Environment International 51 (2013) 31-44

journal homepage: www.elsevier.com/locate/envint

Contents lists available at SciVerse ScienceDirect

Environment International

=
ENVIRONMENT
INTERNATIONAL |

Cancer mortality in towns in the vicinity of incinerators and installations for the

recovery or disposal of hazardous waste

Javier Garcia-Pérez "*, Pablo Fernandez-Navarro *°, Adela Castell6 %, Maria Felicitas Lopez-Cima *P,
Rebeca Ramis *P, Elena Boldo *P, Gonzalo Lépez-Abente *P°

@ Cancer and Environmental Epidemiology Unit, National Center for Epidemiology, Carlos Il Institute of Health, Avda. Monforte de Lemos, 5, 28029 Madrid, Spain

b CIBER Epidemiologia y Salud Piiblica (CIBERESP), Spain

ARTICLE INFO ABSTRACT

Article history:

Received 23 July 2012
Accepted 18 October 2012
Available online xxxx

Keywords:

Cancer mortality
Waste treatment
Incinerators
End-of-life vehicles
INLA

BYM model

Background: Waste treatment plants release toxic emissions into the environment which affect neighboring
towns.

Objectives: To investigate whether there might be excess cancer mortality in towns situated in the vicinity of
Spanish-based incinerators and installations for the recovery or disposal of hazardous waste, according to the
different categories of industrial activity.

Methods: An ecologic study was designed to examine municipal mortality due to 33 types of cancer, across the
period 1997-2006. Population exposure to pollution was estimated on the basis of distance from town of resi-
dence to pollution source. Using Besag-York-Mollié (BYM) regression models with Integrated Nested Laplace
approximations for Bayesian inference, and Mixed Poisson regression models, we assessed the risk of dying
from cancer in a 5-kilometer zone around installations, analyzed the effect of category of industrial activity,
and conducted individual analyses within a 50-kilometer radius of each installation.

Results: Excess cancer mortality (BYM model: relative risk, 95% credible interval) was detected in the total pop-
ulation residing in the vicinity of these installations as a whole (1.06, 1.04-1.09), and, principally, in the vicinity
of incinerators (1.09, 1.01-1.18) and scrap metal/end-of-life vehicle handling facilities, in particular (1.04, 1.00-
1.09). Special mention should be made of the results for tumors of the pleura (1.71, 1.34-2.14), stomach (1.18,
1.10-1.27), liver (1.18, 1.06-1.30), kidney (1.14, 1.04-1.23), ovary (1.14, 1.05-1.23), lung (1.10, 1.05-1.15),
leukemia (1.10, 1.03-1.17), colon-rectum (1.08, 1.03-1.13) and bladder (1.08, 1.01-1.16) in the vicinity of all
such installations.

Conclusions: Our results support the hypothesis of a statistically significant increase in the risk of dying from

cancer in towns near incinerators and installations for the recovery or disposal of hazardous waste.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Generation of waste by human activity is a matter of worldwide
concern. Municipal incinerators and installations for the recovery or
disposal of hazardous waste help address this problem but inevitably
generate and release toxic emissions and effluents, such as dioxins -

Abbreviations: IARC, Agency for Research on Cancer; ELVs, End-of life vehicles; IPPC,
Integrated Pollution Prevention and Control; E-PRTR, European Pollutant Release and
Transfer Register; NSI, National Statistics Institute; PCBs, Polychlorinated biphenyls;
RRs, Relative risks; 95% Crls/Cls, 95% credible/confidence intervals; BYM, Besag, York
and Mollié; INLAs, Integrated nested Laplace approximations; PAHs, Polycyclic aromatic
hydrocarbons; NHL, Non-Hodgkin's lymphoma.

* Corresponding author at: Area de Epidemiologia Ambiental y Cancer, Centro Nacional
de Epidemiologia, Instituto de Salud Carlos III, Avda. Monforte de Lemos, 5, 28029 Madrid,
Spain. Tel.: +34 918222643; fax: 434 913877815.

E-mail addresses: jgarcia@isciii.es (J. Garcia-Pérez), pfernandezn@isciii.es
(P. Fernandez-Navarro), acastello@isciii.es (A. Castell), flcina@isciii.es
(ML.F. Lopez-Cima), rramis@isciii.es (R. Ramis), eiboldo@isciii.es (E. Boldo),
glabente@isciii.es (G. Lopez-Abente).

0160-4120/$ - see front matter © 2012 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.envint.2012.10.003

carcinogens recognized by the International Agency for Research on
Cancer (IARC) (IARC, 1997) - into the environment, which then affect
neighboring towns,.

Some studies have linked exposure to incinerator emissions, with
adverse reproductive outcomes (Dummer et al., 2003), respiratory
problems (Miyake et al., 2005) and cancer (Comba et al., 2003;
Knox, 2000; Viel et al., 2008). With respect to treatment (elimination,
disposal or recovery) of hazardous waste, which includes activities
such as the recycling of scrap metal and end-of life vehicles (ELVs),
re-refining of used oil, and physico/chemical treatment of waste,
there are hardly any epidemiologic studies on these installations’
health effects on the populations of nearby towns, even though they
are known to release carcinogens, such as dioxins, arsenic, benzene,
cadmium and chromium (Environmental Protection Agency, 2002;
Landrigan et al., 1989). Accordingly, it would seem appropriate to as-
certain whether residential proximity to these little-studied types of
pollutant facilities might have an influence on the frequency of
cancer.
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In the case of pollution sources in Spain, the European Commission
directives passed in 2002 afforded a new means of studying the conse-
quences of industrial pollution: Integrated Pollution Prevention and
Control (IPPC), governed both by Directive 96/61/CE (recently codified
into Directive 2008/1/EC) and by Act 16/2002, which incorporates this
Directive into the Spanish legal system, lays down that, to be able oper-
ate, industries covered by the regulation must obtain the Integrated
Environmental Permit. This same enactment implemented the European
Pollutant Release and Transfer Register (E-PRTR) in 2007, which makes
it compulsory to declare all pollutant emissions to air, water and soil,
that exceed the designated thresholds, and contains detailed informa-
tion about the address and type of industrial activity in which the in-
stallations are involved. IPPC and E-PRTR records thus constitute an
inventory of geo-located industries with environmental impact in
Europe, which is a valuable resource for monitoring industrial pollution
and, by extension, renders it possible for the association between resi-
dential proximity to such pollutant installations and health impacts,
such as cancer, to be studied (Garcia-Perez et al,, 2012; Lopez-Abente
et al,, 2012; Lopez-Cima et al., 2011).

In this context, this study sought to: (1) assess possible excess mor-
tality attributable to 33 tumor sites among the Spanish population re-
siding in the environs of incinerators and hazardous waste treatment
plants governed by the IPPC Directive and E-PRTR Regulation; (2) ana-
lyze this risk according to the different categories of industrial activity,
and for each installation individually; and, (3) perform the analysis for
the population, both overall and broken down by sex, using different
statistical approaches for the purpose.

2. Materials and methods

We designed an ecologic study to evaluate the association be-
tween cancer mortality and proximity to incinerators and hazardous
waste treatment plants at a municipal level (8098 Spanish towns),
during the period 1997-2006. Separate analyses were performed for
the overall population and for each sex.

2.1. Mortality data

Observed municipal mortality data were drawn from the records
of the National Statistics Institute (NSI) for the study period, and
corresponded to deaths due to 33 types of malignant tumors (see
Supplementary data, Table 1, which shows the list of tumors analyzed
and their codes as per the International Classification of Diseases—9th
and 10th Revisions). Expected cases were calculated by taking the
specific rates for Spain as a whole, broken down by age group (18
groups: 0-4, ..., 80-84 years, and 85 years and over), sex, and
five-year period (1997-2001, 2002-2006), and multiplying these by
the person-years for each town, broken down by the same strata.
Person-years for each quinquennium were calculated by multiplying
the respective populations by 5 (with data corresponding to 1999
and 2004 being taken as the estimator of the population at the mid-
point of the study period). In addition, we specifically analyzed leuke-
mias and brain cancer in subjects under ages 15 and 25 years, since
these were the most frequent tumors in adolescents and young adults
in our data.

2.2. Industrial pollution exposure data

Population exposure to industrial pollution was estimated by taking
the distance from the centroid of town of residence to the industrial
facility. We used the industrial database (industries governed by IPPC
and facilities pertaining to industrial activities not subject to IPPC but in-
cluded in the E-PRTR) provided by the Spanish Ministry for Agriculture,
Food & Environment in 2007. Bearing in mind the minimum induction
periods for the tumors targeted for study, generally 10 years for solid
tumors and 1 year for leukemias (United Nations Scientific Committee

on the Effects of Atomic Radiation, 2006), two industry databases
were used:

a) for the study of leukemias, we selected the 129 installations corre-
sponding to IPPC categories 5.1 (installations for the recovery or dis-
posal of hazardous waste with a capacity exceeding 10 t per day)
and 5.2 (installations for the incineration of municipal waste with a
capacity exceeding 3 t per hour), which came into operation prior
to 2002 (1 year before the mid-year of the study period), deno-
minated “pre-2002 installations”; and,

b) for the remaining tumors, we selected the 67 installations corre-
sponding to IPPC categories 5.1 and 5.2 which came into operation
prior to 1993 (10 years before the mid-year of the study period),
denominated “pre-1993 installations”.

The date (year) of commencement of the respective industrial
activities was provided by the industries themselves.

Each of the installations was classified into one of the following 9
categories of industrial activities, according to the type of waste in-
volved and treatment applied:

1. “Incineration”: incineration of solid urban (municipal) and special
waste (9 pre-2002 and 5 pre-1993 installations);

2. “Scrap metal +ELVs”: scrapping/decontamination of ELVs, and
recycling of scrap metal (ferrous and non-ferrous products) and
electric/electronic equipment (32 pre-2002 and 23 pre-1993
installations);

3. “Oils +0ily waste”: treatment of used oil, oily marine pollutant
(MARPOL) waste and decontamination of equipment contaminat-
ed by polychlorinated biphenyls (PCBs) (24 pre-2002 and
8 pre-1993 installations);

4. “Packaging”: recycling of metallic and plastic industrial packaging
(9 pre-2002 and 5 pre-1993 installations);

5. “Solvents”: recovery of used solvents (7 pre-2002 and 5 pre-1993
installations);

6. “Spent baths”: regeneration of spent acid pickling and basic baths
and hydrochloric acid used in metal descaling (7 pre-2002 and 5
pre-1993 installations);

7. “Physico/chemical treatment”: physico/chemical treatment of waste
not included in the above sections (8 pre-2002 and 4 pre-1993
installations);

8. “Industrial waste”: treatment of industrial waste not included in
the above sections, such as recovery of wastes from the iron and
steel industry (15 pre-2002 and 7 pre-1993 installations); and,

9. “Wastes not otherwise specified”: treatment of waste not included
in any of the above sections, such as medical wastes, lead acid bat-
teries, photochemical wastes, or textile wastes (18 pre-2002 and 5
pre-1993 installations). This category also included installations
that treated different types of waste or applied several different
treatment processes.

Owing to the presence of errors in the initial location of industries,
the geographic coordinates of the industrial locations recorded in the
[PPC + E-PRTR 2007 database were previously validated: every single
address was thoroughly checked using Google Earth (with the
street-view application), the Spanish Agricultural Plots Geographic In-
formation System (which includes orthophotos and topographic maps
showing the names of the industries) (Ministerio de Agricultura
Alimentacién y Medio Ambiente, 2012), the Google Maps server and
the “Yellow pages” web page (which allow for a search of addresses
and companies), and the web pages of the industries themselves, to en-
sure that location of the industrial facility was exactly where it should
be. 25% of the incinerators and hazardous waste treatment installation
coordinates were corrected at a distance of 4471 m or more from the
original location in the IPPC + E-PRTR database.
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2.3. Statistical analysis

Three types of analysis were performed to assess possible excess
cancer mortality in towns lying near (“near”) versus those lying far
(“far”) from incinerators and hazardous waste treatment installations,
known as a “near vs. far” analysis. In all cases, a distance of 5 km was
taken as the area of proximity (“exposure”) to industrial installations,
in line with the distance used by other studies on these types of instal-
lations (Federico et al.,, 2010; Knox, 2000; Leem et al., 2006):

1) inafirst phase, we conducted a “near vs. far” analysis to estimate the
relative risks (RRs) of towns situated at a distance of <5 km from
incinerators and hazardous waste treatment installations as a
whole. The variable, “exposure”, was coded as: a) exposed or proxim-
ity area (“near”), consisting of towns lying at a distance of <5 km
from any incinerator or hazardous waste treatment facility; b) inter-
mediate area, consisting of towns lying at a distance of <5 km from
any industrial installation other than incinerators or hazardous
waste treatment facilities; and, c¢) unexposed area (“far”), consisting
of towns having no (IPPC+ E-PRTR)-registered industry within
5 km of their municipal centroid (reference group);

2) in asecond analysis, we decided to stratify risk of analysis anterior
according to the different categories of industrial activity. To this
end, we created a variable of “exposure” in which the exposed
area was stratified into the following groups: Group 1, made up
of towns lying close (<5 km) to one or more installations belong-
ing to the category “Incineration”; Group 2, if the category was
“Scrap metal+ELVs”, and so on, until Group 9, if the category
was “Wastes not otherwise specified”; and Group 10, made up of
towns lying close to two or more installations belonging to differ-
ent categories of activity (“multiple pollutant categories”). Inter-
mediate and unexposed areas were defined as in the preceding
phase; and,

3) lastly, bearing in mind that characteristics tend to vary from one in-
cinerator or hazardous waste treatment facility to the next, we
conducted separate “near vs. far” analyses of the individual installa-
tions, with the analysis being confined to an area of 50 km surround-
ing each such installation so as to have a local comparison group.

For all the above analyses, we used two statistical approaches based
on log-linear models to estimate the RRs and their 95% credible/
confidence intervals (95% Crls/Cls), assuming that the number of deaths
per stratum followed a Poisson distribution:

a) a Bayesian conditional autoregressive model proposed by Besag,
York and Mollié (BYM) (Besag et al., 1991), with explanatory
variables:

O;~Poisson(w;), withpy; = E;\;
log(\;) = aExpos; + _ f3;Soc; + h; + b= log(1y) =
J

log(E;) + aExpos; + X _ f3;Soc;; + h; + b;
j

Soc; = ps; + ill; + far; + unem; + pph; + ing;

i=1,...,8098 towns, j=1,...,6 potential confounders

h;~Normal(6, 7))
b;~Car .Normal(n;, Tp)
Tp~Gamma(a, 3)
Tp~Gamma(y, o)

b) a mixed Poisson regression model (Gelman and Hill, 2007):

O;~Poisson(;), withp; = E;\;

log(A;) = aExpos; + 2_ B3;Soc;; + p;= log(l;) =
j

log(E;) + aExpos; + 2 B;Soc;; + p;
j
Socy; = ps; + ill; + far; 4+ unem; + pph; + inc;

i=1,...,8098 towns, j=1,...,6 potential confounders

with A; being the RR in town i, the number of observed deaths in town i
for each cancer site (0;) being the dependent variable, and the number
of expected deaths in town i for each cancer site (E;) being the offset,
in both cases. All estimates for the variable of “exposure” (Expos;) were
adjusted for the following standardized, sociodemographic indicators
(Soc;), chosen as potential confounders directly from the 1991 census
for their availability at a municipal level and potential explanatory abil-
ity vis-a-vis certain geographic mortality patterns (Lopez-Abente et al.,
2006): population size (ps;) (categorized into three levels: 0-2000,
2000-10,000 and >10,000 inhabitants); percentage illiteracy (ill;),
farmers (far;) and unemployed (unem;); average persons per household
(pph;); and mean income (inc;) by the Spanish Market Yearbook, as a
measure of income level (Ayuso Orejana et al., 1993). Their geographic
patterns show the economic, demographic and social development of
Spain, appreciating some spatial correspondence between illiteracy, un-
employment and younger population areas. The variable of “exposure”
and potential confounding covariates were fixed-effects terms in the
models.

To enable the spatial autocorrelation problem (presence of geo-
graphic patterns in contiguous spatial data) to be assessed, this was es-
timated by applying Moran's I statistic to the Standardized Mortality
Ratios (Bivand et al., 2008). The BYM Bayesian autoregressive model
takes this problem into account, thanks to the inclusion of two random
effects components, namely: a spatial term containing municipal conti-
guities (b;); and the municipal heterogeneity term (h;). Integrated
nested Laplace approximations (INLAs) (Rue et al., 2009) were used
as a tool for Bayesian inference. For this purpose, we used R-INLA (The
R-INLA project, 2012), with the option of simplified Laplace estimation
of the parameters. A total of 8098 towns were included, and the spatial
data on municipal contiguities were obtained by processing the official
NSI maps.

Furthermore, the mixed Poisson regression model includes prov-
ince as a random effects term (p;), to enable geographic variability
and extra-Poisson dispersion to be taken into account and unexposed
towns belonging to the same province to be considered as the refer-
ence group in each case, something that is justified by the geographic
differences observed in mortality attributable to some tumors
(Lopez-Abente et al., 2006).

Lastly, a residual analysis (based on deviance residuals) was per-
formed to test the models.

3. Results

Fig. 1 depicts the geographic distribution of the 129 installations
studied according to the different categories of industrial activity, to-
gether with their PRTR codes and year of commencement of operations.
Supplementary data, Table 2 gives a detailed description of the type of
activity undertaken by each installation and the pollutants emitted dur-
ing the preceding decade. In all, the 129 installations released 525,428 t
of toxic substances to air and 4984 t to water in 2007, including carcin-
ogens such as arsenic (32 kg to air and 33 kg to water), chromium
(81 kg to air and 80 kg to water) and polycyclic aromatic hydrocarbons
(PAHSs) (48 kg to air and 126 kg to water). More detailed information
on emission amounts is provided in Supplementary data, Tables 3 and
4, which show the types of substances and amounts released by these
installations to air and water, respectively.
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Fig. 1. Geographic distribution of Spanish-based incinerators and hazardous waste treatment installations.

Table 1 shows the RRs and 95% Crls/ClIs for cancers proving to be sta-
tistically significant in towns situated at <5 km from incinerators and
hazardous waste treatment installations, estimated using BYM and
Poisson mixed regression models and Moran's I test for spatial autocor-
relation. Overall, excess cancer mortality was present in both sexes,
with the two models displaying identical RRs, which were higher in
men (RR=1.08) than in women (RR=1.03). In the case of specific tu-
mors, the estimates yielded by both models were largely similar in gen-
eral (slightly higher and significant in the mixed model in tumors of the
oral cavity and pharynx, esophagus and non-Hodgkin's lymphoma
(NHL), and somewhat higher in the BYM model in renal cancer).
Some cancers - such as all cancers combined (in men and women) or
malignant tumors of the stomach (in men and women) and lung,
bladder, oral cavity and pharynx, colon-rectum, and liver (in men) -
displayed a statistically significant spatial autocorrelation, and it thus
seemed appropriate to use the BYM model in order to take this spatial
autocorrelation into account. Based on this model, statistically signifi-
cant RRs appeared for tumors of the stomach, liver, pleura and kidney
(in men and women), colon-rectum, lung, bladder, gallbladder and
leukemia (in men), and brain and ovary (in women). In these results,
note should be taken of the high excess risk for cancer of the pleura
(RR=1.84 in men and RR=1.52 in women). With respect to leukemias
and brain cancer in the under-15- and under-25 age groups, statistically
significant excess risks were not in evidence (see Supplementary data,
Table 5, which shows the RR of dying from leukemia and brain cancer
among the under-15 and under-25 age groups in towns situated at

<5 km from incinerators and hazardous waste treatment installations,
estimated using BYM models).

The analyses of the above table, including the two regression models
and spatial autocorrelation test, were performed separately for each
tumor (see Supplementary data, Tables 6 and 7, which show the RR of
dying from cancer in towns situated at <5 km from incinerators and
hazardous waste treatment installations as a whole - estimated using
BYM models - and Moran's | p-values for spatial autocorrelation analy-
ses, respectively). In the residual analysis of the BYM model for all
tumors under study, the graphs plotting deviance residuals against dis-
tance to the nearest installation displayed an apparently random scatter
pattern, consistent with a well-fitted model (see Supplementary data,
Fig. 1).

Table 2 shows the RRs and 95% Crls estimated with BYM models for
cancers that yielded statistically significant results in the analysis of risk
stratified by category of industrial activity. For all cancers combined,
statistically significant excess risks were observed in the environs of
multiple pollutant categories (men and women), incinerators and in-
stallations for the recycling of scrap metal + ELVs (total population),
and installations for the regeneration of spent baths (men), though in
no case were these higher than 10%. Insofar as the remaining tumors
were concerned, attention should be drawn to the significant excess
risks found for the following (we have highlighted the highest statisti-
cally significant RRs for each tumor): stomach and colorectal cancers
in men, in the vicinity of packaging recycling industries (RRs=1.53
and 1.29, respectively); cancers of the liver and ovary in women, in
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Table 1
Relative risk of dying from cancers with significant results in towns situated at <5 km from incinerators and hazardous waste treatment installations as a whole, estimated using
BYM and Poisson mixed regression models, and Moran's I test for spatial autocorrelation. Significant results are in bold.

T Obs® Exp®© BYM model Mixed model Moran's I test
RRY 95%Crl® RRY 95%CI" p-Value

All cancers®

Total 163 91,708 85,109.6 1.06 1.04-1.09 1.06 1.05-1.07 0.0001

Men 163 58,275 53,071.8 1.08 1.05-1.11 1.08 1.07-1.10 0.0001

Women 163 33,433 32,037.8 1.03 1.01-1.06 1.03 1.01-1.04 0.0006
Oral and pharyngeal cancer

Total 163 2482 2178.7 1.04 0.95-1.14 111 1.05-1.19 0.0039

Men 163 2056 1804.5 1.03 0.94-1.13 111 1.04-1.19 0.0031

Women 163 426 374.2 1.09 0.94-1.26 1.07 0.93-1.24 0.4660
Esophageal cancer

Total 163 1960 17333 0.99 0.90-1.09 1.07 1.00-1.15 0.0725

Men 163 1710 1504.0 1.01 0.91-1.11 1.08 1.00-1.16 0.0979

Women 163 250 2294 0.92 0.74-1.13 1.02 0.84-1.24 0.7441
Stomach cancer

Total 163 6123 5646.0 1.18 1.10-1.27 1.07 1.03-1.11 0.0001

Men 163 3822 3461.8 1.18 1.09-1.28 1.09 1.04-1.15 0.0073

Women 163 2301 21843 1.16 1.06-1.27 1.04 0.98-1.11 0.0049
Colorectal cancer

Total 163 12,265 11367.2 1.08 1.03-1.13 1.06 1.03-1.09 0.0004

Men 163 7084 6343.6 1.12 1.06-1.18 1.08 1.04-1.12 0.0131

Women 163 5181 5023.6 1.04 0.98-1.10 1.03 0.99-1.08 0.6319
Liver cancer

Total 163 2929 23104 1.18 1.06-1.30 1.23 1.15-1.31 0.0012

Men 163 2075 1678.6 117 1.05-1.30 1.22 1.13-1.31 0.0014

Women 163 854 631.8 1.20 1.02-1.40 1.24 1.10-140 0.8100
Gallbladder cancer

Total 163 1339 1262.6 1.10 0.99-1.21 1.10 1.01-1.19 0.2574

Men 163 511 432.5 1.26 1.08-145 1.23 1.07-141 0.5436

Women 163 828 830.1 1.02 0.90-1.15 1.04 0.94-1.15 0.6723
Lung cancer

Total 163 19,214 17,3944 1.10 1.05-1.15 1.10 1.07-1.12 0.0001

Men 163 17,156 15,336.5 1.12 1.06-1.18 1.12 1.10-1.15 0.0001

Women 163 2058 2057.8 0.92 0.84-1.00 0.91 0.85-0.97 0.9473
Pleural cancer

Total 163 394 206.8 1.71 1.34-2.14 1.74 1.44-2.11 0.1093

Men 163 284 147.0 1.84 1.39-2.40 1.86 1.48-2.34 0.0688

Women 163 110 59.7 1.52 1.04-2.14 1.51 1.07-2.14 0.8281
Skin cancer

Total 163 354 424.0 1.11 0.93-1.31 1.10 0.94-1.27 0.3792

Men 163 209 226.5 1.23 0.99-1.50 1.26 1.03-1.53 0.4815

Women 163 145 197.5 0.97 0.75-1.23 0.88 0.70-1.10 0.2312
Ovarian cancer

Women 163 1852 1770.0 1.14 1.05-1.23 1.12 1.05-1.21 0.8134
Bladder cancer

Total 163 4131 3809.9 1.08 1.01-1.16 1.07 1.02-1.12 0.0140

Men 163 3419 31384 1.10 1.02-1.18 1.09 1.03-1.14 0.0092

Women 163 712 671.5 1.02 0.91-1.15 1.02 0.91-1.13 0.7499
Renal cancer

Total 163 1918 1651.3 1.14 1.04-1.23 1.07 1.00-1.15 0.6497

Men 163 1268 1094.0 1.12 1.02-1.24 1.07 0.98-1.17 0.4631

Women 163 650 557.4 1.16 1.02-1.31 1.11 0.99-1.26 0.9937
Brain cancer

Total 163 2380 2245.9 1.04 0.97-1.12 1.03 0.97-1.10 0.9354

Men 163 1285 1248.8 1.00 0.91-1.09 1.00 0.92-1.08 0.1687

Women 163 1095 997.0 1.11 1.00-1.22 1.10 1.00-1.20 0.2573
Non-Hodgkin's lymphoma

Total 163 2396 2240.2 1.02 0.94-1.11 1.09 1.02-1.16 0.3802

Men 163 1274 1171.1 1.07 0.97-1.19 1.12 1.03-1.22 0.7342

Women 163 1122 1069.1 0.96 0.87-1.07 1.03 0.94-1.13 0.1000
Leukemia

Total 237 5378 4947.1 1.10 1.03-1.17 1.06 1.01-1.11 0.6310

Men 237 2956 2713.8 1.12 1.04-1.21 1.09 1.02-1.16 0.1279

Women 237 2422 22334 1.07 0.98-1.17 1.04 0.97-1.20 0.2602
¢ Number of towns situated at <5 km from incinerators and hazardous waste treatment installations as a whole.
b

Observed deaths.

Expected deaths.

RRs adjusted for population size, percentage illiteracy, farmers and unemployed persons, average persons per household, and mean income.
95% credible interval.

95% confidence interval.

Sum of the 33 types of cancer analyzed.
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areas surrounding installations for the regeneration of spent baths respectively); skin cancer in men, in the vicinity of solvent treatment in-
(RRs=1.55 and 1.29, respectively); cancers of the gallbladder, lung stallations (RR=3.30); Hodgkin's lymphoma and kidney cancer in
and pleura in men living near incinerators (RRs=1.43, 1.19 and 1.98, men, in the areas around physico/chemical treatment installations
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Table 2
Relative risk of dying from cancers with significant results in towns situated at a distance of 5 km or less from incinerators and hazardous waste treatment installations as a whole,
estimated using BYM models and shown with a breakdown by category of industrial activity. Significant results are in bold.

T Total Men Women
Obs® RR° 95%Crl® Obs RR® 95%Crl¢ Obs RR® 95%Crl?
All cancers®
Incineration 12 13,051 1.09 1.01-1.18 8385 1.09 0.99-1.19 4666 1.06 0.98-1.14
Scrap metal + ELVs 52 11,981 1.04 1.00-1.09 7668 1.06 1.00-1.12 4313 1.03 0.98-1.08
0il + oily waste 7 8277 1.08 0.99-1.18 5214 1.09 0.99-1.21 3063 1.07 0.98-1.16
Packaging 2 2471 1.09 0.97-1.22 1591 113 0.98-1.29 880 1.02 091-1.14
Solvents 6 1108 0.97 0.87-1.08 693 0.98 0.87-1.11 415 0.95 0.84-1.08
Spent baths 15 12412 1.06 0.98-1.14 7833 1.09 1.00-1.18 4579 1.03 0.95-1.11
Physico/chemical treatment 5 369 1.11 0.97-1.26 230 1.08 0.92-1.27 139 1.15 0.95-1.37
Industrial waste 7 8261 1.07 0.98-1.17 5166 1.09 0.99-1.21 3095 1.01 0.92-1.11
Wastes not otherwise specified 1 144 0.98 0.74-1.26 93 0.99 0.71-1.33 51 0.98 0.70-1.31
Multiple pollutant categories 56 33,634 1.08 1.04-1.13 21402 1.10 1.05-1.15 12232 1.04 1.00-1.09
Stomach cancer
Incineration 12 801 1.21 0.98-1.47 492 1.11 0.89-1.36 309 138 1.09-1.72
Scrap metal + ELVs 52 794 1.14 1.00-1.29 508 1.17 1.01-1.34 286 1.11 0.94-1.31
0il + oily waste 7 522 1.22 0.97-1.51 326 1.30 1.01-1.64 196 1.10 0.83-1.42
Packaging 2 193 1.38 1.02-1.82 134 1.53 1.20-2.04 59 1.08 0.76-1.49
Solvents 6 76 1.10 0.79-1.47 50 1.15 0.79-1.60 26 1.01 0.63-1.50
Spent baths 15 842 1.23 1.00-1.48 523 1.20 0.97-1.48 319 1.20 0.96-1.49
Physico/chemical treatment 5 17 0.90 0.50-1.41 15 1.24 0.67-1.99 2 0.35 0.06-0.94
Industrial waste 7 700 133 1.05-1.67 407 1.22 0.94-1.55 293 133 1.03-1.68
Wastes not otherwise specified 1 10 1.25 0.52-2.41 7 1.47 0.53-3.01 3 1.01 0.22-2.51
Multiple pollutant categories 56 2168 1.17 1.05-1.29 1360 1.14 1.01-1.28 808 117 1.03-1.33
Colorectal cancer
Incineration 12 1645 1.07 0.95-1.20 933 1.08 0.94-1.24 712 1.04 0.91-1.18
Scrap metal + ELVs 52 1583 1.05 0.97-1.14 894 1.09 0.98-1.19 689 1.04 0.93-1.14
0il + oily waste 7 1072 1.09 0.95-1.25 576 1.09 0.92-1.27 496 1.12 0.95-1.31
Packaging 2 347 1.16 0.97-1.37 215 1.29 1.05-1.55 132 0.99 0.79-1.22
Solvents 6 148 1.05 0.85-1.27 85 1.10 0.85-1.39 63 0.99 0.74-1.28
Spent baths 15 1763 1.11 0.99-1.25 1045 1.20 1.05-1.37 718 1.04 0.90-1.20
Physico/chemical treatment 5 43 1.03 0.73-1.37 20 0.84 0.51-1.26 23 1.31 0.82-1.91
Industrial waste 7 1201 1.11 0.96-1.28 710 1.15 0.97-1.34 491 1.05 0.88-1.23
Wastes not otherwise specified 1 15 0.90 0.48-1.49 9 0.93 0.41-1.69 6 0.92 0.34-1.81
Multiple pollutant categories 56 4448 1.09 1.02-1.16 2597 1.13 1.04-1.21 1851 1.03 0.95-1.12
Liver cancer
Incineration 12 521 1.26 0.96-1.63 375 1.28 0.97-1.66 146 1.28 0.87-1.81
Scrap metal +ELVs 52 364 1.08 0.90-1.29 273 113 0.92-1.36 91 0.97 0.71-1.29
0il + oily waste 7 290 1.19 0.85-1.60 181 1.14 0.80-1.56 109 143 0.88-2.18
Packaging 2 80 1.24 0.83-1.78 59 1.28 0.85-1.85 21 1.14 0.60-1.93
Solvents 6 43 1.17 0.76-1.70 30 1.19 0.74-1.79 13 1.37 0.66-2.42
Spent baths 15 326 143 1.09-1.83 240 130 0.98-1.68 86 1.55 1.01-2.25
Physico/chemical treatment 5 11 1.52 0.72-2.65 8 1.51 0.64-2.81 3 1.75 0.40-4.25
Industrial waste 7 186 1.03 0.73-1.39 133 1.00 0.70-1.37 53 1.14 0.66-1.79
Wastes not otherwise specified 1 3 1.84 0.37-4.84 2 1.61 0.23-4.68 1 3.71 0.22-13.91
Multiple pollutant categories 56 1105 1.18 1.02-1.36 774 1.18 1.01-1.37 331 1.20 0.96-1.49
Gallbladder cancer
Incineration 12 201 1.24 0.98-1.55 81 143 1.04-1.92 120 1.11 0.83-1.44
Scrap metal + ELVs 52 172 1.10 0.90-1.32 65 1.24 0.91-1.62 107 1.04 0.81-1.30
0il + oily waste 7 116 1.04 0.77-1.36 43 1.23 0.79-1.78 73 1.01 0.71-1.39
Packaging 2 33 1.01 0.66-1.46 12 1.09 0.54-1.87 21 1.01 0.59-1.55
Solvents 6 17 1.22 0.69-1.92 6 131 0.49-2.57 11 1.21 0.59-2.07
Spent baths 15 177 1.07 0.83-1.35 64 1.25 0.85-1.76 113 0.97 0.71-1.29
Physico/chemical treatment 5 7 1.75 0.71-3.28 4 2.90 0.85-6.33 3 1.27 0.30-3.02
Industrial waste 7 104 0.94 0.69-1.23 44 1.23 0.78-1.80 60 0.84 0.57-1.17
Wastes not otherwise specified 1 3 2.08 0.47-5.13 1 2.60 0.17-9.31 2 224 0.35-6.31
Multiple pollutant categories 56 509 1.13 0.98-1.29 191 1.25 1.01-1.53 318 1.06 0.89-1.25
Lung cancer
Incineration 12 2960 1.17 1.01-1.34 2682 1.19 1.01-1.38 278 0.94 0.75-1.16
Scrap metal + ELVs 52 2496 1.05 0.96-1.14 2255 1.07 0.98-1.17 241 0.88 0.74-1.05
0il + oily waste 7 1772 113 0.97-1.31 1618 1.15 0.98-1.35 154 0.90 0.67-1.17
Packaging 2 474 1.03 0.85-1.24 414 1.05 0.85-1.28 60 0.96 0.67-1.32
Solvents 6 229 0.94 0.77-1.14 204 0.96 0.77-1.18 25 0.80 0.49-1.19
Spent baths 15 2485 1.12 0.99-1.27 2132 1.13 0.99-1.29 353 1.07 0.84-1.33
Physico/chemical treatment 5 82 1.24 0.94-1.58 69 1.18 0.88-1.54 13 1.72 0.89-2.82
Industrial waste 7 1570 1.09 0.94-1.26 1388 1.13 0.96-1.32 182 0.82 0.62-1.07
Wastes not otherwise specified 1 35 1.20 0.71-1.88 31 1.21 0.69-1.95 4 1.29 0.36-2.95
Multiple pollutant categories 56 7111 1.14 1.06-1.22 6363 117 1.08-1.26 748 0.91 0.80-1.03
Pleural cancer
Incineration 12 55 1.55 0.94-2.39 42 1.98 1.09-3.29 13 1.16 0.52-2.15
Scrap metal + ELVs 52 38 1.37 0.87-2.01 22 113 0.63-1.83 16 193 0.99-3.27
0il + oily waste 7 49 345 1.97-5.54 43 4.85 2.50-8.34 6 1.25 0.41-2.71
Packaging 2 9 1.64 0.66-3.19 7 1.88 0.65-3.98 2 1.44 0.22-4.04
Solvents 6 2 0.93 0.15-2.57 1 0.74 0.05-2.64 1 2.28 0.15-8.12
Spent baths 15 43 1.50 0.86-2.41 35 1.87 0.98-3.18 8 0.93 0.35-1.88
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Table 2 (continued)

T Total Men Women
Obs® RR° 95%Crl¢ Obs RR® 95%Crl® Obs RR° 95%Crl¢
Pleural cancer
Physico/chemical treatment 5 1 1.78 0.12-6.32 0 0 0-inf 1 7.11 0.46-25.47
Industrial waste 7 30 1.78 0.95-2.98 20 1.82 0.83-3.35 10 1.85 0.77-3.56
Wastes not otherwise specified 1 0] 0 0-inf 0 0 0-inf 0 0 0-inf
Multiple pollutant categories 56 167 1.79 1.31-2.36 114 1.90 1.32-2.64 53 1.83 1.13-2.76
Connective and soft tissue cancer
Incineration 12 57 1.04 0.74-1.41 24 0.85 0.53-1.26 33 1.29 0.81-1.92
Scrap metal +ELVs 52 58 1.10 0.81-1.45 30 1.13 0.74-1.60 28 1.12 0.71-1.63
0il + oily waste 7 52 148 1.01-2.06 22 1.32 0.80-1.99 30 1.47 0.85-2.28
Packaging 2 13 1.18 0.61-1.94 9 1.59 0.72-2.81 4 0.82 0.24-1.81
Solvents 6 2 0.40 0.07-1.08 1 0.46 0.03-1.61 1 0.52 0.04-1.83
Spent baths 15 53 1.11 0.77-1.54 27 1.15 0.72-1.70 26 1.04 0.61-1.62
Physico/chemical treatment 5 0 0 0-inf 0 0 0-inf 0 0 0-inf
Industrial waste 7 41 1.03 0.69-1.46 23 1.23 0.74-1.86 18 0.97 0.53-1.57
Wastes not otherwise specified 1 1 1.94 0.13-6.89 0 0 0-inf 1 438 0.28-15.77
Multiple pollutant categories 56 156 1.06 0.85-1.29 84 1.13 0.86-1.44 72 1.00 0.73-1.32
Skin cancer
Incineration 12 39 1.12 0.71-1.66 22 1.07 0.61-1.69 17 1.15 0.58-1.99
Scrap metal 4 ELVs 52 35 0.92 0.61-1.30 18 0.86 0.49-1.33 17 0.99 0.55-1.59
0il + oily waste 7 54 1.50 0.95-2.22 38 214 1.31-3.22 16 1.06 0.50-1.88
Packaging 2 9 1.05 0.45-1.96 8 1.70 0.71-3.18 1 0.36 0.02-1.29
Solvents 6 10 234 1.06-4.20 7 330 1.30-6.34 3 1.49 0.33-3.70
Spent baths 15 47 1.04 0.65-1.55 25 1.12 0.65-1.77 22 0.96 0.48-1.66
Physico/chemical treatment 5 0 0 0-inf 0 0 0-inf 0 0 0-inf
Industrial waste 7 41 1.00 0.60-1.55 28 1.40 0.82-2.19 13 0.68 0.29-1.29
Wastes not otherwise specified 1 1 1.76 0.11-6.44 0 0 0-inf 1 3.75 0.21-14.19
Multiple pollutant categories 56 116 1.14 0.88-1.46 62 1.07 0.77-1.45 54 1.14 0.77-1.60
Vulvar and vaginal cancer
Incineration 12 42 1.01 0.70-1.40
Scrap metal + ELVs 52 40 1.03 0.72-1.41
0il + oily waste 7 47 1.85 1.28-2.56
Packaging 2 6 0.81 0.30-1.59
Solvents 6 6 1.68 0.63-3.27
Spent baths 15 37 0.89 0.58-1.29
Physico/chemical treatment 5 1 133 0.09-4.65
Industrial waste 7 41 1.55 1.02-2.24
Wastes not otherwise specified 1 0 0 0-inf
Multiple pollutant categories 56 96 0.89 0.69-1.12
Ovarian cancer
Incineration 12 251 1.13 0.95-1.34
Scrap metal +ELVs 52 228 1.08 0.92-1.25
0il + oily waste 7 151 1.08 0.87-1.33
Packaging 2 59 1.34 0.99-1.75
Solvents 6 23 1.07 0.67-1.56
Spent baths 15 281 1.29 1.07-1.53
Physico/chemical treatment 5 8 1.32 0.58-2.37
Industrial waste 7 158 1.08 0.86-1.33
Wastes not otherwise specified 1 2 0.94 0.16-2.56
Multiple pollutant categories 56 691 1.15 1.03-1.27
Bladder cancer
Incineration 12 567 113 0.95-1.34 474 113 0.94-1.36 93 0.98 0.75-1.24
Scrap metal 4 ELVs 52 573 1.11 0.98-1.25 483 1.16 1.02-1.32 90 0.99 0.77-1.24
0il + oily waste 7 413 1.09 0.88-1.33 348 1.11 0.88-1.38 65 1.11 0.80-1.48
Packaging 2 128 1.27 0.98-1.62 102 1.24 0.93-1.61 26 143 0.90-2.09
Solvents 6 46 0.98 0.69-1.33 36 0.95 0.64-1.33 10 1.26 0.60-2.16
Spent baths 15 528 1.01 0.84-1.20 431 1.02 0.84-1.23 97 0.99 0.74-1.28
Physico/chemical treatment 5 15 1.09 0.60-1.72 13 1.16 0.61-1.89 2 1.03 0.17-2.78
Industrial waste 7 363 1.05 0.84-1.28 302 1.04 0.82-1.30 61 1.00 0.71-1.35
Wastes not otherwise specified 1 5 0.87 0.28-1.84 3 0.66 0.15-1.60 2 2.46 0.40-6.73
Multiple pollutant categories 56 1493 1.09 0.99-1.20 1227 1.09 0.98-1.21 266 1.02 0.86-1.19
Renal cancer
Incineration 12 240 1.08 0.88-1.30 150 1.04 0.83-1.28 90 1.18 0.88-1.53
Scrap metal + ELVs 52 290 1.36 1.17-1.58 198 1.39 1.16-1.64 92 1.33 1.03-1.67
0il + oily waste 7 151 1.14 0.90-1.44 99 1.10 0.83-1.42 52 117 0.81-1.63
Packaging 2 55 1.24 0.90-1.67 36 1.19 0.80-1.66 19 132 0.77-2.03
Solvents 6 21 0.98 0.59-1.46 12 0.84 0.43-1.39 9 133 0.61-2.35
Spent baths 15 284 1.06 0.86-1.27 189 1.04 0.83-1.28 95 1.16 0.86-1.52
Physico/chemical treatment 5 14 2.25 1.22-3.61 10 243 1.16-4.17 4 2.15 0.64-4.66
Industrial waste 7 165 0.95 0.75-1.19 107 0.95 0.73-1.22 58 1.03 0.72-1.39
Wastes not otherwise specified 1 3 1.16 0.27-2.80 3 1.77 0.41-4.26 0 0 0-inf
Multiple pollutant categories 56 695 1.11 0.99-1.25 464 1.11 0.97-1.26 231 1.12 0.93-1.33
Brain cancer
Incineration 12 322 0.99 0.84-1.16 178 0.97 0.79-1.18 144 1.03 0.82-1.27
Scrap metal + ELVs 52 288 1.00 0.86-1.15 160 0.96 0.80-1.14 128 1.04 0.85-1.26

(continued on next page)
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Table 2 (continued)

T Total Men Women
Obs® RR® 95%Crl¢ Obs RR° 95%Crl¢ Obs RR® 95%Crl®
Brain cancer
0il + oily waste 7 193 1.00 0.80-1.22 90 0.85 0.65-1.09 103 1.24 0.94-1.59
Packaging 2 82 1.31 0.99-1.68 51 141 1.01-1.90 31 1.18 0.77-1.68
Solvents 6 35 1.07 0.73-1.48 22 1.14 0.70-1.69 13 0.98 0.52-1.59
Spent baths 15 300 0.99 0.82-1.19 153 0.94 0.75-1.17 147 1.07 0.84-1.35
Physico/chemical treatment 5 7 0.75 0.31-1.39 6 1.11 0.42-2.15 1 0.37 0.03-1.30
Industrial waste 7 233 1.12 0.90-1.37 132 1.11 0.86-1.41 101 1.15 0.87-1.48
Wastes not otherwise specified 1 9 1.99 0.88-3.60 3 1.32 0.31-3.17 6 3.29 1.20-6.56
Multiple pollutant categories 56 911 1.06 0.96-1.17 490 1.01 0.89-1.14 421 1.14 0.99-1.30
Thyroid cancer
Incineration 12 31 0.93 0.59-1.36 7 0.63 0.25-1.20 24 1.09 0.64-1.69
Scrap metal 4 ELVs 52 52 1.63 1.16-2.20 22 1.97 1.17-3.00 30 1.42 0.91-2.06
0il + oily waste 7 20 1.05 0.59-1.66 6 0.89 0.33-1.77 14 113 0.57-1.93
Packaging 2 10 1.51 0.70-2.66 3 137 0.32-3.29 7 1.66 0.65-3.18
Solvents 6 5 1.68 0.57-3.45 1 1.20 0.08-4.22 4 2.16 0.63-4.75
Spent baths 15 39 1.14 0.73-1.66 14 131 0.67-2.22 25 1.14 0.66-1.79
Physico/chemical treatment 5 2 242 0.40-6.57 0 0.00 0-inf 2 3.82 0.62-10.43
Industrial waste 7 25 1.09 0.65-1.68 8 1.08 0.45-2.03 17 1.08 0.57-1.78
Wastes not otherwise specified 1 0 0 0-inf 0 0.00 0-inf 0 0 0-inf
Multiple pollutant categories 56 98 1.06 0.81-1.35 30 0.94 0.59-1.37 68 1.12 0.81-1.49
Hodgkin's lymphoma
Incineration 12 32 0.87 0.56-1.26 18 0.90 0.51-1.41 14 0.95 0.49-1.56
Scrap metal + ELVs 52 45 141 0.99-1.91 27 1.52 0.97-2.21 18 138 0.79-2.15
0il + oily waste 7 15 0.81 0.43-1.32 9 0.89 0.40-1.59 6 0.74 0.27-1.46
Packaging 2 4 0.63 0.19-1.38 3 0.87 0.21-2.06 1 0.53 0.04-1.84
Solvents 6 4 1.14 0.34-2.48 3 1.50 0.36-3.58 1 0.98 0.07-3.43
Spent baths 15 25 0.93 0.56-1.42 11 0.72 0.35-1.25 14 1.12 0.58-1.90
Physico/chemical treatment 5 3 3.39 0.81-8.05 3 5.64 1.34-1343 0 0 0-inf
Industrial waste 7 16 0.78 0.42-1.26 10 0.89 0.41-1.58 6 0.71 0.26-1.41
Wastes not otherwise specified 1 1 3.46 0.23-12.26 1 5.95 0.40-21.08 0 0 0-inf
Multiple pollutant categories 56 93 1.04 0.79-1.32 48 0.96 0.67-1.30 45 1.21 0.83-1.68
Leukemia
Incineration 16 416 1.05 0.97-1.13 245 1.08 0.98-1.18 171 1.03 0.93-1.13
Scrap metal + ELVs 56 430 1.14 1.01-1.28 227 1.09 0.93-1.26 203 1.23 1.04-143
0il + oily waste 24 387 1.08 0.90-1.28 216 1.14 0.91-1.39 171 1.03 0.80-1.28
Packaging 9 135 1.15 0.89-1.44 79 1.11 0.80-1.48 56 1.21 0.85-1.64
Solvents 4 33 1.29 0.94-1.70 16 1.28 0.83-1.82 17 135 0.85-1.98
Spent baths 14 195 1.01 0.85-1.18 112 1.12 0.92-1.35 83 0.86 0.68-1.06
Physico/chemical treatment 8 1573 133 0.74-2.08 840 0.97 0.37-1.87 733 1.95 0.90-3.39
Industrial waste 13 354 1.01 0.84-1.21 188 1.04 0.83-1.28 166 0.99 0.77-1.24
Wastes not otherwise specified 11 22 1.03 0.30-2.25 12 1.40 0.33-3.34 10 0.79 0.06-2.77
Multiple pollutant categories 82 1833 1.13 1.04-1.23 1021 1.14 1.02-1.26 812 1.12 0.99-1.26

Observed deaths.

95% credible interval.
Sum of the 33 types of cancer analyzed.
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(RRs=15.64 and 2.43, respectively); bladder and thyroid cancer in men
and leukemias in women in the vicinity of scrap metal + ELV recycling in-
stallations (RRs=1.16, 1.97 and 1.23, respectively); brain cancer in
women living near other waste treatment installations (RR =3.29); and
cancers of the pleura in men, vulva and vagina in women, and connec-
tive tissue in the total population (RRs =4.85, 1.85 and 1.48, respective-
ly), in the environs of oil and oily waste treatment installations. If we
analyze the results on stratifying risk by category of industrial activity,
the following associations were found between malignant tumors and
residential proximity to certain types of installations: a) “Incinerators”,
and tumors of the lung, pleura and gallbladder (men) and stomach
(women); b) “Installations for the recycling of scrap metal and ELVs”,
and cancer of the kidney (men and women), tumors of the stomach,
bladder and thyroid (men) and leukemia (women); c) “Installations
for the treatment of used oil and oily waste”, and cancer of the connec-
tive tissue (total population), tumors of the stomach, pleura and skin
(men), and of vulva and vagina (women); d) “Packaging recycling in-
stallations”, and tumors of the stomach, colon-rectum and brain
(men); e) “Installations for the recovery of used solvents”, and skin can-
cer (men); f) “Installations for the regeneration of spent baths”, and
cancer of the stomach (total population), colorectal cancer (men), and
tumors of the liver and ovary (women); g) “Installations for physico/

Number of towns situated at <5 km from incinerators and hazardous waste treatment installations as a whole.

RRs adjusted for population size, percentage illiteracy, farmers and unemployed persons, average persons per household, and mean income.

chemical treatment of wastes”, and cancer of the kidney (men);
h) “Industrial waste treatment installations”, and tumors of the stom-
ach, vulva and vagina (women); and, i) “Installations for the treatment
of wastes not otherwise specified”, and cancer of the brain (women). In
addition, towns situated near several installations of “Multiple pollutant
categories” displayed significant results for malignant tumors of the
stomach and pleura (men and women), colon-rectum, liver, gallblad-
der, lung and leukemia (men), and ovary (women).

Table 3 shows the RRs in the vicinity of specific incinerators and haz-
ardous waste treatment facilities which registered statistically signifi-
cant excess risks in the “near vs. far” analysis and a number of
observed deaths > 15. There are a total of 3 incinerators, 15 installations
for the recycling of scrap metal and ELVs, 6 installations for the treat-
ment of used oil and oily waste, 3 packaging recycling installations, 2 in-
stallations for the recovery of used solvents, 3 installations for the
regeneration of spent baths, 3 installations for physico/chemical treat-
ments of wastes, 4 industrial waste treatment installations, and 6 instal-
lations for the treatment of wastes not otherwise specified, with
significant results. Many of the installations displayed considerably
high RRs for more than one tumor simultaneously, and this was espe-
cially true for installations ‘372’, ‘4699’ and ‘5692’ (“Scrap metal +
ELVs”), 3710° (“Industrial waste”), and ‘6053’ (“Wastes not otherwise
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specified”), with statistically significant results for 6 tumors, and instal-
lations 3055’ and ‘7476’ (“Scrap metal + ELVs”), ‘3713’ (“Spent baths”),
‘3110’ (“Physico/chemical treatment”), ‘3711’ (“Industrial waste”), and
‘7478 (“Wastes not otherwise specified”), with statistically significant
results for 5 tumors. It is also noteworthy to note that there are 11 facil-
ities with significant excess risk for all cancers combined: installations
‘372’ (RR=1.28 in women), ‘3055’ (RR=1.10 in the total population),
‘5692' (RR=1.30 in women), ‘6051" (RR=1.21 in women), ‘3050’
(RR=1.19 in women), ‘3110° (RR=1.30 in women), and ‘7478’
(RR=1.101in the total population), located in the province of Barcelona;
installations ‘4699' (RR=1.13 in men), ‘5910° (RR=1.27 in men),
‘3710’ (RR=1.13 in men), and 3711’ (RR=1.33 in men), located in
the province of Vizcaya); and, installation ‘5493’ (RR=1.20 in men),
located in the province of Granada.

4. Discussion

This study is one of the first to use IPPC- and E-PRTR-registered in-
dustrial data to explore the effects of industrial waste-treatment on can-
cer mortality in neighboring towns. In general, our results suggest that
there is a moderate increased risk of dying of all cancers combined,
higher among men than among women, in the vicinity of Spanish incin-
erators and hazardous waste treatment plants as a whole. Stratifying
the risk by industrial activity, high statistically significant excess risks
were detected in towns lying near “Incinerators” (total population), “In-
stallations for the recycling of scrap metal and ELVs”, “Installations for
the regeneration of spent baths” (men), and various installations of
“Multiple pollutant categories” (men and women).

On analyzing cancers individually, significant excess risks were ob-
served for malignant tumors of the stomach, liver, pleura and kidney
(men and women), colon-rectum, lung, bladder, gallbladder and leuke-
mia (men), and brain and ovary (women). Furthermore, on stratifying
risk by category of industrial activity, the following associations were
found between other malignant tumors and residential proximity to cer-
tain types of installations: “Installations for the recycling of scrap metal
and ELVs”, and tumors of the stomach and thyroid (men); “Installations
for the treatment of used oil and oily waste”, and cancer of the connec-
tive tissue (total population), tumors of the skin (men), and of the vulva
and vagina (women); “Installations for the recovery of used solvents”,
and skin tumor (men); and, “Industrial waste treatment installations”,
and tumor of the vulva and vagina (women).

The fact that statistically significant results, with RRs >1.10,
appeared mainly for tumors of both the digestive and respiratory sys-
tem (in total population), leads us to suspect two possible routes of
exposure to the pollution released by these installations, namely: di-
rect exposure to pollutants released to air; and indirect exposure,
both to pollutants and liquid effluents which are released to water
and can then pass into the soil and aquifers, and pollutants which
are released to air and then settle on plants. In such cases, the toxins
may pass into the trophic chain, affecting the population.

The hypothesis that some excess cancer mortality may be due to
population exposure to industrial pollution is reinforced by recent stud-
ies that have reported associations between residential proximity to
certain types of industrial installations and certain malignant tumors
(Garcia-Perez et al., 2010, 2012; Lopez-Abente et al., 2012; Musti et
al., 2009; Tsai et al, 2009). As regards incinerators and hazardous
waste treatment plants, studies have almost exclusively focused on
the environs of incinerators, where associations have been found with
some tumors, such as NHL (Floret et al., 2003; Viel et al., 2011), soft tis-
sue sarcomas (Comba et al., 2003), and childhood tumors (Knox, 2000).

Ecologic studies, such as that reported here, are proposing new
hypotheses and lines of research with respect to population exposure
to industrial pollution. In this regard, one of the principal strengths of
our study resides in the completeness of its exploratory analysis,
which consisted of an in-depth examination of mortality due to 33
types of cancer with reference to different categories of industrial

activity. Another strength was its use of different methodological ap-
proaches to perform the statistical analysis: one, based on a hierarchi-
cal spatial model at a municipal level, with inclusion of explanatory
variables (BYM model), in which the use of spatial terms in the
model, not only meant that it was less susceptible to the presence
of the ecological fallacy (Clayton et al., 1993), but also ensured that
the geographic heterogeneity of the distribution of mortality was
taken into account; and the other, based on a Poisson mixed regres-
sion model, was justified by its ease of adjustment and shorter com-
putation times. Although the results in the two models used are not
very different in general, the presence of spatial autocorrelation in
some of the tumors studied renders the use of spatial models advis-
able. Moreover, the method of estimation afforded by INLA, as an al-
ternative to Markov chain Monte Carlo methods, amounts to a
qualitative leap in the use of hierarchical models with explanatory
variables (Rue et al., 2009). A consideration to bear in mind is that
mixed models seem to be more sensitive to detect potential statistical
associations than spatial models, which are more restrictive. An ex-
ample of the above mentioned can be seen in our results on NHL in
males, where the mixed model provided statistically significant re-
sults (RR=1.12, 95%CI=1.03-1.22) whereas the model BYM did
not show a statistically significant association (RR=1.07, 95%Crl=
0.97-1.19).

Further advantages of the study are: its high statistical power,
thanks to the inclusion of a great number of reported deaths, a factor
that enables it to identify excess mortality of a lower magnitude, in
line with the expected effects of environmental exposures; analysis
of risk in the vicinity of industrial activities such as ELV-disposal or
scrap-metal recycling plants, which had never before been studied
as a whole, as well as detailed individual analyses of the respective in-
stallations; elimination for study purposes of those installations that
had come into operation most recently, and whose possible influence
on tumor development is debatable if the minimum latency periods
of the tumors analyzed are taken into account; and inclusion of
towns lying close to industries other than incinerators and hazardous
waste treatment installations, as the “intermediate category” in the
analyses, something that avoids the confounding effect of such indus-
tries (which release toxic substances that could be related to the tu-
mors under study) and allows for the establishment of a “clean”
reference group made up of towns having no industry in their
vicinity.

Aside from the limitations inherent to all ecologic studies, in our
case mention should also be made of the following: the inclusion of
many variables in the models that could make the analyses very sus-
ceptible to type I error; the non-inclusion of possible confounding
factors that might be associated with distance (though adjustment
for socioeconomic variables goes some way to mitigating this lack of
information, since many life-style-related risk factors, such as
smoking, alcohol consumption, type of diet or infectious agents,
show a distribution correlated with socioeconomic status (Prattala
et al., 2009; Woitas-Slubowska et al., 2010)); the use of distance
from town of residence to industrial centers as a “proxy” of popula-
tion exposure to industrial pollution, based on the assumption of an
isotropic model, since real exposure may depend on prevailing wind
patterns or geographical landforms (though this would limit the ca-
pacity for detecting positive results, without invalidating the associa-
tions found); and the use of mortality rather than incidence data, due
to the absence of a national population-based incidence register
(though in Spain, tumors with lower survival rates are well repre-
sented by death certificates (Perez-Gomez et al., 2006)).

A critical decision when designing the study was the choice of cat-
egories of industrial activity for stratifying risk in the analyses. In this
respect, we chose to construct the categories according to the charac-
teristics of the waste applicable and type of treatment used (Agéncia
de Residus de Catalunya, 2012; Special Territorial Plan of Waste
Management (PTEOR), 2012). Furthermore, landfills, composting
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Table 3
Relative risk of dying from cancers with significant results and a number of observed deaths >15 in towns situated at a distance of less than 5 km from specific incinerators and
hazardous waste treatment installations, estimated using BYM models. Significant results are in bold.

Industrial activity? PRTR Code T° Obs® BYM model Industrial activity? PRTR code T° Obs® BYM model
RRY  95% Crl° RRY  95% Crl°
All cancers’ Pancreatic cancer
2 372 Total 4 949 1.11 1.01-1.23 2 5680 Total 5 24 194 1.11-3.09
Men 4 591 1.03 091-1.17 Men 5 12 135 0.61-247
Women 4 358 1.28 1.10-148 Women 5 12 315 1.38-5.95
2 3055 Total 5 1370 110 1.00-1.20 2 5691 Total 3 27 208 127-3.14
Men 5 916 1.10 0.98-1.22 Men 3 15 206 1.07-347
Women 5 454 1.09 0.95-1.25 Women 3 12 216 1.02-3.84
2 4699 Total 6 4803 1.10 0.99-1.21 2 7476 Total 2 137 136 0.90-1.95
Men 6 3184 113 1.00-1.27 Men 2 71 109 0.62-1.77
Women 6 1619 1.04 091-1.19 Women 2 66 1.86 1.04-3.06
2 5692 Total 3 864 1.09 0.98-1.21 7 3110 Total 3 32 127 077-194
Men 3 531 099 0.87-1.13 Men 3 23 186 1.05-3.00
Women 3 333 130 1.11-1.51 Women 3 9 076 031-145
2 6051 Total 3 2441 111 1.00-1.23 8 65 Total 2 388 1.67 1.01-2.60
Men 3 1612 1.06 0.94-1.20 Men 2 202 2.08 1.08-3.66
Women 3 829 1.21 1.04-1.39 Women 2 186 130 0.61-241
3 5493 Total 3 561 1.18 1.00-1.38 8 6749 Total 9 299 130 0.85-1.90
Men 3 350 1.20 1.00-1.42 Men 9 153 179 1.03-2.89
Women 3 211 111 0.90-1.36 Women 9 146 0.93 0.49-1.58
3 5910 Total 3 472 125 1.08-1.43 9 6053 Total 2 137 136 0.90-1.95
Men 3 309 127 1.07-1.51 Men 2 71 110 0.62-1.78
Women 3 163 1.21 0.97-1.47 Women 2 66 184 1.03-3.05
4 3050 Total 3 1308 112 1.01-1.24
Men 3 847 1.08 0.95-1.23 Peritoneal cancer
Women 3 461 119 1.02-1.38 6 3713 Total 6 42 200 0.59-5.00
7 3110 Total 3 654 1.09 0.97-1.22 Men 6 19 9.04 4.80-32.66
Men 3 398 099 0.86-1.14 Women 6 23 093 0.22-2.80
Women 3 256 130 1.09-1.52
8 3710 Total 6 4803 1.10 0.99-1.21 Laryngeal cancer
Men 6 3184 113 1.00-1.27 2 372 Total 4 21 191 1.02-3.21
Women 6 1619 1.04 091-1.19 Men 4 21 211 1.12-3.58
8 3711 Total 4 713 1.26 1.11-1.42 Women 4 0 0 0-inf
Men 4 478 133 1.14-1.54 2 3055 Total 5 31 1.88 1.09-3.01
Women 4 235 113  0.93-1.35 Men 5 30 199 1.13-3.23
9 7478 Total 5 1370 110 1.00-1.20 Women 5 1 149 0.13-5.00
Men 5 916 1.10 0.98-1.22 2 5692 Total 3 20 196 1.03-3.32
Women 5 454 1.09 0.95-1.25 Men 3 20 217 1.13-3.70
Women 3 0 0 0-inf
Esophageal cancer 9 7478 Total 5 31 1.88 1.09-3.01
2 3055 Total 5 45 1.59 1.00-2.38 Men 5 30 199 1.13-3.23
Men 5 44 174 1.08-2.64 Women 5 1 149 0.13-5.00
Women 5 1 047 0.05-1.51
9 7478 Total 5 45 159 1.00-2.38 Lung cancer
Men 5 44 174 1.08-2.64 2 4699 Total 6 990 120 0.96-1.48
Women 5 1 047 0.05-1.51 Men 6 893 130 1.02-1.64
Women 6 97 077 047-1.19
Stomach cancer 2 7476 Total 2 566 139 1.05-1.81
2 6049 Total 5 49 1.63 0.96-2.58 Men 2 511 143 1.07-1.90
Men 5 27 135 0.73-2.29 Women 2 55 1.04 0.55-1.84
Women 5 22 226 1.00-4.29 3 5493 Total 3 135 139 1.04-1.81
3 5493 Total 3 36 1.31 0.82-1.94 Men 3 120 133 0.98-1.76
Men 3 25 173 1.02-2.68 Women 3 15 227 1.06-4.14
Women 3 11 082 0.36-1.51 3 7412 Total 1 819 131 0.97-1.71
6 4719 Total 8 43 1.72 1.03-2.69 Men 1 743 140 1.02-1.87
Men 8 31 160 0.87-2.70 Women 1 76 0.81 0.43-1.38
Women 8 12 198 0.77-4.07 5 1678 Total 2 164 124 0.98-1.56
6 4833 Total 2 94 159 1.05-2.32 Men 2 143 129 1.00-1.63
Men 2 44 127 0.73-2.05 Women 2 21 089 0.50-1.46
Women 2 50 226 1.24-3.78 8 3710 Total 6 990 120 0.96-1.48
Men 6 893 130 1.02-1.64
Colorectal cancer Women 6 97 0.77 047-1.19
2 372 Total 4 134 125 0.98-1.58 8 3711 Total 4 141 1.38 1.02-1.82
Men 4 71 114 0.82-1.52 Men 4 126 145 1.06-1.95
Women 4 63 141 1.00-1.92 Women 4 15 1.09 0.51-2.00
2 4699 Total 6 605 1.19 0.95-1.47 9 6053 Total 2 566 137 1.05-1.79
Men 6 380 135 1.02-1.74 Men 2 511 142 1.07-1.88
Women 6 225 1.00 0.72-1.37 Women 2 55 1.04 0.55-1.84
2 7476 Total 2 433 135 1.04-1.72
Men 2 247 148 1.09-1.96 Pleural cancer
Women 2 186 123  0.81-1.75 2 4699 Total 6 30 475 0.74-13.97
6 3713 Total 6 1976 1.19 0.96-1.46 Men 6 25 433 4.56-13.64
Men 6 1182 134 1.03-1.72 Women 6 5 inf 0-inf
Women 6 794 1.03 0.74-1.38 6 3713 Total 6 61 282 0.73-9.02
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Table 3 (continued)

Industrial activity® PRTR Code T° Obs® BYM model Industrial activity® PRTR code T° Obs® BYM model
RRY  95% Crl° RRY  95% Crl°
Colorectal cancer Pleural cancer
7 3110 Total 3 87 1.14 0.86-1.49 Men 6 50 244 3.64-7.75
Men 3 41 092 0.62-1.31 Women 6 11 inf 0-inf
Women 3 46 149 1.01-2.09 8 65 Total 2 27 873 1.32-35.97
8 3710 Total 6 605 1.19 0.95-1.47 Men 2 19 1223 141-4146
Men 6 380 135 1.02-1.74 Women 2 8 NE® NE®
Women 6 225 1.00 0.72-1.37 8 3710 Total 6 30 475 0.74-13.97
9 6053 Total 2 433 135 1.04-1.71 Men 6 25 433 457-13.64
Men 2 247 147 1.08-1.95 Women 6 5 inf 0-inf
Women 2 186 123 0.81-1.75 8 6749 Total 9 25 344 0.86-9.74
Men 9 10 124 0.26-4.47
Liver cancer Women 9 15 18.61 3.58-79.24
2 7476 Total 2 99 240 1.40-3.87
Men 2 73 259 142-436 Bone cancer
Women 2 26 229 0.75-5.34 1 467 Total 3 29 289 1.04-6.64
3 1612 Total 1 176 225 1.23-3.77 Men 3 23 1240 11.67-47.49
Men 1 102 191 0.92-3.56 Women 3 6 0.88 0.14-2.63
Women 1 74 379 1.32-843 1 4857 Total 3 29 289 1.05-6.64
6 4833 Total 2 58 251 0.98-5.29 Men 3 23 1229 17.17-46.76
Men 2 34 212  0.69-4.96 Women 3 6 0.88 0.14-2.63
Women 2 24 3.65 1.08-9.53 6 3713 Total 6 28 231 0.02-7.79
9 6053 Total 2 99 236 1.37-3.79 Men 6 20 318 261-11.22
Men 2 73 256 1.40-4.30 Women 6 8 1449 1.79-73.89
Women 2 26 217 0.71-5.08 8 65 Total 2 26 690 1.65-2249
Men 2 15 326 040-13.19
Women 2 11 NE® NE®
Connective and soft tissue Ill-defined tumors
3 6789 Total 2 34 255 0.62-7.25 2 5664 Total 2 36 174 1.15-249
Men 2 19 941 3.10-3545 Men 2 28 247 151-374
Women 2 15 090 0.02-3.65 Women 2 8 0.88 0.36-1.67
8 6749 Total 9 36 228 0.52-6.03 2 5682 Total 6 168 136 1.00-1.81
Men 9 19 6.65 4.82-2345 Men 6 94 128 0.86-1.83
Women 9 17 093 0.11-3.55 Women 6 74 153 0.97-2.28
6 4833 Total 2 115 141 0.82-2.22
Melanoma Men 2 70 216 1.17-3.64
2 5063 Total 1 16 19.55 10.16-79.17 Women 2 45 0.88 0.43-1.62
Men 1 10 NE® NE®
Women 1 6 NE® NE® Non-Hodgkin's lymphoma
6 3713 Total 6 114 180 0.82-3.46 1 467 Total 3 215 149 1.02-2.12
Men 6 56 1.54 0.55-3.49 Men 3 113 163 0.95-2.64
Women 6 58 258 1.18-6.89 Women 3 102 145 0.85-2.35
1 4857 Total 3 215 149 1.02-2.12
Skin cancer Men 3 113 164 0.96-2.67
3 7412 Total 1 39 639 1.35-17.89 Women 3 102 144 0.84-2.33
Men 1 29 17.38 2.92-52.97 2 5692 Total 3 30 1.67 1.00-2.59
Women 1 10 3.04 035-10.62 Men 3 18 1.86 0.93-3.26
Women 3 12 152 0.68-2.85
Vulvar and vaginal cancer 2 6051 Total 3 8 160 1.03-2.39
3 7412 Women 1 21 6.66 1.06-23.49 Men 3 49 215 1.15-3.75
Women 3 33 123 0.65-2.14
Uterine cancer 3 5910 Total 3 15 222 1.04-404
4 5557 Women 1 27 212 1.00-3.94 Men 3 9 396 1.45-8.36
8 3711 Women 4 15 2.27 1.05-4.17 Women 3 6 126 0.36-2.94
8 3711 Total 4 21 201 1.02-350
Ovarian cancer Men 4 12 340 1.36-691
1 2438 Women 2 51 195 1.09-3.29 Women 4 9 122 0.42-2.66
2 5685 Women 4 17 272 1.38-4.70
2 7328 Women 3 15 2.68 1.39-448 Myeloma
3 445 Women 8 156 149 1.03-2.09 2 372 Total 4 21 208 1.11-349
4 3050 Women 3 28 1.82 1.04-2.94 Men 4 10 170 0.68-3.42
4 5557 Women 1 36 245 1.24-4.31 Women 4 11 272 1.09-5.53
5 2999 Women 3 16 258 1.29-4.52 2 3055 Total 5 31 191 1.11-3.04
7 3110 Women 3 17 198 1.02-3.39 Men 5 20 225 1.09-4.09
7 3452 Women 4 57 239 1.39-3.84 Women 5 11 156 0.64-3.09
9 6431 Women 7 151 146 1.00-2.06 2 5692 Total 3 21 228 1.21-384
Men 3 10 187 0.74-3.75
Prostate cancer Women 3 11 298 1.19-6.08
3 5493 Men 3 43 1.66 1.10-2.38 6 3713 Total 6 227 1.69 1.02-2.65
Men 6 115 262 1.25-492
Bladder cancer Women 6 112 1.21 0.60-2.20
2 5680 Total 5 24 239 1.34-3.86 7 3110 Total 3 16 237 1.18-4.18
Men 5 21 2.68 1.45-445 Men 3 7 187 0.64-4.05
Women 5 3 136 0.24-3.76 Women 3 9 319 1.18-6.76
2 7476 Total 2 116 148 093-2.19 7 3452 Total 4 54 193 1.10-3.22

(continued on next page)
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Table 3 (continued)

Industrial activity? PRTR Code T° Obs® BYM model Industrial activity® PRTR code T® Obs® BYM model
RR?Y  95% CrI° RR?  95% Crl°
Bladder cancer Myeloma
Men 2 97 1.68 1.03-2.56 Men 4 23 173 0.78-334
Women 2 19 085 0.33-1.81 Women 4 31 224 1.05-4.32
9 6053 Total 2 116 147 0.92-2.19 9 7478 Total 5 31 191 111-3.04
Men 2 97 1.67 1.01-2.55 Men 5 20 225 1.09-4.09
Women 2 19 086 0.33-1.81 Women 5 11 156  0.64-3.09
Brain cancer Leukemia
1 2438 Total 2 69 1.14 0.70-1.79 2 372 Total 4 42 159 1.03-2.30
Men 2 27 0.78 0.37-1.66 Men 4 22 127 0.72-2.05
Women 2 42 205 1.01-3.72 Women 4 20 228 1.16-3.98
2 372 Total 4 30 149 0.89-2.31 2 3055 Total 5 59 158 1.08-223
Men 4 13 099 047-1.78 Men 5 36 156 096-2.38
Women 4 17 259 1.17-4.92 Women 5 23 1.69 0.90-2.87
2 4699 Total 6 111 142 0.92-2.10 2 3594 Total 10 50 1.63 1.06-240
Men 6 59 190 1.04-3.20 Men 10 28 170 0.96-2.79
Women 6 52 1.12  0.59-1.90 Women 10 22 1.65 0.84-2.88
2 5692 Total 3 27 143 0.84-2.25 2 4699 Total 6 136 124 0.82-1.80
Men 3 12 098 045-1.78 Men 6 77 096 0.58-1.51
Women 3 15 250 1.09-4.86 Women 6 59 197 1.01-3.49
3 5910 Total 3 16 225 1.11-3.95 2 5680 Total 5 16 231 1.18-395
Men 3 8 263 0.94-552 Men 5 10 283 1.16-551
Women 3 8 205 0.73-436 Women 5 6 192 0.63-4.13
4 3050 Total 3 46 1.60 1.02-2.40 2 5692 Total 3 39 160 1.03-235
Men 3 25 136 0.76-2.24 Men 3 20 126 0.69-2.05
Women 3 21 214 1.03-3.92 Women 3 19 237 1.19-4.18
7 2088 Total 3 37 191 1.02-3.24 2 6051 Total 3 81 128 0.85-1.86
Men 3 22 197 0.84-3.86 Men 3 43 1.01 0.60-1.60
Women 3 15 1.88 0.68-4.12 Women 3 38 2.02 1.02-3.67
8 3710 Total 6 111 142 0.92-2.10 3 6789 Total 2 147 211 1.13-3.65
Men 6 59 190 1.04-3.20 Men 2 8 287 1.25-5.82
Women 6 52 112 0.59-1.90 Women 2 62 157 0.63-3.27
8 3711 Total 4 25 242 1.31-4.03 4 3120 Total 5 49 160 1.07-229
Men 4 14 342 147-6.66 Men 5 25 125 072-197
Women 4 11 178 0.70-3.60 Women 5 24 237 1.26-4.05
9 2089 Total 3 43 192 1.03-3.28 8 3710 Total 6 136 124 0.82-1.80
Men 3 22 152 0.62-3.07 Men 6 77 096 0.58-1.51
Women 3 21 247  0.94-531 Women 6 59 197 1.01-349
9 7403 Total 3 43 192 1.03-3.28 9 5703 Total 5 49 160 1.07-229
Men 3 22 152 0.62-3.07 Men 5 25 125 072-197
Women 3 21 247 0.94-531 Women 5 24 237 1.26-4.05
9 6053 Total 2 109 1.65 1.00-251
Thyroid cancer Men 2 57 169 0.89-2.88
1 467 Total 3 21 111 0.38-2.59 Women 2 52 1.78 0.97-3.00
Men 3 6 066 0.13-2.18 9 7478 Total 5 59 158 1.08-223
Women 3 15 205 1.52-6.14 Men 5 36 156 096-2.38
1 4857 Total 3 21 110 0.38-2.57 Women 5 23 1.69 0.90-2.87
Men 3 6 065 0.14-2.14
Women 3 15 204 149-6.13

¢ 1 = incineration. 2 = scrap metal + ELVs. 3 = oil + oily waste. 4 = packaging. 5 = solvents. 6 = spent baths. 7 = physico/chemical treatment. 8 = industrial waste. 9 = wastes

not otherwise specified.

> Number of towns situated at <5 km from specific incinerators and hazardous waste treatment installations.

¢ Observed deaths.

4 RRs adjusted for population size, percentage illiteracy, farmers and unemployed persons, average persons per household, and mean income.

€ 95% credible interval.
' Sum of the 33 types of cancer analyzed.
& Not estimated: risk could not be estimated using INLA.

plants, and waste water treatment facilities were not included in our
study, since they do not come under IPPC categories 5.1 and 5.2.
Another aspect to consider is that poor communities are forced to
live in polluted areas, near waste and industrial sites (Parodi et al.,
2005), so it is particularly important to emphasize that the results
and conclusions are not simply a reflection of socioeconomic status.

4.1. Incinerators

Incineration is a thermal treatment that generates recognized and
suspected carcinogens such as dioxins, arsenic, chromium, benzene,
PAHs, cadmium, lead, tetrachloroethylene, hexachlorobenzene, nick-
el, and naphthalene (European Commission, 2006).

Epidemiologic studies addressing increases in cancer in towns
lying in the vicinity of incinerators have provided limited evidence
(Porta et al., 2009): the results of a study on incidence of cancer in
the environs of 72 incinerators in the United Kingdom (Elliott et al.,
1996) which showed statistically significant increases in certain can-
cers, were critically reviewed (Elliott et al., 2000) and, according to
the authors, these results could be affected by different biases,
which would in turn mean that the observed effects would not be at-
tributable to incinerator emissions. Nevertheless, studies undertaken
in other countries have reported excess risks for hematologic tumors,
lung cancer, and some cancers of the digestive system (Biggeri et al.,
1996; Comba et al., 2003; Floret et al., 2003; Knox, 2000; Ranzi et al.,
2011; Viel et al., 2011).
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The results reported in our study show excess risks for all cancers
combined and for lung cancer, and in particular, marked increases
in risk of tumors of the pleura and gallbladder (men) and stomach
(women). Individualized analyses of the installations revealed statistically
significant RRs in NHL in the vicinity of installations ‘467’ and ‘4857’
situated in the same town, as well as high excess risks of tumors of
the ovary and brain in women in the environs of incinerator ‘2438".

4.2. Installations for the recycling of scrap metal and scrapping of motor
vehicles

One of the most surprising results of our study is the excess risk
detected - statistically significant in all cancers combined, malignant
tumors of the stomach, bladder, and thyroid (in men), renal cancer
(in men and women), and leukemia (in women), and very close to
statistical significance in malignant tumors of the colon-rectum and
lung (in men), pleural cancer (in women), and Hodgkin's lymphoma
(in the total population) - in the vicinity of installations engaged in
the recycling of scrap metal and the scrapping/decontamination of
ELVs. The reason for pooling these activities into one category for
analysis purposes was because, until relatively recently, these types
of waste came within the scope of the Spanish scrap metal sector
(Mufioz et al., 2011). In Europe, ELVs have been defined as hazardous
waste since 2002, due to the toxic composition of their constituent
materials, i.e., used oils, brake liquid, oil filters, absorbent materials,
batteries, and fuel. The treatment applied by these types of installa-
tions (Joung et al., 2007; Nourreddine, 2007; Santini et al., 2012) gen-
erates recognized and suspected carcinogens, such as dioxins, furans,
dioxin-like PCBs, lead, chromium, PAHs, cadmium or nickel, and other
hazardous substances, such as shredder dusts.

To the best of our knowledge, no epidemiologic studies have been
conducted on populations living near these types of installations. In-
sofar as occupational exposure is concerned, some studies have
reported associations between organic dust exposure and gastroin-
testinal (e.g., stomach) and respiratory problems among workers at
material recovery and recycling facilities (Gladding et al., 2003;
Ivens et al., 1997). The point should be made, however, that there
are studies which have assessed exposure to ionizing radiation and
radioactive materials among scrap metal-processing and -recycling
workers (Lubenau and Yusko, 1998; Vearrier et al, 2009); these
agents are recognized carcinogens for leukemia and thyroid cancer
and could be related with significant excess risk of these tumors
detected in the proximity of these installations by our study.

4.3. Installations for treatment of used oils and oily waste

These installations include the treatment (cleaning, re-refining,
thermal fractionation, gasification and distillation) of all types of
used oils and oily waste, and decontamination of equipment contam-
inated by PCBs, a group of organochlorine substances defined as oil
waste by the European Waste Catalogue and Hazardous Waste List
(Environmental Protection Agency, 2002). Among the substances re-
leased by these installations are recognized and suspected carcino-
gens, such as dioxins, arsenic, PAHs, benzene, chromium, nickel,
lead, naphthalene or tetrachloroethylene.

To our knowledge, there are no epidemiologic or occupational
studies of populations living near these types of installations. In this
respect, therefore, our study is a pioneer in terms of analyzing the
risk of dying due to cancer in the environs of such pollution sources
and, indeed, detecting high excess risks for malignant tumors of
the connective tissue (total population), pleura, skin, and stomach
(men), and vulva and vagina (women). Some of these installations
carry out oil re-refining, an activity which may involve significant
levels of polycyclic aromatic compounds and PCBs derived from
comingling used cutting oils with used engine and transformer oils
(Hewstone, 1994). Long-term exposure to certain cutting fluids and

mineral oils is known to be associated with an increase in certain
occupational cancers, such as those of stomach and skin (DHHS
(NIOSH), 1998; Mackerer, 1989). This could account for the excess
risks observed in these tumors, given that they were only found in
men, and would suggest a possible occupational exposure, assuming
that workers' residence was homogenously distributed.

4.4, Installations for the regeneration of spent baths

In metal-scaling operations (i.e., immersion of metals, such as
stainless steel, in acid baths to eliminate the layer of oxides formed
on their surface after thermal treatments), a large quantity of efflu-
ents is discharged from spent baths in Europe every year (Frias and
Perez, 1998). These effluents represent a serious environmental prob-
lem, as they are a type of waste that contains nitrates, fluorides, acids,
and heavy metals (Singhal et al., 2006; Vijay and Sihorwala, 2003). In
addition, treatment of such wastes gives rise to exposure to radioac-
tive materials among workers at these plants (Donzella et al., 2007).
Our study observed a statistically significant increase in the overall
risk of dying from all cancers (men) in the vicinity of these installa-
tions, and particularly so in the case of malignant tumors of the stom-
ach (total population), colon-rectum (men), liver (women) and
ovary, and close to statistical significance in tumors of the lung and
pleura (men).

5. Conclusion

Our results support the hypothesis of a statistically significant
higher risk, among men and women alike, of dying from all cancers
in towns situated near incinerators and hazardous waste treatment
plants, and specifically, a higher excess risk in respect of tumors of
the stomach, liver, pleura, kidney, and ovary. Furthermore, this is one
of the first studies to analyze the risk of dying of cancer related with
specific industrial activities in this sector at a national level, and to
highlight the excess risk observed in the vicinity of incinerators and in-
stallations for the recycling of scrap metal and scrapping of ELVs, re-
generation of spent baths, and treatment of oil and oily waste.
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h)

Table 1, showing the list of tumors analyzed and their codes as per the International
Classification of Diseases-9™ Revision (ICD-9) and 10™ Revision (ICD-10).

Table 2, showing a description of industrial facilities analyzed in the paper, including the following
information: PRTR code; category of industrial activity; industrial sub-activity; province and
municipality where the respective facilities are located; and pollutants released in the last decade
to both air and water.

Table 3, showing the types of substances and amounts released to air by Spanish—based
incinerators and hazardous waste treatment installations (IPPC, 2007).

Table 4, showing the types of substances and amounts released to water by Spanish—based
incinerators and hazardous waste treatment installations (IPPC, 2007).

Table 5, showing observed and expected cases, and the relative risk of dying from leukemia and
brain cancer among the under-15 and under-25 age groups in towns situated at a distance of 5
km or less from incinerators and hazardous waste treatment installations, estimated using BYM
models.

Table 6, showing observed and expected cases, and the relative risk of dying from cancer in
towns situated at a distance of 5 km or less from incinerators and hazardous waste treatment
installations as a whole, estimated using Poisson mixed regression and BYM models.

Table 7, showing Moran’s | statistics and p-values for spatial autocorrelation analyses, by tumor
type.

Figure 1, showing graphs plotting deviance residuals against the distance to the nearest

incinerator or hazardous waste treatment installation.



Supplementary data, Table 1.

Tumor ICD-9 ICD-10
Malignant neoplasm of lip, oral cavity, and pharynx 140-149 Co00, C14
Malignant neoplasm of esophagus 150 C15
Malignant neoplasm of stomach 151 C16
Malignant neoplasm of small intestine, including duodenum 152 C17
Malignant neoplasm of colon, rectum, rectosigmoid junction, and anus 153-154, 159.0 C18-C21
Malignant neoplasm of liver, primary 155.0 C22.0
Malignant neoplasm of gallbladder and extrahepatic bile ducts 156 C23-C24
Malignant neoplasm of pancreas 157 C25
Malignant neoplasm of retroperitoneum and peritoneum 158 C45.1-C48
Malignant neoplasm of nasal cavities, middle ear, and accessory 160 C30-C31
Malignant neoplasm of larynx 161 C32
Malignant neoplasm of trachea, bronchus, and lung 162 C33-C34
Malignant neoplasm of pleura 163 C38.4, C45.0
Malignant neoplasm of bone and articular cartilage 170 C40-C41
Malignant neoplasm of connective and other soft tissue 171 C49
Malignant melanoma of skin 172 C43
Other malignant neoplasm of skin 173 C44
Malignant neoplasm of female breast 174 C50
Malignant neoplasm of other and unspecified female genital organs (vulva and vagina) 184 C51, C52
Malignant neoplasm of uterus 179-182 C53-C55
Malignant neoplasm of ovary and other uterine adnexa 183 C56, C57
Malignant neoplasm of prostate 185 c61
Malignant neoplasm of testis 186 C62
Malignant neoplasm of bladder 188 c67
Malignant neoplasm of kidney and other and unspecified urinary organs 189 C64-C66, C68
Malignant neoplasm of brain 191 C71
Malignant neoplasm of other and unspecified parts of nervous system 192 C70, C72
Malignant neoplasm of thyroid gland 193 C73
Malignant neoplasm of other and ill-defined sites, or without specification of site 195-199 C76-C80
Non-Hodgkin lymphoma 200, 202 C82-C85
Hodgkin lymphoma 201 cs1
Multiple myeloma and immunoproliferative neoplasms 203 C90
Leukemia 204-208 C91-C95




Supplementary data, Table 2.

Pollutants released in the last decade®

PRTR | Industrial activity Industrial sub-activity Province Municipality Air Water
code
132 Incineration Incineration of solid urban waste BALEARIC Palma de Ammonia, cadmium, chlorine, copper, NMVOC,? chromium, CO,, fluorine, PAHs,
ISLANDS Mallorca mercury, CO, nickel, SO,, NO,, PM,y, dioxins and furans, lead
467 Incineration Incineration of solid urban waste BARCELONA Sant Adria de CO,, NO,, cadmium, mercury, chlorine
Besos
838 Incineration Incineration of solid urban waste GERONA Gerona Antimony, arsenic, cadmium, total organic carbon, chlorine, cobalt, copper,
chromium, CO,, fluorine, manganese, mercury, CO, nickel, SO,, NO,, PM,, lead,
thallium, vanadium, dioxins and furans
1700 Incineration Incineration of solid urban waste MELILLA Melilla Ammonia, arsenic, benzene, cadmium, hydrogen cyanide, chlorine, copper,
NMVOC,® chromium, CO,, fluorine, mercury, CO, naphthalene, nickel, SO,, NO,,
PM;,, dioxins and furans, lead, zinc, dichloromethane, hexachlorobenzene,
pentachlorobenzene, tetrachloroethylene, trichlorobenzenes, vinyl chloride, PAHs
2438 Incineration Incineration of solid urban waste TARRAGONA Tarragona Ammonia, antimony, arsenic, cadmium, total organic carbon, chlorine, copper, Cadmium, chlorides, copper, chromium, nickel, lead, zinc
chromium, CO,, fluorine, mercury, CO, nickel, SO,, NO,, PM,, dioxins and furans,
lead, thallium, vanadium
2469 Incineration Incineration of special waste TARRAGONA Constanti Antimony, arsenic, cadmium, cobalt, copper, chromium, manganese, mercury, Arsenic, cadmium, copper, chromium, COD,® mercury, nickel, lead, zinc
nickel, dioxins and furans, lead, thallium, vanadium
3094 Incineration Incineration of solid urban waste BARCELONA Mataré Arsenic, antimony, cadmium, chromium, cobalt, copper, CO, CO,, fluorine,
manganese, mercury, NO,, nickel, lead, SO,, chlorine, thallium, vanadium, total
suspended particles, dioxins and furans
3455 Incineration Incineration of solid urban waste MADRID Madrid Cadmium, chlorine, copper, NMVOC,? chromium, CO,, fluorine, methane, CO, SO,,
NO,, PAHS, total suspended particles, dioxins and furans, lead, zinc
4857 Incineration Incineration of solid urban waste BARCELONA Sant Adria de Ammonia, arsenic, cadmium, chlorine, copper, NMVOC,” chromium, CO», fluorine,
Besos mercury, CO, nickel, SO,, NO,, total suspended particles, dioxins and furans, lead
372 Scrap metal+ELVs Recycling of scrap metal BARCELONA Castellbisbal Total suspended particles
899 Scrap metal+ELVs Recycling of scrap metal and metal GERONA Sant Julia del CO, SO,, NO,, PMyy, lead, nitrous oxide Chlorides, lead, phosphorus, nitrogen, COD®
Llor i Bonmati
3055 Scrap metal+ELVs Management and recycling of scrap metal | BARCELONA Molins de Rei Unvalidated releases
from ferrous and non-ferrous products
3594 Scrap metal+ELVs Recycling of ferrous and non-ferrous | VALENCIA Massalfassar Arsenic, benzene, cadmium, copper, NMVOC,? chromium, CO,, mercury, methane, Total organic carbon, copper, chromium, phosphorus, nickel, nitrogen, lead, zinc
products CO, nickel, nitrous oxide, SO,, NO,, PM,, dioxins and furans, PAHSs, lead, zinc
4699 Scrap metal+ELVs Management and recycling of electrical | VIZCAYA Erandio Cadmium, nickel, chromium, lead, copper, zinc, CO, PM;o Arsenic, chlorides, halogenated organic compounds, zinc
and electronic equipment, and complex
scrap metal
4885 Scrap metal+ELVs Management and recycling of ferrous and | GERONA Gerona CO, SO,, NO,, total suspended particles
non-ferrous scrap metal; recycling of ELVs
4899 Scrap metal+ELVs Decontamination and scrapping of ELVs; | BARCELONA Terrassa Phosphorus, PAHSs, nitrogen
recovery or disposal of scrap metal, non-
ferrous metals
4905 Scrap metal+ELVs Scrapping of ELVs BARCELONA Hostalets de COD,* phosphorus, PAHSs, nitrogen
Pierola (Els)
5063 Scrap metal+ELVs Scrapping of ELVs HUELVA Huelva Unvalidated rell
5664 Scrap metal+ELVs Recovery of scrap metal and waste | GERONA Llagostera Unvalidated releases
products
5665 Scrap metal+ELVs Recovery of ferrous and non-ferrous | BARCELONA Granollers Total organic carbon, CO, NO,, total suspended particles ‘ COD,° phosphorus, lead
materials (scrap metal)
5678 Scrap metal+ELVs Scrapping of ELVs BARCELONA Castellar del Unvalidated releases
Valles
5680 Scrap metal+ELVs Scrapping of ELVs; recycling of ferrous | LERIDA Mollerussa ‘ COD,* PAHs, total organic carbon
and non-ferrous products (LLEIDA)
5682 Scrap metal+ELVs Scrapping of ELVs TARRAGONA Reus Unvalidated rell
5685 Scrap metal+ELVs Scrapping of ELVs TARRAGONA Valls Unvalidated rell
5691 Scrap metal+ELVs Recycling, recovery or disposal of ferrous | BARCELONA Sant Fruités de Unvalidated releases
and non-ferrous scrap metal; Bages
decontamination and recycling of ELVs
5692 Scrap metal+ELVs Recovery of non-ferrous metal containing | BARCELONA Sant Andreu de Unvalidated releases
wastes la Barca
5693 Scrap metal+ELVs Decontamination and scrapping of ELVs BARCELONA Sant Fruités de Unvalidated releases
Bages
5695 Scrap metal+ELVs Metal recycling and recovery; recycling and | BARCELONA Sant Sadurni Unvalidated releases
recovery of ELVs; classification of wastes D'Anoia
from electrical and electronic equipment
5704 Scrap metal+ELVs Scrapping of ELVs GERONA Gerona cob°®
6037 Scrap metal+ELVs Recovery of ELVs BARCELONA Mataré Chlorides, COD,° phosphorus, nitrogen
6038 Scrap metal+ELVs Recovery of industrial ELVs BARCELONA Hostalets de COD,° PAHS, phosphorus, nitrogen

Pierola (Els)




Pollutants released in the last decade®

PRTR | Industrial activity Industrial sub-activity Province Municipality Air Water
code
6041 Scrap metal+ELVs Scrapping of ELVs BARCELONA Masies de Chlorides, COD,® PAHs, nitrogen, phosphorus
Voltrega (Les)
6042 Scrap metal+ELVs Decontamination and scrapping of ELVs BARCELONA Polinya Unvalidated rell
6043 Scrap metal+ELVs Recycling of ELVs, scrap metal and waste | BARCELONA Montcada i Unvalidated releases
metal in general Reixac
6049 Scrap metal+ELVs Recycling of scrap metal and waste metal LERIDA Seu D'Urgell (La) Unvalidated releases
(LLEIDA)
6051 Scrap metal+ELVs Decontamination of ELVs BARCELONA Viladecans Unvalidated rell
6584 Scrap metal+ELVs Scrapping of ELVs NAVARRE Berrioplano Unvalidated rell
6936 Scrap metal+ELVs Recycling of scrap metal and waste metal ZARAGOZA Pina de Ebro Unvalidated rell
7328 Scrap metal+ELVs Treatment of scrap metal wastes GUADALAJARA | Chiloeches NO,
7443 Scrap metal+ELVs Scrapping of ELVs GERONA Quart Unvalidated rel
7476 Scrap metal+ELVs Recycling of ELVs; recycling of scrap metal [ LERIDA Lérida Halogenated organic compounds, PAHs, phosphorus, nitrogen
445 Qil + oily waste Treatment of used mineral oils BARCELONA Barbera del Chlorine, PAHs, NMVOC? Phosphorus, nitrogen, chlorides
Valles
772 Qil + oily waste Recovery or disposal and regeneration of | CORUNNA Laracha (A) Arsenic, benzene, cadmium, copper, NMVOC,” chromium, CO,, PAHs, mercury, Total organic carbon
industrial oils (A CORUNA) methane, CO, nickel, nitrous oxide, SO,, NO,, PM,, lead, zinc
1612 Qil + oily waste MARPOL-waste treatment CADIZ Cadiz Total organic carbon Phenols
1879 Qil + oily waste Treatment of used oil and fuel production LA RIOJA Alfaro Total organic carbon, CO, SO,, NO2, PM;o, NMVOC,” methane COD,° PAHs
2029 Qil + oily waste Regeneration of used oil CORUNNA Somozas (As) CO,, CO, SO, Arsenic, cadmium, cyanides, copper, chromium, phenols, mercury, nickel, lead, zinc
2378 Qil + oily waste Treatment of oily waste SEVILLE Lebrija Unvalidated rell
3114 Qil + oily waste Treatment of used oil TARRAGONA Alcover Arsenic, cadmium, chlorine, copper, chromium, fluorine, hexachlorobenzene,
mercury, CO, NO,, PM;, SO,, dioxins and furans, lead, zinc
3119 Qil + oily waste Recovery of vegetable oils TARRAGONA Constanti Unvalidated rell
3457 Qil + oily waste Recovery and treatment of used oil MADRID Paracuellos del NO,, dioxins and furans, zinc
Jarama
3474 Qil + oily waste Treatment of and energy recovery from | VALENCIA Bufiol 1,1,1-trichloroethane, arsenic, cadmium, copper, chromium, benzene, methane, CO, | Chlorides, halogenated organic compounds, mercury, nitrogen, phosphorus, total
used oil CO2, NO,, copper, mercury, nickel, NMVOC,” nitrous oxide, PM;,, lead, dioxins and | organic carbon
furans, PAHs, SO,, chlorine, fluorine, zinc
3504 Qil + oily waste Regeneration of used mineral oils MADRID Fuenlabrada Copper, chromium, CO,, fluorine, CO, SO,, NO,, PM;4, SO, lead, dioxins and COD,* total organic carbon, trichloromethane
furans, total suspended particles, total organic carbon
3508 Qil + oily waste MARPOL-waste treatment, and fuel | VALENCIA Valencia 1,1,1-trichloroethane, arsenic, benzene, cadmium, chlorine, copper, NMVOC,” Arsenic, total organic carbon, chromium, phenols, phosphorus, PAHSs, nitrogen
production chromium, CO,, fluorine, PAHs, mercury, methane, CO, nickel, nitrous oxide, SO,
NO,, PM,q, dioxins and furans, lead, zinc
3556 Qil + oily waste MARPOL-waste treatment, and fuel | CADIZ Algeciras Arsenic, cadmium, chlorine, chromium, CO,, fluorine, PAHs, methane, CO, nickel, Arsenic, cadmium, chromium, copper, nickel, total organic carbon, COD,®
production SO,, NO,, PMy, nitrous oxide, dioxins and furans, lead, total suspended particles phosphorus, nitrogen, lead
3636 Qil + oily waste Treatment of used oil and lubricants ALAVA Vitoria NO,, SO,
3825 Qil + oily waste Decontamination of transformers and | MURCIA Cartagena Benzene, PAHs, NMVOC,” PMy, Cadmium, copper, COD,° dichloromethane, nickel, polychlorinated biphenyls
condensers contaminated by PCBs
3905 Qil + oily waste Decontamination of products contaminated | ASTURIAS Carrefio CO,, CO, SO,, NO,, tetrachloroethylene, trichlorobenzenes COD,® halogenated organic compounds, polychlorinated biphenyls, trichlorobenzenes
by PCBs
4557 Qil + oily waste Treatment of oil and oily waste CANTABRIA Santander CO,, CO, SO,, NO, Total organic carbon, COD®
4740 Qil + oily waste Recovery of used oil VIZCAYA Zamudio NMVOC,” CO,, methane, CO, nitrous oxide, NO,
5311 Qil + oily waste Recycling of used oil and oily products CORUNNA Somozas (As) CO,, CO, SO,, NO,
(A CORUNA)
5493 Qil + oily waste Treatment and recycling of used oil GRANADA Santa Fe Unvalidated rell
5910 Qil + oily waste Treatment of oil and fats VIZCAYA Muskiz Unvalidated rell
6789 Qil + oily waste Treatment of used oil NAVARRE Aranguren Unvalidated rell
7167 Oil + oily waste Treatment of oil and fats ZARAGOZA Puebla de CO, SO,, NO, cob*®
Alfindén (La)
7412 Qil + oily waste Treatment of oily waste and MARPOL | MURCIA Cartagena Benzene, COD,° toluene, vinyl chloride, xylenes
waste
426 Packaging Recovery and destruction of industrial | BARCELONA Granollers Total organic carbon, CO, SO,
packaging (drums)
427 Packaging Recovery of plastic packaging BARCELONA Terrassa CO,, CO, SO, NO, Chlorides, phosphorus, nitrogen
692 Packaging Treatment of packaging CASTELLON Onda Unvalidated releases
2449 Packaging Recycling of industrial packaging TARRAGONA Cambrils NMVOC,” SO,, PMyo | Total organic carbon, COD®
3050 Packaging Recycling of metallic and plastic packaging | BARCELONA Rubi Unvalidated rel
3091 Packaging Recycling of metallic and plastic packaging | BARCELONA Vildadecavalls Total organic carbon, CO, NO, [ Chiorides, COD,° phosphorus, nitrogen, nonylphenol
3112 Packaging Recycling of packaging BARCELONA Polinya NMVOC,” PM;o
3120 Packaging Recycling of plastic packaging BARCELONA Sant Andreu de Unvalidated releases
la Barca
5557 Packaging Recovery or disposal of metallic and plastic | GUADALAJARA | Guadalajara CO,, CO, SO,, NO,, total suspended particles
packaging
370 Solvents Recovery of solvents BARCELONA Santa Perpétua CO,, CO, SO,, NO, Total organic carbon, chlorides
de Mogoda
439 Solvents Recycling of solvents BARCELONA Montornes del NO,, CO, NMVOC,” SO, Phosphorus, nitrogen

Valles




Pollutants released in the last decade®

PRTR | Industrial activity Industrial sub-activity Province Municipality Air Water
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1325 Solvents Regeneration of solvents BARCELONA Santa Perpetua Unvalidated releases

de Mogoda
1678 Solvents Recovery of solvents MADRID Arganda del Rey NMVOC,? CO,, methane, CO, SO,, NO,, PM;, Total organic carbon, COD®
2999 Solvents Recovery and recycling of solvents TARRAGONA Valls NMVOC,? CO,, CO, nitrous oxide, SO,, NO, Chlorides, dichloromethane, ethyl benzene, halogenated organic compounds,
tetrachloroethylene, trichloromethane, trichloroethylene, phenols, phosphorus,
nitrogen, toluene, vinyl chloride, total organic carbon, xylenes
3049 Solvents Recovery or disposal of used solvents BARCELONA Gualba Total organic carbon, CO,, CO, NO,
3439 Solvents Recovery of solvents AVILA San Pedro del NMVOC,? CO,, CO, SO,, NO,, PMyo
Arroyo

1928 Spent baths Recovery of hydrochloric acid ASTURIAS Avilés CO, CO,, NO,, SO,, chlorine, PM;q

3713 Spent baths Recovery of spent acid pickling baths VIZCAYA Bilbao NMVOC,” CO,, methane, CO, nitrous oxide, NO, Arsenic, cadmium, chlorides, copper, organotin compounds, chromium, nickel,

nitrogen, lead, phenols, total organic carbon, zinc

4613 Spent baths Regeneration of spent hydrochloric-acid- | ALAVA Vitoria Chlorine, copper, NMVOC,? CO,, fluorine, methane, CO, nickel, nitrous oxide, NO,,
based pickling baths used for descaling lead, zinc

4614 Spent baths Recovery of hydrochloric acid for obtaining | ALAVA Lantarén Chlorine, NMVOC,? CO,, methane, CO, nitrous oxide, SO,, NO,, PM;o Arsenic, cyanides, chlorides, chromium, ethyl benzene, nickel, xylenes
iron (ferric and/or ferrous) chloride (spent
baths)

4719 Spent baths Neutralization of spent acid pickling and | GUIPUZCOA Aduna Ammonia, chlorine, SO,, NO, Arsenic, cadmium, total organic carbon, cyanides, chlorides, copper, halogenated
alkaline baths containing neither cyanide organic compounds, chromium, phenols, fluoranthene, fluorides, phosphorus,
nor hexavalent chromium mercury, naphthalene, nickel, nitrogen, lead, zinc

4833 Spent baths Recovery of hydrochloric acid VALENCIA Sagunto Unvalidated rell

4903 Spent baths Recovery of spent baths containing | BARCELONA Igualada Unvalidated releases
trivalent chrome

1664 Physico/chemical Physico/chemical waste treatment MADRID Madrid Ammonia, hydrogen cyanide, fluorine, mercury, di-(2-ethyl hexyl) phthalate 1,2-dichloroethane, anthracene, arsenic, cadmium, total organic carbon,

treatment Chloroalkanes,C10-C13, chlorides, copper, halogenated organic compounds,
organotin compounds, chromium, dichloromethane, COD,° ethyl benzene, phenoals,
fluorides, phosphorus, mercury, naphthalene, nickel, nitrogen, lead, toluene, xylenes,
zinc

1667 Physico/chemical Physico/chemical waste treatment MADRID Madrid Total organic carbon, benzene, chlorides, halogenated organic compounds,

treatment dichloromethane, ethyl benzene, organotin compounds, phenols, phosphorus, nickel,
nitrogen, xylenes, naphthalene

2088 Physico/chemical Physico/chemical hazardous waste | CANTABRIA Astillero (El) Ammonia, arsenic, cadmium, copper, chlorine, chromium, CO,, mercury, nickel, Cadmium, copper, chromium, COD,° fluorides, phosphorus, nickel, nitrogen, lead,

treatment treatment SO,, NO,, lead, zinc zinc, total organic carbon

3057 Physico/chemical Physico/chemical waste treatment BARCELONA Barcelona Total organic carbon, chlorine, CO,, CO, SO,, NO,, PMyq Cadmium, total organic carbon, copper, chlorides, chromium, cyanides, phosphorus,

treatment PAHS, nickel, nitrogen, lead, zinc

3086 Physico/chemical Physico/chemical waste treatment CASTELLON Villarreal Ammonia, arsenic, cadmium, copper, NMVOC,? chromium, CO,, mercury, methane, | Total organic carbon, copper, chromium, mercury, nickel, zinc

treatment CO, nickel, nitrous oxide, SO,, NO,, PM,,, dioxins and furans, lead, zinc

3110 Physico/chemical Physico/chemical waste treatment BARCELONA Martorell Ammonia, chlorine, NMVOC,” CO, NO,, PAHs, total suspended particles Cadmium, total organic carbon, cyanides, chlorides, copper, chromium, phosphorus,

treatment nickel, nitrogen, lead, zinc

3452 Physico/chemical Physico/chemical waste treatment TARRAGONA Constantf Ammonia, chlorine, total organic carbon, fluorine, CO, SO2, NO2, total suspended Chlorides, copper, halogenated organic compounds, COD,° phosphorus

treatment particles, dioxins and furans

3818 Physico/chemical Physico/chemical waste treatment VALLADOLID Santovenia de Ammonia, arsenic, CO,, cadmium, chromium, copper, lead, chlorine, fluorine, NO,, Total organic carbon, chlorides, nitrogen, phosphorus, zinc

treatment Pisuerga PMio

65 Industrial waste Integrated treatment and recovery of saline | VALLADOLID Valladolid Ammonia, chlorine, NMVOC,” CO,, CO, NO,, PM,, SO,
slags; recovery or disposal of wastes from
aluminum thermal metallurgy

1083 Industrial waste Elimination, recovery or disposal of | HUELVA Palos de la PM,,, total suspended particles
industrial waste Frontera

1665 Industrial waste Industrial waste treatment MADRID San Fernando Unvalidated releases

de Henares

1938 Industrial waste Treatment and recycling of metallurgical | ASTURIAS Gijon Total suspended particles
waste

2103 Industrial waste Industrial waste treatment CANTABRIA Astillero (El) Arsenic, cadmium, chlorine, copper, chromium, CO,, fluorine, hexachlorobenzene, Cadmium, total organic carbon, cyanides, chlorides, copper, chromium, phenols,

PAHSs, CO, nickel, SO,, NO,, PM;,, lead, zinc fluorides, phosphorus, nickel, nitrogen, lead, zinc
2568 Industrial waste Industrial waste treatment TOLEDO Casarrubios del Arsenic, cadmium, chlorine, copper, NMVOC,” chromium, CO, CO,, nickel, SO,, Arsenic, cadmium, chlorides, chromium, copper, cyanides, fluorides, mercury, nickel,
Monte NO,, total suspended particles, lead, zinc lead, nitrogen, phosphorus, total organic carbon, zinc

3028 Industrial waste Recovery and smelting of aluminum | LERIDA Seros Chlorine, CO, SO,, NO,, total suspended particles
skimmings

3082 Industrial waste Recovery or disposal of sands and | BARCELONA Granollers Unvalidated releases
industrial waste

3710 Industrial waste Recycling of steel mill dust VIZCAYA Erandio Cadmium, copper, NMVOC,” chromium, CO,, mercury, methane, CO, nickel, nitrous | Arsenic, cadmium, chromium, copper, chlorides, fluorides, lead, zinc

oxide, SO,, NO,, PM,,, lead, zinc, dioxins and furans

3711 Industrial waste Treatment of refinery waste VIZCAYA Muskiz NMVOC,” CO,, PAHs, methane, CO, nitrous oxide, SO, NO, PM;, Arsenic, total organic carbon, cyanides, chlorides, halogenated organic compounds,

phosphorus, PAHs, mercury, nitrogen, zinc

4065 Industrial waste Recycling of aluminum skimmings and | MADRID Fuenlabrada PM;, total suspended particles COD,° chlorides, copper, zinc
other industrial waste

4733 Industrial waste Treatment of metallurgical waste GUIPUZCOA Azkoitia Unvalidated rel

5907 Industrial waste Treatment of metallurgical waste GUIPUZCOA Azkoitia Unvalidated rel

6749 Industrial waste Industrial waste treatment NAVARRE Pamplona Unvalidated rell




Pollutants released in the last decade®
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code
6807 Industrial waste Recovery or disposal and reuse of | NAVARRE Pamplona Unvalidated releases
industrial waste
537 Wastes not otherwise | Integrated waste treatment (metallic and | CADIZ Jerez de la Methane, CO, Total organic carbon, COD®
specified plastic packaging, paper, textile fibers, Frontera
ELVs)
707 Wastes not otherwise | Recovery or disposal of plastic packaging, | CASTELLON Vall D'Alba Arsenic, cadmium, copper, NMVOC,” chromium, CO,, mercury, methane, CO,
specified waste ceramics; soil decontamination nickel, nitrous oxide, SO,, NO,, PM;,, dioxins and furans, lead, zinc
734 Wastes not otherwise | Treatment of special waste; treatment of | CORDOBA Cordoba Chlorine, NMVOC,? CO,, fluorine, CO, SO,, NO,, PMyj, total suspended particles
specified used oil; recovery or disposal of used
packaging; soil decontamination
1567 Wastes not otherwise | Recycling, crushing and shredding of spent | ZARAGOZA Pina de Ebro Unvalidated releases
specified lead batteries
2031 Wastes not otherwise | Medical waste treatment TARRAGONA Constanti CO, SO,, NO, CcoD*
specified
2032 Wastes not otherwise | Medical waste treatment MADRID Arganda del Rey | CO,, CO Total organic carbon, nitrogen, phosphorus, mercury, COD®
specified
2089 Wastes not otherwise | Recovery of silver from photochemical | CANTABRIA Camargo CO, SO,, NO, Cadmium, copper, chromium, COD,* fluorides, phosphorus, nickel, lead, zinc, total
specified wastes organic carbon
2470 Wastes not otherwise | Treatment of special waste BARCELONA Barbera del Chlorides, COD,° phosphorus, nitrogen
specified Vallés
2702 Wastes not otherwise | Treatment of batteries and other lead | VALLADOLID Medina del Lead
specified wastes Campo
3187 Wastes not otherwise | Integrated waste management and waste | BARCELONA Montmeld Chlorine, NMVOC,” PMy,, total organic carbon Chlorides, COD,° phosphorus
specified transfer center
3690 Wastes not otherwise | Treatment of hazardous waste (wastes | VIZCAYA Bilbao Unvalidated releases
specified from the photographic industry, solvents,
dyes, absorbents, packaging)
5703 Wastes not otherwise | Recovery of solid and liquid waste from | BARCELONA Sant Andreu de COD,* phosphorus, nitrogen
specified radiologic and photographic processes la Barca
5781 Wastes not otherwise | Crushing and shredding of spent lead | ZARAGOZA Pina de Ebro Unvalidated releases
specified batteries; recovery of lead capacitors
6053 Wastes not otherwise | Treatment of scrap metal, ELVs, paper and | LERIDA Lérida COD,° PAHSs, phosphorus
specified cardboard, metals. Containers
6251 Wastes not otherwise | Treatment of hospital waste matter MURCIA Cartagena CO,, CO, SO,, NO, Arsenic, cadmium, chromium, cyanides, COD,’ fluorides, lead, total organic carbon,
specified copper, mercury, nickel, nitrogen, organotin compounds, phenols, zinc
6431 Wastes not otherwise | Recovery of textile waste (rags, cleaning | BARCELONA Barbera del NMVOC,” CO,, methane, CO, NO, Cadmium, cyanides, chlorides, copper, halogenated organic compounds, chromium,
specified cloths, gloves) Vallés phosphorus, PAHs, nickel, nitrogen, lead, zinc
7403 Wastes not otherwise | Recovery of silver from photochemical CANTABRIA Camargo Unvalidated releases
specified wastes
7478 Wastes not otherwise | Recovery of metal, scrap metal, ELVs, | BARCELONA Molins de Rei PMyg COD,° phosphorus, PAHSs, nitrogen

specified

wastes from electrical and electronic
equipment, batteries, refrigerators,
transformers contaminated by PCBs

Pollutants released in the period 2001-2010 and included in the IPCC database.
’Non-methane organic compounds.
‘Chemical oxygen demand.




Supplementary data, Table 3.

Releases to air (IPPC, 2007) (kg/year)*

PRTR

Code | Al A2 A3 A4 A5 A6 A7 A8 A9 Al0 All Al2 Al13 Al4 Al5 Al6 Al7 Al8 Al9 A20 A2l  A22 A23 A4 A25 A26 A27 A28 A29 A30 A31 A32 A33  A34 A35 TOTAL
65 0 34000 0 0 0 0 0 0 471 0 0 54200 0 16700000 0 0 0 0 0 0 28400 0 0 0 0 39900 1250 0 0 0 0 0 0 0 0 16858221
132 0 645 0 0 0 0.66 0 0 5320 0 3 1900 46 82700000 151 0 0.32 0 0.34 0 4630 0 3 0 10100 103000 800 0 0.00003 4 0 0 0 0 0 82826604
370 0 0 0 0 0 0 0 0 0 0 0 [ [ 5410000 0 0 0 0 0 0 893 0 0 0 2070 6020 0 0 0 0 0 0 0 0 0 5418983
372 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA  NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA NA NA NA 0
426 0 0 0 0 0 0 5840 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 2 0 0 0 0 0 0 0 0 0 0 5847
427 0 0 0 0 0 0 0 0 0 0 0 0 [ 8 0 0 0 0 0 0 10 0 0 0 18 135 0 0 0 0 0 0 0 0 0 171
439 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA  NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA NA NA NA 0
445 0 0 0 0 0 0 0 0 0.50 0 0 [ [ 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 11
467 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA  NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA NA NA NA 0
537 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
692 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA  NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA NA NA NA 0
707 0 0 0 0.001 0 0.001 0 0 0 0 0.001 8 0.0002 39300 0 0 0 0 0.001 0.92 6 0 0.001 0.38 1 38 3 0 25E-10 0.002 0 0 0 0 0.001 39357
734 0 0 0 0 0 0 0 0 15 0 0 89 0 253000 1 0 0 0 0 0 328 0 0 0 25 101 0 150 0 0 0 0 0 0 0 253708
772 0 0 0 0.29 0.05 0.09 0 0 0 0 0.40 726 0.19 3500000 0 0 0.24 0 0.03 225 901 0 19 24 2470 3100 1400 0 0 0.35 0 0 0 0 7 3508873
838 0 0 051 0.51 0 0.21 2480 0 664 0.07 0.68 0 0.20 9340000 61 0 0 2 0.47 0 5050 0 2 0 2150 44100 826 0 0 0.39 1 0 0 025 0 9395339
899 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 433 0 0 0 882 666 10 0 0 1 0 0 0 0 0 1992
1083 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 228 482 0 0 0 0 0 0 0 710
1325 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA  NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA NA NA NA 0
1567 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA  NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA NA NA NA 0
1612 0 0 0 0 0 0 477 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 477
1664 0 2 0 0 0 0 0 0.09 0 0 0 0 0 0 0.04 0 0 0 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2
1665 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA  NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA NA NA NA 0
1667 0 0 0 0 0 0 0 0 0 0 0 0 0 0 [ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1678 0 0 0 0 0 0 0 0 0 0 0 73 0 797000 [ 0 0 0 0 2 108 0 0 0 998 865 35 0 0 0 0 0 0 0 0 799081
1700 0 162 0 2 0 2 0 543 3490 0 8 4160 2 34300000 6 0 0 0 0.19 0 3260 0.01 2 0 18800 98200 1350 0 4.8E-06 10 0 0 0 0 20 34429480
1879 0 0 0 0 0 0 201 0 0 0 0 0 0 0 [ 0 0 0 0 0 885 0 0 0 245 2040 245 0 0 0 0 0 0 0 0 3616
1928 0 0 0 0 0 0 0 0 9580 0 0 0 0 0 [ 0 0 0 0 0 0 0 0 0 0 0 10200 0 0 0 0 0 0 0 0 19780
1938 0 0 0 0 0 0 0 0 0 0 0 0 0 0 [ 0 0 0 0 0 0 0 0 0 0 0 0 272 0 0 0 0 0 0 0 272
2029 0 0 0 0 0 0 0 0 0 0 0 0 0 3000000 [ 0 0 0 0 0 1500 0 0 0 1700 0 0 0 0 0 0 0 0 0 0 3003200
2031 0 0 0 0 0 0 0 0 0 0 0 0 0 0 [ 0 0 0 0 0 82 0 0 0 9 168 0 0 0 0 0 0 0 0 0 259
2032 0 0 0 0 0 0 0 0 0 0 0 0 0 465000 [ 0 0 0 0 0 12.6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 465013
2088 0 233 0 2 0 0.3 0 0 0 0 0.70 0 0.88 8500 [ 0 0 0 0.33 0 0 0 2 0 5300 18700 0 0 0 1 0 0 0 0 0 32740
2089 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14 0 0 0 79 18 0 0 0 0 0 0 0 0 0 111
2103 0 0 0 4 0 0.8 0 0 414 0 2 0 4 322000 20 17 37 0 0 0 2250 0 4 0 719 2680 310 0 0 8 0 0 0 0 12 328483
2378 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA NA NA NA 0
2438 0 2980 3 3 0 0.63 596 0 4470 0 1 0 0.93 43600000 67 0 0 0 1 0 596 0 0.65 0 5380 114000 3730 0 2.0E-06 0.87 1 0 0 050 0 43731832
2449 0 0 0 0 0 0 0 0 0 0 0 24900 0 0 0 0 0 0 0 0 0 0 0 0 308 0 46 0 0 0 0 0 0 0 0 25254
2469 0 0 9 9 0 8 0 0 0 8 9 0 8 0 0 0 0 8 2 0 0 0 8 0 0 0 0 0 2.0E-06 9 9 0 0 9 0 96
2470 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2568 0 0 0 0.25 0 0.01 0 0 0.81 0 0.10 89 0.62 0 0 0 0 0 0 0 258 0 0.01 0 7 137 0 10 0 0.01 0 0 0 0 0.01 573
2702 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 295 0 0 0 0 0 295
2999 0 0 0 0 0 0 0 0 0 0 0 4510 0 2300000 0 0 0 0 0 0 313 0 0 2500 2890 0 0 0 0 0 0 0 0 0 0 2310213
3028 0 0 0 0 0 0 0 0 253 0 0 0 0 0 0 0 0 0 0 0 38000 0 0 0 3800 5760 0 1730 0 0 0 0 0 0 0 49543
3049 0 0 0 0 0 0 1120 0 0 0 0 0 0 1050000 0 0 0 0 0 0 224 0 0 0 0 2590 0 0 0 0 0 0 0 0 0 1053934
3050 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA  NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA NA NA NA 0
3055 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA  NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA NA NA NA 0
3057 0 0 0 0 0 0 12700 0 24 0 0 0 0 1150000 [ 0 0 0 0 0 200 0 0 0 6520 2820 64 0 0 0 0 0 0 0 0 1172328
3082 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA  NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA NA NA NA 0
3086 0 95 0 0.001 0 0.001 0 0 0 0 0.001 10 0.0003 50100 0 0 0 0 0.001 1 8 0 0.001 0.48 2 48 25700 0 3.2E-10 0.003 0 0 0 0 0.002 75965
3091 0 0 0 0 0 0 4280 0 0 0 0 0 0 0 [ 0 0 0 0 0 111 0 0 0 0 291 0 0 0 0 0 0 0 0 0 4682
3094 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA  NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA NA NA NA 0
3110 0 0.67 0 0 0 0 0 0 16 0 0 3080 0 0 0 0 0 0 0 0 9 0 0 0 0 432 0 132 0 0 0 0 0 0 0 3670
3112 0 0 0 0 0 0 0 0 0 0 0 6950 0 0 0 0 0 0 0 0 0 0 0 0 0 0 189 0 0 0 0 0 0 0 0 7139
3114 0 0 0 0.86 0 0 0 0 875 0 0.96 0 0.40 0 70 0 0 0 0.7 0 6300 0 0 0 0 9530 1360 0 1.0E-06 0.6 0 0 0 0 7 18145
3119 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA  NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA NA NA NA 0
3120 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA NA NA NA 0
3187 0 0 0 0 0 0 0 0 0 0 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 8
3439 0 0 0 0 0 0 0 0 0 0 0 0.00004 0 4750 0 0 0 0 0 0 92 0 0 0 2610 367 18 0 0 0 0 0 0 0 0 7837
3452 0 49 0 0 0 0 437 0 0 0 0 0 0 0 4 0 0 0 0 0 210 0 0 0 236 7880 0 86 0 0 0 0 0 0 0 8902
3455 0 0 0 0 0 3 0 0 9570 0 18 1450 13 96800000 79 0 0 0 0 76 50600 0 0 0 87 257000 0 4980 0.00002 23 0 0 0 0 0 97123898
3457 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA NA NA NA 0
3474 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA NA NA NA 0
3504 0 0 0 0 0 0 0 0 0 0 0 0 0 783000 12 0 0 0 0 0 487 0 0 0 600 2480 88 0 0 0 0 0 0 0 0 786666
3508 [ 0.01 0 0 0.19 0.01 0.19 0 0 15 0 0.16 129 0.45 992000 2 0 0.0002 0 0.06 38 194 0 8 19 7620 2130 2460 0 3.2E-08 0.32 0 0 0 0 0.03 1004616
3556 0 0 0 0.05 0 0.01 0 0 13 0 0 0 0.03 974000 1 0 0.0001 0 0 36 338 0 3 0 966 1860 306 0 1.5E-08 0.05 0 0 0 0 0 977523
3594 0 0 0 0.0002 0 0.0002 0 0 0 0 0.0002 3 0.0001 14000 0 0 0 0 0.0003 0.33 2 0 0.0002 0.13 0.44 13 0.96 0 89E-11 0.001 0 0 0 0 0.0004 14020
3636 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA NA NA NA 0
3690 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA  NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA NA NA NA 0
3710 0 0 0 0 0 0 0 0 0 0 0.80 400 0.5 83300000 0 0 0 0 0 100 16400000 0 1 72 283 245 740 0 0 49 0 0 0 0 163 99702055
3711 0 0 0 0 0 0 0 0 0 0 0 169 0 832000 0 0 0.07 0 0 2 112 0 0 3 1040 903 37 0 0 0 0 0 0 0 0 834266
3713 0 0 0 0 0 0 0 0 0 0 0 331 0 3710000 0 0 0 0 0 93 663 0 0 63 0 4120 0 0 0 0 0 0 0 0 0 3715270
3818 0 0 0 0 0 0.03 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3825 0 0 0 0 0 0 0 0 0 0 0 154 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 154
3905 0 0 0 0 0 0 0 0 0 0 0 0 0 218000 0 0 0 0 0 0 50 0 0 0 30 140 0 0 0 0 0 62 0.002 0 0 218282
4065 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 368 799 0 0 0 0 0 0 0 1167
4557 0 0 0 0 0 0 0 0 0 0 0 0 0 67700 0 0 0 0 0 0 6 0 0 0 54 180 0 0 0 0 0 0 0 0 0 67939
4613 0 0 0 0 0 0 0 0 929 0 45 138 0 4360000 101 0 0 0 0 39 747 0 7 28 0 4770 0 0 0 0.16 0 0 0 0 15 4365989
4614 0 0 0 0 0 0 0 0 0.62 0 0 522 0 406000 0 0 0 0 0 406000 56 0 0 19 509 947 73 0 0 0 0 0 0 0 0 814127
4699 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4719 0 6 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 2 0 0 0 0 0 0 0 0 0 16
4733 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA NA NA NA 0
4740 0 0 0 0 0 0 0 0 0 0 0 11 0 128000 0 0 0 0 0 3 10 0 0 2 0 169 0 0 0 0 0 0 0 0 0 128196




to air (IPPC, 2007) (kg/year)*

PRTR
Code | A1° A2 A3 A A5 A6 A7 A8 A9 AL0 ALl A12 A13 Al4 Al5 Al Al7 A18 A19 A20 A21  A22 A23 A4 A25 A26  A27 A28 A29  A30 A3l A32  A33  A34 A35 TOTAL
2833 | NA NA  NA NA  NA NA NA  NA NA  NA NA NA NA NA NA NA NA  NA NA NA NA  NA NA  NA NA NA NA NA NA NA NA NA NA NA NA 0
4857 0 5790 0 10 0 2 0 0 11400 0 6 2400 3 106000000 66 O o o 10 0 69700 0 3 0 43900 297000 0 11500 0.01 55 0 0 0 [ 0 | 106441845
4885 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0o o 0o o 0 0 0 0 0 0 2 2 0 5 0 o o0 o0 0 0 0 9
4899 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o o0 0o o 0 0 0 0 0 0 0 0 0 0 0 o o0 o0 0 0 0 0
4903 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0
4905 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o o 0o o 0 [ [ [ 0 0 [ 0 0 0 0 o o0 o 0 0 0 0
5063 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0
5311 0 0 0 0 0 0 0 0 0 0 0 0 0 2900000 o o 0o o 0 0 3800 0 0 0 2700 24000 0 0 0 o o o0 0 0 0| 2930500
5493 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0
5557 0 0 0 0 0 0 0 0 0 0 0 0 0 258000 o o 0o o 0 0 47 0 0 0 12 307 0 092 0 o o o0 0 0 0 258367
5664 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0
5665 0 0 0 0 0 0 739 0 0 0 0 0 0 0 o o0 0o o 0 0 2640 0 0 0 0 195 0 1950 0 o o0 o0 0 0 0 12175
5678 | NA NA  NA NA  NA NA NA  NA NA  NA NA NA NA NA NA NA NA  NA NA NA NA  NA NA  NA NA NA NA NA NA  NA NA NA NA NA NA 0
5680 | NA NA  NA NA  NA NA NA  NA NA  NA NA NA NA NA NA NA NA  NA NA NA NA  NA NA  NA NA NA NA NA NA  NA NA NA NA NA NA 0
5682 | NA NA  NA NA  NA NA NA  NA NA  NA NA NA NA NA NA NA NA  NA NA NA NA  NA NA  NA NA NA NA NA NA  NA NA NA NA NA NA 0
5685 | NA NA  NA NA  NA NA NA  NA NA  NA NA NA NA NA NA NA NA  NA NA NA NA  NA NA  NA NA NA NA NA NA  NA NA NA NA NA NA 0
5691 | NA NA  NA NA  NA NA NA  NA NA  NA NA NA NA NA NA NA NA  NA NA NA NA  NA NA  NA NA NA NA NA NA  NA NA NA NA NA NA 0
5692 | NA NA  NA NA  NA NA NA  NA NA  NA NA NA NA NA NA NA NA  NA NA NA NA  NA NA  NA NA NA NA NA NA  NA NA NA NA NA NA 0
5693 | NA NA  NA NA  NA NA NA  NA NA  NA NA NA NA NA NA NA NA  NA NA NA NA  NA NA  NA NA NA NA NA NA  NA NA NA NA NA NA 0
5695 | NA NA  NA NA  NA NA NA  NA NA  NA NA NA NA NA NA NA NA  NA NA NA NA  NA NA  NA NA NA NA NA NA  NA NA NA NA NA NA 0
5703 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o o0 0o o 0 0 0 0 0 0 0 0 0 0 0 o o o0 0 0 0 0
5704 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 0o o0 0 0 0 0 0 0 0 0 0 0 0 o o0 o0 0 0 0 0
5781 | NA NA  NA NA  NA NA NA  NA NA  NA NA NA NA NA NA NA NA  NA NA NA NA  NA NA  NA NA NA NA NA NA  NA NA NA NA NA NA 0
5907 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0
5910 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0
6037 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6038 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6041 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6042 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0
6043 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0
6049 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0
6051 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0
6053 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0
6251 0 0 0 0 0 0 0 0 0 0 0 0 0 166000 0 0 0 0 0 0 10 0 0 0 3 230 0 0 0 0 0 0 0 0 0 166243
6431 0 0 0 0 0 0 0 0 0 0 0 5 0 61 0 0 0 0 0 2 11 0 0 0 0 68 0 0 0 0 0 0 0 0 0 147
6584 | NA NA  NA NA  NA NA NA  NA NA  NA NA NA NA NA NA NA NA  NA NA NA NA  NA NA  NA NA NA NA NA NA  NA NA NA NA NA NA 0
6749 | NA NA  NA NA  NA NA NA  NA NA  NA NA NA NA NA NA NA NA  NA NA NA NA  NA NA  NA NA NA NA NA NA  NA NA NA NA NA NA 0
6789 | NA NA  NA NA  NA NA NA  NA NA  NA NA NA NA NA NA NA NA  NA NA NA NA  NA NA  NA NA NA NA NA NA  NA NA NA NA NA NA 0
6807 | NA NA  NA NA  NA NA NA  NA NA  NA NA NA NA NA NA NA NA  NA NA NA NA  NA NA  NA NA NA NA NA NA  NA NA NA NA NA NA 0
6936 | NA NA  NA NA  NA NA NA  NA NA  NA NA NA NA NA NA NA NA  NA NA NA NA  NA NA  NA NA NA NA NA NA  NA NA NA NA NA NA 0
7167 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o o0 0o o 0 0 31 0 0 0 525 731 0 0 0 o o0 o0 0 0 0 1287
7328 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o o 0o 0 0 0 0 0 0 0 0 13 0 0 0 o o0 o0 0 0 0 13
7403 | NA NA  NA NA  NA NA NA  NA NA  NA NA NA NA NA NA NA NA  NA NA NA NA  NA NA  NA NA NA NA NA NA  NA NA NA NA NA NA 0
7412 | NA NA  NA NA  NA NA NA  NA NA  NA NA NA NA NA NA NA NA  NA NA NA NA  NA NA  NA NA NA NA NA NA  NA NA NA NA NA NA 0
7443 | NA NA  NA NA  NA NA NA  NA NA  NA NA NA NA NA NA NA NA  NA NA NA NA  NA NA  NA NA NA NA NA NA  NA NA NA NA NA NA 0
7476 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o o0 0o o 0 0 0 0 0 0 0 0 0 0 0 o o0 o0 0 0 0 0
7478 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13.7 0 0 0 0 0 0 0 0 14

TOTAL | 0.01 43962 13 32__0.06 17 35521 6 46692 8 96 106416 81 506898410 640 17 48 9 15_ 406618 16624594 0.01 622732 125729 1061090 51851 _ 22097 001 459 12 62 0002 10 223 | 525427530
®NA: Unvalidated releases.

°A1: 1,1,1-trichloroethane. A2: Ammonia. A3: Antimony. A4: Arsenic and compounds. A5: Benzene. A6: Cadmium and compounds. A7: Total organic carbon. A8: Hydrogen cyanide. A9: Chlorine and inorganic compounds. A10: Cobalt. A11: Copper and

compounds. A12: Non-methane volatile organic compounds. A13: Chromium and compounds. A14: CO,. A15: Fluorine and inorganic compounds. A16: Hexachlorobenzene. A17: PAHs. A18: Manganese. A19: Mercury and compounds. A20: Methane.
A21: CO. A22: Naphthalene. A23: Nickel and compounds. A24: Nitrous oxide. A25: SO,/SO,. A26: NO,/NO,. A27: PMj,. A28: Total suspended particles. A29: Dioxins and furans. A30: Lead and compounds. A31: Thallium. A32: Tetrachloroethylene. A33:

Trichlorobenzenes. A34: Vanadium. A35: Zinc and compounds.



Supplementary data, Table 4.

Rel to water (IPPC 2007) (kg/year)®
PRTR

Code w1’ W2 W3 W4 W5 W6 W7 W8 W9 W10 W11 W12 W13 W14 W15 W16 W17 w18 W19 W20 w21 W22 W23 W24 W25 W26 W27 W28 TOTAL
65 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
132 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
370 0 0 0 1960 0 0 24500 0 0 0 0 0 7150 0 0 0 0 702 0 0 0 0 1010 0 0 0 0 0 35322
372 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0
426 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
427 0 0 0 0 0 0 407 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 2 0 0 0 0 0 410
439 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0
445 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.05 0 0 0 0 3 0 0 0 0 0 3
467 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0
537 0 0 0 20 0 0 0 0 0 0 0 0 68 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 88
692 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0
707 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0
734 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
772 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
838 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
899 0 0 0 0 0 0 253 0 0 0 0 0 0 0 0 0 0 14 0 0 0 0 142 0 0 0 0 0 409
1083 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1325 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0
1567 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0
1612 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1664 | 0.0004 0.15 2 3830 0 054 564000 9 15 0.0002 2 034 16900 0.67 13 0 6 19 0 0.003 0.28 6 644 0 2 097 0 12 585462
1665 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0
1667 0 0 0 575 0 0 2550 0 2 0 0 088 0 0.06 6 0 0 13 0 0 0 2 123 0 0 0 0.20 0 3272
1678 0 0 0 23 0 0 0 0 0 0 0 0 68 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 91
1700 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1879 0 0 0 0 0 0 0 0 0 0 0 0 0.0002 0 0 0 0 0 0.00001 0 0 0 0 0 0 0 0 0 0.0002
1928 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1938 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2029 0 0.004 0.01 0 0.21 0 0 0.01 0 0 0.01 0 0 0 0.36 0 0 0 0 0.002 0 0.04 0 0 0.003 0 0 0.02 0.66
2031 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3
2032 0 0 0 216 0 0 0 0 0 0 0 0 652 0 0 0 0 0 0 0.02 0 0 0 0 0 0 0 0 868
2088 0 0 1 0 0 0 0 6 0 0 1 0 0 0 7 0 0 21 0 0 0 12 685 0 1 0 0 61 795
2089 0 0 0.36 0 0 0 0 0.30 0 0 0.03 0 3380 0 0 0 1 6 0 0 0 0.55 0 0 0.02 0 0 3 3392
2103 0 0 0.15 23100 0.08 0 66800 34 0 0 0.77 0 0 0 10 0 40 658 0 0 0 12 15300 0 3 0 0 50 106007
2378 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0
2438 0 0 0.0001 0 0 0 0.75 0.0001 0 0 0.0001 0 0 0 0 0 0 0 0 0 0 0.0003 0 0 0.0003 0 0 0.0003 | 0.75321
2449 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6
2469 0 0.93 1 0 0 0 0 13 0 0 6 0 5950 0 0 0 0 0 0 0.66 0 3 0 0 16 0 0 64 6055
2470 0 0 0 0 0 0 14 0 0 0 0 0 136 0 0 0 0 3 0 0 0 0 35 0 0 0 0 0 187
2568 0 0.47 0.47 21100 2.35 0 278000 33 0 0 52 0 0 0 0 0 47 612 0 0.47 0 0 9510 0 19 0 0 235 309611
2702 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2999 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 0 0 0 0 186 0 0 0 0 0 198
3028 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3049 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3050 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0
3055 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0
3057 0 0 4 8010 0 0 0 18 0 0 4 0 0 0 0 0 0 167 4 0 0 18 4170 0 18 0 0 85 12498
3082 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0
3086 0 0 0 1940 0 0 0 0.47 0 0 0.20 0 0 0 0 0 0 0 0 0.004 0 1 0 0 0 0 0 4 1945
3091 0 0 0 0 0 0 144 0 0 0 0 0 641 0 0 0 0 4 0 0 0 0 11 5 0 0 0 0 806
3094 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0
3110 0 0 10 2060 6.03 0 57200 10 0 0 10 0 0 0 0 0 0 77 0 0 0 12 3760 0 10 0 0 10 63165
3112 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3114 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3119 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0
3120 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0
3187 0 0 0 0 0 0 0 0 0 0 0 0 24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 24
3439 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3452 0 0 0 0 0 0 15500 9 8 0 0 0 2320 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 17837

3455 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3457 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0
3474 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0
3504 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3508 0 0.02 0 1670 0 0 0 0 0 0 0.43 0 0 0 7 0 0 60 109 0 0 0 538 0 0 0 0 0 2385
3556 0 0 0 2820 0 0 0 0 0 0 0 0 8380 0 0 0 0 33 0 0 0 0 1050 0 0 0 0 0 12283
3594 0 0 0 2120 0 0 0 2 0 0 2 0 0 0 0 0 0 54 0 0 0 26 379 0 0.91 0 0 52 2636
3636 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0
3690 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0




Releases to water (IPPC 2007) (kg/year)®

PRTR
Code | wi1° w2 W3 W4 W5 W6 w7 W8 W9 W10 Wil Wi12 W13 W14 Wi5 Wi6 W17 Wis W19 W20 W21 W22 W23 W24 W25 W26 W27 W28 | TOTAL
3710 0 29 0 0 0 0 3240000 0 0 0 0 0 0 0 0 0 10200 0 0 0 0 0 0 0 5 0 0  4.97 | 3250239
3711 0 025 0 1020 0.337 0 23700 0 25 0 0 0 0 0 0 0 0 50 0.05 0.08 0 0 1290 0 0 0 0 16 | 26102
3713 0 0 008 0 0 0 16100 4 0 076 1 0 0 0 0 0 0 0 0 0 0 12 1750 0 8 0 0 7| 17883
3818 0 0 0 110 0 0 500 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 30 641
3825 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20
3905 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4065 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4557 0 0 0 49 0 0 0 0 0 0 0 0 171 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 220
4613 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4614 0 o044 0 0 0653 0 85400 0 0 0 015 0 0 0.02 0 0 0 0 0 0 0 044 0 0 0 0 002 0| 85402
4699 0 067 0 0 0 0 5020 0 047 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 5025
4719 0 045 045 2200 0.45 0 428000 8 7 0 045 0 0 0 4 089 4 4 0 045 0.89 2 327 0 045 0 0 7| 430569
4733 NA  NA NA NA NA NA NA NA  NA NA NA NA NA NA NA NA NA  NA NA NA NA NA NA  NA NA NA NA NA 0
4740 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4833 NA  NA NA NA NA NA NA NA  NA NA NA NA NA NA NA NA NA  NA NA NA NA NA NA  NA NA NA NA NA 0
4857 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4885 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4899 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 003 0.02 0 0 0 035 0 0 0 0 0 0.39
4903 NA  NA NA NA NA NA NA NA  NA NA NA NA NA NA NA NA NA  NA NA NA NA NA NA  NA NA NA NA NA 0
4905 0 0 0 0 0 0 0 0 0 0 0 0 21 0 0 0 0 3 7 0 0 0 52 0 0 0 0 0 83
5063 NA  NA NA NA NA NA NA NA  NA NA NA NA NA NA NA NA NA  NA NA NA NA NA NA  NA NA NA NA NA 0
5311 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5493 NA  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA NA NA NA NA  NA NA NA NA NA 0
5557 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5664 NA  NA NA NA NA NA NA NA  NA NA NA NA NA NA NA NA NA  NA NA NA NA NA NA  NA NA NA NA NA 0
5665 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 015 0 0 0 0 2 0 008 0 0 0 4
5678 NA  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA NA NA NA NA  NA NA NA NA NA 0
5680 NA  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA NA NA NA NA  NA NA NA NA NA 0
5682 NA  NA NA NA NA NA NA NA  NA NA NA NA NA NA NA NA NA  NA NA NA NA NA NA  NA NA NA NA NA 0
5685 NA  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA NA NA NA NA  NA NA NA NA NA 0
5691 NA  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA NA NA NA NA  NA NA NA NA NA 0
5692 NA  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA NA NA NA NA  NA NA NA NA NA 0
5693 NA  NA NA NA NA NA NA NA  NA NA NA NA NA NA NA NA NA  NA NA NA NA NA NA  NA NA NA NA NA 0
5695 NA  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA NA NA NA NA  NA NA NA NA NA 0
5703 0 0 0 0 0 0 0 0 0 0 0 0 017 0 0 0 0 001 0 0 0 0 005 0 0 0 0 0 0.22
5704 0 0 0 0 0 0 0 0 0 0 0 0 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.001
5781 NA  NA NA NA NA NA NA NA  NA NA NA NA NA NA NA NA NA  NA NA NA NA NA NA  NA NA NA NA NA 0
5907 NA  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA NA NA NA NA  NA NA NA NA NA 0
5910 NA  NA NA NA NA NA NA NA  NA NA NA NA NA NA NA NA NA  NA NA NA NA NA NA  NA NA NA NA NA 0
6037 0 0 0 0 0 0 0.04 0 0 0 0 0 0.004 0 0 0 0 0.001 0 0 0 0 0.001 0 0 0 0 0 0.04
6038 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 31 0 0 0 0 0 33
6041 0 0 0 0 0 0 0 0 0 0 0 0 050 0 0 0 0 0 0.01 0 0 0 001 0 0 0 0 0 0.52
6042 NA  NA NA NA NA NA NA NA  NA NA NA NA NA NA NA NA NA  NA NA NA NA NA NA  NA NA NA NA NA 0
6043 NA  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA NA NA NA NA  NA NA NA NA NA 0
6049 NA  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA NA NA NA NA  NA NA NA NA NA 0
6051 NA  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA NA NA NA NA  NA NA NA NA NA 0
6053 NA  NA NA NA NA NA NA NA NA NA NA  NA NA NA NA NA NA  NA NA NA NA NA NA  NA NA NA NA NA 0
6251 0 0 0 652 0 0 0 008 0 0 0 0 0 0 0 0 0 0 0 006 0 005 84 0 0 0 0 019 736
6431 0 0 030 0 030 0 493 030 0.1 0 030 0 0 0 0 0 0 11 0.60 0 0 030 14 0 060 0 0 060 522
6584 NA  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA NA NA NA NA  NA NA NA NA NA 0
6749 NA  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA NA NA NA NA  NA NA NA NA NA 0
6789 NA  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA NA NA NA NA  NA NA NA NA NA 0
6807 NA  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA NA NA NA NA  NA NA NA NA NA 0
6936 NA  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA  NA NA NA NA NA NA  NA NA NA NA NA 0
7167 0 0 0 0 0 0 0 0 0 0 0 0 006 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.06
7328 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7403 NA  NA NA NA NA NA NA NA  NA NA NA  NA NA NA NA NA NA  NA NA NA NA NA NA  NA NA NA NA NA 0
7412 NA  NA NA NA NA NA NA NA  NA NA NA NA NA NA NA NA NA  NA NA NA NA NA NA  NA NA NA NA NA 0
7443 NA  NA NA NA NA NA NA NA NA NA NA  NA NA NA NA NA NA  NA NA NA NA NA NA  NA NA NA NA NA 0
7476 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 18 0 0 0 0 0 21
7478 0 0 0 0 0 0 0 0 0 0 0 0 883 0 0 0 0 20 5 0 0 0 278 0 0 0 0 0 1186

TOTAL | 0.0004 33 20 73480 10 0.54__ 4808581 14658 0.76 80 1_46770_0.75 48 0.89 10299 2551 126 2 1 107 41394 5 840097 021 645 | 4984447

*NA: Unvalidated releases.

"W1: Anthracene. W2: Arsenic and compounds. W3: Cadmium and compounds. W4: Total organic carbon. W5: Cyanides. W6: Chloroalkanes, C10-C13. W7: Chlorides. W8: Copper and compounds. W9: Halogenated organic compounds. W10:
Organotin compounds. W11: Chromium and compounds. W12: Dichloromethane. W13: Chemical oxygen demand. W14: Ethyl benzene. W15: Phenols. W16: Fluoranthene. W17: Fluorides. W18: Total phosphorus. W19: PAHs. W20: Mercury and
compounds. W21: Naphthalene. W22: Nickel and compounds. W23: Total nitrogen. W24: Nonylphenol and monylphenol ethoxylates. W25: Lead and compounds. W26: Toluene. W27: Xylenes. W28: Zinc and compounds.
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Supplementary data, Table 5.

BYM model
__BYM model _|
T*  Obs” Exp° RR" 95%Crl°

Leukemia<15 years 237 126 133.5 1.00 0.74-1.31

Total 237 72 80.2 0.98 0.66-1.39
Men 237 54 53.3 1.03 0.66-1.54
Women

Leukemia<25 years

Total 237 248 247.3 1.01 0.81-1.25
Men 237 145 153.4 0.97 0.72-1.27
Women 237 103 939 1.10 0.79-1.49
Brain cancer<15 years'

Total 237 66 67.7 0.84 0.56-1.21
Men 237 43 41.8 0.95 0.57-1.48
Women 237 23 26.0 0.73 0.37-1.28
Brain cancer<25 years'

Total 237 136 133.6 0.95 0.71-1.24
Men 237 75 76.8 1.01 0.69-1.43
Women 237 61 56.8 0.91 0.59-1.33
Brain cancer<15 years®

Total 163 41 40,5 0.92 0.59-1.36
Men 163 29 25.0 1.11 0.64-1.79
Women 163 12 155 0.69 0.31-1.29
Brain cancer<25 years®

Total 163 107 79.5 0.94 0.68-1.26
Men 163 45 457 1.05 0.68-1.54
Women 163 62 33.8 0.84 0.51-1.29

*Number of towns situated at <5 km from incinerators and hazardous waste treatment installations as a whole.

°Observed deaths.

°Expected deaths.

‘RRs adjusted for population size, percentage illiteracy, farmers and unemployed persons, average persons per household, and mean income
°95% credible interval.

'Taking | year as the minimum induction period.

9Taking 10 years as the minimum induction period.



Supplementary data, Table 6.

BYM model Mixed model BYM model Mixed model
T°  Obs” Exp° RR”  95%Crl° RRY  95%CI T°  Obs® Exp® RR" 95%Crl° RRT  95%CI

All cancers? Melanoma
Total 163 91708 85109.6 1.06 1.04-1.09 1.06 1.05-1.07 Total 163 750 724.8 0.98 0.87-1.09 0.99 0.90-1.10
Men 163 58275 53071.8 1.08 1.05-1.11 1.08 1.07-1.10 Men 163 391 388.5 0.97 0.84-1.12 0.97 0.84-1.11
Women 163 33433 32037.8 1.03 1.01-1.06 1.03 1.01-1.04 Women 163 359 336.3 1.00 0.85-1.17 1.02 0.88-1.19
Oral and pharyngeal cancer Skin cancer
Total 163 2482 21787 1.04 0.95-1.14 1.11 1.05-1.19 Total 163 354 4240 1.11 0.93-1.31 1.10 0.94-1.27
Men 163 2056 1804.5 1.03 0.94-1.13 1.11 1.04-1.19 Men 163 209 226.5 1.23 0.99-1.50 1.26 1.03-1.53
Women 163 426 374.2 1.09 0.94-1.26 1.07 0.93-1.24 Women 163 145 197.5 0.97 0.75-1.23 0.88 0.70-1.10
Esophageal cancer Breast cancer
Total 163 1960 1733.3 0.99 0.90-1.09 1.07 1.00-1.15 Women 163 5898 5696.3 0.99 0.93-1.04 0.99 0.95-1.03
Men 163 1710 1504.0 1.01 0.91-1.11 1.08 1.00-1.16
Women 163 250 229.4 0.92 0.74-1.13 1.02 0.84-1.24 Vulvar and vaginal cancer

Women 163 316 316.0 1.07 0.90-1.25 1.06 0.91-1.24
Stomach cancer
Total 163 6123 5646.0 1.18 1.10-1.27 1.07 1.03-1.11 Uterine cancer
Men 163 3822 3461.8 1.18 1.09-1.28 1.09 1.04-1.15 Women 163 1691 1762.9 0.98 0.89-1.06 0.98 0.91-1.05
Women 163 2301 2184.3 1.16 1.06-1.27 1.04 0.98-1.11

Ovarian cancer
Small intestine cancer Women 163 1852 1770.0 1.14 1.05-1.23 1.12 1.05-1.21
Total 163 123 129.8 0.87 0.65-1.12 0.86 0.66-1.10
Men 163 67 70.5 0.86 0.61-1.17 0.85 0.62-1.17 Prostate cancer
Women 163 56 59.3 0.88 0.60-1.24 0.85 0.59-1.24 Men 163 4915 49755 0.95 0.90-1.01 0.99 0.95-1.03
Colorectal cancer Testicular cancer
Total 163 12265 11367.2 1.08 1.03-1.13 1.06 1.03-1.09 Men 163 35 43.7 0.89 0.54-1.36 0.73 0.46-1.16
Men 163 7084 6343.6 1.12 1.06-1.18 1.08 1.04-1.12
Women 163 5181 5023.6 1.04 0.98-1.10 1.03 0.99-1.08 Bladder cancer

Total 163 4131 3809.9 1.08 1.01-1.16 1.07 1.02-1.12
Liver cancer Men 163 3419 31384 1.10 1.02-1.18 1.09 1.03-1.14
Total 163 2929 23104 1.18 1.06-1.30 1.23 1.15-1.31 Women 163 712 6715 1.02 0.91-1.15 1.02 0.91-1.13
Men 163 2075 1678.6 1.17 1.05-1.30 122 1.13-1.31
Women 163 854 631.8 1.20 1.02-1.40 1.24 1.10-1.40 Renal cancer

Total 163 1918 1651.3 1.14 1.04-1.23 1.07 1.00-1.15
Gallbladder cancer Men 163 1268 1094.0 1.12 1.02-1.24 1.07 0.98-1.17
Total 163 1339 1262.6 1.10 0.99-1.21 1.10 1.01-1.19 Women 163 650 557.4 1.16 1.02-1.31 1.11 0.99-1.26
Men 163 511 4325 1.26 1.08-1.45 1.23 1.07-1.41
Women 163 828 830.1 1.02 0.90-1.15 1.04 0.94-1.15 Brain cancer

Total 163 2380 22459 1.04 0.97-1.12 1.03 0.97-1.10
Pancreatic cancer Men 163 1285 1248.8 1.00 0.91-1.09 1.00 0.92-1.08
Total 163 4272 4004.6 1.01 0.95-1.07 1.00 0.96-1.05 Women 163 1095 997.0 1.11 1.00-1.22 1.10 1.00-1.20
Men 163 2272 2133.0 1.01 0.94-1.09 1.00 0.94-1.07
Women 163 2000 1871.6 1.02 0.94-1.10 1.01 0.94-1.08 Cancer of other parts of nervous system

Total 163 69 78.4 0.98 0.67-1.39 0.96 0.68-1.40
Peritoneal cancer Men 163 39 39.1 127 0.79-1.91 1.16 0.74-1.83
Total 163 260 226.6 1.20 0.97-1.46 1.12 0.92-1.36 Women 163 30 39.3 0.80 0.45-1.30 0.81 0.49-1.36
Men 163 115 102.6 1.30 0.96-1.73 1.28 0.97-1.69
Women 163 145 124.0 1.10 0.85-1.40 1.01 0.79-1.30 Thyroid cancer

Total 163 282 2584 1.15 0.96-1.38 1.15 0.97-1.37
Nasal cancer Men 163 91 87.0 1.06 0.79-1.40 1.03 0.78-1.36
Total 163 98 88.1 1.21 0.88-1.62 1.18 0.87-1.60 Women 163 191 1714 1.17 0.93-1.45 1.19 0.96-1.48
Men 163 67 61.8 1.21 0.82-1.70 1.15 0.79-1.65
Women 163 31 26.4 112 0.65-1.79 1.10 0.66-1.85 lll-defined tumors

Total 163 5946 5747.7 1.03 0.97-1.09 1.02 0.98-1.06
Laryngeal cancer Men 163 3417 3209.2 1.04 0.97-1.11 1.03 0.98-1.09
Total 163 1805 1681.5 1.07 0.97-1.17 1.06 0.98-1.14 Women 163 2529 25385 1.00 0.93-1.07 1.00 0.94-1.06
Men 163 1751 1620.0 1.08 0.98-1.19 1.06 0.99-1.15
Women 163 54 61.5 0.87 0.59-1.23 0.86 0.60-1.23 Non-Hodgkin lymphoma

Total 163 2396 2240.2 1.02 0.94-1.11 1.09 1.02-1.16
Lung cancer Men 163 1274 11711 1.07 0.97-1.19 1.12 1.03-1.22
Total 163 19214 17394.4 1.10 1.05-1.15 1.10 1.07-1.12 Women 163 1122 1069.1 0.96 0.87-1.07 1.03 0.94-1.13
Men 163 17156 15336.5 1.12 1.06-1.18 1.12 1.10-1.15
Women 163 2058 2057.8 0.92 0.84-1.00 0.91 0.85-0.97 Hodgkin lymphoma

Total 163 238 234.7 1.00 0.82-1.19 1.01 0.84-1.22
Pleural cancer Men 163 133 132.8 1.00 0.78-1.26 0.99 0.79-1.25
Total 163 394 206.8 1.71 1.34-2.14 1.74 1.44-2.11 Women 163 105 1019 1.03 0.78-1.33 1.05 0.79-1.40
Men 163 284 147.0 1.84 1.39-2.40 1.86 1.48-2.34
Women 163 110 59.7 152 1.04-2.14 151 1.07-2.14 Myeloma

Total 163 1532 1429.2 1.06 0.97-1.15 1.07 0.99-1.16
Bone cancer Men 163 747 702.8 1.06 0.95-1.18 1.07 0.97-1.19
Total 163 286 288.6 1.05 0.88-1.24 1.04 0.88-1.23 Women 163 785 726.4 1.05 0.93-1.17 1.05 0.95-1.17
Men 163 177 168.6 1.03 0.83-1.27 1.02 0.83-1.26
Women 163 109 120.1 1.09 0.83-1.40 1.06 0.82-1.38 Leukemia

Total 237 5378 4947.1 1.10 1.03-1.17 1.06 1.01-1.11
Connective and soft tissue cancer Men 237 2956 2713.8 1.12 1.04-1.21 1.09 1.02-1.16
Total 163 433 412.6 1.08 0.93-1.25 1.07 0.93-1.23 Women 237 2422 22334 1.07 0.98-1.17 1.04 0.97-1.20
Men 163 220 2111 1.09 0.90-1.31 1.08 0.90-1.30
Women 163 213 2015 1.06 0.85-1.30 1.06 0.87-1.30

*Number of towns situated at <5 km from incinerators and hazardous waste treatment installations as a whole.

°Observed deaths.
°Expected deaths.

9RRs adjusted for population size, percentage illiteracy, farmers and unemployed persons, average persons per household, and mean income

'95% credible interval.

°95% confidence interval.

9Sum of the 33 types of cancer analyzed.
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Supplementary data, Table 7.

Tumor Sex Observed Moran's | statistic _P-value
All cancers® Total 893060 0.13609260 0.0001
All cancers® Men 561225 0.13390940  0.0001
All cancers? Women 331835 0.03867270  0.0006
Oral cavity-pharynx Total 21978 0.02851527  0.0039
Oral cavity-pharynx Men 18136 0.03281445 0.0031
Oral cavity-pharynx Women 3842 -0.00497693  0.4660
Esophagus Total 17760 0.01497462 0.0725
Esophagus Men 15377 0.01346098 0.0979
Esophagus Women 2383 0.00217831 0.7441
Stomach Total 59671 0.05919367  0.0001
Stomach Men 36754 0.02406238 0.0073
Stomach Women 22917 0.02936369  0.0049
Small intestine Total 1364 0.02321788 0.0163
Small intestine Men 744 0.00324212  0.5262
Small intestine Women 620 0.00357149  0.3594
Colon-rectum Total 120841 0.03348700  0.0004
Colon-rectum Men 68095 0.02178990  0.0131
Colon-rectum Women 52746 0.00376531  0.6319
Liver Total 24255 0.03272991  0.0012
Liver Men 17609 0.03650195 0.0014
Liver Women 6646 0.00174938  0.8100
Gallbladder Total 13467 0.00899794  0.2574
Gallbladder Men 4682 0.00450373  0.5436
Gallbladder Women 8785 -0.00320082 0.6723
Pancreas Total 41918 0.00662672  0.4224
Pancreas Men 22328 -0.00178663  0.8569
Pancreas Women 19590 0.00416046  0.5961
Peritoneum Total 2347 -0.00743644  0.2266
Peritoneum Men 1066 -0.00181122  0.7607
Peritoneum Women 1281 -0.00604124  0.2213
Nasal Total 908 -0.00354655 0.4886
Nasal Men 636 -0.00236683 0.6296
Nasal Women 272 -0.00282667  0.2493
Larynx Total 17297 0.00871922  0.2829
Larynx Men 16674 0.00830898  0.3049
Larynx Women 623 -0.00460573  0.1950
Lung Total 181027 0.13861970  0.0001
Lung Men 160104 0.14922080 0.0001
Lung Women 20923 -0.00076182  0.9473
Pleura Total 2156 0.00991473  0.1093
Pleura Men 1538 0.01131336 0.0688
Pleura Women 618 -0.00120012 0.8281
Bone Total 2921 0.00620273  0.3433
Bone Men 1702 0.01073817 0.0778
Bone Women 1219 -0.00403557  0.4080
Connective and soft tissue Total 4182 -0.00422738  0.5665
Connective and soft tissue Men 2148 -0.00242306  0.7297
Connective and soft tissue Women 2034 -0.00170239 0.7879
Melanoma Total 7401 -0.00359993  0.6458
Melanoma Men 3987 -0.00314765  0.6672
Melanoma Women 3414 0.00252278  0.7087
Skin Total 4632 0.00603235 0.3792
Skin Men 2498 0.00456981  0.4815
Skin Women 2134 0.00701161 0.2312
Breast Women 57830 0.01816782  0.0409
Vulva and vagina Women 3355 -0.00728299 0.2742
Uterus Women 18080 0.01081323  0.1745
Ovary Women 18046 0.00180327 0.8134
Prostate gland Men 55772 0.02395405  0.0060
Testis Men 425 -0.00083472  0.8640
Bladder Total 41282 0.02099862  0.0140
Bladder Men 34107 0.02300539  0.0092
Bladder Women 7175 -0.00249227  0.7499
Kidney Total 17341 0.00365353  0.6497
Kidney Men 11532 0.00548841  0.4631
Kidney Women 5809 -0.00015571  0.9937
Brain Total 22689 0.00063534  0.9354
Brain Men 12622 -0.01103704 0.1687
Brain Women 10067 0.00870612  0.2573
Other central nervous system Total 801 -0.00565016  0.1698
Other central nervous system Men 400 -0.00331781  0.2930
Other central nervous system Women 401 -0.00124413 0.7755
Thyroid gland Total 2711 0.00413772  0.5100
Thyroid gland Men 911 -0.00197359  0.7459
Thyroid gland Women 1800 0.00385805  0.4953
lll-defined Total 60638 0.01733277  0.0393
lll-defined Men 33968 0.00926813  0.2712
lll-defined Women 26670 0.00911907  0.2623
Non-Hodgkin lymphoma Total 23338 0.00724669  0.3802
Non-Hodgkin lymphoma Men 12229 0.00254773  0.7342
Non-Hodgkin lymphoma Women 11109 0.01269486  0.1000
Hodgkin lymphoma Total 2379 -0.00386222 0.5652
Hodgkin lymphoma Men 1345 -0.00582930 0.2573
Hodgkin lymphoma Women 1034 -0.00223628 0.6798
Myeloma Total 15178 0.01292908 0.1116
Myeloma Men 7541 -0.00104481 0.8915
Myeloma Women 7637 0.00892536  0.2204
Leukemia Total 29070 0.00379937  0.6310
Leukemia Men 16295 0.01199455  0.1279
Leukemia Women 12775 -0.00888875  0.2602

#Sum of the 33 types of cancer analyzed.
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Deviance residuals

Deviance residuals

Deviance residuals

Supplementary data, Figure 1.
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