed to follow a Poisson distribution. The 95% confidence inter-
vals for the SIRs were calculated from the tabulated confidence
intervals of the Poisson mean [2].

Resnlis

The 1339 men and 49 women in the cohort represented
27130 and 706 years of follow-up, respectively. The
numbers of workers and years of follow-up by sex, expo-
sure to nickel and site of work are presented in Table 2.
Among the men, 67 cancers were diagnosed during the
study period vs. 65.7 expected (SIR 1.0, 95% confidence
interval, CI .8-1.3). No cancers were diagnosed among
the women (1.8 expected). None of the risks for primary
tumour sites was statistically significantly elevated (Ta-
ble 3). There were almost no differences in the overall
risk of cancer between those exposed to nickel and those
who had not worked during the period of nickel produe-
tion. The only exception is the one case of sinonasal
{maxillary sinus) cancer among those exposed to nickel,
the man who contracted the cancer had worked in the re-
finery for over 23 years.
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Table 3. Observed (Obs) and expected (Exp) numbers and standardized incidence ratios (SIR) with 95% confidence intervals (CI) of
cancers at selected sites among male workers at Harjavalta Works in Finland from 19531987, by exposure status (mickel production

commenced May 1, 1960)

Site (ICD 7 code) Employmc'nt ended before Empiloyment continued or commenced after
May 1, 1960 May 1, 1960, or later*
Obs Exp SIR 95% CI Obs Exp SIR 95% CIL
Allsites (140-204) 3 28.6 11 0.7 -1.5) 36 36.0 1.0 (0.7 - 1.4)
Digestive tract (140-159) 10 8.2 1.2 (0.6 -2.3} 13 5.1 1.4 0.7 - 2.4)
Stomach (151) 7 3.9 1.8 (0.7 =37 5 7 1.3 0.4 ~3.1)
Colon (153) - 1.0 - - 2 1.4 1.4 (0.2 - 5.0)
Respiratory tract (160-163) 9 9.2 1.0 {0.4 ~-1.9} 12 10.3 1.2 (0.6 - 2.0
Nose and sinuses (160) - 0.1 - - 1 0.1 8.5 (0.2 -47.5}
Larynx (161) 1 0.7 1.4 (0.04-7.8} 1 0.8 1.2 (0,03~ 6.7}
Lung and trachea (162} 8 8.3 1.0 {0.4 -1.9} 10 9.2 11 0.5 -2.0)
Bladder (181) 3 1.3 2.4 (0.5 -7.0) - 1.7 - -

Skin (non-melanoma) (191) 0.6 - - 1 0.8 1.3 (0.03- 6.9)

® The starting date for calculation of the number of person-years at risk is either May 1, 1960, or the actual d
whichever came later

ate employment started,

Table 4. Observed (Obs) and expected (Bxp) numbers and standardized incidence ratios (SIR) with 95% confidence intervals (CI) of
cancer (all sites) among male workers at Harjavalta Works in Finland from 1953—1987, by site of work and period of employment (nickel

production commenced May 1, 1960)

Site of work Employment ended before Employment continued or commenced after
- May 1, 1960 May 1, 1960, or fater*
Obs Exp® SIR 95% CI Obs Exp® SIR 95% CI
Smelter 28 24.1 1.2 {0.8-1.7) 26 25.6 1.0 (0.7-1.5)
Repair shop 4 5.0 0.8 (0.2-2.1) 8 1.5 1.1 (0.5-2.1}
Refinery - - - - 6 5.4 1.1 (0.4-2.4})
Total 3 28.6 1.1 (0.7-1.5) 36 36.0 1.0 (0.7-1.4)

= The starting data for caleulation of the number of person-years at risk is either May 1, 1960, or the actual date employment started,

whichever came later
b Some of the employees had worked o two or three sites, and thus, the expected numbers do not add up to 28.6 and 36.0

Table 5. Observed (Obs) and expected (Exp) numbers and standardized incidence ratios (STR) with 95% confidence intervals (CI) of lung
cancer among male workers at Harjavalia Works in Fintand from 19531987, by site of work and period of employment {nickel production

commenced May 1, 1960)

Site of work Employment ended before Emplayment continued or commenced after
May I, 1960 May 1, 1960, or later®
Obs Exp® SIR 95% CIL Obs Exp® SIR 95% CI
Smelter 7 7.0 1.0 (0.4 -2.1) 7 7.0 1.0 {0.4-2.1)
Repair shop 1 1.4 0.7 {0.02-4.0) 2 1.9 1.1 0.1-3.9)
Refinery - - - - 2 1.0 2.0 {0.3-7.4)
Total 8 8.3 1.0 0.4 -1.9) 10 9.2 1.1 (0.5-2.0)

2 The starting data for calculation of the number of person-years at risk is either May 1, 1960, or the actual date employment started,

whichever came later
b Some of the employees had worked on two or three sites, and thus, the expected numbers do not add up to 8.3and 9.2

The overall cancer risk for male refinery workers did The risk of stomach cancer in the whole cohort was
not differ from that of the other two groups exposed to  slightly elevated (12 observed vs. 7.8 expected), and the
nickel (Table 4). When the female workers were included  SIR was highest for the refinery workers (SIR 4.3, 95%
in the analysis, the SIR of all cancers for the refinery CI 0.5-16), However, taking all the worker groups to-
workers was 0.8 (95% CI 0.3-1.8). The risk of sinonasal ~ gether (Table 3), the relative risk of stomach cancer was
cancer for all refinery workers (both men and women)  higher for those who had worked only in the copper
was significantly elevated (SIR 53.8, 95% CT 1.4-300). smelter (SIR 1.8, NS) than for those who had been ex-
However, the risk estimate was based on only 1 case. posed to nickel (SIR 1.3, NS). The risk of lung cancer
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was elevated only for the refinery workers (Table 5), and
the SIR was not significant. No increased risk of non-
melanoma skin cancer was found.

Workers exposed to nickel for 20 years or more had a
higher relative risk of developing lung cancer (SIR 2.3,
95% CI 1.0-4.3) than those who had not been exposed
(SIR 1.3, 95% CI 0.3-1.8). There was no trend in the
SIRs by age. The workers under 30 years of age had a
high risk of gastrointestinal cancer (2 observed against
0.14 expected).

Discussion

Our study evaluated the cancer risk for 1155 workers ex-
posed to different amounts and different forms of nickel
in a nickel refinery and copperfnickel smelter. Another
233 workers had been involved only in copper smelting.
One part of the cohort had been described earlier with-
out an analysis of the cancer risk, and the single case of
sinonasal cancer was then reported [6]. According to the
previous findings, the two types of cancers associated
with nickel exposure are sinonasal cancer and lung can-
cer [5, 6]. In the present study, 1 case of sinonasal cancer
was observed vs. 0.1 expected, and 10 cases of lung can-
cer were observed vs 9.2 expected among those exposed
to nickel. The SIRs were not significantly elevated. The
single case of sinonasal cancer occurred in 2 nickel refin-
ery worker (0.02 cases were expected).

Since the closing date of the follow-up (December 31,
1987) 2 other cases of sinonasal cancer have been diag-
nosed, both of them among female refinery workers (in
1990 and 1991). The incidence data of the reference pop-
ulation are not yet available, but it is obvious that very
high SIRs are to be expected.

An excess of sinonasal cancer had been found earlier
among workers in the INCO refinery at Clydach {Wales),
in the INCO sinter plant in Ontario (Canada), in the Fal-
conbridge nickel refinery at Kristiansand (Norway) and
in Huntington Alloys in West Virginia [6]. The greatest
excesses were found in Clydach and Ontario among work-
ers involved in processes which are no longer used. The
exposure levels to soluble nicke] were at leasta thousand
times greater than at present. The SIR found in our
study has a wide confidence interval and is not readily
comparable with previous risk estimates.

The association of nickel exposure with lung cancer
seems to be weaker than that with sironasal cancer {5].
However, in several cohorts exposed to nickel the risk of
lung cancer was elevated [5, 6]. In the present study, the
obsetved number of lung cancer cases among the 418 re-
finery workers was 2 as opposed to 1.0 expected. If the
non-positive finding in our study is not due to the low ex-
posure levels (assuming that nickel is a risk factor in lung
cancer), there are two other explanations: the small size
of the cohort (resulting in unstable point estimates of the
SIRs) and the relatively recent commencement of nickel
production (maximum follow-up 27 years). The risk of
lung cancer for those who had been exposed to nickel
and followed up for 20 years or more was significantly
elevated (SIR 2.3, P<0.05).

The ICNCM report [6] concluded that exposure to a
mixture of oxidic and sulphidic nickel at very high con-
centrations seemed to explain most of the excess of re-
spiratory cancer, but the exposure to large concentra-
tions of oxidic nicket in the absence of sulphidic nickel
was also associated with increased lung and nasal cancer
risks [6]. The Harjavalta workers were not exposed to
nickel oxides, but mainly to nickel sulphides and subsul-
phides in grinding and leaching processes, and to low
concentrations of soluble nickel sulphates in the electro-
winning department. On average, since 1966 when the
monitoring started, the exposure level to soluble nickel
(individual sampling) was less than 0.1 mg Ni/m? in the
smelter and less than 0.5 mg Ni/m® in the refinery. Thus,
these workers may indeed have been less exposed to car-
cinogenic forms of nickel than the workers in the cohorts
evaluated previously. However, the 2 recently detected
cases of sinonasal cancer (which could not be included
in the analysis) indicate that even modest exposures to
soluble nickel imply a significantly elevated risk.

Exposure to arsenic has been related to increased lung
cancer risk among workers in copper smelters [1,3,5,
7]. One reason for the non-positive finding for the risk of
lung cancer among smelter workers (14 observed against
14.1 expected) may be the low arsenic concentration in
the ore. The ore used up to the late 1970s came from
Finnish mines and has a very low arsenic content. From
the beginning of the 1980s, the use of imported ore, and
consequently arsenic exposure, has gradually increased.

The possible confounding effect of smoking could not
be evaluated due to the lack of information on the smok-
ing history of the members of the cohort. The differences
in lung cancer incidence between occupational groups
are largely determined by differences in smoking habits
[8]. The prevalence of smokers is higher among industri-
al workers than in the whole population.

This study showed that the overall cancer risk among
workers exposed to nickel was the same as in the refer-
ence population (36 observed vs. 36.0 expected). The
non-positive result is onty partly due to the healthy worker
effect - during the first 5 years, follow-up of 2 cancers
were observed, against 3.2 expected. The 3 cases of sino-
nasal cancer and the significantly elevated risk of lung
cancer among those exposed to nickel and followed up
for 20 years or more indicate that the risk of respiratory
cancer even at moderate or low exposure levels is far
from negligible.

Acknowledgements. We thank Dr. Matti Koponen and Dr. Timo
Rantanen from the Outokumpu Oy, and Dr. Lyly Teppo and Prof.
Timo Hakulinen from the Finnish Cancer Registry for their hetpful
comments on the manuseript.

References

1. Axelson O (1980) Arsenic compounds and cancer. J Toxicol
Environ Health 6:1229-1235

2. Diem K {ed) (1960) Documenta Geigy Wissenschaftliche Tabel-
len, 6. Auflage. JR Geigy SA, Basel, p 107

3. Enterline PE, Henderson VL, Marsh GM (1987) Exposure to
arsenic and respiratory cancer. A reanalysis. Am J Epidemiol
125:929-938



551

4. International Agency for Research on Cancer (1987) Overall 7. Lee-Feldstein A (1986) Cumulative sxposure to arsenic and its
evaluations of carcinogenicity: an updating of TARC mono- relationship to respiratory cancer among copper smelter em-
graphs volumes 1-42. (JARC monographs on the evaluation of ployees, J Occup Med 28:296-302
carcinogenic risks 10 humans, supplement 7) International 8. Pukkala E, Teppo L, Hakulinen T, Rimpeli M (1983) Occupa-
Agency for Research on Cancer, Lyon, pp 100106 tion and smoking as risk determinants of lung cancer. Int J Epi-

5. International Agency for Research on Cancer (1990) Chromium, demiol 12: 290-296
nickel and welding. (IARC monographs on the evaluation of 9, Saxén E, Teppo L (1978) Finnish Cancer Registry 1952-1577:
carcinogenic risks to humans, vol49) International Agency for Twenty-five years of a nationwide cancer registry. Finnish Can-
Research on Cancer, Lyon, pp 257-445 cer Registry, Helsinki

6. International Committee on Nickel Carcinogenesis in Man
(1990) Report. Scand J Work Environ Health 16:1-82



