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Background	 Cancer risk in secondary aluminium production is not well described. Workers in this industry are 
exposed to potentially carcinogenic agents from secondary smelters that reprocess aluminium scrap.

Aims	 To evaluate cancer risk in workers in a secondary aluminium plant in Spain.

Methods	 Retrospective cohort study of male workers employed at an aluminium secondary smelter (1960–
92). Exposure histories and vital status through 2011 were obtained through personal interviews 
and hospital records, respectively. Standardized mortality (SMRs) and incidence ratios (SIRs) were 
calculated.

Results	 The study group consisted of 98 workers. We found increased incidence and mortality from bladder 
cancer [SIR = 2.85, 95% confidence interval (CI) 1.23–5.62; SMR = 5.90, 95% CI 1.58–15.11]. 
Increased incidence was also observed for prostate cancer and all other cancers but neither were 
statistically significant. No increased risk was observed for lung cancer.

Conclusions	 Results of this study suggest that work at secondary aluminium smelters is associated with bladder 
cancer risk. Identification of occupational carcinogens in this industry is needed.
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Introduction

Cancer risk in the secondary aluminium production 
industry, which reprocesses scrap containing aluminium, 
has been little investigated. Exposures during aluminium 
production are associated with bladder and lung can-
cer [1,2]. A  higher incidence of lung cancer has been 
reported in workers in secondary aluminium smelters 
[3]. Workers employed in secondary smelters may be 
exposed to a complex mixture of agents that include ther-
mal degradation products of polyvinyl chloride, lubri-
cants and petrol modifiers [4]. Exposures in secondary 
aluminium processing only partially resemble those in 
primary aluminium production [3]. Details on processes, 
exposures and protective measures used in the industry 
[5] are shown in Table S1, available as Supplementary 
data at Occupational Medicine Online.

Following a report by a trade union and complaints 
of residents around a secondary aluminium smelter, we 
initiated a retrospective cohort study to evaluate cancer 

risk among workers. The plant had ceased production in 
1992.

Methods

We examined a retrospective cohort of male workers 
in a secondary aluminium smelter in Catalonia, Spain, 
employed for at least 6 months between 1960 and 1992. 
A  roster of workers was obtained from the Spanish 
National Institute of Social Insurance. Vital status of 
workers was followed from April 1960, when the first 
workers were hired, until December 2011. Workers or 
their family members were contacted by telephone, 
confirming their vital status, smoking history and pres-
ence of cancer diagnosis. An exposure questionnaire 
was developed from an earlier study on bladder cancer 
and completed by the contact [6]. Information about 
industrial exposures was obtained through semi-struc-
tured interviews with the most experienced company 
workers.
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We contacted personally or by telephone 90% of 
workers and/or their family members to identify cancer 
cases in this population and request information on the 
hospitals where workers were treated. Diagnoses were 
verified through hospital medical records and coded fol-
lowing ICD 10 by a medical doctor (A.M.).

All-cause standardized mortality ratios (SMRs) were 
calculated using age, sex and period-specific all-cause 
mortality from Catalonia from 1981 to 2007 [7]. Cancer 
incidence and mortality rates for the same period were 
provided by the regional cancer registry for the popula-
tion of the Tarragona province in Catalonia where the 
smelter was located [8] and used to calculate SMR and 
standardized incidence ratios (SIR) for cancer diagnosis.

To evaluate the potential confounding effect of smok-
ing on lung and bladder cancer risk, we estimated the 
prevalence of smoking in the study population through 
interviews and applied Axelson’s technique [9] that 
indirectly estimates the degree of confounding of a fac-
tor (in this case smoking). We used the smoking-related 
cancer rates from previous studies [10,11] and smoking 
prevalence for the Catalan population [12]. We used the 
statistical package PAMCOMP 1.41 [13]. Procedures 
were approved by the Ethics Committee of the Hospital 
(IMIM-Hospital del Mar Research Institute), and signed 
informed consent was obtained from participating sub-
jects or next of kin.

Results

The study group consisted of 98 male workers. Nine 
women were excluded from the analysis as most were 
working in the administrative office. We could not ver-
ify the vital status of 11 workers lost to follow up, for 
whom the last day of employment was used to calculate 
person–time.

Workers reported that they were exposed to high tem-
peratures, gases, vapours, oils, combustion products and 
gasoline. Interviewed workers also reported inhalation 
exposure to metal dust, silica, potassium, magnesium, 
manganese, copper, iron and titanium.

During the follow-up period (1960–2011), 31 work-
ers died, 16 of those from cancer. All-cause mortality 
was lower than the general population [SMR  =  0.62, 
95% confidence interval (CI) 0.01–6.96]. Mortality 
from bladder cancer was nearly six times higher 
(SMR = 5.90, 95% CI 1.58–15.11) while no increase 
was observed for lung cancer (Table 1). Mortality from 
all cancers did not increase with duration of exposure 
(SMR for <10 years employment: 1.42, 95% CI 0.79–
2.34; SMR for >10  years: 1.25, 95% CI 0.01–6.96). 
Cancer incidence was slightly higher than expected 
for all types of cancer (Table 1), and a 3-fold increase 
was observed for bladder cancer (SIR = 2.85, 95% CI 
1.23–5.62). An increased incidence of prostate cancer 
was observed, while the incidence of lung cancer was 
lower than expected.

Prevalence of smoking among workers was 70%. 
Smoking could explain an SMR of 1.14 for mortal-
ity from all cancers, compared with the SMR of 1.41 
observed. For bladder cancer, cigarette smoking could 
explain an SMR of 1.25 and contrasts with the observed 
SMR of 5.90.

Discussion

In this study of workers in a secondary aluminium 
smelter, we found increased incidence and mortality 
from bladder cancer. There are no exposure measure-
ments in this plant but reports by workers in the plant 
indicated that they were exposed to a variety of chemi-
cals that could contribute to the observed cancer risk.

The use of ad hoc sources of data could have affected 
the comparability of cohort mortality and incidence data 
with reference rates used for comparison. However, the 
use of hospital cancer diagnoses makes the presence of 
serious biases unlikely. Lower mortality from all causes 
compared to the general population, termed the healthy 
worker effect, is frequently observed in occupational 
studies.

To reduce reporting bias, all identified cancer diag-
noses and deaths were verified through medical records. 

Table 1.  Standardized cancer mortality and cancer incidence ratios (SMR and SIR) in a cohort of workers of a secondary aluminium 
smelter from 1961 to 2011

Observed Expected SMR/SIRb 95% CI

Cancer mortality All cancersa 16 11.34 1.41 0.80, 2.28
Lung cancer 3 3.09 0.97 0.19, 2.83
Bladder cancer 4 0.67 5.90* 1.58, 15.11

Cancer incidence All cancers 26 21.22 1.22 0.80, 1.79
Lung cancer 3 3.8 0.77 0.15, 2.26
Bladder cancer 8 2.8 2.85* 1.23, 5.62
Prostate cancer 6 2.96 2.02 0.74, 4.41

aComparing to cancer mortality and incidence rates of the population of Tarragona province.
bMortality from all cancers did not increase with duration of exposure.
*P < 0.05.
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Level of exposure was not analysed for association with 
cancer diagnosis, as detailed information on exposure 
to specific chemicals could not be identified with a high 
degree of certainty. The relatively small size of the cohort 
did not allow a lagged-time analysis and reduced the sta-
tistical precision of estimates as indicated by wide CIs for 
specific outcomes.

Our observed increase in bladder cancer incidence and 
mortality differs from Selden’s past negative findings for 
this disease [3]. One possible difference is the predomi-
nance of primary aluminium smelters in Selden’s study, 
with only 3 of 10 companies in secondary production.

In contrast to a previous study, we did not find an 
excess risk for lung cancer [3] possibly because exposures 
in the secondary smelter are different from those in pri-
mary smelters, although numbers of cases we observed are 
small [2]. This also indicates that potential confounding 
by smoking is probably not significant in this population.

In conclusion, we found an increased bladder cancer 
risk among workers in the secondary aluminum indus-
try cohort that were exposed to a variety of chemicals, 
including ones not present in the primary aluminum 
smelting industry.

Key points

•• Cancer risk in the secondary aluminium produc-
tion industry has not been well described to date.

•• Workers employed in secondary smelters may 
be exposed to a variety of agents that only par-
tially resemble exposures in primary aluminium 
production.

•• Work at secondary aluminium smelters is asso-
ciated with increased bladder cancer risk in this 
cohort of workers.

Acknowledgements

We thank Macrina Repiso Campllonch, Mercé Mestres 
Bertrán, Eulàlia Mestres Bertrán (Plataforma Cívica per la 
Salut i el Medi Ambient, Santa Margarida i els Monjos, Spain), 
Anna Hernández (Department of Clinical Documentation, 
Hospital Universitari de Bellvitge, Barcelona, Spain), Jaume 
Galceran (Tarragona Cancer Registry, Spain), José María 
Velarde Collado, José Miguel Martínez and Sergio Vargas-
Prada (Universitat Pompeu Fabra).

Conflicts of interest

None declared.

References

	 1.	 Thériault G, Tremblay C, Cordier S, Gingras S. Bladder 
cancer in the aluminium industry. Lancet 1984;1:947–950.

	 2.	 International Agency for Research on Cancer (IARC). 
Occupational Exposures During Aluminum Production 
[updated 4 July  2012]. http://monographs.iarc.fr/ENG/
Monographs/vol100F/mono100F-22.pdf (16 March 2014, 
date last accessed).

	 3.	 Seldén AI, Westberg HB, Axelson O. Cancer morbidity in 
workers at aluminum foundries and secondary aluminum 
smelters. Am J Ind Med 1997;32:467–477.

	 4.	 Langer AM. The aluminum reclamation industry work 
environment: are unidentified neurotoxins present? Arch 
Environ Health 1998;53:311.

	 5.	 International Labour Organization. Encyclopaedia of 
Occupational Health and Safety. 2007. http://www.ilo.org/
safework/info/publications/WCMS_113329/lang--en/
index.htm (12 January 2016, date last accessed).

	 6.	 Serra C, Bonfill X, Sunyer J et al. Working Group on the 
Study of Bladder Cancer in the County of Vallès Occidental. 
Bladder cancer in the textile industry. Scand J Work Environ 
Health 2000;26:474–479.

	 7.	 Institut Català d’Estadística. Anuari Estadístic de Catalunya. 
Taxa de Mortalitat 2005–2009. http://www.idescat.cat/
pub/?id=aec&n=292&lang=es&t=2009&x=8&y=11 (29 
February 2016, date last accessed).

	 8.	 International Agency for Research on Cancer. Cancer Incidence 
in Five Continents. Volumes I  to X. http://ci5.iarc.fr/CI5I-X/
Pages/online.aspx (29 February 2016, date last accessed).

	 9.	 Axelson O. Aspects on confounding in occupational health 
epidemiology. Scand J Work Environ Health 1978;4:98–102.

	10.	 Doll R, Peto R, Wheatley K, Gray R, Sutherland I. 
Mortality in relation to smoking: 40 years’ observation on 
male British doctors. BMJ 1994;309:901–911.

	11.	 Freedman ND, Silverman DT, Hollenbeck AR, Schatzkin A, 
Abnet CC. Association between smoking and risk of bladder 
cancer among men and women. JAMA 2011;306:737–745.

	12.	 Borras JM, Borras J, Viladiu P, Bosch FX. Epidemiología 
y prevención del cáncer en Catalunya 19751992. Barcelona, 
Spain: Institut Català d’Oncologia, 1997.

	13.	 Taeger D, Sun Y, Keil U, Straif K. A stand-alone Windows 
applications for computing exact person-years, standard-
ized mortality ratios and confidence intervals in epidemio-
logical studies. Epidemiology 2000;11:607–608.

http://monographs.iarc.fr/ENG/Monographs/vol100F/mono100F-22.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100F/mono100F-22.pdf
http://www.ilo.org/safework/info/publications/WCMS_113329/lang--en/index.htm
http://www.ilo.org/safework/info/publications/WCMS_113329/lang--en/index.htm
http://www.ilo.org/safework/info/publications/WCMS_113329/lang--en/index.htm
http://www.idescat.cat/pub/?id=aec&n=292&lang=es&t=2009&x=8&y=11
http://www.idescat.cat/pub/?id=aec&n=292&lang=es&t=2009&x=8&y=11
http://ci5.iarc.fr/CI5I-X/Pages/online.aspx
http://ci5.iarc.fr/CI5I-X/Pages/online.aspx

