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H I G H L I G H T S

• Chronic exposure to inorganic selenium
via drinking water may be unsafe to the
human.

• Long-term exposure to inorganic sele-
nium may increase cancer risk.

• Selenium exposure increased mela-
noma and oropharyngeal, urinary and
lymphoid cancer risk.

• The EU drinking water selenium stan-
dard of 10 μg/L should be reassessed.
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Selenium, a trace element towhich humans are exposedmainly through diet, has been involved in the etiology of
human cancer.We investigated the long-term effects of seleniumexposure on cancer incidence using data from a
natural experiment in Northern Italy. During the 1970s–1980s, in a part of the Italianmunicipality of Reggio Emi-
lia, residents were inadvertently exposed to unusually high levels of inorganic hexavalent selenium (selenate)
through drinking water. We followed the exposed residents for 28 years, generating data on incidence (when
available) and mortality rates for selected cancer sites; the remaining municipal residents comprised the unex-
posed (reference) group. We observed no substantial difference in overall cancer incidence comparing exposed
and unexposed cohorts.We detected, however, a higher incidence of cancer at some sites, and for a few of them,
namely cancers of the buccal cavity and pharynx, melanoma, urinary tract and lymphoid tissue, the excess inci-
dencewas particularly evident in the first period of follow-up but decreased over time. Overall, these results sug-
gest that consumption of water with levels of selenium in its inorganic hexavalent form close to the European
standard, 10 μg/L, may have unfavourable effects on cancer incidence.

© 2018 Elsevier B.V. All rights reserved.
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1. Introduction

In the field of nutritional epidemiology, few topics have attracted
more attention than the association between dietary intake of selenium

Science of the Total Environment 635 (2018) 390–396

⁎ Corresponding author at: Department of Biomedical, Metabolic and Neural Sciences,
University of Modena and Reggio Emilia, Via Campi 287, 41125 Modena, Italy.

E-mail address: marco.vinceti@unimore.it. (M. Vinceti).

https://doi.org/10.1016/j.scitotenv.2018.04.097
0048-9697/© 2018 Elsevier B.V. All rights reserved.

Contents lists available at ScienceDirect

Science of the Total Environment

j ourna l homepage: www.e lsev ie r .com/ locate /sc i totenv

http://crossmark.crossref.org/dialog/?doi=10.1016/j.scitotenv.2018.04.097&domain=pdf
https://doi.org/10.1016/j.scitotenv.2018.04.097
marco.vinceti@unimore.it
Journal logo
https://doi.org/10.1016/j.scitotenv.2018.04.097
http://www.sciencedirect.com/science/journal/
www.elsevier.com/locate/scitotenv


and cancer (Vinceti et al., 2000; Vinceti et al., 2017c; Vinceti et al., 2018),
eliciting ongoing debate and controversy (Vinceti et al., 2013b). While
the first laboratory studies in the 1940s indicated carcinogenic activity
of selenium species, subsequent studies documented a cancer-
inhibitory activity of selected selenium species, thus providing evidence
for both carcinogenic and anti-carcinogenic activity of the element, de-
pending on its chemical form (Vinceti et al., 2017c; Vinceti et al., 2018).
However, it was only during the 1990s that the relation between sele-
nium intake and cancer risk gainedwide attention by the general public
and the epidemiologic community. This followed the implementation of
a small trial among patients with history of non-melanoma skin cancer
to detect the effect of selenized yeast on cancer recurrence, following
some indication from ecologic and other observational studies of a ben-
eficial effect of selenium (Duffield-Lillico et al., 2002; Duffield-Lillico
et al., 2003). Unexpectedly, selenium-supplemented participants had a
lower incidence of some secondary outcomes, including colorectal,
lung and particularly prostate cancers. This prompted the implementa-
tion of further experimental and non-experimental epidemiologic stud-
ies (Vinceti et al., 2017c). More recently, the pattern of the selenium-
cancer association has evolved again, due to the null or detrimental ef-
fects of selenium reported in the Selenium and Vitamin E Cancer Pre-
vention Trial (SELECT), a large randomized controlled trial carried out
during the 2000s (Kristal et al., 2014; Lippman et al., 2009). The com-
prehensive epidemiologic literature about selenium and cancer has
been recently assessed and summarized in a systematic review and
meta-analysis (Vinceti et al., 2018). This review concluded that the liter-
ature does not support a beneficial effect of selenium on overall cancer
risk, and that selenium supplementation may increase the incidence of
high-grade prostate cancer and type 2 diabetes. An additional issue is
represented by the possible use of selenium compounds in cancer ther-
apy (Evans et al., 2017).

Despite the accumulating literature, the question of whether sele-
nium influences cancer incidence is not entirely settled (Vinceti et al.,
2017c). Among the issues still open is the possibility of specific effects
of selenium on cancer risk according to the specific chemical form of
the element, a key issue that could be most feasibly assessed in experi-
mental studies that administer specific and known selenium species to
its participants (Vinceti et al., 2017b; Vinceti et al., 2018). An exception
to this rule is a natural experiment in a Northern Italian community,
where drinking water with an unusually high content of inorganic
hexavalent selenium was accidentally distributed for more than a de-
cade (Vinceti et al., 2013b). After describing the early effects of selenium
exposure (Vinceti et al., 2000) and investigating more recent effects on
cancer mortality (Vinceti et al., 2016), in the present report, we investi-
gate its long-term effects on cancer incidence. We did this to take into
account cancers characterized by long induction, latent and survival pe-
riods, and to assess any waning over time of the short-term excess can-
cer risk detected in previous studies.

2. Material and methods

With approval of the Reggio Emilia Ethics Committee, we per-
formed a retrospective follow-up of two cohorts of consumers of

high selenium drinking water in the municipality of Reggio Emilia,
Northern Italy during 1986–2013 (Fig. 1). These cohorts had been
previously identified following the detection of a unique “natural ex-
periment” involving the distribution of drinking water with high se-
lenium levels of geologic origin for over 15 years starting from 1972
in part of themunicipal territory named Rivalta, as described inmore
detail elsewhere (Vinceti et al., 2000). Selenium found in tap water
distributed in this exposed area was in the inorganic hexavalent
form, selenate (8–10 μg/L), and its overall levels were slightly
below the current drinking water standard in the European Union
(Vinceti et al., 2013a). The cohorts were composed by all subjects
who had been continually residing in Rivalta from January 1st 1980
through December 31st 1985 (main cohort, n=5182), and from Jan-
uary 1st 1974 through December 31st 1985 (long-term exposure co-
hort, n = 2065), provided that they had available municipal tap
water in the earliest records of the Municipal Water Supply Agency,
and further validated through mailed and door-to-doors surveys
(Vinceti et al., 1996; Vinceti et al., 2000). Tap water distributed in
Rivalta showed no other difference in its chemical composition or
in physical features compared with the tap water supplied in the re-
maining municipal territory (Vinceti et al., 2000).

The unexposed cohort comprised all remaining 110,048 individuals
who had been continually residing in the Reggio Emilia municipality
since December 31, 1980 through December 31, 1985. For the compar-
isonwith the selenium long-termexposure cohort, this reference cohort
was further restricted to the 95,715 people who resided in the munici-
pality since December 31, 1974 and did not move into the Rivalta area
during the 1974–1980 period.

To quantify cancer occurrence during follow-up, we used inci-
dence data from the Reggio Emilia Cancer Registry at the Epidemi-
ology Unit of the Local Health Authority, i.e. beginning on January
1, 1996. For the previous period, 1986–1995, we used mortality
data as a proxy of incidence data, based on the death certificate di-
rectory of all residents available at the Epidemiology Unit, begin-
ning on January 1, 1986. We linked all records by taxpayer
number, the only unique identification number available for Italian
residents at a nationwide level. Overall, we analyzed the difference
in cancer events between exposed and unexposed cohorts based on
cancer deaths (1986 to 1995) and incident cancer diagnoses (1996
to 2013).

Outcomes of interest were all malignant tumors excluding non-
melanoma skin cancers, chronic myeloproliferative disorders, and
myelodysplastic syndromes. We took into consideration the first inci-
dent cancer at each site during follow-up. For the all-site cancer inci-
dence outcome, we took into consideration only the first incident
cancer at any site during the follow up: so, the total amount of single
site cases was higher than that of all sites. We computed incidence
rate ratios (RR) for all cancers and cause-specific cancers in the exposed
cohorts, using the unexposed cohorts as the referent. We adjusted for
age (10 year age groups), sex and follow-up period (1986–1995,
1996–2004 and 2005–2013). To compute RRs and their 95% confidence
intervals (CI), we ranmultivariate Poissonmodels, with stratification by
sex and follow-up period.

Fig. 1. Timing of the exposure to the tapwater with high content of hexavalent inorganic selenium of residents in Reggio Emilia, Northern Italy, and periods of follow-up of exposed and
unexposed cohorts.
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