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Abstract

Background: Releases to the environment of pollutants from industrial metal production and
processing installations can pose a health problem to humans, owing to the toxic substances that
such emissions contain.

Objectives: To investigate whether there might be excess mortality due to tumours of the digestive
system among the population residing near Spanish metal production and processing installations
included in the European Pollutant Emission Register.

Methods: Ecological study designed to examine mortality due to malignant tumours of the digestive
system (oral cavity and pharynx, oesophagus, stomach, pancreas, liver, gallbladder, and colon-
rectum) at the municipal level, over the period 1994-2003. Population exposure to pollution was
estimated on the basis of distance from town of residence to the pollution source. Using mixed Poisson
regression models, we analysed: risk of dying from cancer in a 5-kilometre zone around installations
by year of commencement of operations; effect of pollution discharge route (air or water) and type of
industrial activity; and risk gradient within a 50-kilometre radius of such installations.

Results: Excess mortality (relative risk, 95% confidence interval) was detected in the vicinity of pre-
1990 installations for colorectal cancer (1.05, 1.02-1.08 in men; 1.04, 1.00-1.07 in women) and liver
cancer (1.06, 1.00-1.12 in men), with this risk being concentrated in installations that released pollution
to air. On stratifying by type of industrial activity, statistically significant associations were also
observed between the remaining tumours and certain metal production and processing activities.
There was also a gradient effect in the proximity to a number of installations.

Conclusions: The results support the existence of an association between risk of dying due to some
tumours of the digestive system and residential proximity to the Spanish metal production and
processing installations studied.

Key Words: digestive tumours; metallurgical installations; metalworking fluids; industrial pollution;

mortality; focused clustering
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Introduction

Residential proximity to industrial point sources of air and water pollution is a potential source
of exposure to known or suspected carcinogens. Metal production and processing installations
constitute an industrial sector that warrants special attention by reason of its pollutant emissions.
Human exposure to metals is common, due to their wide use in industry and long-term environmental
persistence. Historically, the heaviest metal exposures occurred in the workplace or in environmental
settings situated close to industrial sources (Hayes, 1997). These types of industries, which include
non-ferrous and ferrous metal smelters, emit inorganic arsenic and other metals, such as chromium,
cadmium, lead and nickel, regarded as known or possible carcinogens. Furthermore, fumes in the iron
and steel foundry industry are known to emit other carcinogenic substances, such as polycyclic
aromatic hydrocarbons (PAHs) (Humfrey et al., 1996), while chemical exposures in the primary
aluminium industry are known to include numerous toxic substances (Benke et al., 1998). In addition,
metalworking fluids (MWFs) -a group of chemical substances which epidemiological evidence has
shown to be carcinogenic in humans (Savitz, 2003)- are used in installations for surface treatment of
metals and plastic materials, as well as to cool and lubricate metalworking processes. It would thus
seem altogether appropriate to assess the possible relationship between such installations and the
frequency of cancer in their environs. Among the tumours that have been associated with carcinogens
emitted by these industries are those of the digestive system (oral cavity and pharynx, oesophagus,

stomach, pancreas, liver, gallbladder and colon-rectum) (Clapp et al., 2005; Siemiatycki et al., 2004).

In Spain, tumours of the digestive system represented one third of cancer-related deaths in
2007, with colorectal cancer being the second most frequent site with 13,516 deaths. This same year
there were 5,747 deaths due to stomach cancer, 4,976 due to pancreatic cancer, 4,544 due to liver
cancer, 2,204 due to oral and pharyngeal cancer, 1,777 due to oesophageal cancer and 1,305 due to
gallbladder cancer, in both sexes (Instituto Nacional de Estadistica, 2010). These tumour sites share

common risk factors, such as tobacco, alcohol (colon-rectum, oral cavity and pharynx, oesophagus,
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liver and pancreas), ionising radiation (colon-rectum, oesophagus, stomach, liver and pancreas) and
type of diet (colon-rectum, oral cavity and pharynx, stomach and pancreas) (Blot et al., 2006; Clapp
et al., 2005; Crew and Neugut, 2006; Giovannucci and Wu, 2006; Hsing et al., 2006; London and
McGlynn, 2006; Lowenfels and Maisonneuve, 2006; Mucci and Adami, 2002). Insofar as occupational
exposure is concerned, some studies have detected an increased risk of tumours of oesophagus,
colon-rectum, stomach and pancreas among workers exposed to MWFs and mineral oils, and
particularly among workers involved in grinding operations (Calvert et al., 1998; Mirer, 2003; Tolbert,
1997). There are also studies that have associated: exposure to heavy metals with tumours of
stomach, pancreas and liver; exposure to organic solvents with tumours of rectum, oesophagus,
stomach, liver and pancreas; and exposure to reactive chemicals with tumours of oral cavity and
pharynx, liver and pancreas (Blair and Kazerouni, 1997; Clapp et al., 2005; Landrigan et al., 2000;

Lynge et al., 1997; Siemiatycki et al., 2004).

The European Pollutant Emission Register (EPER) (EPER, 2009), a public inventory of
industries set up by the European Commission under the terms of Directive 96/61/EC, is a valuable
resource for monitoring industrial pollution, and enables the possible association between residential
proximity to these pollutant installations and risk of cancer mortality to be studied (Garcia-Perez et al.,
2009; Monge-Corella et al., 2008; Ramis et al., 2009). One of the EPER's industrial groups
encompasses metal production and processing installations, with data on the pollutants released and

the geographical co-ordinates of each installation.

This paper sought to ascertain whether there was excess mortality due to tumours of the
digestive system among the population residing in the vicinity of Spanish metal production and

processing installations which report their emissions to the EPER.
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Materials and methods

An ecological study was designed to examine mortality due to tumours of the digestive system
at a municipal level (8073 Spanish towns), over the period 1994-2003. Separate analyses were

performed for the overall population and for each sex.

Observed municipal mortality data were drawn from the records of the National Statistics
Institute for the study period, and corresponded to deaths coded as: malignant neoplasm of lip, oral
cavity, and pharynx — codes 140-149 (International Classification of Diseases/ICD-9) and C00-C14
(ICD-10); malignant neoplasm of oesophagus — codes 150 (ICD-9) and C15 (ICD-10); malignant
neoplasm of stomach — codes 151 (ICD-9) and C16 (ICD-10); malignant neoplasm of pancreas —
codes 157 (ICD-9) and C25 (ICD-10); malignant neoplasm of liver and intrahepatic bile ducts — codes
155 (ICD-9) and C22 (ICD-10); malignant neoplasm of gallbladder and extrahepatic bile ducts — codes
156 (ICD-9) and C23-C24 (ICD-10); and malignant neoplasm of colon, rectum, and anus — codes 153-
154,159.0 (ICD-9) and C18-C21, C26.0 (ICD-10). Expected cases were calculated by multiplying the
specific rates for Spain as a whole, broken down by age group (18 groups), sex, and five-year period
(1994-1998, 1999-2003), by the person-years for each town, broken down for the same strata. For
calculation of person-years, the two five-years periods were considered, with data corresponding to

the 1996 municipal roll and 2001 census being taken as the estimator of the population.

Population exposure to industrial pollution was estimated by reference to the distance from the
centroid of town of residence to the industrial facility. Data on industries were obtained from the EPER-
Spain (Ministerio de Medio Ambiente y Medio Rural y Marino, 2007). We selected the 118 Integrated
Pollution Prevention and Control (IPPC) category-2 metal production and processing installations that
reported their releases to air and water in 2001, along with the previously validated geographic
coordinates of their respective locations. These installations included: production of pig iron or steel
(17 installations) — category 2.2; hot-rolling mills (steel) (5 installations) — category 2.3.a; galvanizing

(3 installations) — category 2.3.c; ferrous metal foundries (18 installations) — category 2.4; production
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of non-ferrous crude metals (7 installations) — category 2.5.a; smelting of non-ferrous metals (19
installations) — category 2.5.b; and surface treatment of metals and plastic materials using an
electrolytic or chemical process (49 installations) — category 2.6. Data on date of commencement of

industrial activity were obtained from official websites of the metal industries.

In a first phase, we conducted an initial exploratory "near vs. far" analysis to estimate the
relative risks (RRs) of towns situated at a distance of less than 5 kilometres from metal production and
processing installations. The exposure variable was coded as a "dummy" with the following three

levels:

1) exposed group ("near"), i.e., towns having their municipal centroid at a distance < 5 km from a metal

production and processing installation;

2) intermediate group, i.e., towns at a distance < 5 km from any industrial installation other than

production and processing of metals; and,

3) unexposed group (“far"), i.e., towns having no EPER-registered industry within 5 km of their

municipal centroid (reference level).

RRs and their 95% confidence intervals (95%CIs) were estimated on the basis of a Poisson
regression model (Breslow and Day, 1987), using expected cases as offset for the total population,
men, and women, and the Spanish rates as reference. Estimations were adjusted for the following
standardised socio-demographic indicators, chosen for their availability at a municipal level:
population size; percentage of illiteracy, farmers and unemployed; average persons per household
according to the 1991 census; and, mean income as a measure of income level (Ayuso Orejana et
al., 1993). In addition, mixed models were fitted (Gelman and Hill, 2007), including province as a
random effects term, to enable geographic variability to be taken into account and unexposed towns
belonging to the same geographic setting to be considered as the reference level, something that is
justified by the geographic differences observed in mortality attributable to these tumours (Lopez-

Abente et al., 2006).
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In order to take the minimum tumour latency periods into account, the analysis was replicated,
by confining the above model to the 105 industries that entered into operation prior to 1990.
Furthermore, separate analyses were performed for industries that had released some type of
pollutant to air (61 installations) and for those that had released pollutants solely to water (44
installations). Similarly, in order to stratify the risk by type of industrial activity, we created a variable

of interest coded as a "dummy" with various levels:

1) group 1, i.e., towns lying at < 5 km from more than one IPPC category-2 metal installation (multiple

pollution sources);

2) group 2, i.e., towns lying at < 5 km from a single IPPC category-2.2 or -2.3.a metal installation (steel

production and hot-rolling mills);.
3) group 3, i.e., towns lying at < 5 km from a single IPPC category-2.3.c metal installation (galvanizing);

4) group 4, i.e., towns lying at <5 km from a single IPPC category-2.4 metal installation (ferrous metal

smelters);

5) group 5, i.e., towns lying at < 5 km from a single IPPC category-2.5.a or -2.5.b metal installation

(non-ferrous metal smelters and producers);

6) group 6, i.e., towns lying at < 5 km from a single IPPC category-2.6 metal installation (surface

treatment using an electrolytic or chemical process);

7) intermediate group, i.e., towns lying at < 5 km from any industry other than metal production and

processing; and,

8) unexposed group, i.e., towns having no EPER-registered industry within a radius of 5 km from the

centroid (reference level).

Finally, in view of that fact that the characteristics of the respective metal installations vary
(years of operation, type and amount of emissions), a "near vs. far" analysis was performed in the

case of towns belonging to groups 2-6 (“individual" metal pollution sources) with each installation that
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commenced operations prior to 1990 being analysed individually (38 installations). Moreover, the
analysis was confined to an area of 50 km surrounding each complex, so as to have a local
comparison group. To take into account the problem of multiple comparisons, p-values were also
suitably adjusted by controlling for the expected proportion of false positives (False Discovery Rate),
using the method proposed by Benjamini (Benjamini and Hochberg, 1995; Benjamini and Yekutieli,
2001). The risk gradient in the vicinity of each facility was likewise studied, with distance from town to
installation as an explanatory variable, categorised in concentric rings (0-5, 5-10, 10-20 and 20-30
km; and 30-50 km as reference). This was included in all models as both a categorical and a
continuous variable, thereby making it possible for: the effect of the respective distances to be
estimated by the former; the existence of radial effects to be ascertained by the latter (rise in RR with
increasing proximity to an installation); and, by applying the likelihood ratio test, the statistical
significance of such distance-related effects to be computed. RR estimates were adjusted for the
above-mentioned socio-demographic variables, and towns that had some EPER-registered industry
other than production and processing of metals within a radius of 5 km of the municipal centroid were

excluded.

Results

From 1994 to 2003 there were 113,512 deaths in Spain due to colorectal cancer, 62,185 due
to stomach cancer, 38,227 due to pancreatic cancer, 23,251 due to liver cancer, 21,875 due to oral
and pharyngeal cancer, 17,823 due to oesophageal cancer and 13,865 due to gallbladder cancer, in

both sexes.

Table 1 shows the RRs and their 95%Cls for towns with metal production and processing
installations at a distance of less than 5 km, estimated by Poisson mixed regression models for the
seven tumours under study. As can be seen, the "near vs. far" analysis covering all metal installations

and those that commenced operations prior to 1990 showed a slight statistically significant excess
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risk of dying due to liver and colorectal cancer in towns in the vicinity of these installations, both overall
and for males (in the case of colorectal cancer there was also a significant excess risk for women).
When this risk was stratified by pollution discharge route (air or only water), in liver cancer the
significant excess risk was concentrated exclusively in installations that released some type of
pollutant to air, whereas in colorectal cancer the statistically significant excess risk appeared in both
types of installations, for the overall population and males alike, but was nevertheless greater in
installations with releases to air. It should also be noted that, in the case of women, there was a

significant excess risk of both tumours associated with this latter type of installation.

Table 2 shows the RRs of towns lying at less than 5 km from pre-1990 metal production and
processing installations that released pollution to air, by type of industrial activity, for the seven
tumours under study. In cancer of oral cavity and pharynx, a statistically significant excess risk was
observed for women in towns exposed to multiple pollution sources. In oesophageal cancer, the
highest RR (1.81) was found among women in towns lying close to ferrous metal foundries. Insofar
as tumours of stomach and pancreas were concerned, the significant excess risk was concentrated
in the surroundings of installations for surface treatment using an electrolytic or chemical process,
among males and the overall population respectively. For liver cancer, which already registered a
statistically significant excess risk in the analysis shown in Table 1, the risk was concentrated in the
environs of galvanizing installations and non-ferrous metal producers and smelters, among men and
women alike. Gallbladder cancer displayed a significant excess risk for males in towns lying in the
vicinity of installations for surface treatment. Lastly, for colorectal cancer there was a significant excess
risk in both sexes in the vicinity of almost all types of industrial activities studied, with the single
exception of the ferrous metal group. The sex-specific analysis showed that, among men, the excess
was concentrated in the surroundings of galvanizing, non-ferrous metals and surface treatment
installations, whilst among women this was found in the vicinity of steel, non-ferrous metal and surface

treatment installations.
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With regard to metal production and processing installations that released pollution solely to
water (data not shown), there was an elevated, statistically significant excess risk (3.81) for cancer of
oral cavity and pharynx among women in towns lying in the vicinity of ferrous metal installations,
though with only 3 cases observed. Attention should be drawn to the fact that among males, liver
cancer displayed an RR of 1.59 in towns neighbouring galvanizing complexes, and gallbladder cancer
displayed an RR of 2.10 for non-ferrous metal installations. In the case of colorectal cancer, a
significant excess risk was observed in the environs of multiple pollution sources (1.09) for men, and

in the environs of ferrous metal (1.80) and non-ferrous metal installations (1.35) for women.

Table 3 shows the RRs for the environs of "individual" metal pollution sources that commenced
industrial activity prior to 1990, and for ever-decreasing radiuses within a 50-kilometre area
surrounding each complex. The data are shown for complexes which yielded statistically significant
results in the "near vs. far" and/or risk gradient analyses, for one or more of the tumours studied. Of
the 26 installations shown in the table, a total of 8 (the geographical locations of which are depicted
in Figure 1) registered significant results for two or more tumours. In general, excess risks and

significant test for trend appeared in both men and women.

The analyses in the above table were performed separately for each of the pre-1990
installations (both "individual" and multiple pollution sources), as were the corrections using multiple

comparisons (see Supplementary Material).

Figure 2 depicts the geographical location of those metal production and processing

installations in Table 3 which registered significant results for a single tumour.

Discussion

Our results indicate a slight excess risk of dying from liver cancer among men, and from
colorectal cancer in both sexes, in the vicinity of Spanish metal production and processing

installations, regardless of whether these are studied jointly or after eliminating the most recent



repiSalud

installations, the possible influence of which is arguable bearing in mind the minimal latency periods
of solid tumours. Moreover, on stratifying the risk by pollution discharge route and type of industrial
activity, associations were observed between the remaining tumours studied and residential proximity
to certain types of installations, namely:

a) between "installations for surface treatment using an electrolytic or chemical process" which release
pollution to air, and tumours of stomach (men), pancreas (total population), gallbladder (men) and
colon-rectum (both sexes);

b) between "non-ferrous metal production and smelting installations" that release pollution to air and
tumours of liver and colon-rectum (both sexes), and between those that release pollution to water only
and tumours of gallbladder (men) and colon-rectum (women);

c) between "galvanizing installations" that release pollution to air and tumours of liver (both sexes)
and colon-rectum (men), and between those that release pollution to water only and liver cancer
(men);

d) between "ferrous metal smelting installations" that release pollution to air and oesophageal cancer
(women), and between those that release pollution to water only and colorectal cancer (women); and,
e) between "hot-rolling steel mills" that release pollution to air and colorectal cancer (women).

It is important to mention here that, in the individualised analysis, there were quite a few
industries that registered statistically significant results in both sexes, in the "near vs. far" and risk
gradient analyses, for one or more of the seven tumours studied, and for those of the colon-rectum,
stomach and liver in particular.

A further noteworthy aspect of the results is the fact that, in tumours of liver and colon-rectum,
significant excess risks affected both sexes, which might be indicative of a pathway of environmental
exposure. In tumours of stomach and gallbladder, however, the significant results solely affected men,
thus being indicative of a possible occupational-exposure pathway. Owing to a lack of data, we were

unable to control for occupational exposures that might account for this difference between men and
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women. Lastly, it should also be noted that, for oesophageal cancer, the highest excess risks were
exclusively in evidence for women.

Despite suffering from some limitations, the hypothesis that some excess cancer mortality may,
in part, be due to pollutant emissions of industrial origin has gathered strength in recent years.
Specifically, a series of studies has been published reinforcing the idea of a possible association
between residential proximity to industrial complexes and an increased risk of various tumours, such
as those of lung, larynx, bladder, non-Hodgkin's lymphoma, prostate and colon-rectum (Casella et al.,
2005; Garcia-Perez et al., 2009; Parodi et al., 2005; Ramis et al., 2009; Tsai et al., 2009; Viel et al.,
2008). Although occupational studies serve to formulate hypotheses and guide research into many
carcinogenic risk factors (Firth et al., 1999; Rotimi et al., 1993; Sim et al., 2009), the association
between industrial emissions and digestive tumours in the population can be studied via other types
of designs, such as the one described in this study. One advantage of the design chosen is its high
power, owing to the inclusion of a greater number of subjects. Another advantage lies in the fact that
the analysis can be repeated in future for the purpose of monitoring and controlling for the effects of
environmental pollution on health.

This study likewise has some limitations. Working with small areas means that the data display
great random variability, an aspect that could affect women in the results obtained for some tumour
sites, though the small study area reduces any possible ecological bias associated with the nature of
the study per se.

In an attempt to reduce possible biases deriving from confounding variables not included in
the study, mixed models were fitted with "province" as the random effects term, something that
constitutes a more conservative option. Another point to be borne in mind is that some installations
for which significant excess risks were observed, are situated in areas with numerous industries
releasing pollution into the environment. This is why risk was stratified by type of industrial activity and

a distinction drawn between "multiple and individual metal pollution sources”, with in-depth analysis
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of the installations belonging to this latter group, in which towns are exposed to a single metal-sector
pollution source.

This study uses distance to the pollution source as a proxy of exposure, assuming an isotropic
model, something that could introduce a problem of misclassification, since real exposure is critically
dependent on prevailing winds, geographical landforms and releases into aquifers. A further possible
bias in the allocation of exposure is the use of centroids as co-ordinates to pinpoint the entire
population of a town, when, in reality, the population may be fairly widely dispersed. Nevertheless,
these problems would be posed in all cases, limiting the capacity to find positive results but not
invalidating the associations found.

Another critical decision when analysing the risk of towns situated "near" pollution sources is
the choice of radius. The choice of 5 km around metal production and processing installations is in
line with the characteristics of such plants, many of which extend over large surface areas and release
discharges to the local water, with the pollution so emitted achieving a wide radius of spread.

Although the industries analysed in this study reported pollution data in 2001, the date of
commencement of their industrial activity was nevertheless taken into account for analytical purposes:
the great majority began operations prior to the 1960s, so that the surrounding populations could have
been exposed to their emissions for long periods of time, a fact that is coherent with the latency periods
described for solid tumours.

Of all the industrial groups registered in the EPER-Spain, metal production and processing
installations are the principal emitters to air of cadmium, hydrogen cyanide, CO, chromium, copper,
lead, perfluorocarbons, tetrachloroethylene and zinc, and the principal emitters to water of benzene,
toluene, ethylbenzene, xylenes, cyanides, dichloromethane, phenols, fluorides, PAHs and nickel.

The presence of metal production and processing installations, which encompass several
types of industrial activities, arouses social alarm due to the health problems that may be generated
in their workers and environs, and the financial consequences stemming from a possible

administrative intervention. According to the International Agency for Research on Cancer (IARC),
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exposure circumstances such as aluminium production and iron and steel founding are recognised as
carcinogenic to humans, as are a number of substances released by such installations, including
arsenic, benzene, cadmium, chromium, dioxins, asbestos, formaldehyde, radon, silica, crystalline,
soots, coal-tar pitches and some PAHSs. Other substances are either: probable carcinogens, such as
tetrachloroethylene, trichloroethylene, acrylamide and nitrosamines; or possible carcinogens, such as
lead, nickel, furans, ethylbenzene, hexachloroethane and welding fumes (IARC, 2009; Tossavainen,
1990). Additionally, chemical exposures entailed in the alumina and primary aluminium industry
include many toxic substances, such as diesel fumes, solvents, oils, sulphur dioxide, copper dust and
silica dust (Benke et al., 1998). Moreover, installations for surface treatment of metals and plastic
materials (many of which belong to the automobile sector) use MWFs, a range of oils and other
chemical substances, which are used to cool and/or lubricate metal workpieces when they are being
machined, ground, milled, etc., and are known to be carcinogens in humans (Savitz, 2003). There is
substantial evidence to show that some MWFs have been associated with increased risk of certain
cancers, including tumours of the digestive system. Although measures have been taken in recent
decades to reduce these exposures in the occupational sphere, e.g., removal of PAHs from MWFs
began in the 1950s, and U.S. Environmental Protection Agency (US-EPA) regulations in the 1980s
were directed at reducing nitrosamine exposures, there is nonetheless insufficient data to conclude
that these changes will have eliminated all carcinogenic risks (DHHS (NIOSH), 1998). Lastly, it should
be stressed that effluents from the metals industries are genotoxic: they induce cytogenetic damage,
mutations, and DNA damage in repair processes (Houk, 1992).

A number of studies have associated residential proximity to metal production and processing
installations with lung cancer (Brown et al., 1984; Pershagen, 1985; Smith et al., 1987). In the case of
tumours of the digestive system, Casella observed an association between municipal proximity to a
steel production plant and excess risk of colorectal and bowel cancer in women (Casella et al., 2005).
Furthermore, some studies have reported statistically significant excess risks in metal industry

workers, due to tumours of stomach (Rockette and Arena, 1983; Rotimi et al., 1993; Sim et al., 2009),
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pancreas (Rockette and Arena, 1983; Rotimi et al., 1993), liver (Adzersen et al., 2003) and
oesophagus (Firth et al., 1999). Firth also detected a significant excess mortality when he studied all
the tumours of the digestive system as a whole (Firth et al., 1999). Insofar as occupational exposure
to MWFs is concerned, a number of studies have linked this to tumours of the digestive system,
particularly those of pancreas, rectum and stomach (Bardin et al., 1997; Calvert et al., 1998; Malloy
et al., 2007; Mirer, 2003).

One of the most interesting results of our study is the excess mortality due to tumours of liver
and colon-rectum in the vicinity of galvanizing installations. The galvanizing sector is one of the
industrial activities that releases dioxins to air (ATEG-Grupo Interlab, 2005) and is included in the
Spanish National Dioxin and Furane Inventory (Martinez et al., 2008). Dioxins are recognised by the
IARC as carcinogens in humans (IARC, 2009) and there are studies that have observed increased
risks for all cancers combined, and for digestive system cancers in particular (IARC, 1997).
Furthermore, human exposure to dioxins due to industrial or accidental exposure has been associated
with alterations in liver enzyme levels in children and adults (IARC, 1997).

Another of the most noteworthy results is the excess mortality due to tumours of liver,
gallbladder and colon-rectum found in the vicinity of non-ferrous metal production and smelting
installations. One of the principal environmental challenges facing these types of installations,
especially facilities producing copper, aluminium, lead, zinc, cadmium and alkaline metals, is the
treatment and elimination of dioxins which are generated by the presence of small amounts of chlorine
in secondary raw materials (Integrated Pollution Prevention and Control (IPPC), 2001). As mentioned
above, these substances are carcinogens linked to tumours of the digestive system and could be
related to the excess risk observed in our study. Finally, the point must be made that non-ferrous
metals smelting installations release arsenic to air, a known carcinogen for liver cancer (Clapp et al.,
2005).

In brief, it can be said that industrial emissions from metal production and processing

installations comprise a complex mix of carcinogens and toxic substances released to air and water.
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It is highly likely that chemical substances released to water pass into the soil and water catchment
areas, and thence into the human food chain, where they cause damage to the digestive organs. With
regard to substances released to air, on the one hand the population would be directly exposed to the
polluted air, and on the other, the heavy metals would be deposited in plants, soil and water, and
would then pass into the trophic chain affecting the population.

The fact that EPER data are available to the public means that emissions from these types of
installations can be ascertained. Unfortunately, there are no data on the amounts of hazardous waste
(such as MWFs and mineral oils) discharged by these industrial complexes, though the updating of
the EPER in the form of the new European Pollutant Release and Transfer Register (E-PRTR) at the

end of 2009 will provide a valuable tool for gathering information on this type of toxic waste.

Conclusion

The results of this study show: an association between residential proximity to metal production
and processing installations as a whole and excess risk of mortality due to tumours of liver and colon-
rectum; and an excess risk in the remaining tumours of the digestive system associated with certain
types of industrial activity. Furthermore, in the environs of a number of "individual" pollution sources,
excess risks were observed in the "near vs. far" analysis, along with statistically significant risk
gradients. The ecological nature of the study may hinder interpretation of the results of association in

terms of cause and effect.

At present, the study of cancer mortality in areas surrounding industrial pollution sources is
beginning to assume growing importance, and industrial pollutant emission registers such as the
EPER and E-PRTR afford a very useful tool for the surveillance and monitoring of the possible effects

of industrial pollution on the health of the population.

Acknowledgements



repiSalud

This study was funded by a grant from Spain's Health Research Fund (Fondo de Investigacion
Sanitaria - FIS 040041) and formed part of the MEDEA project (Mortalidad en areas pequefias
Espafiolas y Desigualdades socio-Economicas y Ambientales — Mortality in small Spanish areas and

socio-economic and environmental inequalities).



repiSalud

References

Adzersen KH, Becker N, Steindorf K, Frentzel-Beyme R. Cancer mortality in a cohort of male German
iron foundry workers. Am J Ind Med 2003; 43:295-305.

ATEG-Grupo Interlab. Documento de orientacion sectorial para la medicion, calculo y estimacién de
emisiones de sustancias EPER; 2005. Available: http://www.prtr-es.es/fondo-documental/metodos-
de-medicion-y-calculo,15500,10,2007.html [accessed 15 March 2010].

Ayuso Orejana J, Fernandez Cuesta JA, Plaza Ibeas JL. Anuario del Mercado Espafiol. Madrid: Banco
Espafiol de Crédito; 1993.

Bardin JA, Eisen EA, Tolbert PE, Hallock MF, Hammond SK, Woskie SR et al. Mortality studies of
machining fluid exposure in the automobile industry. V: A case-control study of pancreatic cancer. Am
J Ind Med 1997; 32:240-247.

Benjamini Y, Hochberg Y. Controlling the false discovery rate: a practical and powerful approach to
multiple testing. Journal of the Royal Statistical Society Series B (Methodological) 1995; 27:289-300.

Benjamini Y, Yekutieli D. The control of the false discovery rate in multiple testing under dependency.
The Annals of Statistics 2001; 29:1165-1188.

Benke G, Abramson M, Sim M. Exposures in the alumina and primary aluminium industry: an historical
review. Ann Occup Hyg 1998; 42:173-189.

Blair A, Kazerouni N. Reactive chemicals and cancer. Cancer Causes Control 1997; 8:473-490.

Blot WJ, McLaughlin JK, Fraumeni Jr. JF. Esophageal cancer. In: Cancer Epidemiology and
Prevention. Third Edition (Schottenfeld D, Fraumeni JF, Jr, eds). New York:Oxford University Press
,2006. 697-706.

Breslow NE, Day NE. Statistical methods in cancer research. Volume II--The design and analysis of
cohort studies. IARC Sci Publ 1987; 1-406.

Brown LM, Pottern LM, Blot WJ. Lung cancer in relation to environmental pollutants emitted from
industrial sources. Environ Res 1984; 34:250-261.

Calvert GM, Ward E, Schnorr TM, Fine LJ. Cancer risks among workers exposed to metalworking
fluids: a systematic review. Am J Ind Med 1998; 33:282-292.

Casella C, Garrone E, Gennaro V, Orengo MA, Puppo A, Stagnaro E et al. [Health conditions of the
general population living near a steel plant]. Epidemiol Prev 2005; 29:77-86.

Clapp RW, Howe GK, Jacobs MM. Environmental and Occupational Causes of Cancer. A Review of
Recent Scientific Literature. Lowell Center for Sustainable Production; 2005.

Crew KD, Neugut Al. Epidemiology of gastric cancer. World J Gastroenterol 2006; 12:354-362.


http://www.prtr-es.es/fondo-documental/metodos-de-medicion-y-calculo,15500,10,2007.html
http://www.prtr-es.es/fondo-documental/metodos-de-medicion-y-calculo,15500,10,2007.html

repiSalud

DHHS (NIOSH). Criteria for a recommended standard: occupational exposure to metalworking fluids.
No. 98-102,National Institute for Occupational Safety and Health; 1998.

EPER. European Pollutant Emission Register; 2009. Available: http://eper.ec.europa.eu/eper/
[accessed 15 March 2010].

Firth HM, Elwood JM, Cox B, Herbison GP. Historical cohort study of a New Zealand foundry and
heavy engineering plant. Occup Environ Med 1999; 56:134-138.

Garcia-Perez J, Pollan M, Boldo E, Perez-Gomez B, Aragones N, Lope V et al. Mortality due to lung,
laryngeal and bladder cancer in towns lying in the vicinity of combustion installations. Sci Total Environ
2009; 407:2593-2602.

Gelman A, Hill J. Data Analysis Using Regression and Multilevel/Hierarchical Models. New York:
Cambridge University Press; 2007.

Giovannucci E, Wu K. Cancer of the colon and rectum. In: Cancer Epidemiology and Prevention. Third
Edition (Schottenfeld D, Fraumeni JF, Jr, eds). New York:Oxford University Press ,2006. 809-829.

Hayes RB. The carcinogenicity of metals in humans. Cancer Causes Control 1997; 8:371-385.
Houk VS. The genotoxicity of industrial wastes and effluents. Mutat Res 1992; 277:91-138.

Hsing AW, Rashid A, Devesa SS, Fraumeni Jr JF. Biliary tract cancer. In: Cancer Epidemiology and
Prevention. Third Edition (Schottenfeld D, Fraumeni JF, Jr, eds). New York:Oxford University Press
,2006. 787-800.

Humfrey CD, Levy LS, Faux SP. Potential carcinogenicity of foundry fumes: a comparative in vivo-in
vitro study. Food Chem Toxicol 1996; 34:1103-1111.

IARC. Monographs on the Evaluation of Carcinogenic Risks to Humans. Polychlorinated Dibenzo-
para-dioxins and Polychlorinated Dibenzofurans; 1997. Available:
http://monographs.iarc.frfENG/Monographs/vol69/index.php [accessed 15 March 2010].

IARC. Monographs on the Evaluation of Carcinogenic Risks to Humans; 2009. Available:
http://monographs.iarc.fr/ENG/Classification/crthall.php [accessed 15 March 2010].

Instituto Nacional de Estadistica. Defunciones segin la Causa de Muerte 2007; 2010. Available:
http://www.ine.es/jaxi/tabla.do?path=/t15/p417/a2007/10/&file=01001.px&type=pcaxis&L=0
[accessed 15 March 2010].

Integrated Pollution Prevention and Control (IPPC). Reference Document on Best Available
Techniques in the Non Ferrous Metals Industries; 2001. Available: hitp://www.prtr-
es.es/data/images/BREF%20Metalurgia%20n0%20f%C3%A9rrea%201-4CDESO5E16D2361F.pdf
[accessed 15 March 2010].

Landrigan PJ, Boffetta P, Apostoli P. The reproductive toxicity and carcinogenicity of lead: a critical
review. Am J Ind Med 2000; 38:231-243.


http://eper.ec.europa.eu/eper/
http://monographs.iarc.fr/ENG/Monographs/vol69/index.php
http://monographs.iarc.fr/ENG/Classification/crthall.php
http://www.ine.es/jaxi/tabla.do?path=/t15/p417/a2007/l0/&file=01001.px&type=pcaxis&L=0
http://www.prtr-es.es/data/images/BREF%20Metalurgia%20no%20f%C3%A9rrea%20I-4CDE805E16D2361F.pdf
http://www.prtr-es.es/data/images/BREF%20Metalurgia%20no%20f%C3%A9rrea%20I-4CDE805E16D2361F.pdf

repiSalud

London WT, McGlynn KA. Liver cancer. In: Cancer Epidemiology and Prevention. Third Edition
(Schottenfeld D, Fraumeni JF, Jr, eds). New York:Oxford University Press ,2006. 763-786.

Lopez-Abente G, Ramis R, Pollan M, Perez-Gomez B, Gomez-Barroso D, Carrasco JM et al. Atlas
municipal de mortalidad por cancer en Espafia, 1989-1998. Instituto de Salud Carlos IlI; 2006.

Lowenfels AB, Maisonneuve P. Epidemiology and risk factors for pancreatic cancer. Best Pract Res
Clin Gastroenterol 2006; 20:197-209.

Lynge E, Anttila A, Hemminki K. Organic solvents and cancer. Cancer Causes Control 1997; 8:406-
419.

Malloy EJ, Miller KL, Eisen EA. Rectal cancer and exposure to metalworking fluids in the automobile
manufacturing industry. Occup Environ Med 2007; 64:244-249.

Martinez MA, Sanz P, Ruiz ML, Fabrellas B, Abad E, Rivera J. Evaluation of the Spanish hot dip
galvanising sector as a source of polychlorinated dibenzo-p-dioxins and polychlorinated
dibenzofurans. Chemosphere 2008; 71:1127-1134.

Ministerio de Medio Ambiente y Medio Rural y Marino. Registro Estatal de Emisiones y Fuentes
Contaminantes; 2007. Available: http://www.prtr-es.es/ [accessed 15 March 2010].

Mirer F. Updated epidemiology of workers exposed to metalworking fluids provides sufficient evidence
for carcinogenicity. Appl Occup Environ Hyg 2003; 18:902-912.

Monge-Corella S, Garcia-Perez J, Aragones N, Pollan M, Perez-Gomez B, Lopez-Abente G. Lung
cancer mortality in towns near paper, pulp and board industries in Spain: a point source pollution
study. BMC Public Health 2008; 8:288.

Mucci L, Adami HO. Oral and pharyngeal cancer. In: Textbook of Cancer Epidemiology (Adami HO,
Hunter D, Trichopoulos D, eds). New York:Oxford University Press,2002.

Parodi S, Stagnaro E, Casella C, Puppo A, Daminelli E, Fontana V et al. Lung cancer in an urban
area in Northern Italy near a coke oven plant. Lung Cancer 2005; 47:155-164.

Pershagen G. Lung cancer mortality among men living near an arsenic-emitting smelter. Am J
Epidemiol 1985; 122:684-694.

Ramis R, Vidal E, Garcia-Perez J, Lope V, Aragones N, Perez-Gomez B et al. Study of nhon-Hodgkin's
lymphoma mortality associated with industrial pollution in Spain, using Poisson models. BMC Public
Health 2009; 9:26.

Rockette HE, Arena VC. Mortality studies of aluminum reduction plant workers: potroom and carbon
department. J Occup Med 1983; 25:549-557.

Rotimi C, Austin H, Delzell E, Day C, Macaluso M, Honda Y. Retrospective follow-up study of foundry
and engine plant workers. Am J Ind Med 1993; 24:485-498.


http://www.prtr-es.es/

repiSalud

Savitz DA. Epidemiologic evidence on the carcinogenicity of metalworking fluids. Appl Occup Environ
Hyg 2003; 18:913-920.

Siemiatycki J, Richardson L, Straif K, Latreille B, Lakhani R, Campbell S et al. Listing occupational
carcinogens. Environ Health Perspect 2004; 112:1447-1459.

Sim MR, Del Monaco A, Hoving JL, Macfarlane E, McKenzie D, Benke G et al. Mortality and cancer
incidence in workers in two Australian prebake aluminium smelters. Occup Environ Med 2009.

Smith GH, Williams FL, LIoyd OL. Respiratory cancer and air pollution from iron foundries in a Scottish
town: an epidemiological and environmental study. Br J Ind Med 1987; 44.:795-802.

Tolbert PE. Oils and cancer. Cancer Causes Control 1997; 8:386-405.

Tossavainen A. Estimated risk of cancer attributable to occupational exposures in iron and steel
foundries. In: Complex mixtures and cancer risk (Vainio H, Sorsa M, McMichael AJ, eds). Lyon:IARC
Scientific Publications,1990. 363-367.

Tsai SS, Tiao MM, Kuo HW, Wu TN, Yang CY. Association of bladder cancer with residential exposure
to petrochemical air pollutant emissions in Taiwan. J Toxicol Environ Health A 2009; 72:53-59.

Viel JF, Daniau C, Goria S, Fabre P, Crouy-Chanel P, Sauleau EA et al. Risk for non Hodgkin's
lymphoma in the vicinity of French municipal solid waste incinerators. Environ Health 2008; 7:51.

Figure legends

Figure 1: Geographical location of "individual® metal production and processing installations which
commenced operations prior to 1990 and displayed statistically significant excess mortality in the
"near vs. far" analysis and/or significant test for trend in the risk gradient analysis, for two or more

tumours specified in the headline of each map.

Figure 2: Geographical location of "individual" metal production and processing installations which
commenced operations prior to 1990 and displayed statistically significant excess mortality in the

"near vs. far" analysis and/or significant test for trend in the risk gradient analysis, for a single tumour.



