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Abstract

Background: It is not clear whether environmental exposure to dioxin affects the general
population. The aim of this research is to evaluate sarcoma risk in relation to the environmental
pollution caused by dioxin emitted by waste incinerators and industrial sources of airborne dioxin.
The study population lives in a part of the Province of Venice (ltaly), where a population-based
cancer registry (Veneto Tumour Registry - RTV) has been active since 1987.

Methods: Two hundred and five cases of visceral and extravisceral sarcoma, confirmed by
microscopic examination, diagnosed from 01.01.1990 to 31.12.1996, were extracted from the RTV
database. Diagnoses were revised using the actual pathology reports and clinical records. For
each sarcoma case, three controls of the same age and sex were randomly selected from the
population files of the Local Health Units (LHUs). The residential history of each subject, whether
case or control, was reconstructed, address by address, from 1960 to the date of diagnosis. All
waste incinerators and industrial sources of airborne dioxin in the Province of Venice were taken
into account, as was one very large municipal waste incinerator outside the area but close to its
boundaries. The Industrial Source Complex Model in Long Term mode, version 3 (ISCLT3), was
used to assess the level of atmospheric dispersion. A specific value for exposure was calculated
for each point (geo-referenced address) and for each calendar year; the exposure value for each
subject is expressed as the average of specific time-weighted values. The analysis takes into
account 172 cases and 405 controls, aged more than 14 years.

Results: The risk of developing a sarcoma is 3.3 times higher (95% Confidence Interval — 95% CI:
1.24 — 8.76) among subjects, both sexes, with the longest exposure period and the highest
exposure level ; a significant excess of risk was also observed in women (Odds Ratio OR = 2.41,
95% CI: 1.04 — 5.59) and for cancers of the connective and other soft tissue (International
Classification of Diseases, ninth Revision - ICD-I1X 171), both sexes ( OR = 3.27, 95% CI: 1.35 —
7.93).

Conclusions: Our study supports the association between modelled dioxin exposure and sarcoma

risk.



Background

The emissions from incinerators and industrial plants contain various substances classed as
certain or suspected carcinogens: metals, heavy metals, polyaromatic hydrocarbons (PAHS),
polycyclic aromatics (PCA), dioxins (PCDDs and PCDFs).

Polychlorinated dibenzo-p-dioxins (PCDD) and polychlorinated dibenzofurans (PCDF), commonly
known as dioxins, are pollutants that are mostly generated by human activity. The main sources
are combustion, metal smelting, refining, and processing, and chemical manufacturing and
processing.

The most toxic of these compounds, which persist in the environment and bioaccumulate, is
2,3,7,8 tetrachlorodibenzo-p-dioxin (TCDD).

The two main routes through which dioxins enter the food chain and human diet are the following:
air-plants-animals and water-sediments-fish.

In 1997, the International Agency for Research on Cancer (IARC) classified TCDD as a Group |
carcinogen on the basis of limited evidence in humans, sufficient evidence in animals and the
consideration that the Ah receptor, through which dioxin acts, is present in both humans and
animals [1]. The epidemiological evidence in humans was taken from 4 cohort studies carried out
on subjects occupationally exposed to high levels of dioxin and from a study on the resident
population of Seveso (Milan, ltaly).

This evaluation was strongly criticised by Cole et al. [2] who, including in their analysis the data
found in the literature after 1997, held that scientific evidence supported, if any, the hypothesis that
TCDD was not a carcinogen. On the contrary, according to Steenland et al. [3], the new
epidemiological and toxicological evidence reinforced the IARC’s assessment and indicated that
levels of exposure closer to those involving the general population can be carcinogenic.

The U.S. Environmental Protection Agency (EPA), which in 1985 had classified TCDD as a
“probable human carcinogen” based on the data available at the time, concluded in the 2003
Reassessment [4] that TCDD was “best characterized as carcinogenic to humans”.

In 2006, the National Research Council committee in charge of revising the EPA draft

Reassessment of the risks of dioxin and dioxin-like compounds, unanimously concluded, based on



the updating of carcinogen risk assessment guidelines, that TCDD should be classified “at least” as
“likely to be carcinogenic to humans” [5].

Epidemiological studies indicate an increase in risk for tumours at all sites for high levels of
exposure, while few and heterogeneous results are available concerning the effects in humans of
long exposures at low levels, as well as at levels that the general population may be exposed to. In
the Veneto region (North East Italy, 4,527,694 inhabitants at the 2001 census) a population tumour
registry (Veneto Tumour Registry, RTV) has been active since 1987, covering the resident
population in 15 of the 36 Local Health Units (LHUs) in which the region is divided. After the RTV
reported an excessive risk of sarcoma in the period 1990-1996, the Regional Department for
Prevention asked the RTV to carry out, in three LHUs within the Province of Venice, with the
collaboration of the Municipality and the Province of Venice, an analytical study on dioxin exposure
and sarcoma risk in this area.

Methods

Study area

The three LHUs involved in the study cover about one third of the Province of Venice, and the
population of this area is about half of the provincial population (422,924 subjects, 2001 census),
(Figure 1). The area includes the historical centre of Venice (LHU 16), the Venice mainland with
the industrial area of Porto Marghera (LHU 36) and 9 Municipalities along the Brenta river (LHU
18).

Porto Marghera was the first Italian industrial area and its main plants are: a petrochemical industry
(mainly chlorinated compounds), an oil refinery, industrial plants for the production and
transformation of non-ferrous metals (aluminium, copper, and zinc), thermal power plants, waste
incinerators. In the LHU of the Riviera del Brenta the main sectors are shoe manufacturing and
steelworks, with limited agricultural production.

The rest of the provincial territory is not covered by the RTV.

Selection of cases and controls

All histologically-confirmed cases of malignant sarcoma in all age groups and sites detected in the

period between 1 January 1990 and 31 December 1996 were extracted from the RTV database,



using the following International Classification of Diseases for Oncology, second edition (ICDO-II)

morphology codes:

- M 880 — 892: not otherwise specified (NOS) sarcoma, fibrosarcoma, myxosarcoma,
liposarcoma, myosarcoma;

- M 899: mixed mesenchymal sarcoma,

- M 904: synovial sarcoma

- M912-913, M915 — 916: blood vessel sarcoma

- M 917: lymphatic vessel sarcoma

- M 954 — 957: nerve sheath sarcoma

- M 958: alveolar sarcoma

Mesotheliomas, Kaposi sarcomas, mixed forms and sarcomas with ICDO-II topography codes C

40-41 (bone) were excluded.

Diagnoses were revised by two RTV clinicians using the actual pathology reports and clinical

records.

Two hundred and five cases met the criteria for inclusion and were resident at the time of diagnosis

in one of the Municipalities of the 3 LHUs of the Province of Venice: 186 cases (90.7%) were

confirmed by the revision. The diagnoses were classified according to the International

Classification of Diseases, ninth Revision (ICD-IX). We used controls drawn from the general

population files of the 3 LHUs studied, taking into account the life status and residence on

01.01.1990 .

For each case, three individual matched controls were chosen at random among those of the

same sex and age at the time of diagnosis. However, we verified that controls were not already in

the RTV database with a diagnosis of sarcoma

Reconstruction of Residential History

The residential history of each subject (186 cases and 558 controls) was reconstructed address by

address for the period from 1960 to the date of diagnosis. Information was gathered from the

Population Registries of each of the Municipalities where the subject had lived during the period

studied. Each address, (total 1,823) in the Province was then geo-referenced, using the



cartographic reference system for ltaly (Gauss Boaga Projection) [6]. Only five addresses turned
up to be non-existent as they are due to identity protection measures.
Exposure data
A survey of the incinerators and industrial sources of airborne dioxin in the Province of Venice was
carried out. A very large municipal waste incinerator in the neighbouring Province of Padua was
also considered, because of its being very close to the boundary of the area under study.
Thirty-three plants were taken into consideration: 4 Industrial Waste Incinerators (IWI), 10
Municipal Solid Waste Incinerators (MSWI), 12 Medical Waste Incinerators (MWI), 3 thermal power
plants, 1 oil refinery and 3 industrial plants for the production of primary aluminium.
Emission levels were calculated through a historical reconstruction of the technology used by each
plant and the quantity and quality of the waste/refuse treated.
The analysis started off by using a series of indicators, taken from different sources, to define the
point of emission peculiarity (high mass flow rate emissions and others) and emission factors in
reference to the type of process and pollution reduction technologies applied.
E; = A x EF;
with:

» E; =mass flow of i — pollutant emitted (kg/year);

= A = activity key parameter, e.g.: raw material consumption, fuel used, final product

obtained (ton/year);
= EF; = Emission factor for PCDD/PCDFs (kQpoiiutant/t0Niyel.)-

The historical rating of dioxins released over the past 40 years required both a bibliographical and
historical study of process analysis to collect data on raw material consumption, start up, changes,
improvements, and closing down of plants, as well as pollution reduction systems.

This kind of analysis provided awareness on process layout and changes spanning the last 40
years and also led to an inquiry into the characteristics of pollutant treatment systems.

For industrial sources of PCDD/PCDF emissions, location and operational data needed to
calculate emissions were taken from the administrative documentation deposited in the offices of
the Province of Venice, the agency in charge of control in this sector, and from the proceedings of
an important lawsuit concerning the pollution caused by the petrochemical plant of Porto Marghera

(Venice) [7].



With regards to solid urban waste, data were taken from the administrative documentation of the
Province of Venice and also from technical surveys carried out at plant sites. The documentation
was integrated with interviews and questionnaires to engineers of the plant managing companies.
With regards to hospital incinerators, data were taken from the administrative documentation of the
Veneto Region, which carried out a survey of these incinerators in 1984 in order to plan their
gradual shutdown.

It was thus possible to identify the period when each plant was active and the type of incinerator
with acceptable accuracy. The quantity of waste disposed was calculated on the basis of
parameters provided in the documents of the Veneto Region: number of beds; their level of
occupation, amount of waste per patient per day, divided into assimilable or non assimilable to
urban waste.

The Industrial Source Complex Model in Long Term mode, version 3 (ISCLT3) model, developed
by the US EPA, was used to assess the level of atmospheric dispersion of the polluting
substances; the model takes into consideration wind speed and direction and the degree of
atmospheric stability which causes fog to form [8].

A specific value for exposure was calculated for each point (geo-referenced address); the value for
each address in a given year is the sum of the values calculated for the plants that were active
during that year and were located within a 50 kilometre radius. The exposure value for each
subject is the average of the values of the single addresses, weighted by time, i.e., by the number
of days the subject lived at that specific address. This exposure value was expressed in WHO TEQ
(PCDD/PCDFs), using 1998 Toxic Equivalency Factors (TEF) values [9].

Figure 2 shows a graph of emission levels over time; the value of each year was obtained by
adding the emissions of all the plants active that year. The peak was reached in the period 1972 —
1986, after which emissions returned to their former level.

Population on analysis

Seventeen controls out of 558 were lost because the Municipal Population Registers showed that

by 1990 they were either no longer resident or had died.



The following subjects were also excluded from the analysis:

- 3 childhood cases, born after 1986 when the exposure studied had ceased and their 9 matched
controls;

- 2 cases, correlated with recognised risk factors: one radiation-induced case and one associated
with von Recklinghausen’s disease [10] and their 6 matched controls;

- 9 cases of subjects who did not continuously reside in the Province or moved there after 1969;
since it was not possible to assign a level of exposure to addresses in other provinces, in our
study we only considered subjects who were already living in the area under study in 1969 or
resided there from birth. We believe subjects could not be exposed before 1969 even if they
resided elsewhere because Porto Marghera (Venice) was the first industrial area created in ltaly
after the Second World War and Veneto was also the place were the first incinerators for urban
and hospital waste were built; we also excluded their 27 matched controls;

Moreover, among controls we also excluded the following:

- 59 controls with malignant tumours, all sites, registered in the RTV database, because dioxins
are considered to be carcinogens for all types of cancer: only cases of non melanoma skin
cancer were accepted;

- 35 controls who were not continuously resident in the Province or had moved there after 1969.

Some controls were excluded for both reasons; in this case only the first reason given in the list

above counted. Therefore people without malignant tumours, residing in the Province since 1960

(beginning of the exposure), or having moved there before 1970 (since exposure is unlikely in

other Provinces before 1970), or born in the Province before 1986 (end of the exposure period)

were included as controls. The population of the study was made up of 172 cases (92.5%) and 405

controls (72.6%).

We also performed a sensitivity analysis only on subjects that had permanently resided in the area

since 1960 or resident from birth (168 cases and 384 controls).

Statistical analysis

Analyses were carried out on the total study population, divided into three classes of average

exposure and two classes of length of exposure, as well as by sex and the following ICD-1X codes:



ICD-IX 171 (malignant neoplasm of connective and other soft tissue), ICD-IX 158 (malignant
neoplasm of retroperitoneum and peritoneum), ICD-1X 173 (malignant neoplasm of skin other than
melanoma of skin, Kaposi’'s sarcoma and skin of genital organs ) and all other codes (visceral
sites).

We fitted a quadratic logistic regression spline model to estimate the Odds Ratio curve as a
function of the level of exposure used as continuous variable; the values of the points at which the
curve slope changed were rounded and taken as cut-off points (4 and 6 fg/m°) (11,12). For the
exposure length classes, we considered the approximate median value. Sarcoma risks by sex and
by ICD-IX code were only analysed for level of exposure because the time-period variable was not
significant. We used conditional logistic regression to calculate Odds Ratio (OR) values and 95%
Confidence Interval, and the Wald chi-square test for trend, using the SAS Software [13,14].

In addition, to examine the spatial distribution of subjects, we also performed a cluster analysis
with a Bernoulli model, applying spatial scan statistic with 999 Monte Carlo replications and 50% of
the total study population as maximum cluster size [SatScan Software,15]. In this analysis, for
every subject, whether case or control, we only considered the geographical location of the
address where he/she was resident in the peak period for emissions (1972-1986). When a subject
had lived at more than one address in that period, then the address at which he or she had lived
for the longest period was taken into account (prevalent address). Length of period of residency
was greater than 10 years out of 15 for 86% of subjects and greater than 13 out of 15 years for
67%.

Results

The first step in our analysis was to calculate the risk among the population that had permanently
resided in the area since 1960 or, for younger subjects, was resident from birth: this population
included 168 cases and 384 controls with a median exposure value of 4.22 fgr/m® and a median
length of 32.84 years. Analysis by quartiles of the population, with cases and controls taken
together, revealed an OR value of 1.86, with 95% CI: 1.11 — 3.13 in the most exposed quartile.
This OR value is almost the same as that related to the most exposed quartile calculated on a

population of 172 cases and 405 controls, which includes the 25 subjects (4 cases and 21 controls)



not resident at 01.01.1960 but who moved to the Province of Venice before 01.01.1970: OR =
1.91, 95% Cl: 1.14 — 3.19.

Further analysis was then carried out on this population of 172 cases and 405 controls.

In this population, the median exposure value for cases and controls taken together was 4.25
femtogramms/m® and the median value of length of exposure was 32.74 years.

Table 1 shows the distribution of cases and controls in relation to the three levels of average
exposure and two classes of length of exposure, with the corresponding OR values and
Confidence Interval (95% CI). Risk increases in relation to both the duration and the extent of
exposure and is statistically significant in the class with longest period and highest level of
exposure (OR = 3.30, 95% Cl: 1.24 — 8.76).

In both sexes, risk increases in relation to the level of exposure but reach statistical significance
only for women, with an OR of 2.41 among the most exposed (95% CI: 1.04 — 5.59) and a
significant test for trend (p< 0.04) (Table 2).

Table 3 shows analysis for ICD-I1X code for both sexes. In the most exposed cases, with ICD-1X
171 code (connective and other soft tissue) there is a significant risk excess (OR = 3.27, 95% CI:
1.35 — 7.93); risk increases for visceral sites, as well (OR = 2.45, 95% CI: 0.96 — 6.28), while there
is no evidence of risk for sarcomas in peritoneal/ retroperitoneal (ICD-IX 158) and skin sites (ICD-
IX 173).

The spatial scan statistic identified the most likely cluster for the Bernoulli model in four
neighbouring Municipalities, all covered by LHU 18 (Riviera del Brenta). The spatial cluster
consisted of 19 cases whereas 8.35 were expected; the Observed/Expected ratio is 2.28,
statistically significant (p=0.048).

Discussion

The results of our research clearly show a significant increase in the risk of sarcoma, correlated
both with the level and the length of environmental modelled exposure to dioxin-like substances.
The risk excess is also evident in females, and, for both sexes taken together, for cancers of the
connective and other soft tissue (ICD-IX 171).

A few observations should be made here regarding methods.
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We believe that cases have been correctly and completely identified, as they are incident cases
taken from a permanent tumour registry (RTV) that has been active for many years and whose
data have been published since 1987 in the “Cancer Incidence in Five Continents“ publications of
the International Agency for Research on Cancer, Lyon [16,17].

By consulting the actual pathology reports and clinical records gathered by the RTV we were able
to identify mixed forms (carcinosarcomas), sarcomas with “bone” topography, “possible”
diagnoses, and cases associated with other known risk factors.

We used the LHU population files in order to obtain our control population. We found a few errors
regarding municipality of residence and vital status in some of the records for the period. However,
reconstruction of each subject’s residential history on the basis of local municipal archives allowed
us to retrospectively eliminate those subjects who were not resident in the areas studied on
01.01.1990, or who had died before then. About 10% of the controls were excluded from the study
because they were affected by malignant cancer (all sites) registered in the RTV database; 6% of
the controls were excluded on grounds of residency, a number comparable to the 4.8% of the
cases excluded for the same reason. The final ratio of cases to controls was 2:3 for men and 2:4
for women.

The most complex methodological question concerns how dioxin exposure was calculated.

The ISCLT3 dispersion model requires the following meteorological variables: wind direction,
speed and frequency; classes of atmospheric stability and vertical remixing. The only source that
could provide this information for the period under study were the weather records from the Venice
airport. They were used to calculate the emissions over the entire area and this could mean that
estimates for the more distant plants are less accurate. However, we feel that this method does
offer a fairly good representation of exposure. Cluster analysis identifies the highest risk area as 4
adjoining municipalities on the Brenta Riviera, and we note that this is also the area with the
addresses that have the highest exposure levels, which is consistent with the prevalent wind
direction.

Furthermore, the excess risk given by cluster analysis is close to the value of the Standard

Incidence Ratio (SIR) calculated by the RTV for incident cases of sarcoma with ICD-IX 171 code in
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the period 1990 — 1996 in the Riviera del Brenta LHU. The SIR value was 1.82 (95% ClI: 1.13 —
2.69) for males and 2.28 (95% Cl:1.44 — 3.30) for females [18].

In 2003, a comparison was made between the modelled and monitored concentrations of three
polluting substances (SO2, PTS, Nox); the agreement between the two different values for SO2
was more than satisfactory while for PTS and Nox which, unlike SO2, are not mainly of industrial
origin, there was a larger difference [19]. However, because there are no measurements of dioxin
levels available for the period studied, we cannot check our estimates against historical samplings.
We evaluated other hypotheses of risk factors as alternatives or concurrent to the environmental
pollution considered here: factors such as eating habits and occupational exposure.

The three LHUs cover a relatively small population (423,000 residents) and there is no reason to
suppose that the eating habits of the cases are very much different from those of the controls, or
that those of the people living on the Riviera del Brenta (inland) should be so very different from
those of the Venetian lagoon dwellers. Furthermore, a recent study carried out by the Veneto
region to monitor the level of dioxins and PCBs in foodstuffs (fish, meat, eggs, milk) suggested that
the highest levels of these substances are found in shellfish, which are probably eaten more often
in the lagoon area [20]. However, we have no specific information on consumption of local animal
and plant products that could have been more highly contaminated by PCDD/PCDFs emitted by
the incinerators and industrial plants.

We have no information about social status and only partial knowledge regarding occupation,
nevertheless we consider it unlikely for occupational exposure to have had much influence, since
to our knowledge, there were no industries in the area at the time where there would have been
risk of exposure to dioxins. As regards cases between 35 — 69 years, the names of the firms and
the industrial sectors that employed the private sector workers still active in 1974 are recorded in
the electronic database of the ltalian National Institute for Social Security (INPS) [21]. Only 35
subjects were found in this list, none of whom would appear to have worked in areas of production
where there was a risk of exposure related to sarcoma. Subjects over 70, thus born prior to 1926,

had plausibly retired from work by 1976, since the retiring age at the time was 50. If the source of
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exposure had been occupational, the latency time would have been extremely long, making this
hypothesis unlikely.

Instead, the time elapsed between the exposure under study (1972 — 1986) and sarcoma
diagnosis is compatible with the latency time of the carcinogenic effects of dioxin both in older and
younger subjects. The study population had been widely exposed: 40% had lived at an address
that was less than two kilometres and 88% within 5 kilometres from an incinerator or industrial
plant.

Lastly, the significant excess of risk observed in women was unlikely to be due to occupational
exposure, being instead primarily attributable to environmental exposure, given that women were
less mobile in the past and would have rarely been subject to risk of occupational exposure to the
pollutants studied.

A recent review of the literature on epidemiological studies concerning the effect on health of
exposure to emissions from waste incinerators showed that a significant association between
exposure and cancer was made in two thirds of the studies published by 2003 [22]; the strongest
evidence of an association is in lung cancers, cancer of the larynx and non-Hodgkin lymphoma.
Exposure to dioxin has been associated with an increased risk of sarcoma [23,24,25] but the
results of the studies are not yet conclusive. A recent study [26], carried out in Finland, examined
110 cases of soft tissue sarcoma and 227 hospital controls; exposure to dioxin was measured
using the concentrations found in sub-cutaneous fat samples and risk did not increase with
exposure; rather, the lowest level showed the highest risk in all types of analysis.

So far, very few studies have analysed the relationship between risk of sarcoma and emissions
from incinerators. In 2000, Viel et al. [27] identified a cluster of sarcomas and non-Hodgkin
lymphomas in a population living near a municipal waste incinerator, with high levels of emissions,
at Besancon, France. Later studies have confirmed the result for non-Hodgkin lymphomas [28], but
not for sarcomas [29]. Excess risk for non-Hodgkin lymphomas was only present in the area with
the highest estimated concentrations of dioxin.

Comba et al. [30] reported a significant increase in the risk of sarcoma associated with living within

a two kilometre radius of an incinerator burning industrial waste. The cluster is remarkable for the
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net prevalence of women among the cases: given that these women would not have been exposed
to risk for occupational reasons, there can be no other explanation apart from the proximity of their
home to the incinerator and excess risk does not extend beyond the 2 kilometre radius.

In order to define the level of exposure, the two studies carried out in France on clusters of non-
Hodgkin lymphomas and sarcomas used a Gaussian type dispersion model which highlighted wind
direction when identifying areas with different levels of pollution and gave a geographical
representation of pollution. The same authors also conducted a further study in order to validate
their method, using soil samples. On flat terrain they discovered a significant association between
their estimated dioxin concentrations and the log-transformed measured dioxin soil concentrations,
while in the more topographically complex areas their model tended to overestimate concentrations
[31].

We used an analogous dispersion model and from the topographical point of view the entire
Province is completely flat, so our estimates probably do provide a good estimate of dioxin
exposure.

Conclusions

Epidemiological evidence of the carcinogenic effect of dioxins is essentially supported by studies
carried out on populations exposed to high levels of dioxins due to occupation or accident.

We believe that the results of our study support the association between modelled dioxin exposure
and sarcomas in a general population exposed for a prolonged period of time to what are, in all

likelihood, much lower concentrations.

14



Competing interests

The authors declare that they have no competing interests.

Authors’ contributions

PZ is the principal investigator of this study. As such she participated in the design, planning, data
analysis and writing of the present paper.

PR contributed equally to this work.

EB created the SAS archive of the residential history of the subjects and carried out the geo-
referencing of addresses.

AC, MG and FC gathered analytical information on the incinerators and estimated the values of
exposure.

ARF contributed to the revision of the diagnoses.

SG performed the statistical analysis.

All authors read and approved the final manuscript.

Acknowledgements

The Authors would like to thank Fiorella Carmen Stocco, Luigino Dal Maso, Rossella Bonavita, and
Maurizio Mauro for their technical help. The Authors would also like to thank the Veneto Region, in
particular Antonio Ferro and Gianni Gallo, the Province and Municipality of Venice, particularly

Environment councillors Ezio Da Villa and Paolo Cacciari, for promoting and supporting this study.

This study has been sponsored by:
Regione Veneto (DGR 2211 del 23/07/2004)
Comune di Venezia (DDG 930 del 31/12/2002 )

University of Padua (funding ex 60% - 2003)

15



References

1.

10.

International Agency for Research on Cancer: Polychlorinated dibenzo-para-dioxins and
polychlorinated dibenzofurans. /ARC monographs on the evaluation of carcinogenic risks to
humans. Lyon, France: IARC Press, 1997: 33-344. [vol. 69]

Cole P, Trichopoulos D, Pastides H, Starr T, Mandel JS: Dioxin and cancer: a critical review.
Regulatory Toxicology and Pharmacology 2003; 38:378-388.

Steenland K, Bertazzi P, Baccarelli A, Kogevinas M: Dioxin revisited: developments since
the 1997 IARC classification of dioxin as a human carcinogen. Environ Health Perspect
2004; 112(13):1265-8.

Environmental Protection Agency: The exposure and Human Health Reassessment of
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) and Related Compound (EPA) 2003a, Part I;

2003b, Part Il; 2003c, Part Il [online] Available: http://www.epa.gov/ncea/pdfs/dioxin/nas-

review/#part1; http://www.epa.gov/ncea/pdfs/dioxin/nas-review/#part2;

http:/www.epa.gov/ncea/pdfs/dioxin/nas-review/#part3 [accessed 6" March 2007].

National Research Council: Health risks from dioxin and related compounds. Evaluation of the
EPA Reassessment. Washington DC: The National Academies Press; 2006; 1-239.

Portale Cartografico Nazionale [www.pcn.minambiente.it] (accessed 15" January 2007)

Petrolchimico Marghera [www.petrolchimico.it] (accessed 9" May 2006)

US-EPA: User’s guide for the industrial source Complex (ISC3) Dispersion models.
Volume | and Il Report EPA/454/B-95/003, September 1995, 1-128.

Van den Berg M, Birnbaum L, Bosvled ATC, Brunstrom B, Cook P, Feeley M, Giesy JP,
Hanberg A, Hasegawa R, Kennedy SW, Kubiak T, Larsen JC, van Leeuwen FXR, Liem AKD,
Nolt C, Peterson RE, Poellinger L, Safe S, Schrenk D, Tillitt D, Tysklind M, Younes M, Waern
F, Zacharewski T: Toxic equivalence factors (TEFs) for PCBs, PCDDs, PCDFs for humans
and wildlife. Environ Health Perspect 1998, 106:775-792.

Zahm SH, Tucker MA, Fraumeni JF: Soft tissue sarcomas. In: Cancer Epidemiology and
Prevention. Second Edition. Edited by: Schottenfeld D, Fraumeni JF. Boston: Oxford University

Press; 1996:984-999.

16



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Rosenberg PS, Katki H, Swanson CA, Brown LM, Wacholder S, Hoover RN: Quantifying
epidemiologic risk factors using non-parametric regression: model selection remains
the greatest challenge. Stat Med 2003, 22:3369-81.

Polesel J, Dal Maso L, Bagnardi V, Zucchetto A, Zambon A, Levi F, La Vecchia C, Franceschi
S: Estimating dose-response relationship between ethanol and risk of cancer using
regression spline models. Int J Cancer 2005, 114(5):836-41.

Breslow NE, Day NE: Statistical methods in cancer research. Vol. I. The analysis of case-
control studies. Lyon, France: IARC Press (IARC Scientific Publication n. 32); 1980, 5-338.
SAS Institute, Inc: SAS/STAT release 9.1 edition. Cary, NC. SA, 2002-2003.

Kulldorff M: A spatial scan statistic. Commun Statist.- Theory Methods 1997, 26:1481-1496.
Parkin DM, Whelan SL, Ferlay J, Raymond L, Young J: Cancer Incidence in Five Continents.
Vol. VII. Lyon, France: IARC Press (IARC Scientific Publication n. 143); 1997, 1-1240.

Parkin DM, Whelan SL, Ferlay J, Teppo L, Thomas DB: Cancer Incidence in Five Continents.
Vol. VII. Lyon, France: IARC Press (IARC Scientific Publication n. 155); 2002, 1-782.

Zambon P, Fiore AR, Bovo E, Andolfo A, Stocco CF, Guzzinati S, Monetti D, Tognazzo S:
Epidemiologia dei sarcomi nella Regione Veneto [abstract]. VI/ Riunione Scientifica
Annuale Associazione Italiana Registri Tumori — AIRT, Biella, 2-4 April 2003, 59.

Avezzu S, Gattolin M, Tasinato A, Casula A, Meloni A, Tornatore G: Past and present
environmental analysis of the Porto Marghera Industrial Area. Chemical Engineering
Transactions 2003, 3:709-714.

Camerotto P, Angeletti R, Raccanelli S, Piovesan C: Piano di monitoraggio delle diossine e
PCBs negli alimenti prodotti in Veneto. In: /°Convegno Ingegnerie e chimica per 'ambiente
2003, 33-36.

Crosignani P, Massari S, Audisio R, Amendola P, Cavuto S, Scaburri A, Zambon P, Nedoclan
G, Stracci F, Pannelli F, Vercelli M, Miligi L, Imbriani M, Berrino F: The Italian surveillance
system for occupational cancers: characteristics, initial results, and future prospects.

Am J Ind Med 2006, 49(9):791-798.

17



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Franchini M, Rial M, Buiatti E, Bianchi F: Health effects of exposure to waste incinerator
emissions: a review of epidemiological studies. Ann Ist Super Sanita 2004, 40(1):101-115.
Eriksson M, Hardell L, Adami H-O: Exposure to dioxins as a risk factor for soft tissue
sarcoma: a population-based case-control study. J Nat/ Cancer Inst 1990, 82:486-90.
Fingerhut MA, Halperin WE, Marlow DA, Piacitelli LA, Honchar PA, Sweeney MH, Greife AL,
Dill PA, Steenland K, Suruda AJ: Cancer mortality in workers exposed to 2,3,7,8-
tetrachlorodibenzo-p-dioxin. N Engl J Med 1991, 324:212-8.

Steenland K, Piaticelli L, Deddens J, Fingerhut M, Chang L: Cancer, heart disease, and
diabetes in workers exposed to 2,3,7,8-tetrachlorodibenzo-p-dioxin. J Nat/ Cancer Inst
1999, 91:779-86.

Toumisto T, Pekkanen J, Kiviranta H, Tukiainen E, Vartiainen T. Soft-Tissue Sarcoma and
Dioxin: a case-control study. /nt J Cancer 2004, 108:893-900.

Viel JF, Arveux P, Baverel J, Cahn JY: Soft tissue sarcoma and Non Hodgkin’s lymphoma
clusters around a municipal solid waste incinerator with high dioxin emission levels. Am
J Epidemiol 2000, 152:13-19.

Floret N, Mauny F, Challier B, Arveux P, Cahn JY, Viel JF: Dioxin emissions from a solid
waste incinerator and risk of non Hodgkin lymphoma. Epidemiology 2003, 14(4):392-398.
Floret N, Mauny F, Challier B, Cahn JY, Tourneux F, Viel JF: Dioxin emissions and soft
tissue sarcoma: results of a population based case control study. Rev Epidemiol Sante
Publique 2004, 52:213-220.

Comba P, Ascoli V, Belli S, Benedetti M, Gatti L, Ricci P, Tieghi A: Risk of soft tissue
sarcomas and residence in the neighbourhood of an incinerator of industrial wastes.
Occup Environ Med 2003, 60:680-683.

Floret N, Viel JF, Lucot E, Dudermel PM, Cahn JY, Badot PM, Mauny F: Dispersion
modelling as a dioxin exposure indicator in the vicinity of a municipal solid waste

incinerator: a validation study. Environ Sci Technol 2006, 40:2149-2155.

18



Table 1 — ORs and 95%CI of sarcoma by length and levels of exposure (both sexes, all

sites)
Average exposure (fgr/im3)
Length of
exposure <4 4-6 =6
(years)
<32
Cases/Controls 10/41 41/100 14/26
1 1.67 2.57
OR (95% CI) (0.76 — 3.68) (0.95-6.92)
>= 32
Cases/Controls 45/120 42/92 20/26
1.61 1.91 3.30
OR (95% CI) (0.71 — 3.63) (0.84 — 4.34) (1.24 - 8.76)
Total
Cases/Controls 55/161 83/192 34/52
1 1.27 2.08
OR (95% CI) (0.84 - 1.91) (1.19 - 3.64)
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Table 2 - ORs and 95%CI of sarcoma (all sites) by sex and levels of exposure

Average exposure (fgr/m?)

<4 4-6 >6 A +* for
trend
Sex Cases/Controls | Cases/Controls | Cases/Controls
OR (95% CI) OR (95% CI) OR (95% CI)
31/83 39/88 17/26
Males 1 1.1 1.86 2.05
(Ca/Co: 87/197) (0.63 —1.96) (0.87 —3.95) |(p=0.1517)
24/78 44/104 17/26
Females 1 1.47 2.41 4.30
(Ca/Co: 85/208) (0.82 — 2.66) (1.04 —5.59) |(p=0.0382)
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Table 3 - ORs and 95%CI of sarcoma by ICD-IX code’ and levels of exposure, both sexes

Average exposure (fgr/m®)

<4 4-6 >6 X+ for
trend
Cases/Controls | Cases/Controls | Cases/Controls
ICD-IX code
OR (95% Cl) OR (95% CI) OR (95% CI)
25/80 39/93 17/17
ICD-IX 171 1 1.35 3.27 5.89
(Ca/Co: 81/190) (0.73 — 2.48) (1.35-7.93) [(p=0.0152)
5/12 10/20 2/11
ICD-IX 173 1 0,04 0.34 0.51
(Ca/Co: 17/43) (0.31 —4.71) (0.08-3.43) [(p=0.4758)
6/14 12/27 3/8
ICD-IX 158 1 1.06 0.8 0.03
(Ca/Co: 21/49) (0.33 —3.43) (0.14 — 4.45) |[(p=0.8625)
19/55 22/52 12/16
Visceral sites 1 1.24 2.45 3.02
(Ca/Co: 53/123) (0.60 — 2.55) (0.96 — 6.28) [(p=0.0823)

"1CD-IX 171: malignant neoplasm of connective and other soft tissue;
ICD-1X 173: malignant neoplasm of skin (other than melanoma of skin, Kaposi’s sarcoma and skin

of genital organs);

ICD-1X 158: malignant neoplasm of retroperitoneum and peritoneum.
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Figure 1 — The coloured areas indicate the LHUs studied; (small box:
Italy, Veneto Region, province of Venice)

Figure 1



Figure 2 — Trend by year of the emission levels of the incinerators and industrial plants
(I-TEQ gr/s)
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