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Mo re than twenty years ago, the dramatic ICMESA accident which
was to focus the world attention on the mostly damaged town,
Seveso, occurred. Ten years after the accident, in 1986, Regione

Lombardia created the Fondazione Lombardia per l’Ambiente, aimed at devoting
its financial and human re s o u rces to the development of the technical-scientific
knowledge necessary to properly protect human health and the environment. 

Unlike other institutions which perform similar tasks, the Fondazione does
not have any specific institutional responsibilities and obligations in the con-
text of environmental management and monitoring: it is a non-profit organi-
sm which does not suffer economic or political dictates and is therefore able to
rationally develop its own cultural and scientific mission. In particular, its
statute includes neither interventions nor monitoring activities as far as the
Seveso territory and the territory of the other towns involved in the 1976 acci-
dent are concerned. However, we have been managing the Fondazione throu-
gh these years and we do feel a tight ideal, moral and scientific bond with men
and insitutions that have recovered the area and monitored the health of inha-
bitants in the first eight years of emergency.

On the subject, we believe we have succeded in carrying on the action of
the Seveso Special Office in the implementation and coordination of a massi-
ve number of analytical and toxicological investigations aimed at defining as
much accurately as possible the accident’s effects. We therefore esteem our pre-
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cise duty, while introducing this volume, to express our thanks to the two men
who have been leading the Special Office: attorney Antonio Spallino, who was
in charge of the office from its creation up to 1979 and who successfully car-
ries on his task of scientific divulger as President of the Alessandro Volta
Scientific Institution; and engineer senator Luigi Noè, who completed
Spallino’s work thanks to his impressive technical ability and great social and
civic awareness.

As soon as it received the economic support from the Regione in 1991,
Fondazione Lombardia per l’Ambiente engaged in facing the Seveso reality by
planning a set of initiatives which carried on the monitoring of the area and
tried to make the regional community as well as the inhabitants of the invol-
ved area aware of anything concerning the accident, be it good or bad.

This book there f o re re p resents a milestone in this pathway and stands beside
the latest re s e a rch performed on the dioxin-struck area, the results of internatio-
nal re s e a rch presented at the meeting on chemistry, man and the enviro n m e n t
held in 1996, the training grants for students living in the area (all of which
subjects the reader will find in the volume) and the recently published book on
the EC and national directives which gave birth to the “Seveso Dire c t i v e ” .

This book has been written with the aim of collecting information on what
happended from the accident onward. In fact, it is somehow peculiar that most
technical-scientific as well as political issues which have been produced in these
twenty years on the ICMESA event have never even tried to present in a ratio-
nal and easy-re f e rence way what has to be known about the accident: on the
main polluting agent (dioxin), on its consequences on human health and the
e n v i ronment, on the recovery interventions which resulted in the creation of
the Bosco delle Querce, on scientific studies which are currently in pro g re s s
and focus on the presence and long-term effects of dioxin contamination.

We therefore wanted this book to satisfy the legitimate and commendable
need for a comprehensive knowledge of visitors who come to Seveso from all
over the world (this is why the book is edited also in the English version), of
local administrators who can find in the event’s consequences some useful ele-
ments to properly plan their intervention policies, of young people who have
the right to know the context of the accident and at the same time to acquire
scientific knowledge on subjects which the scientific community is currently
focusing on, that is the control of emissions and the environmental effects of
chlorinated organic compounds, mainly dioxins.

10



I express my sincere thanks to the editors of this volume, drs. Miriam
Ramondetta and Alessandra Repossi, members of the Fondazione technical
staff, who have performed with professional competence, dedication and per-
severance their job related to the collection of material, which made the publi-
cation of this book possible.

Giovanni Bottari
President

Fondazione Lombardia per l’Ambiente
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Introduction

Most of environmental emergencies occurred in the last years in
Europe can be ascribed to the excessive load of chemical sub-
stances released in the environment. The impetuous economic

development of the latest decades has been characterised by the scientific and
technological innovation of the chemical industry. This process has led to the
commercialisation and use of a growing number of chemical substances in
massive quantities: the world production of chemical substances has reached
about 400,000,000 tons. More than 1,000,000 of inorganic and organic com-
pounds have been artificially produced up to now. Among these, at least
100,000 are produced for commercial use and marketed, therefore affecting the
environment with a growing rate of about 2-3000 each year. We can therefore
count up to thousand of potential risk sources for human health and biosys-
tems though we can avail ourselves of toxicological and ecotoxicological data
only for few of them, unfortunately(*).

In previous times the chemical impact on the environment was mainly seen
as a merely potential risk for men while from the 60s the chemical risk has been
faced with growing interest and a systematic approach. Besides some pre v i o u s
sign of chemical threat to the environment (i.e. the mercury pollution which
caused the Minamata patology in Japan, the extremely high quantity of mer-

(*) Source: European Environment Agency, Europe’s Environment - The Dobrís
Assessment, Copenhagen 1995.
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cury found in fishes in Sweden, the eutrophization of lakes, rivers and oceans,
PCB and DDT pollution), only recently chemical substances released in the
e n v i ronment have proved to be causing severe and lasting damage to each sin-
gle environmental compartment and to human health as well.

Accidents occurring inside industrial plants also can contribute to the
release of dangerous substances in the environment, though in a diversified
way. Each environmental compartment has a wide range of toxic, inflamma-
ble and explosive substances which are daily used, produced or processed at
high temperature and pressure and in massive quantities.  These substances
can be released accidentally and often lead to or originate from fires, explo-
sions or transport accidents.

At the end of 1991, 121 accidents have been listed in the Major Accident
Reporting System (MARS), a database containing more relevant accidents
occurred in Europe, listed on the basis of the European Council Directive
96/82/CE, the so-called “Seveso Directive”.

The causes of relevant accidents impact are characterised by the fact that,
though original activites (i.e. energy, chemical processes and transport) are
planned and usually continuative, environmental risks and pressures related
to accidents are neither routinary nor subject to planning. Although statistics
on accidents provide indication on how future actions should be performed, it
is somehow impossible to foresee with a total confidence where and when an
accident will take place.

Moreover, if we consider the significant uncertainty related to the type
and magnitude of the resulting impacts, the fact of seeing accidents as a sig-
nificant source of social risk in the context of risk evaluation and management
procedures becomes then a primary issue. Risk, in this frame, can be defined
as the origin and magnitude of an undesired effect in relation with the possi-
bility it can eventually occur.

This book therefore originates from the need of assessing the current situ-
ation, twenty years after the accident that took place in Seveso on july 10,
1976. A comprehensive book whose nucleus is represented by the results of
research promoted by the Fondazione Lombardia per l’Ambiente since 1994.
Research has involved the study on the presence of possible residual dioxin in
each environmental compartment (air, soil, vegetation) in the Seveso territo-
ry; the monitoring of TCDD effects on human health by analyses performed
on a wide sample of population of both sexes and different ages; the study of
the effects on the fauna of Bosco delle Querce and of the toxicity of nutrition-
al products belonging to the involved area.

The book is not exclusively destined for scientific readers and has there-
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f o re been edited on a popular basis in order to allow the widest audience a
good understanding of the subject. Nonetheless, the book still re p resents a
valid instrument for study and analysis scientific professionals can avail
themselves of.

The volume develops according to 5 chapters and is completed by 2
a p p e n d i c e s .

Chapter 1 closely follows the chronology of the accident. Institutional and
sanitary interventions performed during the emergency and following periods
are then outlined. Aparagraph deals with Community regulations in terms of
industrial risks’prevention and management. The chapter also contains some
technical pages which explain the chemical-physical characteristics and action
mechanism of chlorine compounds (polychlorodibenzodioxins and poly-
chlorodibenzofurans) to which Seveso dioxin belongs.

We would like to express our sincere thanks to prof. Gaetano Fara of the
“G. Sanarelli” Hygiene Institute of “La Sapienza” University in Rome for the
precious help he offered us in the writing of this chapter.

Following the accident, in 1986 the Fondazione Lombardia per l’Ambiente
(fla) is created. Its activities are briefly displayed in chapter 2 : following a
thematic path, the reader can easily trace the areas of interest of fla activities
which involve a large group of young environmental researchers.

Chapter 3 is the nucleus of the volume: since 1994, fla has promoted spe-
cific research on the territory involved in the accident. The great effort that fla
has been doing since the beginning is mirrored in the amount the foundation
has destined for researchers involved in the project, which covers 20% of its
financial resources. The Seveso Project avails itself of the expertise of prof.
Anna Arnoldi of the Department of Nutritional Molecular Sciences,
University of Milan, prof. Pietro Alberto Bertazzi of the Centro Ricerca
Epidemiologica Occupazionale, Clinica e Ambientale (EPOCA), University
of Milan, prof. Sergio Facchetti of the Joint Research Centre in Ispra, dr.
Roberto Fanelli of the Istituto di Ricerche Farmacologiche “Mario Negri” in
Milan, prof. Paolo Mocarelli of the University dept. of Clinical Patology in
the Desio Hospital, dr. Paolo Lassini of the Forest Regional Agency, prof.
Carlo Alberto Redi of the Department of Animal Biology, University of Pavia.

Besides research results, the reader will also find the final report of the
winners of fla fellowships focused on industrial risk and dioxins.

Chapter 4 is entirely dedicated to the meeting the Foundation has pro m o t-
ed in 1996: all major re s e a rchers belonging to the international scientific com-
m u n i t y, involved in the re s e a rch on the effects of dioxin on men and the envi-
ronment, contributed with their experience, re s e a rch trends and evaluation.

Last chapter, chapter 5, outlines the evolution of the Bosco delle Querce

15



which was created after the most polluted site had been recovered. The text is
completed by illustrations which show the different areas of the Bosco where
a great variety of trees has been planted.

F i n a l l y, two appendices: Appendix I contains in full the text of the “Seveso
2 Directive”, which has been recently approved by the European Union for bet-
ter regulating chemical risks; Appendix II i n t roduces the foundation’s S e v e s o
Youngsters Initiatives p roject which is destined for young people who live in
the area: the initiative consists of the publication of two grants, one for middle
and high school students, the other for university students and aims at involv-
ing them in the study and protection of the enviro n m e n t .

Antonio Ballarin Denti
Scientific Coordinator

Fondazione Lombardia per l’Ambiente
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SEVESO 20 YEARS AFTER

1.1 A chronology of events

The ICMESA chemical plant (Industrie Chimiche Meda Società), 170
workers, property of the firm Givaudan S.A. in Geneva, which had
been acquired by the Roche Group in 1963, was located in the territory
of Meda, a small town near Seveso, 15 km North of Milan (photo 1). It
produced intermediate compounds for the cosmetics and pharmaceu-
tical industry among which, since 1969 and more intensely in the ‘70s,
2,4,5 trichlorophenol (TCP), a toxic unflammable compound used for
the chemical synthesis of herbicides.

Inside ICMESA, TCP was generally worked upon at 150-160°C by
means of an exothermic thermostat reaction. A lasting overheating at
higher temperatures can start several chemical reactions, including
p roduction of an impurity, 2,3,7,8 tetrachloro d i b e n z o -p a r a- d i o x i n
(TCDD), simply called dioxin, which is an extremely dangerous mole-
cule due to its very high toxicity, persistence and stability, though little
known at the time of the accident. 

On Saturday, 10 July 1976, a major chemical accident occurs: a 20

Photo 1 - The ICMESA plant (photo by Dino Fracchia).
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Figure 1.1 - Map of the area involved in the ICMESA accident.



minutes hazardous emission settles on a large area of about 1810
hectares involving the communes of Seveso, Meda, Desio, Cesano
Maderno and, even though in a less serious way, other seven munici-
palities belonging to the province of Milan (figure 1.1). The air emission
originates from a TBC (1,2,3,4 tetrachlorobenzene) alkaline hydrolysis
reaction vessel at 2,4,5 sodium trichlorophenate, an intermediate com-
pound in the preparation of trichlorophenol.

The direct cause of the emission was excessive pressure induced by
an esothermal reaction in the TCP vessel, which occurred few hours
after suspending operations and made the disk of a safety valve break
down: in fact, the disk broke by reaching 4 atmospheres and, at 250°C,
TCDD - together with the above mentioned products, with ethilenic
glycol and soda - burst out of the roof spreading directly in the air due
to the lack of the expansion chamber. TCDD emission by distillation
proceeded for hours, followed by evaporation and final cool down.

Quite uncommonly for that time of year, a 5 m/sec wind was blow-
ing; the cloud contaminated the ground according to a linear path for
about 6 km, south-eastward from ICMESA. The cloud covered inhabit-
ed areas but, fortunately, dispersion was made easier by wind speed; if
wind was not blowing, contaminants would have probably spread over
a smaller area, but TCCD concentrations would have been higher.

The mixture inside the vessel at the moment operations were sus-
pended was probably composed of about 2030 kg of 2,4,5 sodium
trichlorophenate (or other TCB hydrolysis products), 540 kg of sodium
chloride and over 2000 kg of organic products. While recovering the
vessel, 2171 kg of material, mainly sodium chloride (1560 kg) were
found. It can therefore be concluded that the air emission, composed
of a mixture of several different pollutants including dioxin, has been
of about 3000 kg. As for the dioxin content in the toxic cloud, technical
literature reports different evaluations, ranging from 300 g to 130 kg.

ICMESAsuggested inhabitants should not eat local agricultural and
zootechnical products. Also, it declared that, most likely, the emission
contained trichlorophenol, caustic soda, solvents and possibly other
toxic substances whose origin was not specified.

Monday July 12 the B building, where the vessel was located, was
closed down. On July 13 it was learned that some small animals had
died and on the 14 the first signs of skin inflammation occurred in chil-
dren. On July, 17 the director of Milan Provincial Laboratory for
Hygiene and Prevention, prof. Aldo Cavallaro, was invited by the local
sanitary authority to analyse the place. Thanks to its long time experi-
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ence as chemical expert in public health, he suspected the danger
induced by TCDD dispersion, which was little known at the time: in
a g reement with Regione Lombardia, he succeeded in re a c h i n g
Givaudan headquarters in Geneva where the presence of TCDD was
confirmed, since Givaudan laboratories were already detecting TCDD
in samples taken in Seveso immediately after the accident.

1.2 Institutional measures

In collaboration with Regione Lombardia and by means of the decree
of the President of Ministers’ Council (DCPM, 4.8.1976), the Ministry
of Health created the Technical-Scientific Central Committee (called
Cimmino after the name of its president) with the task of urgently for-
mulating proposals for precautional measures to be adopted and of
planning clean-up procedures.

Regione Lombardia contributed by creating, through regional law
no. 2, 17.1.1977, four Commissions (analytical, medical-epidemiolog-
ical, recovery and v e t e r i n a r y) which, in collaboration with the
Cimmino Commission, dealt with the population’s medical monitor-
ing, analyses, clean-up strategies and vet medicine. Through delibera-
tion no. 488 of june 2, 1977, the Regional Council approved the final
four operational programmes which had been outlined by regional
assessorates according to the above mentioned regional law and which
covered the following intervention areas:

• analysis of contamination of soil, water, vegetation; measures for
decontamination and recovery of both soil and buildings, also
aimed at preventing the diffusion of contamination;

• assistance and medical monitoring programmes in the health envi-
ronment, health prevention and care in the involved area; medical
veterinary checks and interventions, zooiatric assistance;

• assistance in the social and educational environment, including
shelter for evacuated people;

• recovery of public buildings and facilities; recovery, where possi-
ble, of conditions as they were before the accident and of the pro-
ductivity of the involved agricultural soils.

Also, some interventions to benefit agricultural, handicraft, tourist and
hotel stru c t u res which had been damaged by the accident were planned.
In order to perform these programmes and co-ordinate their work,
Regione Lombardia law no. 27 of June 17, 1977 opened the Seveso
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Special Office, with as many as 70 employees. Attorney Antonio
Spallino was appointed First Officer from 1977 to 1979 and was then
substituted by prof. Luigi Noè. According to law no. 27, the Archive of
the Special Office was set up, where all documents related to inter-
ventions in the injured area were collected and stored. 
In march, 1987, the Office was closed down and all documents collect-
ed in 700 boxes and taken to the offices of Regione Lombardia.

1.3 Assessment and management of the environmental damage

Considering the distribution of damage and the possible direction the
toxic cloud would follow, a first contamination map was created.
Three areas, the A, B and R zones, were defined according to their
decreasing dioxin contents:

The borderline between zone A and zone B was set where average
TCDD concentrations in the soil were ≤50 µg/m2; the boundaries of
zone A and B in zone R were fixed where average contamination was
≤50 µg/m2. In all cases, borderlines were established following pre-
existing natural or artificial divisions, in general compliance with the
contamination pattern made out. 

Since TCDD concentration detected in each single sampling site in
zone A ranged over more than four orders of magnitude, the zone was
broken down into subzones A1-A8, each characterised by a somewhat
lower range of TCDD levels (figure 1.2).

The Recovery Commission, in collaboration with the Technical-
Scientific Commission (Cimmino), promptly evaluated first possible
recovery interventions. Experimental research was carried out to
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surface (ha)

A A / B B B / R R

8 7 . 3 2 6 9 . 4 1 4 3 0

7 0 6 4 6 1 3 3 0 , 7 7 4

580.4÷15.5 4 . 3 ÷ 1 . 7 1 . 4 ÷ 0 . 9

5 0 5

~ 400 ~ 40

inhabitants

TCDD concentration
(µg/m2)

average boundary value
(µg/m2)

average boundary value
(pg/g) or (ppt)
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Figure 1.2 - Distribution of A1-A8 subzones according to decreasing TCDD
contents. Subzones A1-A5 have been turned into park, the Bosco delle Querce,
and their houses abated. Buildings from A6-A7 subzones have been decontam-
inated by means of proper interventions.



assess the magnitude and mobility of dioxin in the ground and in the
air dust thus proving its high persistence and scarce mobility.

On the contrary, research carried out on the possible microbial
degradation of dioxin by means of selected micro-organisms and on
the use of proper natural fertilisers gave no results.

The monitoring of dioxin distribution in soil was carried out for 17
months and proved that TCDD in the upper soil layer, which was over
90% of total detectable TCDD, decreased to 50% in the first 5 months,
due to photodecomposition, but then tended to balance (photo 2). This
information guided all reclamation processes. In zone A, whose recov-
ery was completed by 1977, the entire 40 cm top soil layer was
removed; this soil material, ruins of destroyed buildings and equip-
ment utilised for recovery operations were stored in two 300,000 m3

special controlled burrows located nearby the accident site.
Part of the former A area (subzones A1-A5) was in the following

years covered by a park, the Bosco delle Querce (see chapter 5).
As an example, we describe the recovery procedures performed in

the A6 and A7 subzones, which were characterised by quite low conta-
mination levels if compared with other A subzones.

The A6 and A7 subzones had a high social, economic and political
importance since they hosted about 67% of the evacuated population.

24
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Photo 2 - Monitoring of the area covered by the toxic cloud (photo by Dino
Fracchia).
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They had a total extension of 32 hectares; their minimum distance
from ICMESA was 1200 mt. TCDD levels in the soil were about 270
µg/m2 . The adopted methodology for recovery involved the mechan-
ical removal of the TCDD polluted soil from the surface in order to
achieve concentrations ranging between tolerable limits: in fact, the
removal of 25 cm of soil helped remove also about 90% of TCDD.
Different cleaning methods have been used.

During reclamation operations, building interiors and exteriors were
repeatedly checked by means of wipe and/or scrape testing; topsoil
cores were taken in gardens. Approximately 700 assays were carried
out on the 87 buildings and surrounding gardens. At the end of recla-
mation operations, all TCDD levels were below the established tolera-
ble limits. The same holds for agricultural and farming areas which
were checked by sampling topsoil cores in 56 sites selected on the ref-
erence grid. Buildings, gardens and agricultural and farming areas
were finally reconditioned and analytically rechecked at random.
When these checks gave favourable outcomes, cleanup operations
were considered completed; at that point, health authorities granted
clearance for re-entry of evacuated people. The very uneven distribu-
tion of TCDD in the soil and on the internal and external building sur-

Photo 3 - Recovery interventions (photo by Dino Fracchia).



faces (from <0,01 up to some µg/m2) led to the adoption of a specific
statistical approach when assessing the effectiveness of reclamation
operations (photo 3).

Rehabilitation of zones B and R was started in 1977. Simply by
ploughing and mixing, TCDD levels in the upper 7 cm soil layer could
d rop by considerably. The effectiveness of agricultural treatments was
i n c reased by repeating them during the same year and over following
years. The rapid effect of dilution was accompanied by the slower dissi-
pation processes which were facilitated by bringing TCDD from deeper
to surface topsoil layers making the action of photochemical pro c e s s e s
of dioxin destruction possible. Simple though efficient ploughing was
l a rgely employed to rehabilitate areas of agricultural intere s t .

TCDD levels in ground and surface water and in sediment showed
consistently negative results confirming the low solubility of TCDD (a
highly lipophilic molecule). 

Airborne dust was monitored to evaluate the possibility that TCDD-
containing particles were airborne from the contaminated soils, partic-
ularly during reclamation works. Maximum TCDD fallout deposits
occurred at the beginning of the summer and decreased as distance
from the plant increased.

TCDD levels in vegetation rapidly decreased as the distance fro m
the ICMESA factory increased. Immediately after the accident,
TCDD levels reached values up to some mg/kg (ppm), while in the
newly grown vegetation of the following years, levels dropped by
several orders of magnitude. Shortly after the accident an outbre a k
of animal deaths, mainly rabbits and poultry, was noted in are a s
close to the chemical plant. Mortality in zone A was obviously
g reater than in zones B and R. Intere s t i n g l y, a mortality close to
100% was noted on farms where animals were given green fodder
f rom contaminated areas (and this was also true for farms not locat-
ed in highly polluted areas), whereas a much lower mortality was
observed on farms where animals used to eat commercial feed or
fodder collected either before the accident or far away from the
I C M E S A p l a n t .

On the grounds of environmental monitoring results, consump-
tion of zones A, B and R local food and animals was pro h i b i t e d .
Later on, decision was taken to slaughter all farm animals in these
a reas to avoid the risk of people ingesting TCDD from these sourc e s .

M e a s u rements of TCDD in cow’s milk also confirmed that higher
levels were present in milk samples from farms close to the plant.
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1.4 Assessment of exposure and risk for residents

Following the indications of the regional Medical-Epidemiological
Commission, all inhabitants of highly contaminated zone A were evac-
uated. According to the knowledge by then acquired, it was stated that
evacuation was necessary where dioxin concentration in soil was high-
er than 50 µg/m2.  In zone B, a typical agricultural-industrial setting,
the original contamination levels were lower than 5 µg/m2. In zone R,
they were lower than 2 µg/m2. Both B and R zones were given strict
sanitary rules to follow, including forbearance to eat local agricultural
products and poultry or other animals and the daytime evacuation of
children and pregnant women. The considered risk factors were the
presence of people on the day of the accident and their permanence
until evacuation, possible dead animals close to their houses, ingestion
of local food and the occurrence of burns or cloracne (table 1.1).

In 1984, a new risk assessment was carried out for zone B inhabi-
tants. Compared with that of the emergency period, the new assess-
ment made use of better, more reliable, analytical information. 
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Table 1.1 - Measures designed to limit human exposure in zones B and R.

ZONE B RESIDENTS
• Intensification of personal hygiene
• No animal breeding or vegetable planting
• Daily relocation of children up to 12 years and pregnant women
• Abstention from procreation
• Minimisation of air dust level (vehicle speed limit, 30 km/hr)
• Careful emptying of vacuum cleaners
• Hunting prohibited for approximately 8 years

ZONE R RESIDENTS
• Intensification of personal hygiene 
• No animal breeding or vegetable planting
• Pets to be fed with food from areas other than zones A, B and R
• Hunting prohibited for approximately 8 years



The following exposure routes were considered:
• casual ingestion of soil
• absorption from dermal contact with soil
• inhalation of contaminated dust
• contribution of drinkable water
• ingestion of vegetables grown in home gardens
• consumption of animal products (primarily chickens and rabbits)

from the area.
Moreover, in order to achieve more specific results on risk assessment,
a more detailed analysis of further parameters was needed, such as
TCDD transmigration index from soil to vegetation and vegetables,
residents’ nutritional habits, including eggs and milk, which had not
been taken into consideration in previous analyses. Part of this analy-
sis required the use of controlled cultures and the monitoring of ani-
mal farms in the B zone.

1.5 Sanitary investigations

Among operational programmes co-ordinated by the Special Office,
the sanitary programme played a major role; several sanitary struc-
tures and institutions activated their units immediately after the acci-
dent. The programme developed according to three lines:

• systematic longitudinal sanitary control of involved or at-risk peo-
ple, in order to guarantee secondary prevention and possible ther-
apy; availability of paediatrics, internal, gynaecology, neonatology,
dermatology, occupational medicine, ophthalmology, neurology,
immunology, genetics ambulatories and of the diagnostic labora-
tory (the latter task was charged on Sanitary Zone Consortia -
SZCs and university institutions collaborating in the project);

• epidemiological surveillance of inhabitants, in order to detect inci-
dence and prevalence of different pathologies and of rare events’
variations in populations whose risk had to be assessed (this line
was given to local sanitary structures);

• laboratory research  on TCDD effects, so as to contribute to a prop-
er planning of the surveillance program (this line was given to
research institutions, belonging or not belonging to universities).

Since TCDD exposure was only indirectly assessable (according to res-
idence area) at the time of the accident, that is a direct method of
assessing TCDD in the serum was not available, tests with altered
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metabolism values would have been of extreme importance. 
M o re than 20 laboratory tests were performed involving analysis

on the hepatic, lung, bone and immune system functions, on lipid
metabolism, on the nerve systems, as well as studies on the ratio o f
spontaneous abortions and on the presence of congenital malforma-
tion events. Tests were performed on a sample of about 17,000 peo-
ple in 1976-1984.

Following these investigations, an International Steering Committee
was created, led by the Israeli epidemiologist prof. Marcus Klingberg,
who acted as expert of the Special Office until 1984. He declared that
up to that moment, the only detectable effects were cloracne and
burns, but also pointed out that investigations on possible long-time
effects should have been performed: this because TCDD nature (sta-
bility and persistence) and studies by then carried out could not pos-
sibly exclude the appearance of other damage even after a long time.

In 1987, researchers from the Center for Disease Control in Atlanta
(USA), among which were dr. Donald G. Patterson and dr. Larry L.
Needham) updated a methodology to assess dioxin concentration in
the serum of Vietnam veterans, on which the pilot study later per-
formed on the exposed Seveso population based. This occurred thanks
to the intuition researchers of the Department of  Clinical Pathology of
the Milan University located inside the Desio Hospital had in July,
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Figure 1.3 - TCDD serum levels in Seveso (A zone) inhabitants.



1976: under the leadership of the dept.’s director,  prof. Paolo Moca-
relli, they froze at -20°C a serum sample for each examined subject and
kept it, whenever possible. Results confirmed the high exposure of
inhabitants, especially in the A zone, with sometimes extremely high
TCDD concentrations (figure 1.3).

Epidemiological investigations on the effects of dioxin are currently
in progress. Chapter 3 shows results of latest analyses performed by
researchers led by prof. Mocarelli and prof. Pier Alberto Bertazzi of
EPOCA, the Occupational, Clinical and Environmental Epidemio-
logical Research Centre of Milan University.

1.6 The disposal of toxic waste

After first emergency interventions, the main concern was the dispos-
al of toxic waste from the ICMESA exploded reactor. Both Italy and
Switzerland did not offer proper solutions, and the rest of Europe was
not likely to take care of the disposal, though possessing proper dis-
posal places and high temperature incinerators. In the spring of 1982,
Italian authorities were given from Mannesman Italiana consent to
dispose of Seveso waste. Mannesman undertook to ensure transport
and disposal of all waste containing dioxin from the reaction vessel in
a suitable and authorised site. Once official permits were obtained, the
vessel was emptied under strict safety precautions. The 41 barrels con-
taining residues were transferred to destination. 

On the other hand, materials from recovery interventions, building
demolition and soil removal were stored in two burrows placed in the
towns of Seveso (tank A) and Meda (tank B). Tank A hosted materials
from the Seveso area and also ruins from ICMESAplant, for a total of
about 200,000 m3.

Tank B, located near the Certesa stream, hosted materials from the
contaminated area placed north of ICMESA and TCDD contaminated
mud originating from the Seveso purification plant. The total volume
of material was about 80,000 m3 (see chapter 5).

1.7 Legislation

1.7.1 The “Seveso Directive”
The Seveso event enlightened the fact that contemporary legislation on
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unsafe industries was unfit for protecting both workers and the popu-
lation from the “industrial risk”. 

The event occurred inside the ICMESA-Givaudan plant stimulated
the European Community to issue Directive 82/501/CEE of June 24,
1982 on industrial activities at relevant accident risk, known as
“Seveso Directive”. The directive aims at reducing the source and pos-
sible incidence of technological risk by means of analyses on accidents
causes and the revision of plants features; and also, at creating an acci-
dents’ prevention system through epidistic solutions and procedures
aimed at guaranteeing internal and external safety of industrial sites.
Base notions for its applications are:

• “industrial activity”, which means an establishment in which dan-
gerous substances are handled or stored, including transport
inside the plant; the transport of toxic substances outside the plant
is on the contrary not covered by this directive and controlled by a
specific regulation;

• “producer”, anyone who carries on an industrial activity, thus
introducing so wide a definition as to prevent elusion of responsi-
bility on the basis of functions delegations;

• “major accident” shall mean an occurrence such as a major emis-
sion, fire, or explosion resulting from uncontrolled developments
in the course of the operation of any establishment and leading to
serious danger to human health and/or the environment, immedi-
ate or delayed, inside or outside the establishment, and involving
one or more dangerous substances;

• “dangerous substance” means a substance, mixture or preparation
classified according to the kind of plant in which it is treated or
stored and to the dangerousness of single industrial activities
(annexes II, III and IV).

Duties of both producers and check organisms are clearly stated.
Producers are bound to self-prevention, that is to act all safety mea-
sures necessary to prevent accidents, placing best prevention systems,
updated to more advanced and safer plants. 

In particular, if considering that dangers can originate from both
adopted substances and processes, producers will have to clearly state
the substances’ (quantity, physical-chemical characteristics and origin
of dangerousness) as well as the plants’ characteristics (danger
derived from location, kind of process, plant type, personnel exposed
to risk, safety devices and emergency measures).

On their behalf, check organisms will first have to evaluate the
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opportunity of activating any new plants, accept notifications, process
information, check out the suitability of emergency and safety plans,
which are also valuable through inspections or other control measures.
Also in this specific control area, the importance of information is clearly
stated, so as to allow the real time creation of an efficient emergency plan.

The “Seveso Directive”, along with its later modifications, has part-
ly been accepted in Italy, even if with about 4 years delay, through DPR
175/1988, which has established rules for the control of industrial
activities under relevant accident risk.

1.7.2 The new European Directive 96/82/CE
Through the approval of new directive no. 96/82/CE of December 9,
1996 (reported in full in annex I), Europe inaugurates a brand new sys-
tem for the control of danger due to relevant accidents originated by
hazardous substances.

The clear aim of this new directive is that of making the previous
check system outlined in directive 82/501/CE more efficient by
enlarging its application domains and by strengthening the informa-
tion exchange among Member States. In particular, the directive aims
at changing the application domain of the “Seveso Directive” so as dis-
positions can be applied to all plants hosting hazardous substances in
such quantities as to represent a real danger of relevant accident occur-
rence. Connection between the simple presence of hazardous sub-
stances and the danger of relevant accident occurrence eliminates the
distinction between process plants and storage sites (which have been
up to now considered separately) which has been utilised to limit the
application domain of regulations to dangerous industrial activities.
Most significantly, attention is paid to systems of risk and accident
management, based on the principle that most accidents are due to
management mistakes. Also definitions are significantly modified: ref-
erence to industrial activity is no more, while specific definitions for
“establishment” and “plant” are given.

In the context of industrial risk, Fondazione Lombardia per l’Am-
biente has activated in 1997, in collaboration with Regione Lombard i a ,
a study on the environmental monitoring related to industrial risk in
L o m b a rd y. The project develops according to three lines: the setting up
of guidelines for the evaluation of safety reports and statements estab-
lished in the above mentioned DPR 175/88, the definition of interven-
tion protocols on accidental risk and the training of regional and non
regional personnel in the field of accidental risk prevention and contro l .
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Physical-chemical 
characteristics of dioxins 

and furans 
(PCDDs and PCDFs)

Appendix



Dioxins and furans

D i b e n z o -p a r a- d i o x i n s and polychlorinated dibenzofurans a re gro u p s
belonging to halogenated polycyclic organic compounds with similar
chemical properties. They are solids and have high melting and boiling
points. They are also scarcely soluble in waters, though slightly lipophilic.

Dioxin can be chlorinated, singly or in multiples at any of the 8 free
positions of the aromatic rings. Therefore, theoretically there are 75
possible chlorinated species (figure 1). For instance, the ICMESAdiox-
in is 2,3,7,8 tetrachlorodibenzo-p-dioxin, commonly referred to as
TCDD, which has 4 chlorine atoms in the 2,3,7,8 positions.

PCDDs and PCDFs manmade sources
Chlorinated phenols with at least one chlorine in ortho position to the
hydroxyl group and mostly their alkali salts can condense above 300°C
to form dibenzo-p-dioxins, in a specific reaction (figure 2). The term
“congeners” covers all the halogenated derivatives of both dibenzodi-
oxin and dibenzofuran, regardless of the degree or site of substitution.
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Figure 1 - Dibenzodioxin molecule with positions which can link chlorine
atoms.



The ubiquity of these compounds in the environment seems surprising
but can be explained by several reasons: thermal stability, low degree of
v o l a t i l i t y, scarce environmental biodegradability and liposolubility.

• Thermal Stability: alkales pyro l y s i s( 1 ) at 800°C starts the formation
of aromatic compounds. In turn, these can easily yield a wide num-
ber of polyaromatic stru c t u res, including polychlorinated dioxins
and furans. They are stable and get destroyed at higher tempera-
t u res than 950°C.

• Low Vo l a t i l i t y : these compounds have a very low vapour pre s s u re and
this hinders their molecular dispersion in the air but by adsorption on
particulate aerosols. Thus, they can be extremely persistent in the soil.

• Scarce Environmental Biodegradability: these molecules easily re s i s t
to both biotic and abiotic attacks and there f o re are strongly persistent
in the environment. TCDD half-life( 2 ) in the soil is about 10 years.
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(1) Pyrolysis or cracking is a process during which heat induces the breakdown of complex
molecules until simple molecules are obtained, which are the only thermally stable ones.
(2) Half-life indicates the time needed for 50% of the molecules of the analysed compound to
decompose.

Figure 2 - Condensation reaction of chlorinated phenols.



• Liposolubility: chlorinated and aromatic compounds are perfect
fats solvents. In the case of PCDDs and PCDFs, the logarithm of
the octanol/water distribution coefficient is very high (>6): there-
fore, through fats, the food chain is the main pathway of transport
and accumulation of both dioxins and furans.

From the toxicological point of view, the effects of dioxins and furans
observed on animals and man are due to the following properties
which all these molecules possess:

• traces of them are present everywhere in our environment;
• their molecular configuration is very stable both thermally and

biologically;
• they are highly lipophilic;
• dioxins configurations have a specific structural character com-

mon to most of the effects observed. In fact, amongst all the possi-
ble congeners only compounds containing four chlorine atoms or
more, including at least positions 2, 3, 7 and 8, are of toxicological
significance;

• toxicity depends on the distribution of chlorine atoms in the struc-
ture (table 1).

M o re recent methodology for the assessment of 2,3,7,8 substituted
isomers’ toxicity bases on results of NATO/CCMS study which has
defined International Toxicity Equivalency Factors (I-TEF) as shown
in table 1. T h e re f o re, the total toxicity of a sample containing dioxins
and furans depends on the concentration of toxic isomers and can be
displayed as this.

The 2,3,7,8 tetrachlorinated isomer (the Seveso dioxin, TCDD, f i g u re 3)
has features that explain its specific re l e v a n c e :

• its acute toxicity to the guinea pig, noted at a very early stage;
• a dermatological effect on man, after a prolonged exposure, called

cloracne;
• it forms quite readily from a specific pre c u r s o r, 2,4,5 trichloro p h e n o l .

TCDD manmade sources
• Secondary reaction product in the alkaline hydrolysis of 1,2,4,5

tetrachlorobenzene for the production of 2,4,5 trichlorophenol.
• Impurity of industrial trichlorophenol and derivatives such as

2,4,5,-T and 2,4,5-TP.
• Impurity of several pesticides in concentrations from 0.1 to 40

ppm.
• Impurity of certain polychlorinated biphenyls such as A rochlor 1254.
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Positions substituted
by chlorine atoms Compound I-TEF

2,3,7,8 Tetrachlorodibenzo-p-dioxin (TCDD) 1

1,2,3,7,8 Pentachlorodibenzodioxin (PeCDD) 0.5

1,2,3,4,7,8 Hexachlorodibenzo-p-dioxin (HxCDD) 0.1

1,2,3,7,8,9 Hexachlorodibenzo-p-dioxin (HxCDD) 0.1

1,2,3,6,7,8 Hexachlorodibenzo-p-dioxin (HxCDD) 0.1

1,2,3,4,6,7,8 Heptachlorodibenzodioxin (HpCDD) 0.01

1,2,3,4,6,7,8,9 Octachlorodibenzo-p-dioxin (OCDD) 0.001

2,3,7,8 Tetrachlorodibenzofuran (TCDF) 0.1

2,3,4,7,8 Pentachlorodibenzofuran (PeCDF) 0.5

1,2,3,7,8 Pentachlorodibenzofuran (PeCDF) 0.05

1,2,3,4,7,8 Hexachlorodibenzofuran (HxCDF) 0.1

1,2,3,7,8,9 Hexachlorodibenzofuran (HxCDF) 0.1

1,2,3,6,7,8 Hexachlorodibenzofuran (HxCDF) 0.1

2,3,4,6,7,8 Hexachlorodibenzofuran (HxCDF) 0.1

1,2,3,4,6,7,8 Heptachlorodibenzofuran (HpCDF) 0.01

1,2,3,4,7,8,9 Heptachlorodibenzofuran (HpCDF) 0.01

1,2,3,4,6,7,8,9 Octachlorodibenzofuran (OCDF) 0.001

Table 1 - I-TEF, International Toxicity Equivalency Factors for dioxins and
furans.

Figure 3 - 2,3,7,8-TCDD molecule.



• Is formed during pyrolysis of sodium salt of 2,4,5-T and 2,4,5-TP
(2,4,5 trichlorophenoxypropionic acid).

• TCDD was found in 23 out of 24 samples of 2,4,5-T as an impurity in
concentrations ranging from <0.01 ppm to >10 ppm (2,3,7,8-TCDD).

TCDD environmental pollution factors
As for the persistence of the molecule in the environment, evidence
exists that in the soil, after one year degradation, about 50-60% of orig-
inal concentrations (from 1 to 100 ppm) keeps unvaried. Table 2 shows
TCDD residual percentages in two soils with three different concen-
trations over a period of 350 days: 

TCDD half-life in a model aquatic environment was in the order of 600
days while photodecomposition is negligible in aqueous solutions.

Biological effects of dioxin (TCDD)
The importance of both toxic and biological effects of TCDD depends on
several factors: the species of animal in the first place and then the bre e d ,
age and sex of the animal itself and the exposure route. As a matter of
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TCDD conc. (ppm) % of TCDD recovered

soil

loamy sand 1

20 
days

40 
days

80 
days

160
days

350
days

94 81 81 80 54

silty clay
loam 1 79 77 69 83 54

loamy sand 10 80 80 80 79 57

silty clay
loam 10 85 88 82 85 63

loamy sand 100 95 92 86 73 56

silty clay
loam

Control methods: at 700°C: 50% decomposition after 21 sec. exposure. At 800°C:
complete decomposition after 21 sec. exposure.

100 107 116 92 75 71

Table 2 - TCDD percentages in two soils.



fact, no single animal species has all the observed effects. Research has
p roved a very strong embryotoxic and teratogenic effect on the mouse,
rabbit and monkey. On the contrary, most genotoxicity tests have
p roved negative. TCDD does not create DNA adducts and it is com-
monly agreed that dioxins are promoters of the cancerogenesis pro c e s s .

Table 3 summarises the main experimental effects of TCDD by using
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Lethal effect/acute 
exposure (oral LD50

(1))
(variations by breed)

Effect Tested animal Dosage

Guinea pig
Monkey

Rat
Mouse
Rabbit

Dog
Hamster

0.6 to 19 µg/kg
approx. 50 µg/kg
20 to >3000 µg/kg
114 to 2570 µg/kg
115 to 275 µg/kg

approx. 500 µg/kg
1157 to >5050 µg/kg

Hyperkeratosis
(acnegenic action)

Monkey
Rabbit

Mouse (hailess)

0.001 µg/kg/j (9 months)
1µg/topic(4weeks)
1µg/topic(4weeks)

Hepatotoxicity Rat
Mouse

5 µg/kg/single dose 
50 µg/kg/day (3 weeks)

Hepatic porphyry Rat
Mouse

1 µg/kg/week (45 weeks)
100 µg/kg/week

Immunotoxicity

Guinea pig
Mouse

Rabbit, rat, hamster
Monkey

0.04 µg/kg/week
0.1 µg/kg/week

Teratogenicity Mouse 0.001 µg/kg/day

Carcinogenicity Rat
Mouse

0.01 µg/kg/day
0.01 µg/kg/day

Genotoxicity Various tests in vitro
Various tests in vivo

Inactive overall
Inactive overall

Fetotoxicity

Monkey
Rat

Rabbit
Mouse

0.0007 µg/kg/day
0.01 µg/kg/day
0.25 µg/kg/day

3 µg/kg/day

Table 3 - TCDD experimental effects.

(1) Oral L D50: lethal dose for 50% of tested population.



active doses on sensitive species (concentrations are expressed in µg/kg
of animals’ body weight).

As for men, the World Health Organisation (WHO, 1991) establishes
a Tolerable Daily Intake (TDI) of 10 pg of PCDDs and PCDFs/ kg bw
(body weight), through food assumption.

In plants, experiments performed on young oat and soybean plant-
ed in clay soil contaminated by 60 ppm of TCDD have proved a con-
centration of 40 ppb of TCDD.

Study of the action in humans
The most evident implication of PCDDs and PCDFs for human health
is cloracne, attributable to TCDD and probably also to other con-
geners of dioxins.

The clinical description of a certain number of skin problems has
been known for long. Furthermore, it has early been proved on the
rabbit that the acnegenic effect was attributable to dioxin and not to its
pure precursor, the 2,4,5 trichlorophenol.

Cloracne is a condition in which comedones and sebaceous cysts
straw yellow in colour, with a persistent smell of chlorine (probably
due to the simultaneous presence of chlorophenols), appears general-
ly a few weeks to a few months after exposure and sometimes lasts for
several years.

The lesions appear first on the face and then on the arms, chest and
external genital organs.

Cases of porphyry have also been reported, affecting the skin (grey-
brown pigmentation) and the nails, and a few cases of hirsutism in
chemists exposed to pure TCDD.

Local acne remedies are ineffective, but 9,10 transretinoic acid has
been reported to reduce dermatosis.

Chapter 3 deals with results from research performed on the exposed
population (epidemiology, TCDD effects) and on the contaminated
area (TCDD levels in soil and in animal and vegetal bioindicators).
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Fondazione Lombardia 
per l’Ambiente
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Fondazione Lombardia per l’Ambiente (Lombardy Foundation for
the Environment, f l a) is a non-profit making scientific foundation
established in 1986 by the Lombardy Regional Council after the

dramatic dioxin emission accident which occurred in Seveso in 1976. 
The Foundation’s aim and objective is to promote research activities

and projects which focus on the impact of polluting substances in order
to promote environmental protection and human health.

The Foundation has many activities, which are described here below:

2.1 Research activity

Since 1994 the Foundation has been directly involved in research pro-
jects in collaboration with Lombardy universities, CNR (National
Council for Scientific Research), the Ispra Joint Research Centre of the
European Union and all major national and regional research agencies.

The projects’ aims are to collect new data, develop monitoring meth-
ods, define experimental protocols and testing and set technical guide-
lines for environmental policies set forth by local authorities.
The following projects have been completed in 1996:

• Territorial planning and toxic waste disposal;
• Pollution effects on agricultural and forest ecosystems: biomonitoring and

biorecovery techniques;
• Air quality in the Milan metropolitan area and its effects on human health.

Also the following belongs to the “first generation” of projects. It is cur-
rently in progress and its title is:

• Environmental and epidemiological investigations on the presence and
effects of TCDD in the Seveso area

which, due to its scientific and ethical-social significance plays a fun-
damental role in the context of the Foundation’s research (see chapter 3).
A second set of research projects has been started in 1996:

• Annual handbook of the environment of Lombardy, 1997 edition (focused
on local legislation and regulations);

• Environmental thematic cartography of Lombardy. Methods of attain-
ment, development and representation of territorial environmental data.

The following environmental planning and monitoring studies are cur-
rently in progress:
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• E n v i ronmental risk in Lombardy: assessment and intervention criteria;
• The air recovery plan in Lombardy: methodologies and structural hypotheses;
• Municipal solid waste management in European metropolitan are a s;
• Chemical emergencies handbook;
• The use of domestic dissipators in Milan province;
• Permanent observatory of chemical emergencies.

2.2 Training 

2.2.1 Training Grants
Each year the Foundation publishes a competition for fellowships (bi-
annual since 1996) to promote research projects to be carried out under
the supervision of a tutor and in scientific institutions in Lombardy.
The Foundation thus aims at developing and training young qualified
scientists in their profession. The results of each research are published
by the Foundation and more challenging projects have the chance of
becoming a special transfer project.

In the last three years, the Foundation has awarded and given work
to more than 100 young researchers in the Lombardy region, a major
achievement on a national scale. The final reports of all 24 grants have
been published in the volume 1000 giorni di ricerca in Lombardia.

2.2.2 Seveso Awards
In 1997, two new grants competitions destined to young inhabitants of
the towns of Seveso, Cesano Maderno, Desio and Meda have been pub-
lished, with the aim of supporting university studies involved in envi-
ronmental re s e a rch (competition for university students) and of
awarding art and entrepreneurial initiatives focused on the protection
of the environment (competition for secondary and high school stu-
dents). For more details, see annex II.

2.2.3 Training course in environmental education destined for high
school teachers
In 1997, a course in environmental education focused on Indicators of
urban life quality has been started. It will cover two school years (1997-
’98 and 1998-’99). 

This course has been organised in collaboration with Regione
Lombardia and the Milan Education Superintendency and is destined
for teachers of first years working in different kinds of schools of Milan



and Lodi. Also Cisem, Irrsae and Laura Conti Labter of Milan University
join the pro j e c t .

2.2.4 Post university master
In the context of post-university environmental education, fla has engaged
in co-financing a master in environmental management organised by
Pavia University focused on An integrated management of the Enviro n m e n t :
e c o l o g y, safety and quality. The aim of the course is the training of enviro n-
mental managers able to operate on national and international gro u n d .

2.3 Databases, Multimedia , Internet

2.3.1 Research database 
The Foundation has recently published the third edition of a database
specifically created and organised to collect information on the most
significant projects and research groups concerned with the environ-
ment (the volume called Banca Dati dell’Ambiente ‘97).

The project’s aim is to supply local authorities and national enviro n-
mental governing bodies with stru c t u red information and data which
could be used in policy marking. Also, it provides a critical analysis of
c u r rent environmental re s e a rch policies adopted by the state and re g i o n s .

2.3.2 Environmental graduates
I dottori ambientali dalla Aalla Z is an easy reference handbook on which
the results of the research provided by all graduate and doctorate the-
ses with an environmental subject which have been discussed in
Italian universities are published each year.

The project involves operators in the environmental field, local
boards and public and private institutions, with the hope of giving the
proper value to human resources and research which would otherwise
remain unknown. 

Ecolo ‘97. It is an electronic database which contains all information
stored in the above mentioned publications (institutions, research pro-
jects, degree theses, environmental doctorates). It is released in a bilin-
gual (Italian-English) version on CD-ROM.

2.3.3 Multimedia historical archive of environmental events in
Lombardy
This archive collects some of the most socially significant environmen-
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tal events in order to make it available for the public on the basis of an
hypertext multimedia system. The aim of the project is the setting up
of a survey and classification method of environmental events.

2.3.4 Software & Environment. National catalogue of environmental
and territorial software (CD-ROM)
The environmental software has been implemented with the aim of
harmonising and setting up a catalogue of environmental software
developed or supplied by organisations (institutions, companies,
boards) operating in the national territory. Results will be released on
CD-ROM and packaged with a small handbook which lists programs
presented, key words for reference use, technical characteristics and
use of catalogue.

2.3.5 Internet
We have opened our own website, www.flanet.org. In 1998, our website
will host all information on fla research activity and cultural initia-
tives, all databases and the updating of our publishing activity.

2.4 Publishing & Information

2.4.1 Publishing
The Foundation’s editorial plan is structured along several areas:

• Publication of essays, handbooks and training support material on
issues of great concern. Each of these works is specifically
addressed to particular groups working in the environmental
field: local administrators, local organisations’ managers and tech-
nical personnel, teachers, journalists, environmental organisations
and young civil volunteers.

• Publication of scientific proceedings and final reports of the pro-
jects financed by the Foundation. These are specifically aimed at
the scientific community and specialised technicians.

• ACTA: the Foundation’s annual report.
• Te s i n b re v e: it re p resents an evolution of the former M i n i m a

Naturalia series and consists of a selection of theses focused on a
monothematic subject.

• Workshop: a collection of reports of fla training grants’ winners.
• Ricerche & Risultati: monographs supervised by professionals in

different research domains.
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• I dottori ambientali dalla A alla Z: an overview of environmental
graduation and doctorate theses discussed in Italian universities.

A list of fla publications can be found in the issue Index, a catalogue of
fla books and CD-ROMs.

2.4.2 Meetings
Besides the annual Workshop during which the state of research pro-
jects linked to training grants are presented, Fondazione Lombardia
per l’Ambiente has promoted the following scientific meetings:

• The role played by incineration in waste disposal, Milan, October 25-26,
1994;

• Industrial waste, Milan, December 16, 1994;
• Chemistry, Man and Environment, Milan, 21 October 1996; interna-

tional meeting organised by fla in collaboration with Regione
Lombardia Presidential Board. In Chapter 4 of this volume you
will find the abstracts of all speeches.

• Software & Environment, Milan, 19 March 1997.
• Ecolo ‘97, Milan, 19 June 1997.
• Ozone pollution in the Padan plain, Milan, 25-26 June 1997.
• Annuario dell’Ambiente - Lombardia 1997, Milan 2 December 1997.

2.4.3 Information Centre
The Foundation has opened a library service for in-house reading of
400 amongst major environmental magazines such as Tree Physiology,
Bioscience, Agroforestry Systems and Biotec, which is hardly available in
the milanese area. Some of the most important books on environmen-
tal matters may also be found for reference use at the information cen-
tre, as well as the working papers of major research institutions.
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Among the projects developed in 1996, the Seveso Project has a
scientific and ethical-social prominence, since it focuses on the
monitoring of the presence of dioxin in the territory of Seveso

and on its toxicological and epidemiological consequences on the
involved population and ecosystems. The efforts of the Fondazione
aimed at the preservation and care of the Seveso territory do not rep-
resent mere institutional duties on the subject (the Foundation’s Statute
claims that fla is a no profit scientific research institute which is inde-
pendent and has no public obligations) but rather an example of moral
imperative which dates back to the historical origins and ideal aims of
our institution (figure 3.1).

Research on Seveso have requested in 1996 more than 20% of balance
availability and will continue all through 1997 involving the former B
zone. Results of first year investigations (which have allowed the ascer-
tainment of safety conditions of the Bosco delle Querce park) have
been presented in an international scientific meeting set up by fla in
October ‘96 at the University of Milan in which several qualified for-
eign researchers involved in research on dioxin, developed also in col-
laboration with fla, have presented their work (see chapter 4).

Figure 3.2 shows the complete pattern of research promoted by fla on
the Seveso territory.
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(continued)



51

Chapter 3  RESEARCH PROMOTED BY FLA

Figure 3.2 - Operational Units of the “Seveso Project”: Environmental and
epidemiological investigations on the presence and effects of TCDD in the
Seveso area.
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F i g u re 3.3 - Map of the contaminated area and indication of sampling sites.

3.1 Assessment of the current presence of 2, 3, 7, 8 tetra-
c h l o r o d i b e n z o -p-dioxin in the atmosphere of the area
involved with the ICMESA accident
dr. Roberto Fanelli
Istituto di Ricerche Farmacologiche “Mario Negri”

In this study we investigated the atmospheric dioxin mixture in areas
affected by the accident in order to see whether mobilisation of soil
particles enriched in 2,3,7,8-TCDD, or volatilisation, contributed to the



atmospheric content of PCDD and PCDF in this area. PCDD/F con-
centrations, homologue profiles, and toxicity equivalent (TEQ) levels
were also assessed to investigate the origins and the present-day
human exposure to these pollutants. In the first two years of research,
after updating sampling methodologies for big air masses in order to
catch possible dioxin isomers, a sampling campaign has been per-
formed in Seveso and in the check-area (figure 3.3).

Four sampling locations were selected in the Seveso area on the
basis of the contamination levels after the accident: Bosco delle Querc e
and Cemetery within zone A, via del Tr a m o n t o within zone B and A c q u e-
duct within zone R. Are f e rence location was selected in Milan (via Eri-
t re a), near the “Mario Negri” Institute, in a heavy traffic are a .
M e t e o rological parameters (temperature, wind speed, wind dire c t i o n ,
relative humidity, atmospheric stability, pre s s u re, solar radiation)
w e re re c o rded at Bosco delle Querc e and via Eritre a. A surface soil sam-
ple was collected at via del Tr a m o n t o in order to have a “landmark” for
the isomeric pattern of the tetrachloro d i b e n z o -p-dioxins of the soil
involved in the accident (table 3.1) .
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Location Sample code Date Volume of
sampled air (m3)

Seveso:
Bosco delle Querce

(zone A)

1B
2B
3B
4B

15-17/03/95
20-22/03/95
22-24/03/95
24-27/03/95

1634
2063
1665
2421

Seveso:
via del Tramonto

(zone B)

1T
2T
3T
4T

15-17/03/95
20-22/03/95
22-24/03/95
24-27/03/95

1424
1432
1584
2208

Seveso:
Acqueduct

(zone R)

1A
2A
3A
4A

15-17/03/95
20-22/03/95
22-24/03/95
24-27/03/95

1050
1946
1649
1019

Milan:
via Eritrea

(control site)

1M
2M
3M
5M

15-17/03/95
20-22/03/95
22-24/03/95
30-31/03/95

1199
1163
1175
1145

Seveso:
Cemetery (zone A) 5C 30-31/03/95 1404

Table 3.1 - Sampling Parameters.



The aim of the research has been the outlining of a possible different
content of 2,3,7,8 isomer from other isomers in the Seveso air samples
compared to samples of the control area. Its possible stronger relative
presence, which was eventually the only isomeric feature released in
the air after the accident, would have accounted for the evidence that
the atmosphere was locally enriched in dioxin originating from cur-
rently active sources (particulate from soil, evaporation, etc.). In fact,
recovery interventions performed after the accident had the aim of
achieving toxicologically safe soil concentrations anyway detectable,
due to the extreme sensitiveness of analytical techniques available
today. We also considered that 2,3,7,8-TCDD has an extremely long
half-life in soil (more than 10 years), and therefore we were led to con-
clude that in Seveso there can be portions of soil with a TCDD isomeric
composition including a higher 2,3,7,8-TCDD relative content than
that recorded in urban areas, and therefore able to affect the atmos-
pheric composition of the tetrachlorodibenzodioxins mixture com-
monly present in urban air by enriching its 2,3,7,8 isomer content
through air dust dispersion and evaporation.

The concentration of the 2,3,7,8-TCDD isomer in the soil sample col-
lected at via del Tramonto (former B zone) was 47 ng/kg of dry weight.
They are comparable to levels detected in some samples from indus-
trialised areas not affected by any accident. However, the relative
analysis of the other isomers shows a very different profile from the
one commonly found in other urban areas. In fact, while in this sites
the 2,3,7,8 isomer represents a small percentage among the tetra-
chlorodioxins complex (generally below 5%), in the Seveso sample the
2,3,7,8 isomer is slightly higher compared to the total sum of the other
isomers (above 90%).

This result, even if it refers to only one sample, confirms the starting
hypothesis on the presence in the soil of the residuals of 2,3,7,8-TCDD
due to the ICMESA accident. Results from analyses performed on air
samples collected in Seveso, and in the Milan control sites show the
presence of TCDD isomers’ detectable quantities in all samples. About
fifteen isomers can be identified in the samples. In table 3.2 all data
related to total dioxins and furans and related 2,3,7,8 isomers.

The total TCDD isomer concentrations ranged respectively from 0.3
to 21 pg/m3. They are generally higher than the levels reported fro m
other investigations re g a rding urban air samples, but comparable to
the concentrations near municipal solid waste incinerators or industri-
al sources. The TCDD isomer, expressed as a percentage of total TCDD,

54

SEVESO 20 YEARSAFTER



55

Chapter 3  RESEARCH PROMOTED BY FLA

ranged between 2.2% and 5%, and no meaningful differences were
found between samples collected in the Seveso area and samples from
the control location in Milan. These percentages are typical of the diox-
in mixture arising from combustion sources, indicating an insignifi-
cant contribution of 2,3,7,8-TCDD from the soil.

Investigations performed have allowed the outlining of early con-
clusions. First, it was proved that in the Seveso territory, portions of
soil whose isomeric tetrachlorodibenzodioxins composition is differ-
ent from soils of urban/industrial areas not affected by any accident,
exist, resulting richer in 2,3,7,8-TCDD isomer.

Second, the average composition of the local air is not different from
the control location (Milan), as for the tetrachlorodibenzodioxins iso-
meric composition. Therefore, it does not seem likely an atmospheric
enrichment by local sources.

Research of second year has focused on two investigations. The first
has dealt with the completing of analytical activities referring to sam-
ples taken in 1995. After the Seveso accident, scientific research has
proved that the family composed by several dioxin isomers moves in
the air, stretching even at an enormous distance from sources (inciner-
ators, industrial activities, traffic, etc.) and that it is therefore possible
to measure the isomers’ concentrations anywhere and availing our-
selves of proper techniques. This allows the evaluation of the popula-
tion total exposure to dioxins originating from sources which are not
related to the ICMESAaccident, also providing information on the dif-
ferent sources on the territory. Analyses have also concerned the deter-
mination of all dioxin isomers in the sampled atmosphere, in the three
Seveso locations and in the Milan site as well, in order to allow calcu-
lation of the population exposure in terms of toxicity equivalents
(TEQ). TEQ are also displayed in table 3.2.

This analysis takes into account the toxicity of the diff e rent PCDD/F
isomers relating the 2,3,7,8-substituted isomers to the most toxic 2,3,7,8-
TCDD. Each isomer concentration is multiplied by a toxic equivalent
factor (TEF) in order to give the relative toxicity equivalent (TEQ). For
2,3,7,8-TCDD TEF is 1. The sum of TEQs for the diff e rent isomers gives
an assessment of the toxicity due to the dioxin mixture (see chapter 1). 

Results showed that the isomeric composition of the dioxin and
furan families in the Seveso atmosphere is qualitatively quite equal to
that of the Milan site and also slightly similar to the typical profile of
emission sources related to combustion processes. The TEQ concentra-
tions (table 3.2) ranged from 0.136 pg TEQ/m3 in sample 2M (Milan) to
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Sample

1 B 2 B 3 B 4 B 1 T 2 T 3 T 4 T

0 . 5 7 0 . 3 6 0 . 7 1 2 1 . 0 3 0 . 6 3 0 . 4 8 1 . 8 5 1 2 . 0 5
0 . 0 3 0 . 0 2 0 . 0 2 0 . 0 9 0 . 0 2 0 . 0 2 0 . 0 5 0 . 0 6

1 . 4 0 0 . 7 8 1 . 5 6 4 0 . 6 9 0 . 5 9 1 . 2 4 4 . 5 7 4 . 2 6
0 . 0 8 0 . 0 2 0 . 0 8 0 . 5 1 0 . 0 5 0 . 0 6 0 . 0 8 0 . 1 9

3 . 2 6 0 . 7 0 3 . 9 1 5 2 . 6 9 0 . 7 5 4 . 2 0 5 . 8 1 1 0 . 5 7
0 . 4 4 0 . 0 3 0 . 1 0 0 . 5 7 0 . 0 3 0 . 0 8 0 . 1 0 0 . 1 2
0 . 3 1 0 . 0 5 0 . 1 8 2 . 6 8 0 . 0 9 0 . 1 2 0 . 1 9 0 . 7 3
0 . 2 7 0 . 0 4 0 . 2 1 1 . 8 1 0 . 0 5 0 . 0 7 0 . 2 2 0 . 4 7

0 . 7 7 0 . 4 0 1 . 0 4 1 5 . 6 4 0 . 9 1 0 . 7 2 3 . 5 8 5 . 6 6
0 . 4 5 0 . 2 5 0 . 4 6 7 . 0 2 0 . 5 0 0 . 3 5 1 . 6 6 2 . 5 9

1 . 0 3 1 . 2 6 1 . 3 2 7 . 2 4 1 . 0 1 1 . 6 7 2 . 3 7 3 . 6 0

5 . 0 3 1 . 2 2 7 . 4 2 4 5 . 3 8 1 . 8 6 2 . 8 3 9 . 5 0 1 5 . 5 0
0 . 6 5 0 . 11 0 . 4 5 0 . 5 8 0 . 3 7 0 . 1 3 0 . 8 0 0 . 7 4

5 . 1 0 1 . 7 1 6 . 1 6 4 4 . 8 7 1 . 8 9 3 . 5 1 11 . 5 7 1 0 . 0 0
0 . 5 2 0 . 1 0 0 . 6 3 3 . 7 2 0 . 2 4 0 . 3 3 0 . 6 6 0 . 8 8
0 . 8 1 0 . 1 2 0 . 5 3 2 . 9 6 0 . 4 8 0 . 1 8 0 . 5 6 1 . 6 3

4 . 9 7 1 . 3 8 1 0 . 5 3 7 2 . 5 5 4 . 3 0 3 . 6 6 1 4 . 1 8 2 2 . 9 7
0 . 7 7 0 . 1 5 1 . 11 5 . 0 0 0 . 6 5 0 . 3 3 1 . 1 6 2 . 0 6
0 . 6 2 0 . 11 0 . 8 7 3 . 6 3 0 . 6 0 0 . 2 5 0 . 9 1 2 . 0 6
0 . 3 3 < 0 . 0 2 0 . 1 0 0 . 5 1 0 . 0 4 < 0 . 0 2 0 . 1 0 0 . 1 9
0 . 8 3 0 . 1 9 1 . 2 6 1 2 . 1 2 0 . 4 8 0 . 2 7 1 . 3 3 7 . 5 0

0 . 9 3 0 . 3 8 1 . 8 5 1 7 . 3 3 0 . 6 8 1 . 3 5 4 . 8 7 7 . 0 1
0 . 4 9 0 . 2 3 1 . 2 5 1 0 . 3 2 0 . 2 9 0 . 8 7 3 . 0 1 4 . 9 5
0 . 1 0 0 . 0 4 0 . 1 0 1 . 2 1 0 . 0 8 0 . 1 4 0 . 4 2 0 . 5 3

0 . 6 4 0 . 2 8 0 . 6 8 6 . 0 7 0 . 5 8 0 . 6 3 1 . 9 4 2 . 5 9
0 . 9 2 6 0 . 1 6 8 0 . 8 0 1 4 . 8 9 7 0 . 5 3 8 0 . 2 9 9 0 . 9 3 4 2 . 4 8 7
2 3 . 6 9 8 . 4 7 3 5 . 1 8 3 2 3 . 4 9 1 3 . 1 9 2 0 . 2 8 6 0 . 2 5 9 4 . 2 1
2 . 3 7 1 . 4 2 3 . 1 2 1 . 3 6 2 . 4 0 1 . 4 4 2 . 3 1 1 . 6 1

Total TCDD 
2,3,7,8-TCDD

Total PeCDD
1,2,3,7,8-PeCDD

Total HxCDD
1,2,3,4,7,8-HxCDD
1,2,3,6,7,8-HxCDD
1,2,3,7,8,9-HxCDD

Total HpCDD
1,2,3,4,6,7,8-HpCDD

OCDD

Total TCDF
2,3,7,8-TCDF

Total PnCDF
1,2,3,7,8-PnCDF
2,3,4,7,8-PnCDF

Total HxCDF
1,2,3,4,7,8-HxCDF
1,2,3,6,7,8-HxCDF
1,2,3,7,8,9-HxCDF
2,3,4,7,8,9-HxCDF

Total HpCDF
1,2,3,4,6,7,8-HpCDF
1,2,3,4,7,8,9-HpCDF

OCDF
TEQ
Total PCDD+PCDF
PCDF/PCDD ratio

L e g e n d : TCDD = tetrachlorinated dibenzo-p-dioxins; PnCDD = pentachlorinated
d i b e n z o -p-dioxins; HxCDD = hexachlorinated dibenzo-p-dioxins; HpCDD = hepta-
chlorinated dibenzo-p-dioxins; OCDD = octachlorinated dibenzo-p-dioxin; TCDF =
tetrachlorinated dibenzofurans; PnCDF = pentachlorinated dibenzofurans; HxCDF =
hexachlorinated dibenzofurans; HpCDF = heptachlorinated dibenzofurans; OCDF =
octachlorinated dibenzofuran.

Compound

(continued)
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Sample
Compound

1 A 2 A 3 A 4 A 5 C 1 M 2 M 3 M 5 M

1 . 5 4 0 . 2 9 1 . 2 4 4 . 6 1 0 . 6 0 0 . 6 2 0 . 4 3 1 . 2 9 0 . 6 1
0 . 0 5 0 . 0 1 0 . 0 3 <0.005 0 . 0 2 0 . 0 2 0 . 0 2 0 . 0 3 0 . 0 3

5 . 8 5 0 . 8 9 1 . 5 5 6 . 0 9 1 . 3 9 0 . 9 8 0 . 6 3 1 . 8 7 1 . 3 0
0 . 1 5 0 . 0 7 0 . 1 3 0 . 1 4 0 . 2 0 0 . 0 4 0 . 0 3 0 . 0 6 0 . 0 4

5 . 5 8 4 . 1 9 3 . 2 1 2 . 6 6 2 . 2 9 1 . 3 2 0 . 9 5 1 . 3 6 1 . 8 9
0 . 2 3 0 . 1 6 0 . 1 5 0 . 0 6 0 . 3 1 0 . 1 4 0 . 0 7 0 . 0 6 0 . 0 6
0 . 2 5 0 . 1 6 0 . 2 5 0 . 1 6 0 . 3 0 0 . 3 3 0 . 0 5 0 . 11 0 . 1 5
0 . 2 2 0 . 11 0 . 2 1 0 . 1 0 0 . 2 5 0 . 1 9 0 . 0 5 0 . 0 8 0 . 0 9

1 . 0 8 0 . 4 9 1 . 2 7 3 . 0 7 0 . 5 9 1 . 1 0 0 . 2 7 0 . 7 5 0 . 9 4
0 . 7 0 0 . 2 6 0 . 6 8 1 . 4 9 0 . 3 0 0 . 6 0 0 . 1 6 0 . 2 8 0 . 4 2

1 . 9 2 1 . 2 3 1 . 5 6 2 . 11 0 . 6 3 1 . 7 2 0 . 2 8 1 . 3 2 0 . 7 5

6 . 7 4 1 . 4 7 6 . 0 7 1 0 . 6 3 2 . 9 7 2 . 3 0 1 . 9 3 5 . 1 4 1 . 2 6
1 . 2 6 0 . 1 3 0 . 2 9 0 . 2 6 0 . 1 2 0 . 2 8 0 . 1 5 0 . 2 1 0 . 0 6

11 . 4 5 1 . 7 2 4 . 9 9 7 . 0 1 3 . 1 4 2 . 4 9 0 . 9 7 3 . 5 2 1 . 5 7
0 . 9 3 0 . 1 4 0 . 5 8 0 . 5 1 0 . 4 0 0 . 2 6 0 . 0 9 0 . 3 4 0 . 2 0
2 . 2 3 0 . 1 8 0 . 5 3 0 . 4 1 0 . 3 5 0 . 4 0 0 . 0 7 0 . 2 9 0 . 1 2

1 0 . 6 4 1 . 7 3 5 . 5 7 1 0 . 5 9 3 . 7 4 3 . 8 1 0 . 7 2 6 . 2 6 2 . 9 1
0 . 9 7 0 . 1 3 0 . 6 4 0 . 8 4 0 . 4 6 0 . 4 3 0 . 0 6 0 . 6 2 0 . 1 9
0 . 1 9 0 . 1 5 0 . 6 0 0 . 5 4 0 . 4 5 0 . 3 8 0 . 0 7 0 . 5 4 0 . 1 2

< 0 . 0 2 < 0 . 0 2 0 . 1 4 0 . 3 3 0 . 1 0 0 . 1 8 0 . 0 6 0 . 0 7 < 0 . 0 2
1 . 5 1 0 . 4 6 0 . 7 5 1 . 4 5 0 . 6 5 0 . 3 5 0 . 0 8 0 . 4 7 0 . 4 7

1 . 3 3 0 . 3 8 1 . 3 6 3 . 2 8 0 . 8 2 0 . 6 3 0 . 3 2 1 . 5 8 0 . 9 9
0 . 7 4 0 . 2 4 0 . 8 8 2 . 2 2 0 . 4 8 0 . 4 2 0 . 2 2 0 . 8 3 0 . 4 6
0 . 0 8 0 . 0 3 0 . 0 8 0 . 1 9 0 . 0 7 0 . 0 4 < 0 . 0 2 0 . 1 3 0 . 1 0

0 . 6 0 0 . 4 5 0 . 8 0 1 . 3 2 0 . 2 9 0 . 6 6 0 . 1 6 0 . 7 8 0 . 3 3
1 . 7 6 8 0 . 2 8 1 0 . 7 0 7 0 . 7 1 8 0 . 5 9 5 0 . 4 9 7 0 . 1 3 6 0 . 4 5 0 0 . 2 4 0
4 6 . 7 2 1 2 . 8 5 2 7 . 6 3 5 1 . 3 7 1 6 . 4 7 1 5 . 6 4 6 . 6 5 2 3 . 8 7 1 2 . 5 6
1 . 9 3 0 . 8 1 2 . 1 3 1 . 7 7 1 . 9 9 1 . 7 2 1 . 6 0 2 . 6 2 1 . 2 9

Total TCDD
2,3,7,8-TCDD

Total PeCDD
1,2,3,7,8-PeCDD

Total HxCDD
1,2,3,4,7,8-HxCDD
1,2,3,6,7,8-HxCDD
1,2,3,7,8,9-HxCDD

Total HpCDD
1,2,3,4,6,7,8-HpCDD

OCDD

Total TCDF
2,3,7,8-TCDF

Total PnCDF
1,2,3,7,8-PnCDF
2,3,4,7,8-PnCDF

Total HxCDF
1,2,3,4,7,8-HxCDF
1,2,3,6,7,8-HxCDF
1,2,3,7,8,9-HxCDF
2,3,4,7,8,9-HxCDF

Total HpCDF
1,2,3,4,6,7,8-HpCDF
1,2,3,4,7,8,9-HpCDF

OCDF
TEQ
Total PCDD+PCDF
PCDF/PCDD ratio

( 1 ) 1pg=10-12g

Table 3.2 - PCDD and PCDF (pg/m 3)(1) in air samples.



4.897 in sample 4B (Bosco delle Querce). As PCDD/F concentrations,
the TEQ were substantially higher in the Seveso samples than in sam-
ples from Milan. Figure 3.4 compares the average TEQ in this study
and in air samples from several European cities. The levels detected in
Milan, as well as those from Seveso, are comparable with those of
other industrialised cities. Nevertheless, in view of the short sampling
time of the air analysed in this investigation these data should be con-
firmed by more representative samples, from longer sampling times
(on a year basis) during the third year monitoring campaign (see below,
1997 Research program).

The second investigation has focused on the implementation of a
long term air monitoring system, in order to achieve significant results
concerning the dioxin concentrations in the air related to longer peri-
ods (months) than those of 1995 research (15 days). 

In order to avoid new investments for the updating of sampling
sites, modifications to sampling speed and frequency have been stud-
ied, in order to cover the maximum period with the minimum energy
consumption. We have adopted a compromise solution which, though
keeping the sampling speed identical (not varying the station’s basic
characteristics), allows air sampling over a 3-month period. The sam-
pling frequency is 15 minutes of activity every 2 hours, which leads to
the collection of about 10.000 m3 every 90 days.

If we consider that in 3 months about 10.000 m3 of air are filtered, we
had to make sure that the sampling of these enormous air volumes was
suitable for the filter retention capabilities. There f o re, a proper experi-
ment allowed verifying that the recovery of dioxins standards deposit-
ed on the filter after the passage of 10.000 m3 of air was significant.

Results showed that the recovery of a 2,3,7,8,-TCDD 13C standard
deposited on the filter at the beginning of the sampling was 74,7% of
the initial one after the passage of about 10.000 m3 of air, proving the
seal of the adsorption efficiency of the polyurethane filter was good.

3.1.1 1997 Research program 
R e s e a rch performed by the operational unit of “Mario Negri” Institute
have focused on the completion of analyses related to investigations on
air dioxin sources not linked to the ICMESAaccident and to the updat-
ing of protocols for the assessment of new phytopurification techniques
of Certesa stream, which flows across the area struck by the accident.

As for first subject, the preliminary results obtained over a short
period of time on samples from the Seveso area affected by the ICME-
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Figure 3.4 - TEQs (pg/m3) in air samples from industrialised European towns
and from sites involved in this study.
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SA accident have shown the composition of the atmospheric dioxin
isomer mixture is not appreciably different from the control area in
Milan. This suggests that 2,3,7,8-TCDD-enriched local soil gives no
major contribution to the dioxin composition and levels of local atmos-
phere. Likewise, the homologue profiles are not markedly different in
Seveso and Milan and are quite similar to samples related to emissions
belonging to combustion activities.

It is a major topic to assess the existence of such sources in the
Seveso territory and surroundings, in order to individualise re l e v a n t
emissions and, if advisable, plan recovery interventions to impro v e
Seveso air quality.

Investigations have assessed the presence and quantitative incidence
of sources of atmospheric dioxins such as traffic, waste disposal plants,
industrial plants on the Seveso surroundings. Research activity has
dealt with investigations on the territory in order to focus sources
inventory, experimental analyses for the spotting and characterisation
of both sources and chemiometric techniques to classify them and
evaluate their contribution to the quality of air.

As for second topic, the implementation of an experimental analyti-
cal protocol has been started in collaboration with the Regional Forest
Agency, which wants to develop a phytopurification experimental
project involving the Bosco delle Querce. This protocol will allow the
assessment of the system’s purification/degradation capacity on the
basis of scientific data. The project aimed at assessing the efficiency of
several different experimental phytopurification situations to improve
the quality of Certesa stream waters, which flows close to the Bosco
delle Querce. The project has also planned a preliminary investigation
to assess water quality features such as pH, electric conductivity,
anions, cations, heavy metals, BOD, COD, organic pollutants (pesti-
cides, phenols, industrial waste, etc.).

These data will support both the choice related to the specie to be
used during phytopurification experiments and the classification of
possible specific pollution sources. In a second phase, once significant
water quality markers have been chosen, the assessment on the eff i-
ciency of phytopurification experiments will be performed by measur-
ing parameters located above and under intervention spot. Where v e r
possible, mass balances of significant parameters will be performed.



3.2 Analytical sampling of tetrachlorodibenzo-p-dioxin in
soil, vegetation and bioindicators of Bosco delle Querce
prof. Sergio Facchetti
Centro Comune di Ricerca
EI Istituto dell’Ambiente

3.2.1 PCDD/F levels in soil
During the first two years (1995-1996) the current concentration of
polychlorodibenzodioxins, mainly the 2, 3, 7, 8-TCDD isomer, has
been assessed in soil, vegetables and some biological indicators in
Bosco delle Querce. 

Soil sampling has been preceded by the analysis of data related to
previous campaigns. Data achieved by the Seveso Special Office in the
1980-1981 campaign, before upper soil removal, resulted the most reli-
able. Figure 3.5 shows division of A3 area by 25x25 meters sites, super-
imposed to the Bosco map.

In order to optimise samples number, a transect sampling line has
been placed on the sampling systematic grid - which had alre a d y
been used in the 80-81 campaign - by tracing, perpendicularly to the
column O line, parallel lines to each other. 

For each sampling site, two samplings have been performed, one at
0-15, the other at 15-30 cm.
Results of soil samples taken during campaigns are displayed in table 3.3.

Comparison between 1980-’81 results and today’s shows a decrease in
the 2,3,7,8-TCDD isomer concentration, proving a good soil decontami-
nation. The lowest decrease in TCDD concentration can be found in the
northern part of Bosco delle Querce (sampling sites L11, L12, M9, O14,
Q10) which today carries the highest PCDD/F loads in the top soil.

A closer look at results shows a lasting heterogeneity in concentra-
tion values. In fact, L11 surface sample has 15 pg/g against 0.11 pg/g
in N7; similarly, M9 deep sample has 6.2 pg/g against 0.15 pg/g in cor-
responding sample N7.

Most of 41 samples do not show detectable differences in the 2,3,7,8-
TCDD concentration in the surface (0-15) and the deep (15-30) layer;
however, sample L11 shows a significant difference between concen-
tration in surface fraction and in the deep fraction, 7 times higher in
the first. This big variability indicates that clean-up in this region was
not conducted homogeneously and that residual loads are localised.
The concentration range in the sub soil lies between 0.10 and 38 pg/g
2,3,7,8-TCDD (0.80 and 39 pg/g I-TEF).
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Figure 3.5 - Map of A3 area in squares and indication of sampling sites and
analysed species.
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If only I-TEFs are considered (see chapter 1), all 41 soil samples are
within a concentration range which is typical for industrialised areas.
For comparison, the median of 20 pg I -TEF/g soil is considered as
urban background burden in other big cities like Hamburg. For the
samples with lower I-TEFs than 5 pg/g, (about 70% of the samples
analysed) 2,3,7,8-TCDD generally contributes only a little amount to
total toxicity. This indicates that their total PCDD/F toxicity mainly

Sampling site

L11
L12
M9
M14/M15
N7
N11/O11
O1
O2
O5
O8
O10
O12
O13
O14
P8
Q5
Q8
Q9
Q10
Q11
R8
S8
S9

Table 3.3 - Concentration of 2,3,7,8-TCDD and I-TEF in top- and sub-soil
samples (dry soil).

1980-’81 data 1995-‘96 campaign

Top soil Top soil Sub soil
(0-15 cm) (0-15 cm) (15-30 cm)

C( 2 , 3 , 7 , 8 - T C D D ) C( 2 , 3 , 7 , 8 - T C D D ) I - T E F C( 2 , 3 , 7 , 8 - T C D D ) I - T E F
n g / g p g / g p g / g p g / g p g / g

9 . 2 1 5 1 6 2 . 1 2 . 8
< 4 . 2 6 . 4 8 . 1 3 . 8 5 . 0
5 . 8 1 3 1 6 6 . 2 8 . 4

1 2 . 5 1 . 6 2 . 9 1 . 5 2 . 6
1 0 0 . 11 0 . 9 1 0 . 1 5 0 . 7 4
1 3 0 . 2 3 1 . 2 0 . 4 1 1 . 0
9 . 2 0 . 4 9 2 . 3 1 . 8 2 . 6
9 . 2 0 . 8 5 3 . 4 0 . 7 4 3 . 3

< 4 . 2 0 . 1 7 1 . 4 0 . 4 8 1 . 7
7 . 1 0 . 2 7 1 . 8 0 . 6 6 1 . 6
4 . 6 0 . 2 1 . 0 0 . 1 0 1 . 0
5 . 4 1 . 6 5 . 4 1 . 6 2 . 7
7 . 1 - - 3 8 3 9
1 5 6 . 7 8 . 9 5 . 3 7 . 4
1 0 0 . 3 5 4 . 2 s t o n e s s t o n e s
6 . 3 l o s t l o s t 0 . 3 4 0 . 8 0

1 2 . 5 2 . 0 1 3 1 . 5 1 6
1 7 . 5 3 . 3 3 . 7 2 . 1 2 . 4
1 6 . 7 6 . 1 8 . 7 6 . 0 8 . 7
< 4 . 2 0 . 3 5 2 . 3 - -
1 2 3 . 1 1 0 1 . 8 4 . 4
6 . 3 0 . 9 0 2 . 9 - -

< 4 . 2 0 . 5 5 2 . 0 1 . 6 2 . 0



derives from atmospheric deposition in the industrial region of Milan
and is an index of the successful clean-up of these sites.

H o w e v e r, the total toxicity of samples which showed higher I-TEFs is
either dominated by 2,3,7,8-TCDD (sites L11, L12, M9, O13, O14, Q10) or
have a strong contribution from 2,3,4,8,9-PeCDF, also (sites Q8 and R8).

Usually, 2,3,7,8-TCDD has minor relevance for PCDD/F toxicity in
atmospheric deposition. It is known that the typical contribution of
2,3,7,8-TCDD to the total toxicity in waste incinerators’ flue gas is
about 4%. Bulk deposition samples collected in 1992 from 7 industri-
alised cities in Nordrhein Westfalen (Germany) showed an average
2,3,7,8-TCDD contribution of 6±2% of total toxicity. It therefore seems
obvious that the high contribution of 2,3,7,8-TCDD to the total toxici-
ty of some soil samples in the Bosco delle Querce is still a result of the
accidental input of 1976.

As for the toxicological risk associated with these concentrations, a
comparison with legislative thresholds is required.

All soil samples - except one sub soil sample at O13 - are below the
maximum I-TEF level allowed by the Italian legislation on agricultur-
al use, which is 20 pg I-TEF/g soil. Compared to other legislation, for
example German guidelines, 70 % of samples are within the I-TEF
range of unlimited agricultural use (<5 pg/g), while the others are
within the limited agricultural use level (5-40 pg/g). German legisla-
tion would not require any clean-up activities at these levels. 

H o w e v e r, before classifying the investigated area as “harmless”, more
aspects should be taken into consideration: first, samples concentration
in the analysed samples differs by more than two orders of magnitude.
This big variance in concentration indicates that even higher concentra-
tions might be found when increasing the number of samples.

Second, limits in the national legislation are related to the “normal
atmospheric load” of soil, assuming that mainly higher chlorinated
PCDD/Fs, often associated with combustion particles, make up the I-
TEF. Higher chlorinated PCDD/Fs are less volatile than 2,3,7,8-TCDD
or 2,3,4,5,8-PeCDF which contribute to almost total toxicity in samples
> 5 pg I-TEF/g. This means that, provided an identical I-TEF, the soil
containing higher quantities of low chlorination (and higher volatility
as well, like 2,3,7,8-TCDD) PCDD/Fs might release more “toxicity” for
human health via evaporation than a soil whose I-TEF is mainly made
up by high chlorination (and therefore lower volatility) PCDD/Fs.

Finally, the mobility and bio-availability of a pure compound being
deposited onto the soil after an accident might be significantly higher
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than that of a compound which derives from the “normal atmospheric
load” and which is usually absorbed in atmospheric particles. 

3.2.2 PCDD/F levels in biota
2,3,7,8-TCDD levels as well as I-TEFs in biota (except those in wild rab-
bit livers) did not exceed the soil concentrations.

The concentration range in plants, mushrooms and earthworms lies
between < 0.1 and 29 pg/g for 2,3,7,8-TCDD (0.2 to 38 pg I-TEF/g (table
3.4). To have an idea, a typical PCDD/Fs value for leafy vegetation in
urban and industrial regions is between 1 to 10 pg I-TEF/g dry weight.

Biota samples which can be considered as passive indicators for
ambient air like oak leaves, conifer needles, grass samples and mosses
showed up to 22 pg I-TEF/g. It can be seen that the closer the samples
grow to the ground, the higher the contribution of 2,3,7,8-TCDD to
total toxicity is. Samples of leafy trees contribute to less than 10%
which is still within the range of “normal” atmospheric deposition.
Grass samples show up to 50% 2,3,7,8-TCDD contribution, indicating
TCDD evaporation from the soil. In one of the moss samples (1994),
total toxicity almost exclusively derives from 2,3,7,8-TCDD (19 pg/g of
22 pg I-TEF/g). This findings indicate that, if the soil is contaminated,
2,3,7,8-TCDD evaporation is an important input source for plants
which grow in the boundary layer between the soil and ambient air.

The I-TEF of biota samples which are more closely related to the soil,
like earth worms (I-TEFs between 4.7 and 38 pg/g), was even more
dominated by 2,3,7,8-TCDD. Also in mushrooms, which had much
lower I-TEF (1.0 and 0.2 pg/g), 2,3,7,8-TCDD contributes to about 50%
of total toxicity.

It can be seen that the accident history of the sampling area still
affects the biota in or close to the soil due to TCDD evaporation from
the soil or to the direct uptake by organisms living in the soil. 

A peculiar situation occurs in the case of wild rabbits liver, where just
few samples have been collected. Although I-TEF ranges from 228 to
418 pg/g, 2,3,7,8-TCDD concentration is low and does not contribute
to more than 6% of total toxicity. The I-TEF is made up to more than
60% by 2,3,4,7,8-PeCDD, followed by tetra- and hexa-furans. Since
there are no reference data from outside the A-zone available at pre-
sent, it is not possible to shape the contribution of high I-TEFs to the
accidental history of sites. The high abundance of 2,3,4,7,8-PeCDD and
other furans indicates an impact of non-specific sources. As an exam-
ple, wild hare livers from the surroundings of an hazardous waste
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landfill in Muechehagen, Germany, showed a similar isomer distribu-
tion in I-TEFs, being about 2 times lower.

3.2.3 1997 Research program
In order to complete the assessment of residual 2,3,7,8-TCDD contami-
nation in the area, investigations have included zone B sites where con-
tamination resulted higher than 2 micrograms for square meter during
the environmental monitoring carried out by the Seveso Special Off i c e
in 1983, 1984, 1985. The analytical plan included the sampling and
analysis of 45 soil samples, 10 musk and 10 earthworms samples.

As figure 1.2 in chapter 1 shows, subzones A6, A7 and A8 have been
later included in zone B. Zone B presented an average pollution and its
agricultural areas were not subject to recovery but only to agricultural
interventions.

Due to the high density of urban settlements, which is a common
feature of both areas, samples have been taken in agreement with
houses’ owners and public authorities.

3.3 Study on the possible effects of TCDD on the reproductive
and immune system of females who were 0.5 to 30 years of age
in 1976 and of subjects exposed in utero
prof. Paolo Mocarelli
Università degli Studi di Milano, Dipartimento Universitario di Patologia
Clinica
Ospedale di Desio, Milan

Although it is well known that dioxin is extremely toxic to animals, lit-
tle is known about its effects on humans. Experimental research show
the need of assessing whether man is more reactive to dioxin exposure
in the foetal state than in adult life, whether damages induced to the
immune and reproductive systems and to embryos can be re-traced in
adults and whether antiestrogenic effects can be detected in women
inside breast or endometric tissues.

The Seveso population is the only one that can be submitted to these
studies, due to ethic and social-sanitary reasons and also due to the facts
that it is possible to know initial TCDD exposure in most people thro u g h
f rozen serum samples, that both male and female adults and children suf-
f e red exposure and that some of the contaminated women bore childre n
who can be analysed to assess their intrauterine exposure possible eff e c t s .



The aim of the research is to provide information on the functioning
of the reproductive system of young women (0.5-30 years in 1976)
exposed to TCDD, on the reproductive system and finally on health
conditions of males and females affected by TCDD intra-uterine expo-
sure. Research focuses on two subjects and will be developed on a
three-year ground.

Both research lines develop on the basis of recent observations indi-
cating TCDD toxicity towards the immune and reproductive systems,
which is even higher than its cancero g e n i c i t y, as the EPA
(Environmental Protection Agency), USA, has recently outlined.

Some data collected during the first phase seem to confirm the
hypothesis that dioxins and polychlorinated biphenyls (PCB) can act
like “environmental exogenous oestrogen” and therefore reduce the
reproduction and immune capability of both man and animals affect-
ed by adult and mostly intrauterine exposure.

First research line has determined women affected by cloracne in
1976-’77 and living in the most polluted areas (Aand B) and in TCDD
uncontaminated areas.

They were asked to fill in a questionnaire covering their personal
story and risk factors for reproduction, whose aim was the assessment
of sexual development and the reproductive capability. The question-
naire was created in collaboration with dr. Vercellini of the Obstetrics
Hospital of Milan University and prof. Eskenasi of Berkeley
University, joining the project.

Later on, the same subjects have been submitted to biochemical-clin-
ical analyses (renal, hepatic, bone marrow and immune functions).

First step was to determine the TCDD content in serum samples
taken in 1976-’77 in women who were 0.5 to 30 and lived in the A zone
at the moment of the accident (table 3.5).

TCDD content in 23 female children, affected by 1,2-type cloracne
(the lightest), living in the R area is summarised in table 3.6.

Results confirmed a massive TCDD contamination in more than 50%
of the A area population. In this phase, at least three significant ele-
ments have been spotted. First, about 7.5% of women living in the A
area does not show to have suffered exposure to TCDD. Second, a
semilog distribution of exposure values occurs and third, about 44% of
women living in the R area and that have been classified in 1976 under
“1,2 cloracne” and in whom the TCDD concentration has been mea-
sured with samples taken in 1977-’78, have proved negative.

These results are outstanding for further research. We have then
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decided not to consider the more exposed subjects according to the
simple living area criteria related to 1976, but also considering whether
these people, in the years 1976-’80, have had a higher TCDD seric level
than 20 ppt (expressed with relation to plasma lipids). Subjects with
lower values have been considered unexposed controls. In the B area,
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Age (1976) Zone R female Dosed subjects(1) TCDD negative
inhabitants (≤20ppt)

0,5-5 years 4 3 (75%)( 1 ) 2

6-10 years 3 8 20 (53%) 8

11-15 years 0 0 0

16-20 years 1 1 (100%) 0

>20 years 0 0 0

4 3 24 (56%) 1 0

Age (1976)

0.5-10 years 11-30 years 0.5-30 years
n. of women 6 2 9 4 1 5 6

min. conc. (ppt) 0 0 0

max conc. (ppt) 5 6 , 0 0 0 6 3 2 0 5 6 , 0 0 0

a v e r a g e 3 1 3 6 7 8 8 1 7 2 1

m e a n( 1 ) 4 5 8 1 9 5 2 9 1

P2 5
( 2 ) 1 8 1 8 1 9 7

P7 5
( 3 ) 1 5 9 0 7 6 2 1 0 1 8

Negative subjects (TCDD ≤20 ppt) = 11 (7.5%).

( 1 ), ( 2 ), ( 3 ) 50 (mean), 25 and 75% of examined women had lower TCDD concentrations
than indicated values.

Table 3.5 - Distribution of the TCDD plasma concentration in 1976-’77 in
women from A zone who were between 0.5 to 30 years of age in 1976.

Table 3.6 - Females affected by 1.2-type cloracne living in the R area.

(1) in brackets, dosage % on total



about 20-30% of women results unexposed, re s p e c t i v e l y. Investigations
have also been extended to women belonging to the same age class liv-
ing in the B area, provided a sample of 1976-’80 serum on which TCDD
concentration could be detected was available. In 1996 we have invit-
ed women to undergo a series of further biochemical and clinical
analyses (see above) as well as an abdomen ecography for the proper
examination of genitals. 

3.3.1 Intrauterine exposure and the reproductive and immune systems
The second re s e a rch line focuses on the effects of TCDD in the intra-
uterine exposed, that is subjects born in 1977-’85, within 7-8 years after
their mother’s exposure to TCDD. This time re p resents dioxin’s half-
life (time in which the initial dioxin concentration reduced to 50%).

Subjects have been selected and TCDD has been measured in some
of their serum samples. Women who gave birth to children between
July,1, 1976 and June, 30, 1979 have showed a quite serious exposure,
according to serum samples taken in 1976-’78 (table 3.7).

3.3.2 Sex ratio in subjects born from exposed parents
In 1996, during the evaluation of children born after 1976 to exposed
parents, we have assessed the sex distribution up to 1994 in the A area
after TCDD exposure.

Results showed a remarkably greater amount of females born
between 1976 and 1984 compared to males: the sex ratio was 0.54
(males/females), about half of what commonly expected, since the
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No. of women 2 1
Min. conc. (ppt) 0
Max conc. (ppt) 5 7 3 0
Av e r a g e 5 7 0
M e a n( 1 ) 1 6 1
P2 5

( 2 ) 7 5
P7 5

( 3 ) 4 6 3

Table 3.7 - Distribution of TCDD plasma concentration in 1976-’77 in zone
A women who bore children between July 1, 1976 and June 30, 1979.

Negative subjects (TCDD ≤20 ppt) = 11 (7.5%).

(1), (2), (3) 50 (mean), 25 and 75% of examined women had lower TCDD concentrations
than indicated values.



number of newly born males and females is about the same under nor-
mal circumstances (table 3.8).

Between 1985 and 1994, 124 offspring to zone A couples occurred
and the males/females relationship returned to normality. Couples in
which at least one subject presented higher TCDD levels than 400 ppt
only had daughters. Couples with lower dioxin levels in serum had
both males and females.

3.3.3. 1997 Research program
Previous results seem to show a direct connection between parents’
exposure to TCDD and children sex. This gives impulse to new
research which in 1997 focused on Further investigations on the property
of dioxin (TCDD) to modify the sex ratio in the exposed population in order
to individualise the role of father and mother, the necessary TCDD
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Serum TCDD  (1976) (1) Offsprings
Father Mother Males Females

1( 2 ) 1 4 9 0 4 8 5 0 1
2( 2 ) 2 3 4 0 9 6 0 0 2
3( 2 ) 1 4 2 0 4 6 3 0 1
4( 2 ) 5 0 9 2 5 7 0 1
5( 2 ) 4 4 4 1 2 6 0 2
6( 2 ) 4 3 6 4 3 4 0 1
7( 2 ) 2 0 8 2 4 5 0 1
8( 2 ) 1 7 6 2 3 8 0 1
9( 2 ) 1 0 4 1 6 5 0 0 2

1 0( 3 ) 6 5 . 4 2 6 . 6 1 0
11( 3 ) 5 5 . 1 2 7 . 6 1 0
1 2( 3 ) 2 9 . 6 3 6 . 5 1 0
1 3( 3 ) 2 9 . 3 not detected 1 1

(1) expressed as serum lipid adjusted ppt.
(2) high exposure to TCDD  measured as serum TCDD levels.
(3) low exposure to TCDD.

Table 3.8 - Sex distribution of children (17 cases) born between April, 1977
and December, 1984 to zone A p a rents who had different TCDD levels in 1976.



concentration to achieve this effect and its duration in time.
Observations derived from this research reminded of other experi-

mental research which showed an endocrine deregulation effect by
pesticides, PCBs, phenols and dioxins.

Endocrine deregulators are all chemical substances interfering with
pathways along which hormones control development, gro w t h ,
metabolism and the normal functioning of organs and systems.

As an example, we must remind that DDE effects on development 
- a DDT metabolic product which inhibits the action of testosterone -
have been detected in alligators living in Apopka lake, Florida.

During several experimental sessions, concentrations of dere g u l a t i n g
chemical substances have been measured in both men and the enviro n-
ment, while only in few cases definite etiological bonds have been estab-
lished. This is attributable to the scarce availability of reliable indicators.

One of the most sensitive indicators of the deregulating action (estro-
genic or anti-estrogenic) of PCBs, pesticides and dioxins, is the
increase in testicles cancer.

Testicles cancers have undergone a threefold increase in the last 30
years and are more frequent in young individuals.

This a quite rare cancer and is there f o re a significant indicator in the
context of studies about extended populations. The decrease in the num-
ber of sperms in industrial society men seems to be another indicator of
endocrine deregulation, though opinions diverge on the subject.

A very powerful indicator of endocrine deregulation is the sex ratio
modification.

This effect had never been considered in relation with TCDD, neither
experimentally.

The acquisition of further information is therefore a major concern in
order to find an answer to the following new questions:

• which is TCDD seric concentration inducing the sex ratio m o d i f i-
c a t i o n ?

• Is the father’s exposure more relevant or is the mother’s?
• How much does both parents’ exposure contribute?
• Is this effect irreversible?
These questions are research hypotheses and can be faced by

analysing a wider population from which a higher number of pre-
sumably exposed individuals can be drawn in order to have proper
information. This can be achieved by considering 1976 residents in
some areas of B and R zones with highest TCDD concentrations
(which are anyway lower than the A zone).
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According to what has been outlined above, we have focused our
attention on:

• the distribution of the sex ratio in individuals born from couples
who in 1976 lived in the most contaminated areas belonging to for-
mer B-zone and R-zone, comparing it with the sex ratio observed in
the former A-zone;

• the importance of the exposure of father or mother (or both) in the
sex ratio determination;

• the duration (and possible reversibility) of the sex ratio m o d i f i c a t i o n .
The investigation has been performed on individuals living in the

former B and R zones, about 4,500-5,000 people on the whole, accord-
ing to the following methodology: the cohort of people between 15
and 50 of age who in 1976 lived in B and R zones’ most contaminated
areas have been rebuilt. Then, date of birth and sex of children of each
subject have been recorded.

The sex ratio of exposed subjects’ children, born between June 1977
and December 1984 has then been compared with that of children born
between January 1970 and March 1977 to residents in the same areas,
in order to achieve a check group inside the population.

Information has been collected also in relation with those subjects
which changed residence after July 1976.

3.4 Molecular epidemiology of the effects of dioxin exposure
in the Seveso territory
prof. Pietro Alberto Bertazzi
Università degli Studi di Milano, EPOCACentro di Ricerca Epidemiologica
Occupazionale, Clinica e Ambientale

Research developed in the past two years has focused on several fea-
tures of TCDD long-term effects on the population involved in the
accident. Investigations have dealt with:

• mortality study over the 20 years after the accident;
• study on the incidence of different cancers over the same period;
• molecular epidemiology investigations on dioxin’s effect and on

generic susceptibility factors.

3.4.1 Study on mortality and cancer incidence
Mortality and cancer incidence studies were designed to investigate
possible long-term effects. The A, B, and R zones included part of the
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territory of two health districts of Lombardy region. All people having
their residence in the districts from the date of the accident onward
were enrolled. Those living in the three contaminated zones were con-
sidered exposed. Those in the surrounding uncontaminated territory
were adopted as referent population; they shared with the index pop-
ulation the main characteristics related to social and cultural habits, as
well as the living and occupational background.

The follow-up of all study subjects was carried out blinded to their
e x p o s u re status, using the same criteria and methods, and over the
same time span. The information from local population registries was
the basis for assigning subjects to one of the exposure zones, or the
re f e rent area. Those registries are kept by every city in Italy and cover
the whole national territory. Individual changes of residence are sys-
tematically updated allowing the tracing of those who left the study
a rea. Once a person was located, the vital status was available. In case
of death, the date, place and the detailed description of the cause
reported to the National Statistics Institute was obtained. As for the
cancer incidence study, the linkage of information on all hospitalisa-
tion in the Lombardy region (nearly 9,000,000 inhabitants) with the
re c o rds of cohort members allowed the identification of study sub-
jects admitted/discharged with a diagnosis mentioning cancer.
Original medical re c o rds were re-examined to ascertain true diagno-
sis and date of cancer occurrence. The ascertainment rate for cancer
morbidity was close to 95%.

Results for mortality in the ten-year period following the accident
have been reported and those for the fifteen-year period are about to
be published. In none of the three contamination zones the mortality
cause differed from that of the reference population. In the A zone, the
small size of the population prevents the sound interpretation of
results. Among males in the B zone, cancer mortality was just above
expectations (table 3.9). 

A nearly threefold significant increase was recorded for rectal cancer.
Mortality from lung cancer had moderately increased. Deaths due to
lymphoemopoietic neoplasms were significantly in excess, particular-
ly leukæmia. Mortality in the R zone was similar to the reference pop-
ulation’s, but soft tissue sarcomas exhibited a greater than twofold
increased risk (table 3.10). 

Females in the A zone exhibited a slightly increased cancer mortali-
ty, mainly involving digestive sites. In the B zone, increased risks were
mainly recorded for lymphoemopoietic neoplasms, with a sixfold
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higher relative risks for Hodgkin’s disease and myeloma. Observed
deaths from respiratory, breast, uterus and ovary cancer were less than
expected. In the R zone, expectations were disregarded with reference

75

Chapter 3  RESEARCH PROMOTED BY FLA

A zone B zone R zone
Cause of death RR( 1 ) 9 5 % C I( 2 ) RR ( 1 ) 9 5 % C I( 2 ) R R( 1 ) 9 5 % C I( 2 )

All causes 1 . 0 0 . 7 - 1 . 4 0 . 9 0 . 8 - 1 . 1 1 . 0 1 . 0 - 1 . 1
All cancers 0 . 4 0 . 2 - 1 . 0 1 . 1 0 . 9 - 1 . 3 0 . 9 0 . 8 - 1 . 0
D i g e s t i v e 0 . 2 0 . 0 - 1 . 4 0 . 9 0 . 7 - 1 . 3 0 . 9 0 . 8 - 1 . 0
E s o p h a g u s - - 0 . 4 0 . 7 - 1 . 3 0 . 9 0 . 8 - 1 . 0
S t o m a c h - - 0 . 8 0 . 4 - 1 . 5 0 . 9 0 . 7 - 1 . 1
C o l o n - - 0 . 8 0 . 3 - 2 . 0 0 . 8 0 . 6 - 1 . 2
R e c t u m - - 2 . 9 1 . 4 - 6 . 2 1 . 1 0 . 7 - 1 . 8
H e p a t o b i l i a r y - - 0 . 6 0 . 2 - 1 . 5 0 . 7 0 . 5 - 1 . 0
L i v e r - - 0 . 6 0 . 2 - 1 . 7 0 . 7 0 . 5 - 1 . 0
P a n c re a s 1 . 9 0 . 3-1 3 . 5 0 . 6 0 . 1 - 2 . 2 0 . 8 0 . 5 - 1 . 3
R e s p i r a t o r y 0 . 8 0 . 3 - 2 . 2 1 . 2 0 . 9 - 1 . 7 0 . 9 0 . 8 - 1 . 1
L u n g 1 . 0 0 . 4 - 2 . 6 1 . 2 0 . 9 - 1 . 7 0 . 9 0 . 8 - 1 . 1
P l e u r a - - 5 . 3 1 . 6 - 1 7 . 5 0 . 8 0 . 2 - 2 . 5
Soft Tissue Sarcoma - - - - 2 . 1 0 . 7 - 6 . 5
Genito-urinary tract 0 . 7 0 . 7 - 5 . 3 1 . 0 0 . 5 - 1 . 8 1 . 0 0 . 8 - 1 . 3
P ro s t a t e - - 1 . 2 0 . 6 - 2 . 8 1 . 2 0 . 8 - 1 . 7
B l a d d e r 2 . 3 0 . 3 - 1 6 . 8 0 . 9 0 . 3 - 3 . 0 0 . 9 0 . 6 - 1 . 5
B r a i n - - 0 . 8 0 . 1 - 5 . 5 1 . 3 0 . 7 - 2 . 5
Ty roid gland - - 4 . 9 0 . 6 - 3 9 . 0 - -
Ly m p h o e m o p o i e t i c - - 2 . 3 1 . 3 - 4 . 2 0 . 8 0 . 5 - 1 . 2
H o d g k i n ’ s - - 3 . 3 0 . 8 - 1 4 . 0 - -
Non Hodgkin’s - 1 . 5 0 . 4 - 6 . 0 1 . 1 0 . 5 - 2 . 1
M y e l o m a - - 1 . 1 0 . 2 - 8 . 2 0 . 8 0 . 3 - 2 . 0
L e u k æ m i a - - 3 . 1 1 . 4 - 6 . 7 0 . 8 0 . 4 - 1 . 5
Ly n p h a t i c - - 2 . 9 0 . 7 - 1 2 . 3 1 . 3 0 . 5 - 3 . 2
M y e l o i d - - 3 . 3 1 . 0 - 1 0 . 6 0 . 6 0 . 2 - 1 . 8

Table 3.9 - Mortality 1976-1991 from malignancies in the Seveso population.
Males. All ages.

(1) If the relative risk (RR) is above 1, mortality is increasing, if below 1, mortality is
decreasing. For example, pancreas cancers (zone A) have almost doubled (RR = 1.9),
while liver cancers have slightly decreased (RR = 0.7).
(2) Confidence Interval (CI): it expresses the RR value at 95%.



to bone malignancies, but no cases of soft tissue sarcoma were
observed.

The clearest suggestions of unusual mortality were obtained in the
most heavily contaminated A zone. Males had an increased mortality
from cardiovascular disease, and particularly from chronic ischemic
heart disease. Mortality from this cause was also increased in B and R
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A zone B zone R zone
Cause of death RR ( 1 ) 9 5 % C I( 2 ) RR( 1 ) 9 5 % C I( 2 ) RR ( 1 ) 9 5 % C I( 2 )

All cause 1.1 0,7-1,5 1.0 0.9-1.1 1.0 1.0-1.1
All cancers 1.2 0,6-2,2 0.9 0.7-1.2 0.9 0.8-1.0
Digestive 1.5 0.6-3.6 0.8 0.5-1.3 0.9 0.8-1.1
Stomach 0.9 0.1-6.7 1.0 0.5-2.2 1.0 0.8-1.3
Colon 2.6 0.6-10.5 0.6 0.2-1.9 0.8 0.6-1.2
Hepatobiliry - - 1.1 0.4-3.1 0.8 0.6-1.3
Liver - - 1.3 0.4-4.0 0.6 0.3-1.1
Other Digestive 8.1 2.0-32.8 0.6 0.1-4.5 0.8 0.4-1.5
Respiratory - - 0.5 0.1-2.0 1.1 0.8-1.6
Lung - - 0.6 0.1-2.3 1.0 0.7-1.6
Bone - - 2.6 0.3-19.4 2.4 1.0-5.7
Soft Tissue Sarcoma - - - - - -
Melanoma 9.4 1.3-68.8 - - 0.6 0.2-2.0
Breast 0.6 0.1-3.9 0.8 0.4-1.5 0.8 0.6-1.0
Uterus - - 0.3 0.0-2.4 1.1 0.8-1.7
Ovary 2.4 0.3-16.5 - - 1.0 0.6-1.6
Brain - - 3.2 1.0-10.3 1.1 0.5-2.4
Tyroid gland - - 3.2 0.4-24.5 0.8 0.2-3.6
Lymphoemopoietic - - 1.8 0.8-3.8 0.9 0.6-1.4
Hodgkin’s - - 6.5 1.5-30.0 1.9 0.6-5.8
Non-Hodgkin’s - - - - 0.9 0.4-1.8
Myeloma - - 6.6 2.3-18.5 1.0 0.4-2.5
Leukæmia - - 0.6 0.1-4.0 0.9 0.5-1.6

(1) If the relative risk (RR) is above 1, mortality is increasing, if below 1, mortality is
decreasing. For example, lymphoemopoietic cancers (zone B) have almost doubled
(RR = 1.8), while lung cancers have slightly decreased (RR = 0.6).
(2) Confidence Interval (CI): it expresses the RR value at 95%.

Table 3.10 - Mortality 1976-1991 from malignancies in the Seveso popula-
tion. Females. All ages.



zones, however with lower relative risk (RR) values. The accident is a
plausible explanation for the observed excess. Two components
should be taken into consideration: the disaster experience with its
burden of psychosocial stress and, possibly, the chemical exposure.
Both might have contributed to the excess, most probably by precipi-
tating already existing ill health conditions, as documented by the
early post accident deaths’ occurrence, the old age of affected people,
and the prevalent type of cardiovascular disorder. Among A zone
males, respiratory tract disease mortality had increased as well. 

The excess mainly concerned chronic obstructive bronchial-pul-
monary disease (COPD) and, similarly to the chronic ischemic heart
disease excess, it occurred in the early post-accident period and affect-
ed the elderly. This pattern may give strength to the hypothesis that
the same determining factors discussed for cardiovascular deaths
could have precipitated respiratory disease as well. Women also expe-
rienced an excess respiratory mortality in the A zone (1 death only),
and particularly in the B zone (8 deaths). A major explanatory factor
might be the documented immunotoxic action of dioxin. This might
have impaired protection and defence mechanisms against respiratory
infection episodes which play a major role in COPD natural history.
Diabetes mellitus exhibited an increased mortality pattern in A and B
zone females. These findings become meaningful in the context of
recent investigations’ results in other dioxin-exposed populations.
Mortality from liver cirrhosis had not increased.

Cancer incidence findings for the first post-accident decade are avail-
able and are summarised in table 3.11. Cancer cases in zone A w e re too
f e w, (seven cases among males and seven among females) to elicit any
meaningful conclusion. In zone B, where the relative risk for all cancer
was exactly 1.0, four specific relative risks attracted attention: two had
i n c reased (hepatobiliary tract, and lymphoemopoietic tissue) and two
d e c reased (breast and uterus). Liver is certainly one of the target org a n s
of TCDD toxicity. The noted hepatobiliary increase was mainly sup-
ported by primary liver cancer in men and by extrahepatic bile ducts
and gallbladder cancer in women. Another suggested site of TCDD
action is the lymphoemopoietic tissue. The increase in zone B was
twofold and affected both males and females. In particular, lym-
p h o re t i c u l o s a rcoma among males and multiple myeloma among
females showed a statistically significant increase. The suggestively
low incidence of oestrogen-dependent cancers (breast and uterus) was
also of great interest since TCDD is known to exert a powerful anti-
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Males Females
Cancer site O b s RR( 1 ) 95% CI( 2 ) O b s RR( 1 ) 95% CI( 2 )

All cancers 76 1.1 0.9-1.4 36 0.8 0.6-1.1
Digestive 18 0.9 0.6-1.5 12 1.1 0.6-1.9

Hepatobiliary 5 1.8 0.7-4.4 5 3.3 1.3-8.1

Liver, primary 4 2.1 0.8-5.8 - - -

Gallbladder+biliary tract 1 2.3 0.3-17.6 4 4.9 1.8-13.6

Lung 18 1.1 0.7-1.8 - - -

Breast - - - 10 0.7 0.4-1.4

Hematopoietic tissue 8 2.1 1.0-4.3 6 1.9 0.8-4.4

Lymphoreticulosarcoma 3 5.7 1.7-19.0 1 2.3 0.3-16.9

Multiple myeloma 2 3.2 0.8-13.3 2 5.3 1.2-22.6

Leukæmia (myeloid in females) 2 1.6 0.4-6.5 2 3.7 0.9-15.7

Table 3.11 - Cancer incidence, 1977-1986, at selected sites in Seveso, zone B.

(1) If the relative risk (RR) is above 1, mortality is increasing, if below 1, mortality is
decreasing.
(2) Confidence Interval (CI): it expresses the RR value at 95%.

e s t rogenic action. The remarkable result in zone R was, instead, the ele-
vated risk of soft tissue sarcomas, along with the significantly lowere d
risk of uterine cancer. Soft tissue sarcoma is another tumour associated
by several investigations with TCDD exposure. The increase noted in
zone R was twofold, and had borderline statistical significance.

The fact that the most evident increase in hepatobiliary cancer, haema-
tological neoplasms and soft tissue sarcomas, as well as the most strik-
ing decrease in uterus (mainly corpus uteri) and breast cancer, were esti-
mated among people residing for the longest period in the contaminat-
ed area was relevant to the hypothesis of an association between the
noted cancer occurrence pattern and TCDD exposure. Notwithstanding
some study limitations (lack of individual exposure markers, short
latency and small population size for certain cancer types), results of
p revious experimental and epidemiological studies, along with mecha-
nistic knowledge on dioxin toxicity, corroborate the hypotheses that the
observed excesses from neoplastic causes, though based on a small
number of deaths, might be associated with dioxin exposure .



3.4.2 Molecular epidemiology studies
Several experimental studies show that 2,3,7,8-TCDD has both a ter-
atogen and carcinogenic action in animals. On the contrary, the link
between TCDD assumption and cancer is still debated.

As we have mentioned above, in the area involved in the ICMESA
accident in 1976, a population of about 30,000 residents in a TCDD con-
taminated area has been compared to 300,000 not exposed subjects. The
first group showed a significantly increased incidence of epatobiliar
cancers, as well as of the digesting, lymphatic and emapoietic systems
neoplasia and of soft tissues sarcomas. The association of this incre a s e
with TCDD exposure is mostly likely, though needing further analysis.

Some previous epidemiological studies support this association, but
others do not confirm the hypothesis. An explication for this discrep-
ancy may be ascribable to the possible action of individual suscepti-
bility factors. This hypothesis is also supported by the presence of clo-
racne-affected subjects living in Seveso and presenting low TCDD
plasma concentrations and by the absence of cloracne in high TCDD
plasma concentrations.

Today, many aspects of TCDD action mechanism are known and this
allows researchers to possibly figure out the involved susceptibility
factors. Almost every effect due to TCDD exposure is mediated by the
compound linking to the Ah (Aryl hydrocarbon) receptor. The TCDD-
AhR compound enters the cellular nucleus and there creates a dimer
with the product of the arnt (aryl hydrocarbon nuclear translocator) gene.
Interaction between this dimer with specific DNAsegments allows the
induction of some genes. Most studied genes are CYP1A1, CYP1A2
and, more recently, CYP1B1 belonging to the P450 system.

The hypothesis is that genetically determined individual suscepti-
bility factors (besides those acquired and related to personal habits,
occupation, etc.), together with the assumed TCDD dose, play a rele-
vant role in determining the outcome of cloracne and cancers associat-
ed with TCDD exposure. Specifically, the study wants to assess
whether an inter-individual variation exists in the action of some
genes involved in TCDD action mechanism in men.
The analysis of what above may allow the following:

• assessment of the role played by individual susceptibility factors
and other risk factors related to occupation, personal habits, diet
etc. and the possible interaction of TCDD exposure in the determi-
nation of the unusual frequency of some neoplasia spotted in the
incidence study;
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• description of the different casual components and of the real mag-
nitude of the carcinogenic risk induced by a TCDD territorial con-
tamination on a population;

• clearer description of TCDD action mechanism in man.
Results of research above, together with results from the in-progress
incidence study, are significant in the context of risk assessment and
sanitary intervention planning in such contamination events.

Research has developed according to three phases. The first phase ,
completed in 1995, concerned the study of 60 individuals living in a
highly contaminated area and 60 living in an uncontaminated area,
divided into three groups according to age (20-30, 40-50, 65-75) and to
smoke habits (smokers/non smokers) that have been selected at ran-
dom among the eligible. The aim was the study of a certain number of
individual susceptibility markers that have been only partially charac-
terised in the human, and the evaluation of a certain number of labo-
ratory procedures and methods to analyse them. All information con-
cerning other factors, beside sex, age, smoke habits and exposure, have
been collected through a questionnaire, and could give reasons for the
variability of the markers used in the population. In 1996, laboratory
analyses on first phase markers and the statistical analysis of laborato-
ry results intertwined with the questionnaire data have been complet-
ed. The second phase examines individuals that have been affected in
the past by cloracne and individuals with the same age and sex and
living in the same site that have not. The participation has been of 100
subjects affected by cloracne and of 100 controls. Hypotheses have
been made that, once the common exposure condition has been grant-
ed, the personal susceptibility factors are those characterising cases in
comparison to non-cases. A similar hypothesis has to be verified in the
third phase, in which individuals with neoplastic pathologies will be
compared to sane individuals, with the same age, sex and proceeding
from the same area. The classes of cancer for which an hypothesis of
association with TCDD exists will also be included, such as soft tissues
sarcoma, Hodgkin lymphoma, cancer of liver and biliar ways, of the
respiratory system, of breast and derma. This study is performed on
accidents individualised with the help of doctors and on cases select-
ed among the major hospitals in the area.

3.4.3 1997 Research program
We have considered the common exposure condition and the individ-
ual susceptibility factors which differentiate cases from non-cases. We
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have studied 125 subjects (living or deceased) which have been affect-
ed by neoplastic pathologies (included all kinds of cancer for which a
possible association with TCDD exists: soft tissue sarcomas, non-
Hodgkin lymphoma, liver and biliar system cancer, respiratory cancer,
breast and skin cancer) and performed 125 checks on people coming
from the same area with the same age and sex.
In particular, we have considered the following biological and molec-
ular indicators:

• Current TCDD levels in plasma, which also give information on
the initial and following exposure, thanks to the studies performed
on the compound half-life. Its determination allows the definition
of the exposure conditions overcoming the limits of the ecological
definition used until now;

• Expression of Ah receptor in lymphocytes. The bond of TCDD
with this receptor is an essential though insufficient step for the
action of TCDD. The aim of this analysis is to qualitatively under-
line the inter-individual differences in the Ah receptor expression
and therefore the different susceptibility towards TCDD exposure;

• Arnt gene. The product of this gene creates a dimer with the AhR-
TCDD complex, which is necessary for the bond with DNAto take
place, and is examined through RFLP analysis using the Mspl
restriction enzyme. Subjects with a mutation of the gene could be
resistant to TCDD effects;

• CYP1A1 genotype expression (mRNA), EROD activity. CYP1A1
is induced by the Ah-TCDD complex. The protein product of this
gene, that is P4501A1, catalyses the AHH (Aryl Hydrocarbon
Hydroxylase) and EROD (Etossi-resurefin-O-dietilasi) enzymes
that can activate chemical compounds (i.e.benzo(a)pyrene) in elec-
trophilic compounds able to link in a covalent way with the DNA
and produce toxic/carcinogen effects. Subjects with a mutation of
the CYP1A1 gene have a modified inducibility and therefore a
modified susceptibility to TCDD effects;

• Evaluation of transferase Glutathione enzyme genotype, µ group,
on lymphocytes. The aim of this study is to evidence a possible
individual susceptibility to the toxic effect of aromatic polycyclic
hydrocarbons, dioxin and other compounds, related to the absence
of both alleles of the gene that codifies for the detoxification
enzyme glutathione transferase (GSTµ void).
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3.5 Evaluation of TCDD effects on the reproductive system of
the “Bosco delle Querce” ecosystem fauna 
prof. Carlo Alberto Redi
Università degli Studi di Pavia, Dipartimento di Biologia Animale

The Seveso area, strongly polluted by 2,3,7,8 tetrachlorodibenzo-p-
dioxin (TCDD) after the 1976 ICMESAaccident, was artificially recon-
structed and transformed into a wood composed mainly of oaks with
some scattered green fields and some bushy areas, the Bosco delle
Querce urban park. 

The Bosco delle Querce ecosystem is rather young, first reforestation
efforts dating back to 1985. It spreads over an area of approximately 42
ha and was studied along with the ecosystems of 10 other urban and
suburban parks whose areas ranged from 18.8 to 831.8 ha (table 3.12).
Habitat diversity, evaluated by means of the Shannon index, ranged
from 1.25 to 3.59, with Seveso at 2.07. The higher the value of this
index, the greater the environmental diversity of the area, with more
habitat types supporting a more diversified animal community.

As for this, Seveso is a young wood and has a low value index, how-
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Park Area Perimeter Shape Isolation Habitat
(ha) (km) index diversity

Boscoincittà 90.7 7.55 2.24 -8.7 3.11

Forlanini 69.6 4.15 1.4 -5.7 2.38

Groane(1) 831.8 24.72 2.65 -22.3 3.4

Lambro 277.6 14.08 2.38 -6 3.59

Monza(1) 388.1 8.92 1.28 -16.8 2.4

Sempione 61.3 3.77 1.36 -1.6 2.76

Bosco delle Querce 40.7 3.93 1.74 -20.7 2.07
Trenno 56.3 4.57 1.72 -7 1.25

Public garden 18.8 1.84 1.2 -1.4 2.78

High Vernavola 114 9.3 2.46 -2.8 2.65

Low Vernavola 22.3 2.38 1.42 -1.8 2.57

Table 3.12 - Some habitat characteristics of a sample of urban and suburban
parks of Milan and Pavia.

(1) Only a part of the park was considered.
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ever bound to rise as the vegetation frame develops. Due to the impos-
sibility of identifying any particular natural area as a potential source
of animals colonisation, isolation was evaluated according to the dis-
tance from the park centre to the town centre, multiplied by -1; this dis-
tance ranged from -1.4 to -22.3 km, with Seveso standing at -20.7 km.
Finally, a shape index was calculated as the ratio of the park perimeter
to the circumference of a circle with the same park area, indicating the
difference in shape between the park and the circle (1 means that the
park is a perfect circle); indeces ranged from 1.2 to 2.46, with Bosco
delle Querce at 1.74.

3.5.1 Birds
Birds were censused using the linear transect method. At least 5 tran-
sects were randomly scattered in each park. Altogether, 55 species
were censused 44 of which during the spring and summer campaign
and 45 during the winter campaign. The species’ richness and diversi-
ty (Shannon index) and a Kilometric Index of Abundance (KIA) for
each species and for the whole community were obtained using the
number of breeding birds.

B i rds were extensively studied in the sample of urban parks
because they are usually the most abundant animal community in
urban contexts, along with the arthropod community, and they are
quite simple to census. However, the most important reason for pre-
ferring the investigation of the composition of their populations to
that of other animals in urban contexts is that birds, being flying ani-
mals, are likely to be the first colonisers of isolated natural areas and
their community is there f o re one of the most complete to be found in
urban parks and reclaimed areas. The Bosco delle Querce bird com-
munity is quite rich and diversified, like those living in comparably
isolated parks, in spite of its younger woods and smaller are a .

All the species contacted in spring and summer were breeding. 
The number of species in the parks studied increased with the park
areas and decreased with their isolation.

The positive relationship between number of species on the one hand
and areas and isolation on the other may be explained by the theory of
insular biogeography. It is also easy to infer that the nearer the sourc e
of animals the quicker the colonisation of isolated natural and
reclaimed areas. From this point of view, the Bosco delle Querce is in a
favourable position, as it lies near large non-inhabited areas such as the
P a rco delle Groane. We can predict that the number of birds inhabiting



or simply stopping in the Seveso oakwood is likely to increase and to
reach a plateau in the near future along with the development of vege-
tation, since the oakwood is still young. Several authors have found
that rich bird communities are supported by a complex and well-stru c-
t u red wood vegetation and the results of our analyses confirm this.
C o r relation analyses highlighted the importance of deciduous woods
with a canopy layer cover exceeding 50% for wrens and robins, and of
c o n i f e rous and mixed woods with a cover not exceeding 50% for gre a t
tits, redstarts and robins. Where these vegetation categories were
absent, more fragmented habitat categories off e red shelter and nesting
sites, such as wooden edges which supported goldfinches, and bushy
a reas which were important for long-tailed tits and yellow wagtails.

3.5.2 Mammals
Small mammals were censused with the removal technique using bait-
ed snap-traps in rows of 10 at 10-m intervals. Baits were made of sun-
flower seeds and chocolate cream. Transects were run for 3 consecu-
tive nights and checked early every morning. Trapped animals were
immediately removed and frozen within 8 hours from capture. A trap-
ping index was calculated as the number of animals captured in 100
trapping nights.

The Bosco delle Querce did not seem to have a large population of
woodmice, like all the other study areas, except the Groane park that
hosted a substantial population, over the half of all captures made here
(this is possibly due to its high index of habitat diversity, to its very
large area and to its lying next to areas which are potential sources of
wildlife). The housemouse Mus musculus domesticus is another species
particularly abundant in the stores and facilities of buildings belong-
ing to the Forest Regional Agency in the Seveso oakwood.

Medium-sized mammals were censused by night using the spotlight
technique. Selected routes were run by car at low speed, with the use of
a spotlight. The censused area was the strip lighted on each side of the
route. Animals which may be contacted in this way are foxes (Vu l p e s
v u l p e s), hares (Lepus euro p a e u s), cottontails (Sylvilagus floridanus) and rab-
bits (Oryctolagus cuniculus). The Bosco delle Querce hosts an extre m e l y
abundant population of rabbits which may become a pest if not pro p e r l y
c o n t rolled. This is a result of several reasons: the population maintained
itself because the wood is a green oasis in a highly urbanised area where
rabbits, finding no natural pre d a t o r, survived and re p roduced at a high
rate. The park is totally fenced so that foxes and stray dogs cannot enter.
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Among the vertebrate fauna that can be met in the park, besides those
already mentioned, fishes (Cyprinus carpio and Carassius auratus) live in
the small artificial lake at the main entrance of the park; toads and
f rogs (Bufo bufo and Rana esculenta) and lizards (Lacerta sicula
campestris) occur sporadically.

3.5.3 Insect community
Insects belonging to the ground-dwelling, ambulatory community
were sampled using the pitfall trapping technique. Traps were laid in
rows of 5 at 10-m intervals and were baited with a vinegar-salt mixture
which attracts insects. Sampling was stratified and pitfall traps were
operated for 4 weeks and emptied of their contents once every 10 days.
In the laboratory, trapped insects were immediately separated from
earth, leaves and other material, washed and put in a 70% alcohol
solution. Data analysis is still in progress but the preliminary results
suggest a very rich community with abundant populations, compara-
ble to that of other urban parks.

3.5.4 Mutagenicity tests
During several trapping campaigns we collected houseflies, house-

mice and rabbits. With these biological reagents we performed muta-
genicity tests and studied the gametogenetic process with the aim of
assessing the current risk for humans in entering the park.

3.5.4.1 Sperm morphology and studies on DNA
The use of sperm tests to assess the possible chemically induced muta-
genicity of many substances became widely accepted in 1983 after the
report prepared by the Gene-Tox work group on sperm tests in ani-
mals and man, for the U.S. Environmental Protection Agency. The the-
oretical bases for this are that spermatogenesis is a quite complicated
phenomenon controlled by many genes and that thus the assessment
of sperm abnormalities (morphology, DNA content, etc.) is a simple
quantitative assay to evaluate damages to the genetic material of the
male germ cell line.

Rabbits and house mice spermatozoa were taken from vas defere n s o f
several animals that for body size and weight were considered fully
re p roductive (i.e. adults). The frequency of morphologically abnor-
mal sperm was estimated by scoring a total of 1000 sperm per slide.
Heads unattached to a midpiece were not scored. Morphologically
defective sperm presented a broad range of malformations. These
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w e re grouped into three classes (compared with the “normal” head
shape and size and midpiece attachment site of the flagellum): a) lack-
ing the usual hook, banana-like; b) amorphous; c) folded, giant head,
double head, double tail.

No statistical difference was detected between Seveso and control
animals, both in rabbits and housemice. No abnormality predominat-
ed in either species.

As for studies on cellular DNA, the euploid sperm frequency does
not differ between Seveso and control animals, hypo- and hyperaneu-
ploid sperm being equally represented in both the considered species.

Preliminary experiments using a microelectrophoretic technique for
the direct visualisation of DNA damage in individual sperm, COMET
assay, suggested the presence of a very modest amount of DNAbreak-
age when the comet’s tail is subjectively evaluated. Studies are in
progress to quantify the “tail moment” (the product of the tail length
by the fraction of total DNA in the tail) of comets, thanks to image
analysis techniques. 

3.5.4.2 Gametogenesis in the housemouse and in the rabbit
Achemical agent, by interfering directly with DNAmetabolism and by
a ffecting gene expression (transcription and/or translation), can
potentially induce changes at any level of cell cytodifferentiation.
Thus, in addition to sperm tests, a more comprehensive view of the
chemically induced effects on germ cells by a possible mutagenic, ter-
atogenic or carcinogenic agent mainly emerges from the analysis of the
pre- and post-meiotic testicular stages of male germ cell differentia-
tion. We evaluated the quantitative cytological composition of the
stages of the seminiferous epithelium cycle of both housemouse and
rabbit. None of these parameters proved to be significantly different
between control and Seveso animals, in either the housemouse or the
rabbit. The pachytene spermatocytes/spermatid ratio is fairly good in
both species, reaching the theoretical 1:4 ratio in the housemouse and
the 1:3 known to occur in the rabbit. 

Electronic microscopy proved that linking between Sertoli cells and
spermatogones and between Sertoli cells and the basal membrane are
intact (one of the first signs of alteration due to TCDD exposure is the
outcoming of interruptions between these links).

3.5.4.3 Bone marrow micronucleus test 
It is well known that the evaluation of micronuclei frequency in bone
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marrow and peripheral blood erythrocytes constitutes a valuable in vi-
vo test to assess the possible genetic damage due to environmental pol-
lution. No statistical differences were found between control and Seve-
so animals in either housemouse or rabbit.

3.5.4.4 Genetics of the housefly
A total of 43 male and 32 female houseflies were collected in the inner
part of the park, where horses and pigs are kept. Males and females
were kept in the housefly insectary, where the standard WHO (World
Health Organisation) and several mutant strains are reared, and a new
strain named “Seveso 96” was established by matching the 32 females
with 10 males, both of Seveso origin. Some original Seveso males were
coupled with females of the standard WHO strain to get small mass-
bred progeny and then matched in a “single pair” way with marked
females to search for sexual determinants. All houseflies caught in the
park were morphologically normal while two F1 females (1 from an
outcross and 1 from an inbreeding) out of 400 flies scored showed
abnormal tergites. It must be remembered that flies with abnormal ter-
gites are very rare, sporadically occurring in mass breeding. The per-
centage of individuals with atrophic testes rises to 13% and 28%
respectively in the progeny of the first and second outcross of the orig-
inal Seveso males with standard marked WHO females. In the experi-
ence of this laboratory (which since 1957 has been breeding several
housefly strains, including the reference WHO strain), these percent-
ages are abnormally high. Among the F1 progeny of inbreeding cross-
es were recessive morphological mutants of the curly (cy) and divergent
(dv) wing types and mutants with pigmented external tergites border,
pigmented sternites (ps); the occurrence of these mutants is sporadic in
laboratory strain mass-breeding, surely not as high as among Seveso
flies. However, a proper comparison with wild flies from other parks
is not yet possible (there are no data in literature and we have not yet
completed a similar analysis on wild flies from other urban and sub-
urban parks) and thus any inference from these data must be extreme-
ly cautious. Several chromosomal abnormalities were detected among
wild and F1 Seveso 96 progeny. The idea that the chromosome mor-
phology we looked at is biased by the procedure we employed to pre-
pare metaphase plates (squashing method) is ruled out by the fact that
the abnormality is shown by all the examined chromosome plates.
Secondary constrictions, particularly frequent over chromosomes 1
and 2 and over the long arm of chromosome 3, breakage and deletions
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are the chromosomal abnormalities we detected in both the homozy-
gous and heterozygous state.

It is particularly noteworthy that breakage and constrictions are still
present in the third generation (from the original Seveso animals) and
thus viable.

3.5.5 Conclusions
The research carried out on 11 urban parks including the Bosco delle
Querce showed that this park hosts a variety of wildlife whose rich-
ness and diversity is comparable with those of similar ecosystems.
Bird community parameters, such as species’ diversity and richness,
proved that this park is in rather good condition when compared with
other urban ecosystems in spite of its small area; this is due to its lying
near large uninhabited areas from where potential colonisers may
arrive. Also, the population of small mammals in the Bosco delle
Querce is comparable with that in some of the other investigated areas;
it includes a very substantial population of rabbits. 

The use of free-living animals as bioindicators of environmental pol-
lution and their use for in vivo tests to show genotoxic effects needs
caution in drawing conclusions.

Weighing costs and benefits, one can say that the main methodologi-
cal constraint is the impossibility of relating any found effects to any
e n v i ronmental pollutant and of assessing its concentration-effect re l a-
tionship and the time of exposure to the agent. The first benefit is that,
since we have not found any genotoxic effects, we are allowed to say
that the risk is “none”, i.e., if findings show a positive re l a t i o n s h i p
between an “environmental situation” and genotoxic effects, one might
go back to analytical chemistry and eco-toxicology methods to find a
way to discriminate the agent responsible for that effect and relate the
concentration to the effect; but, if findings are negative, whatever the
cocktail of possible genotoxic agents present (maybe only one), risk
assessment by use of wild animals indicates that the environmental sit-
uation is safe; pro b a b l y, the concentration of the pollutant(s) is below
the critical level at which it can exercise any genotoxic effect. 

Another advantage in the use of wild animals for genotoxic tests lies
in the evaluation of the effects of chronic exposure to a genotoxic agent:
small free-living mammals are longitudinally exposed to the action of
the potential genotoxic agent, at each step of their developmental biol-
ogy (from germ cells to embryo, from the perinatal intra- and extra-
uterine steps to adulthood) and thus they are the most appropriate bio-
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logical reagent in elective cases where just one pollutant agent is known
to have been acting for a long time. The Seveso context we studied may
be considered as a paradigm of this last situation. Here, the animals we
studied were and still are exposed to potential TCDD action at each
development stage. There f o re, together with literature data available
for laboratory conditions, their study can trace back the mutagenicity
e ffect exerted by TCDD in specific stages where TCDD is more muta-
genic, i.e. the perinatal stages versus the adult. 

Our findings on the housemouse, the rabbit and the housefly germ
cells need to be supported by a larger mass of information, particular-
ly on the COMET assay of housemice and rabbit sperm and on house-
fly genetics. We have not yet the individual TCDD content of the ani-
mals we analysed. If the overall view of findings confirms previous
findings, we can say that there are no particular signs of eco-toxico-
logical risk in the Bosco delle Querce, thus suggesting for its current
environmental quality.

3.5.6 1997 Research program
In 1997 we have completed the census of Bosco delle Querce and for-
mer B zone fauna in order to define the habitat parameters of the Bosco
and also increase the number of the analysed animals. In particular, we
intended to:

• assess the presence of a numerically altered relationship between
X and Y chromosomes-carrying sperms in rabbits and mice and
then compare it with TCDD-laboratory treated animals;

• assess the regularity of Sertoli cell/spermatogones links by means
of electrospectrometry;

• quantitatively assess the evidence of DNA single helix rupture of
mice sperms (COMET assay);

• assess the possible inheritance process of chromosomal anomalies
evidenced in the housefly.

This information, supported by analyses performed on a consistent
number of animals, can be seen as particularly fit for transfer to ani-
mals (mice) coming from zone B. The aim is that of achieving bio-
markers of TCDD effects on animals, useful for the comparison with
data obtained on men and for the study of a methodology for the
TCDD biological risk assessment based on simple and cheap assays.
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3.6 Evaluation of the current presence of 2,3,7,8-TCDD in food
from the Seveso area 
prof. Anna Arnoldi
Università degli Studi di Milano
Dipartimento di Scienze Molecolari Agroalimentari

The toxic cloud released in the environment after the ICMESAaccident
mainly contained 2,3,7,8-TCDD, a compound belonging to the class of
dioxins. Other 210 compounds belong to this class, tricyclic aromatic
polychlorinated ethers, dibenzofurans and dibenzodioxins (PCDF and
PCDD), classified as the most toxic anthropogenic substances. The
Seveso dioxin (2,3,7,8-TCDD) is the most toxic among them all, is ther-
mally and chemically stable and is not biodegradable: due to its sta-
bility, its half life in the ground is about 10 years.

Dioxins are ubiquitous pollutants which are generated by three
s o u rces: industrial sources, combustion processes and secondary
s o u rces. Industrial sources include chemical industrial pro c e s s e s
involving the production of polychlorinated aromatic compounds.
Among combustion processes, there are stationary sources, such as
waste incinerators, and diffused sources such as vehicles’ emissions.
Finally, secondary sources include dropping from USW disposal sites
and contaminated areas, municipal and river waters treatment plants.

One of the main TCDD exposure access pathways in men is food
assumption (at least 98%, according to some authors). Other non-
nutritional sources such as paper, soil, air and cigarettes have a 10%
lower influence compared to food sources. The latter can be divided
into three categories, each bringing quite much the same PCDD and
PCDF contribution: milk and derivatives; meat, meat and eggs deriv-
atives; fish and fishery products. The contribution of fruits, vegetables
and vegetal oils is about 5%. Since PCDD/Fs are lypophile substances,
they mostly collect in animals’ fat tissue. According to some authors,
distribution in tissues may also be dose-dependent, that is the higher
the assumed dioxins dose the faster dioxins concentrate in the liver
rather than in the fat tissue. 

Following these considerations, we have assessed whether former B
and R zones population is still subject to TCDD assumption risk
through the nutritional chain 20 years after the accident. These areas
have been struck lightly by the toxic cloud and have therefore been
less studied up to now.

Investigations have started by analysing the liver of courtyard ani-
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mals bred by the inhabitants of the mentioned areas, though analysis
will later include milk and some vegetables such as cabbage, which
has a higher lipids concentration compared to the other vegetables.

In table 3.13, animals, their provenience and their livers’ fresh weight
are displayed.

Table 3.14 shows analysed samples and results.
As we can see in table 3.14, the lipids content is slightly different in

the examined samples: differences can be ascribable to animals’ nutri-
tion and age. In fact, zone B animals were quite young compared to
zone R’s and to supermarket’s. As for nutrition, animals from Lentate
sul Seveso come from a fattening breeding farm, which can account for
the high lipids value.

Analyses performed up to now show that rabbits samples coming
from almost all the areas involved in the accident have such a low
TCDD content that it can not be detectable with the equipment we
availed ourselves of (anyway less than 10 ppt). Only one rabbit sam-
ple showed a worrying value (26 ppt, being up to 10 ppt the admitted
values). Further analysis of animals from the same breeder (Seveso R)
has not supported this value.

In the hen liver sample, TCDD resulted 4.4 ppt. The quantity of
lipids in the hen liver is much higher than the average in rabbits.

Differences in results obtained from rabbits and hens may ascribe to
several factors:
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Animal Numbers Origin Liver total
of animals fresh weight (g)

Rabbit 2 Baruccana (zone R) 121.9

Rabbit(1) 1 Seveso (zone R) 50.0

Rabbit(1) 1 Seveso (zone R) 71.5

Rabbit(1) 1 Seveso (zone R) 63.38

Rabbit 2 Seveso (zone B) 95.8

Rabbit 1 Bosco delle Querce 32.76

Hen 3 Baruccana (zone R) 132.1

(1) coming from the same breeder.

Table 3.13 - Animals coming from the areas involved in the accident.



• the content of lipids in hens liver is higher and this may possibly
show a greater amount of dioxins;

• diet is different, especially if considering that hens were free to
move and therefore could eat earthworms (accumulators of diox-
in) and touch the ground;

• the age of hens was not known. This parameter is very important
since liver is an eligible accumulation organ.
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Location Zone Lipids weight Lipids TCDD 
(g)(1) (%) (pg/ml)

Milan(2) - 7.88 3.94 n.d.

Birago - 6.84 3.42 n.d.

Cesano M.no R 3.34 1.73 n.d.

n.d. values lower than instrumental limit, (0.2-0.3 ppt).
(1) Achieved on an initial value of 200 ml.
(2) Reference sample.

Table 3.15 - Analyses performed on milk.

Location Zone Animal Dry subst. Lipids TCDD 
(%) (%) (ppt)

Milan(1) - rabbit 30.4 11.7 n.d.
Milan(1) - rabbit 23.1 12.0 9.5
Baruccana R rabbit 29.3 7.6 n.d.
Seveso R rabbit 29.6 9.8 26.0
Seveso R rabbit 28.2 10.2 n.d.
Seveso R rabbit 30.0 9.37 n.d.
Seveso B rabbit 24.9 5.6 n.d.
Bosco delle Querce A rabbit 23.4 11.2 n.d.
Lentate sul Seveso - rabbit 31.1 14.5 n.d.
Milan(1) - hen 26.2 12.2 n.d.
Baruccana R hen 25.8 14.2 4.4

n.d. values lower than instrumental limit, (0.2-0.3 ppt).
(1) Reference samples.

Table 3.14 - Analyses performed on liver.



Besides samples of animals bred in Seveso and surroundings, livers
bought in two Milan supermarkets have been analysed as check sam-
ples. One of the samples showed a lower TCDD content than the
detectable limit, while the other showed contamination levels around 9.5
ppt. As for samples taken in Seveso, these results, though sampling is
limited, still, seem to indicate no contamination or a contamination level
which is not so diff e rent from that of market products sold in Lombard y.

As for milk, it must be said that the utilised method has a quite low
recovery (about 30%). Therefore, before performing further analyses of
this kind, it is advisable to modify the method a little.

Table 3.15 shows that lipids concentration in Cesano Maderno milk
is much lower than what it is expected to be (that is about 3.5%): the
milk has been taken from a container in which milk was left several
hours without agitation; fats have probably reached the surface and
t h e re f o re, since the tap is placed on the bottom of the container, a par-
tially skimmed sample has been obtained. This may account for the
reported anomaly.

3.6.1 1997 Research program
When recovery operations on the territory involved in the ICMESA a c c i-
dent were performed, only areas affected by high and diffused contam-
ination have been totally scarified. In average concentration zone B,
w h e re spots showing a 2,3,7,8-TCDD quite elevated content existed,
recovery has been soft: the great chemical instability and the very slow
metabolism lead us to think that 2,3,7,8-TCDD can still be found in the
a rea today. More o v e r, analyses performed by other re s e a rchers, espe-
cially the “Mario Negri” Institute’s, suggest that new pollution sourc e s
a re presently existing in the area, emitting dibenzodioxins and dibenzo-
furans and likely to be identified in traffic or the presence of incinerators. 

In 1997, research has continued by collecting rabbits and poultry
samples since the analyses performed up to now had not been exhaus-
tive. Some troubles in collecting samples have been outlined. In order
to add new cases, we proceeded as follows:

• vegetable samples have been collected;
• milk samples have been collected;
• the liver of wild animals captured by prof. Carlo Alberto Redi of

the University of Pavia in the B zone has been analysed.
As for vegetables, literature data suggest that only 5% of total 2,3,7,8-
TCDD assumed through diet is ascribable to vegetables, since its con-
centration is low. Cabbage seems to be the vegetable where TCDD con-
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centration can reach the highest values and therefore analysis focused
on this product.

As for milk and animals, we got in touch with the regional vet ser-
vice and with the USL 30 service as well, which is responsible for the
involved area.

3.7 Grants and fellowships

In order to individualise and enhance professional resources in envi-
ronmental sciences research, each year the Foundation publishes a
competition for fellowships to promote research projects to be carried
out in scientific institutions in Lombardy under the supervision of a
tutor. Since its first year of activity (1993), fla has awarded about 70
two/three-year post-graduation fellowships. In 1997, following the
success of this project, also a competition for fellowships to be spent in
foreign institutions has been published.

Among all fellowships we have chosen four that specifically deal with
industrial risk and the monitoring of dioxin and chlorinated compounds:

• Community environmental law and its implication in national and
regional decrees and regulations: the case of high-risk establish-
ments. Author: Stefano Boy.

• Methodologies for health risk analysis for toxic and cumulative
atmospheric pollutants. Author: Stefano Caserini.

• Formation and destruction reactions of organic compounds on fly
ash: kinetic study of the dibenzofuran-silica model system and cat-
alyst characterisation of fly ash. Author: Elena Collina.

• Identification of cellular targets for monitoring the exposure to
dioxins. Author: Nicola Dell’Orto. 

• The biological activity mechanism of polichlorodibenzo-p-dioxins
(PCDDs): theoretical models development on the basis of molecu-
lar indicators and the experimental validation of models. Author:
Mercedes Procopio.

3.7.1 Community environmental law and its implication in national
and regional decrees and regulations: the case of high-risk estab-
lishments
Stefano Boy
Joint Research Centre
Accidents like those of Bhopal and Mexico City have shown that the
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effects of an accident can be dramatically enhanced by the siting of
dangerous installations in densely populated areas. These accidents
led the Council of Ministers and the European Commission to consid-
er essential the inclusion of land-use planning control measures in the
proposal for the revision of the “Seveso Directive” - COMAH of
26.01.94 -, which provides instructions on land-use planning with ref-
erence to the mitigation of the consequences of relevant accidents and
to emergency planning.

In this re s e a rch, both pro c e d u res and risk criteria adopted in diff e re n t
E u ropean Union Countries with relevant considerable experience have
been compared. Pro c e d u res implemented in Germany, France, United
Kingdom and the Netherlands do vary; however, a common tre n d
a l ready exists towards considering public opinion. In Germany, France
and the Netherlands, a safety report becomes a public document dur-
ing its authorisation process; in the United Kingdom, public inquiries
a re a usual pro c e d u re in case of disputed situations. In France, deci-
sions on land-use planning base on re f e rence scenarios which are eval-
uated by means of a deterministic approach. The Netherlands have
adopted criteria based on the death risk of both individuals (individual
risk) and groups (social risk) which includes transmitting to the
Parliament a document on the acceptability criteria of the risk the pop-
ulation is unwillingly exposed to, as a consequence of industrial activ-
ities of whatever nature. In the United Kingdom, the Health and Safety
Executive has published the risk criteria (expressed in terms of number
of people exposed to a certain level of individual risk) guideline for
technical experts who support local administrators responsible for final
decisions on building restrictions around existing industrial sites.

Research has then reviewed pilot-study experiences aimed at defin-
ing risk analysis methods and acceptability criteria. These studies
aimed at assessing the risk for the population (and in some cases for
employees or the environment) resulting from various risk sources
(mainly chemical and petrochemical installations) in several European
industrial areas. Attention has been particularly paid to results of pilot
studies performed in Italy such as A R I PAR, A RTIS and Isola
Bergamasca projects. These pilot-study experiences involved local
communities and provided wide information on possible corrective
measures related to both technical and planning aspects. It would then
be advisable to look up at these studies to develop our national policy,
like it happened in France, in the Netherlands and in the United
Kingdom. In fact, in these countries Lion, Rijnmond and Canvey
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Island pilot studies constituted the basis on which national methods,
procedures and land-use planning criteria have been developed.

3.7.2 Methodologies for health risk analysis for toxic and cumulative
atmospheric pollutants
Stefano Caserini
Politecnico di Milano 
Dipartimento di Ingegneria Idraulica, Ambientale e del Rilevamento - Sezione
A m b i e n t a l e
The thesis aims at illustrating the main improvements which have
been introduced in the VARIAinformative system for the evaluation of
health risks resulting from human exposure to toxic and cumulative
atmospheric micropollutants.

Within the methodological framework, the system was enhanced
respectful of the assessment of pollutants deposition on the gro u n d
and of resulting soil concentrations. The original deposition algo-
rithms were upgraded through the inclusion of more detailed calcu-
lation pro c e d u res, which take into proper account the influence of
main parameters governing the deposition process (particle size dis-
tribution, meteorological variables, soil type): pro c e d u res were devel-
oped by combining the available calculation schemes and their imple-
mentation in the system arranged through a sensitivity analysis of
d i ff e rently detailed results obtained in the parameters re q u i red as
input data. The calculation pro c e d u re for pollutants’ concentration in
the soil after their deposition was also modified, mainly by extending
the type of soils considered and their corresponding pollutants’ pen-
etration capability. Analyses were also performed to evaluate diff e r-
ent statistical methodologies for the introduction of uncertainties in
calculated risk values, which essentially base on pro b a b i l i s t i c
a p p roaches requiring the introduction of probability distributions for
the main input parameters.

As for computerised implementation, the flexibility and complete-
ness of the interface with the atmospheric transport and diffusion
model resulted substantially improved. On-line accessible databases,
both for most important input parameters and some intermediate and
final results, have been developed in order to enhance possibilities to
interface the system with other software tools for data display and
processing. The possibilities to graphically interact with the system, as
for both input data introduction and results displaying through map-
ping, were finally extended.
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The system was applied to some representative case studies of urban
waste incineration plants.

3.7.3 Formation and destruction reactions of organic compounds on
fly ash: kinetic study of the dibenzofuran-silica model system and
catalyst characterisation of fly ash
Elena Collina
Università degli Studi di Milano
Dipartimento di Chimica Fisica ed Elettrochimica
This research studies micropollutants emissions by municipal solid
waste incinerators, especially polichlorodibenzodioxins (PCDD) and
p o l i c h l o rodibenzofurans (PCDF). In 1995, two topics have been
analysed: the kinetic study of the dibenzofuran-silica model system
and the characterisation of fly ash as a catalyst of organic compounds’
formation and destruction reactions.

As for the first subject, silica has been the chosen support, due to its
inertness and similarity to fly ash; dibenzofuran (DF), the chief unchlori-
nated re p resentative of PCDFs, has been chosen in order to study the
decomposition reaction without dechlorination being active. Kinetic ru n s
have been performed in a lab scale pilot plant in nitrogen flow, at constant
gas flow (100 ml/min) varying temperature (75-175°C) and at constant
t e m p e r a t u re (175°C) varying flow (25-200 ml/min). DF desorption fro m
the support is the only process occurring. The calculated activation para-
meters, compared with those determined in a batch study in the 75-200°C
t e m p e r a t u re range, indicate that the most important condition is the DF
internal counterd i ffusion, i . e . DF diffusion in the solid support pore s .

As for the second subject, fly ash samples have been collected in the
e l e c t rostatic precipitator of the MSW incinerator located in via Zama,
Milan. Diff e rent analyses have been performed: thermogravimetry
(TGA), in oxygen and/or nitrogen; scanning electron micro s c o p y
(SEM); energy dispersion spectroscopy (EDS); X ray diffraction (XRD);
atomic emission spectroscopy with inductive coupled plasma (ICP-
AES). Through the SEM-EDS technique, spheres of calcium aluminosil-
icates have been observed. XRD analysis revealed the presence of KCl,
NaCl and CaSO4. Samples’ water dissolution leads to a 30% weight
loss. The ICP-AES analysis of the water solution indicates that the loss
is due to solubilisation of NaCl, KCl and CaSO4. Some elements are pre-
sent in higher concentrations than limit concentrations defined by law
for waste waters. Water used for fly ash extinction in thermal destru c-
tion plants there f o re needs a treatment before emission.
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3.7.4 Identification of cellular targets for monitoring the exposure to
dioxins 
Nicola Dell’Orto
Università degli Studi di Milano
Dipartimento di Scienze dell’Ambiente e del Territorio
Living organisms can bio-accumulate high levels of toxic compounds
and perform their metabolic conversion. This project focuses on the use
of innovative bio-indicators able to evaluate the presence of compounds
belonging to the class of dioxins and to monitor their biological
response. Among dioxins, 2,3,7,8 tetrachloro d i b e n z o -p-dioxin (TCDD) is
the most studied compound with relation to its dangerousness, since it
is chemically stable, lipophyl and biologically active at very low con-
centrations. The use of organisms belonging to diff e rent trophic levels,
easy to breed and with a remarkable ecological interest (the unicellular
g reen algae Selenastrum capricornutum, the cladocera Daphnia magna a n d
the amphibious Xenopus laevis), is here intro d u c e d .

At first, these organisms’ response to TCDD exposure has been
assessed. The conventional toxicity tests suitable for the evaluation of
mortality, teratogenesis and development delays cannot supply infor-
mation on the action mechanisms of these molecules at a cellular level.
This is why enzymatic assays and biochemical analyses fit for the
monitoring of cellular alterations have been performed.

We availed ourselves of the embryonic development of Xenopus lae-
vis to test the cellular effects of pollutants, by performing spectropho-
tometric and fluorometric assays of enzymatic systems related to bio-
transformation processes (7-ethoxyresorufina O-deethylase EROD, 7-
pentoxyresorufina O-dealkilation PROD).

The induction of specific isoforms of the P 450 cytochrome mixed
mono-oxigenase enzymatic system will be analysed using immuno-
chemical characterisations.

The creation of intermediary metabolites deriving from TCDD bio-
conversion will be assessed through the HPLC technique.

Scintigraphic methods will be used to test the quantity of absorbed
and therefore actually bio-available TCDD. This technique avails itself
of molecules marked with radioactive isotopes and will supply data
on the supposed interaction with cellular macromolecules such as
DNA and proteins.
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3.7.5 The biological activity mechanism of polichlorodibenzo-p-
dioxins (PCDDs): theoretical models development on the basis of
molecular indicators and the experimental validation of models
Mercedes Procopio
Università degli Studi di Milano
Dipartimento di Chimica Fisica ed Elettrochimica
The general aim of this research is the molecular rationalisation of bio-
logical activity and toxicity mechanisms of polichlorodibenzo-p-diox-
ins (PCDDs).

Previous studies on the mechanism of biological activity have iden-
tified a binding to the Ah receptor as the determinant event for the
activity of PCDDs. The Ah is a receptor existing in the cytoplasm
which is able to combine also with polycyclic aromatic hydrocarbons.

The typical electrostatic features which distinguish active from less
active molecules are due to the high polarisation of the electron densi-
ty along the main molecular axis; this might give active PCDDs prop-
erties of acceptors in charge-transfer complexes (CT) with receptor
electron-donor sites.

Starting from the analysis of the above mentioned results, it seems
advisable to develop research in the following directions:

• the individualisation of new molecular descriptors and the elabo-
ration of both qualitative and quantitative models of the relation-
ships between these descriptors and the biological activity;

• the evaluation of the theoretically built interaction model through
the planning of PCDDs supramolecular compounds with synthet-
ic receptor molecules and their characterisation through spectro-
scopic techniques;

• the evaluation of the energy of binding through the calculation of
the interaction energy between PCDDs and the model receptor
molecules.
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Twenty years after the ICMESA accident which occurred in 1976,
Fondazione Lombardia per l’Ambiente and Regione Lombard i a
p resented on October 21, 1996 an excursus of both legislative and

technical interventions performed from 1976 up to nowadays and aimed
at the reclamation of the area, at the protection of human health, at the
monitoring of the environment and at the prevention of chemical risk.

All main institutional and technical re p resentatives which played a
key role in the emergency period and following years have participated
in the meeting, whose aim was also that of presenting latest results of
re s e a rch performed by the Universities of Milan and Pavia, by the Joint
R e s e a rch Centre in Ispra, by the Istituto Farmacologico “Mario Negri”,
by Desio hospital and focused on the environmental monitoring of the
territory around Seveso and on the new epidemiological aspects of the
population struck by the accident. In this context, also re p resentatives of
the Ministry of the Environment, of Regione Lombardia Assessorate for
E n e rgy and Environment, of the Forest Regional A g e n c y, of PMIP U S S L
38 and of La Sapienza University in Rome have given their contribution.

Outstanding researchers belonging to the international scientific
community, involved in the research on the effects of dioxin on men
and the environment, contributed with their research: in fact, the acci-
dent in its dramatic evidence has given impulse to new studies aimed
at understanding the degradation and transport mechanisms of the
dioxin specific molecule (2,3,7,8-TCDD) released after the accident as
well as its medium and long-term effects on man, on animal and vege-
tal organisms and on ecosystems.

Experts came from the University of Umeå (Sweden), McArdle
Laboratory for Cancer Research, Madison (WI, USA), University
Hospital, Linköping (Sweden), National Cancer Institute (MD, USA),
Center for Disease Control, Atlanta (GA, USA), Freie Universität,
Berlin (Germany), National Institute of Health (Research Triangle Park,
NC, USA), Landkreis Bitterfeld (Germany).

Some research is performed by the Fondazione Lombardia per
l’Ambiente in collaboration with the Joint Research Centre in Ispra, the
Universities of Milan and Pavia, the Istituto “Mario Negri”: it focuses
on the analytical monitoring of the presence TCDD isomers in the air
particulate, in the soil, in both vegetal and fauna systems and also in
the human nutritional chain. Besides these environmental studies, tox-
icological and epidemiological research has been started for the assess-
ment of possible TCDD long-term effects on man at a molecular level
and in different generations (see chapter 3). 
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In this occasion, the Foundation tried to outline new results and dif-
fuse the lesson learned in the epidemiological, chemical, environmen-
tal and also institutional fields.

In this book, we present the abstracts of each speech listed in alpha-
betical order, while complete proceedings will soon be published in the
Chimica, Uomo e Ambiente volume.
The following abstracts are the original English versions written by the
Authors.

4.1 Abstracts

The epidemiological evidence of health effects of TCDD in human
health
Olav Axelson
Linköping University
Dept. Occupational and Environmental Medicine, Sweden
There has been a long-lasting and intense discussion about the poten-
tial health effects of TCDD and related chlorinated organic com-
pounds. Animal experiments have shown a variety of dramatic effects
but the epidemiological studies have been less clear and therefore dif-
ficult to interpret. The occurrence of dioxins as a contamination in
other agents provides for a varying degree of complexity with regard
to interaction as well as confounding. 

Cloracne is a manifestation of dioxin exposure but does not neces-
sarily develop. Animal experiences have focused the interest on cancer,
immunologic, neurotoxic and reproductive effects. A few years after
the Seveso accident clinical and epidemiological observations in
Sweden indicated an association of soft-tissue sarcomas (STS) and lym-
phomas with phenoxy herbicides and chlorophenols, as likely contam-
inated with dioxins. Studies in the United States confirmed a connec-
tion between non-Hodgkin’s lymphomas (NHL) and the phenoxy her-
bicide 2,4-D, as not likely containing TCDD, whereas STS appeared in
excess in two major cohort studies on dioxin exposure. An excess of
NHL and STS occurred in a Finnish community with drinking water
and fish contaminated by 2,3,4,6 tetra and 2,3,6 trichlorophenols but
exposure to dioxins was believed not to have occurred. Results from
Seveso to 1991 seemed to fit with these various findings although not
convincingly supportive. An increase of multiple mieloma among
Seveso women is in agreement with findings from Sweden whereas, for



example, the deficit of breast cancer is at variance with an increased risk
in a German cohort. An increased risk of respiratory cancer appeared in
the US dioxin cohort as well as among employees exposed to dioxins in
the BASF accident, but not clearly so in Seveso. Overall increased can-
cer rates with a dose response pattern have been reported from a her-
bicide producing plant in Hamburg as well as in the BASF cohort. 

Ischemic heart disease (IHD) and effects on the respiratory system
along with diabetes mellitus are somewhat new aspects of dioxin
exposure that has come into focus in the Seveso data. The increased
risk of IHD is supported by findings from the Hamburg study, but not
confirmed in the BASF cohort. Impaired respiratory function as report-
ed from Seveso has been indicated earlier in connection with dioxin
exposure. Neurotoxic effects might be subtle and difficult to demon-
strate epidemiologically, but some excess of suicides in the BASF
cohort is worth notice.

Regarding reproductive effects there are many studies on malforma-
tions and abortions, but the findings are somewhat inconsistent
although some excesses have been reported. There is also some less
clear epidemiological indications of effects on the immune system
from exposure to TCDD and also to herbicides, which could imply an
involvement of dioxins.

Epidemiological investigations on cancerogenic risk from TCDD
Pier Alberto Bertazzi, Angela C. Pesatori, Stefano Guercilena, Dario
Consonni, Adriana Tironi, Maria Teresa Landi e Carlo Zocchetti
Università degli Studi di Milano, Istituto di Medicina del Lavoro, Centro di
Ricerca Epidemiologica EPOCA, Clinica del Lavoro L. Devoto, Istituti
Clinici di Perfezionamento, Milan
The long-term effects of TCDD exposure in the population involved
in the ICMESA accident in 1976 in Italy have been examined by
means of mortality and cancer incidence studies. The mortality study
covering the 1976-1986 decade showed an increased card i o v a s c u l a r
mortality in the early period after the accident, possibly related to the
s t ressful post-disaster experience. Cancer incidence findings sug-
gested increased risks for hepatobiliary cancer, neoplasm of the lym-
phatic and hematopoietic tissue, and soft tissue sarcoma. The exten-
sion of the cancer incidence study is underway. We present here
results for the extended mortality study covering the period 1976-
1991. Vital status ascertainment was >99% successful. In A zone, the
small size of the population prevents sound interpretation of re s u l t s .
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Among males, in the B zone a nearly three-fold significant incre a s e
was re c o rded for rectal cancer, and deaths due to lymphoematopoi-
etic neoplasm were significantly in excess, particularly leukaemia; in
the R zone, soft tissue sarcomas exhibited a greater than twofold
i n c reased risk. Among females, in the B zone increased risks were
re c o rded for lymphoemopoietic neoplasm, with a six-fold elevated
relative risks for Hodgkin disease and mieloma; in the R zone, no
cases of soft tissue sarcoma were observed. The clearest suggestions
of unusual mortality from non-malignant causes were obtained
among zone A people. The increased mortality from card i o v a s c u l a r
disease was confirmed. Among Azone males and B zone females re s-
piratory tract disease mortality had increased. Diabetes mellitus
exhibited an increased mortality pattern which was mainly appre c i a-
ble in Aand B zone females. 

Notwithstanding some study limitations (lack of individual expo-
s u re markers, short latency and small population size for certain can-
cer types), results of previous experimental and epidemiological
studies, along with mechanistic knowledge on dioxin toxicity, cor-
roborate the hypothesis that the observed departures from expecta-
tions, although based on a small number of deaths, might be associ-
ated with dioxin exposure .

High TCDD levels in women 20 years afters the Seveso accident
Neil Caporaso1, Maria Teresa Landi2

1 National Cancer Institute, NIH, Genetic Epidemiology Branch, Rockville,
MD, USA
2 Università degli Studi di  Milano, EPOCA, Centro di Ricerc a
Epidemiologica
We measured 2,3,7,8 tetrachlorodibenzo-p-dioxin (TCDD) levels in a
sample of individuals from Seveso, Italy, almost 2 decades after an
industrial accident contaminated the area with the toxicant in 1976.

Plasma TCDD and other polychlorinated dioxins and furans were
determined in a population-based sample of 62 subjects from the high-
ly contaminated area (zones A (7) and B (55)) and 59 subjects from the
surrounding non-involved area. Exposed and unexposed individuals
were loosely matched according to age, gender, and smoking habits.
Serum TCDD levels measured almost 20 years after the accident cor-
responded to zone categorisation based on TCDD soil levels measured
at the time of the accident. Within the B zone, where most of exposed
subjects are found, TCDD levels were higher in elderly subjects.
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Levels in women were significantly  higher compared to men in both
the B zone and the uninvolved areas. The gender difference persisted
after the adjustment for age, zone (including more precise adjustment
for local area within the zone), body-mass index, cigarette smoking,
and consumption of meat deriving from locally raised animals. Higher
levels in women have important implications because of potential
developmental, reproductive, and hormonal effects.

TCDD measurements during the emergency occurred after the
ICMESA accident
Aldo Cavallaro
Presidio Multizonale di Igiene e Prevenzione (PMIP), Milan
On July 10, 1976 a toxic mixture was generated from ICMESA
trichlorophenol production plants; due to the breaking of the safety
valve, the reaction mixture containing high quantities of 2,3,7,8 tetra-
chlorodibenzo-p-dioxin overspread on the surroundings.

The Provincial Laboratory for Hygiene and Prophylactics, together
with the “Mario Negri” Institute in Milan and the Superior Institute of
Health Service in Rome, was charged to set up and to carry on the ana-
lytical surveys on samples of different kinds, in order to define the
contaminated area and, subsequently, to verify the decontamination
method’s effectiveness.

After that important experience the Micropollutants Laboratory was
established, with the purpose of avoiding the dissipation of the acquire d
knowledge; its activity involves two fields in particular: atmospheric
pollution from non-conventional pollutants and measure of dioxins in
d i ff e rent matrices, generated in various industrial activities.

As far as this last field is concerned, analyses of public and industri-
al waste incinerators emissions, from 1990, and foundry plants emis-
sions, from 1992, have become routinary. Those ordinary problems
have been supported by other sporadic activities, like measures of
PCDDs and PCDFs both in soil and in waste from unauthorised
dumps and waste industrial areas, analysis of  compost before and
during fermentation, evaluation of PCDDs and PCDFs concentrations
in urban ambient air, setting up or testing of new extraction and purifi-
cation methods,  specific studies for the detection of dioxin releasing
from waste characterised by PCDDs and PCDFs’ high concentrations.
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Recent dioxin levels in the Bosco delle Querce
Gunther Umlauf1, Stein Manø1, Brigitte Hiller2, Maurizio Barbiere2,
Sergio Facchetti1

1 European Community J.R.C. Ispra, Environment Institute 
2 Fondazione Lombardia per l’Ambiente, Milan
In order to avoid any risk associated with the opening of the Bosco del-
le Querce to the public, the Fondazione Lombardia per l’Ambiente
decided to investigate present PCDD/F concentrations in the soil and
biota of this area.  

In 1995 soil sampling sites were selected according to the peak con-
centrations measured before the remediation of the area and divided
into two depths, 0-15 cm and 15-30 cm.  Additionally samples of
conifer needles, leaves, grass, mushrooms, moss and earth worms
were taken in 1994 and 1995. 

The samples were extracted in Soxhlet extractors. The extraction
was followed by a liquid chromatographic clean-up using an auto-
mated instrument from Fluid Management Systems. The measure-
ments were made using a high resolution gaschromatograph (HP-
5980) coupled with a double focusing high resolution sector field
mass spectrometer (VG A U TOSPEC Ultima). All 2,3,7,8-substituted
PCDD/Fs, including 2,3,7,8-TCDD, were analysed and toxicity equiv-
alents (Int-TE) calculated.

Most of the soil measurements showed no big differences between
top soil and underlying soil.  Generally the Int-TE levels in 32 soil sam-
ples were within the range of industrial regions not exceeding the con-
centration of 16 pg/g dry soil and more than 70% of the samples were
below 5 pg/g.  For comparison, 20 pg Int-TE/g soil can be considered
as a typical urban background burden. 

H o w e v e r, in all samples - especially in the higher concentrated ones -
2,3,7,8-TCCD gave a significant contribution to the Int-TE which is
unusual in urban environments.  This is obviously due to the accident
history of the investigated site since mainly 2,3,7,8-TCDD was set free in
1976.  Interestingly the highest concentrations were measured not at the
sites of maximal concentration in 1976, but in the north-west of the are a
w h e re lower concentrations were found after the accident.  It is not yet
clear if this is due to insufficient remediation or other reasons.  This
should be clarified by additional measurements on samples of these sites.

Also the concentration of PCDD/Fs in biota generally lay within the
typical range of urban and industrial regions, but partially an effect of
the accident could be seen, still. 
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Concentrations of all samples which can be considered as monitors
for the immission in this area, like leaves, conifer needles and grass,
were below 5 pg/g Int-TE with mostly minor contributions of 2,3,7,8-
TCDD.  This indicates that the major input originates from the pollut-
ed air in the industrial region of Milan and not from the accident.

Concentrations in biological monitors which are more closely relat-
ed to soil contamination such as mosses and earth worms were in the
range of 5 to 25 pg/g Int-TE with a major contribution of 2,3,7,8-
TCDD, thus mirroring the situation of the soil which still shows a sig-
nificant impact of TCDD emissions occurred during the accident.

The assessment of the presence of dioxin in the atmosphere 
Roberto Fanelli, Giulio Mariani, Emilio Benfenati
Istituto di Ricerche Farmacologiche “Mario Negri”
Dipartimento di Scienze Ambientali, Milan
During the Seveso accident a substantial amount of the 2,3,7,8 tetra-
chlorodibenzo-p-dioxin (TCDD) isomer, released into the atmosphere
by a reactor explosion, spread over a large area surrounding the ICME-
SA factory. The most contaminated soil was collected and stored in a
safe landfill, while in the less contaminated area the upper soil was
mixed-up with the uncontaminated underlying layers to lower the
dioxin concentration down to the safety level. As a result of these
activities, low but measurable levels of 2,3,7,8-TCDD remained in the
soil of the area involved in the accident. 

Twenty years later, it is reasonable to think that, due to the extreme-
ly long half-life of 2,3,7,8-TCDD in the environment, the order of mag-
nitude of residual dioxin concentration in the surface soil near Seveso
should not be substantially different. To explore whether in this area
the mobilisation of soil particles contributes to the atmospheric con-
centration of dioxin, air samples were collected in 4 sites in the Seveso
area and in one site in Milan (taken as a control) through high-volume
air samplers. The preliminary results, obtained over a short period of
time, show that the composition of the atmospheric dioxin isomers
mixture in the atmosphere over Seveso is not significantly different
from that of the control area. This suggest that there is no major con-
tribution of the 2,3,7,8-TCDD-enriched local soil to the dioxin compo-
sition and levels of the local atmosphere. To confirm these results,
long-term collection of air samples is ongoing.
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The environmental recovery of the A area: the creation of Bosco
delle Querce
Paolo Lassini
Regional Forest Agency, Regione Lombardia, Milan
The Bosco delle Querce is located 20 km from Milan, between the
towns of Seveso and Meda, in the area which had suffered from the
highest concentration of dioxin. The 43 hectares have undergone a
complex project of landscape reconstruction and 20 years after the
accident are being returned to the local population.

In 1985, 5000 trees and 6000 bushes of local species have been plant-
ed. The Seveso Special Office was closed the following year and the
area was entrusted to the Regional Forest Agency under the co-ordi-
nation of the Parks and Natural Environmental Department of the
Lombardy Regional Council.

Activities began by organising a team of local workers, who in the
first 10 years have accumulated 7613 dailywork/worker.

At the same time, 4,332,000,000 liras have been spent on: completing
the project; creating 5 natural areas; extensive re - f o restation; setting up
a second generation of thousands of trees; re s t ructuring buildings; pur-
chasing adequate vehicles; monitoring in co-ordination with public bod-
ies, universities, local institutes and associations; creating green barriers;
planning and acting landscape interventions in the neighbourhood; cre-
ating new cartography; performing accurate daily maintenance.

12 years after desertification, the Bosco delle Querce has become a
significantly developed ecosystem for fauna and vegetation, and
herons and foxes.

The landscape appears pleasant and diversified, alternating wild
areas to woods of different colours, prairies and gardens.

In 1994, the Bosco delle Querce was divided into areas, each identi-
fied with a specific function at regional and local level, both to remem-
ber the accident and to prove its overcoming.

• Landscape and green barrier (5 hectares)
• Naturalistic area (17 hectares)
• Playground and leisure area (7 hectares)
• Natural recreational aspects (9 hectares)
• Preservation of technological plants (5 hectares)

Since 1987, various initiatives have been performed in order to connect
the park to the local population.

The institutions involved intend to develop attractions compatible
with the ecosystem and to open the park for regulated access, to
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expand the wood area and to involve local population and associa-
tions in the area management.

Use of toxicology, epidemiology, toxicokinetics and mechanisms in
risk assessment of TCDD
George Lucier and Christopher Portier
National Institute of Environmental Health Sciences, Research Triangle Park,
NC, USA
TCDD causes a number of effects in a wide variety of experimental sys-
tems; some of these effects also occur in people exposed occupationally
or accidentally to dioxin.  Biological changes include enzyme induction,
hormonal changes, pathways involved in growth and diff e re n t i a t i o n ,
re p roductive effects and cancer.  There is scientific agreement that most,
if not all, of TCDD’s effects are mediated by the Ah re c e p t o r.  Despite
this scientific agreement and use of common data sets, there is consid-
erable variation in risk estimates by regulatory agencies around the
world.  For example, the US Environmental Protection A g e n c y, using a
linear model, estimates that exposure to 10 fg/kg/day could cause a risk
of one cancer in a million people exposed. In contrast, some countries,
using a safety factor approach, estimate a safe dose to be 10 pg/kg/day
or 1000 times higher than obtained from a linear model.  The average
person is exposed to the equivalence of 2-4 pg TCDD/kg/day from nor-
mal living conditions.  Since we know some of the molecular and bio-
logical steps involved in TCDD’s mechanism of toxic actions, biologi-
cally-based models may be used to more accurately estimate risks.
These models are addressing critical issues in risk assessment.

First, TCDD’s effects, for the most part, are similar between rats and
people both qualitatively and quantitatively.  However, the biological
half-life for TCDD is 25 days in rats and nearly 10 years in people, so
species comparisons need to be based on body burden rather than
external exposure. 

Second, dose-response relationships for TCDD cannot be predicted
solely on the knowledge that responses are receptor-mediated.  Some
effects exhibit threshold behaviour whereas others exhibit linear dose-
response characteristics.  

Third, there is considerable interindividual variation in dioxin’s
effects; some people appear to be sensitive whereas others are resis-
tant.  This needs to be considered in risk assessment.  

Fourth, non-cancer endpoints for TCDD are of concern based on tox-
icological and epidemiological studies.  
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Fifth, fœtuses, new-borns and children are more sensitive to dioxin’s
effects than are adults.  In summary, we hope that the use of biologi-
cal-based risk assessment strategies will reduce the uncertainty pre-
sent in current risk assessments, and this should help in International
harmonisation.

Clinical and laboratory monitoring of people exposed to TCDD:
results and perspectives
Paolo Mocarelli
Università degli Studi di Milano, Dipartimento Universitario di Patologia
Clinica, Ospedale di Desio
We present data deriving from a longitudinal health monitoring (from
1976 to 1996) of groups of people affected by the fallout of TCDD over
Seveso and the nearby area occurred on July 10, 1976.

These data present advantage in that:  1) they derive from individuals
of both sexes covering all age ranges; 2) since then serum samples have
been kept frozen and we have been recently able to measure (at CDC,
Atlanta USA) the TCDD blood lipid content. We can there f o re corre l a t e
e x p o s u re with health effects during the years and the level of pollution
in soil which gave rise to A, B, R zones, being Athe most polluted.
Results indicate that:

• Serum TCDD levels in residents of A zone showed a much elevat-
ed exposure (up to 56,000 ppt) than in B zone.

• Cloracne was the only clinical alteration positively correlated to
TCDD contamination levels, even if not completely, and with dif-
ferent individual susceptibility.

• Miscarriages, perinatal mortality, low birth weight or congenital
malformations did not significantly increase.

• Clinical monitoring of children and adults did not prove any clear
association between morbidity (except cloracne) and TCDD exposure .

• Laboratory results showed minimal differences between exposed
(even if hugely exposed) and controls in the period of acute expo-
sure (1976-1977) with relation to liver function tests, complement
haemolytic activity, blood cells, lymphocytes and haemoglobin.
These differences were subclinical, faded and then disappeared
with time.

Part of the exposed people was controlled in 1992-1996. Results show that:
• No laboratory pathology was related to TCDD levels both in the

acute and the chronic phases.
• Cytochrome P450IA2 does not seem to be induced after about 17
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years in exposed people compared to controls as measured by the
Caffein Breath Test.

• Half-life of TCDD is longer in women (about 9 years) than in men
(about 7.5 years) while in children it is much shorter.

A check of people born after 1976 from exposed parents was recently
started. In the A zone, from 9 months after the accident (April 1977) to
December 1984, corresponding to about one TCDD half-life in adults,
there was a significant modification of the sex ratio with an excess of
females (26m vs 48f) associated to high TCDD exposure of both par-
ents. This fact later declined (60m vs 64f) and it is no longer significant.
These results, never reported before in any other TCDD exposed
group of people, suggest the need to continue following up the popu-
lation in order to monitor their health and to better understand the
TCDD way of action as well as the individual susceptibility.

Serum levels of TCDD in Seveso
Larry L. Needham1 and Pier Mario Gerthoux 2

1 Center for Disease Control, Atlanta, GA,USA
2 Desio Hospital, Desio
At approximately noon Saturday, July 10, 1976, an explosion occurred
during the production of 2,4,5 trichlorophenol in the ICMESA plant in
Meda, about 25 km north of Milan, in the Lombardia region of Italy. A
cloud of chemicals, including sodium hydroxide, ethylene glycerol,
2,4,5 trichlorophenol and kilogram amounts of the synthetic by -prod-
uct- 2,3,7,8 tetrachlorodibenzo-p-dioxin (TCDD), was released into the
atmosphere. Debris from this cloud fell south-Southeast of the plant on
an area of about 2.8 km (700 acres), which included parts of the towns
of Seveso, Cesano Maderno and Desio. Based primarily on the death
of vegetation and domestic animals and soil levels of TCDD, the cont-
aminated area was divided into three major zones (A, B and R); the
surrounding non-contaminated area (zone non ABR) was designated
as a control zone. 

Because of the known extreme toxicity of TCDD in certain species of
animals, a large health monitoring  project was established in late July
1976. The earliest signs of exposure to the chemical cloud were acute
lesions, characterised by severe erythema and oedema of exposed
areas of the body and caustic burns with epidermal necrosis in some
of the children. These were attributed primarily to dermal contact with
sodium hydroxide. In September 1976, many cloracne cases, which
ranged from the mildest type 1 to the most severe type 4, had been
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diagnosed; all of the type 4 cases were former residents of the area
closest to the plant - zone A. Thus, the death of vegetation and domes-
tic animals, soil levels of TCDD, chemicals burns, and cloracne had all
been used as markers of exposure. Based on this information, we could
ascertain that the Seveso, Italy scenario represented an acute human
exposure with a wide range of exposure to both genders and to adults
and children. We also knew that high levels of TCDD had been report-
ed on the tissues of one person.

In April 1988 we began our collaborative work in Seveso. We sought
to determine if TCDD could be measured in stored serum specimen
f rom A zone residents; if levels are higher in cloracne cases; if levels of
other congeners are elevated, if residents of B and R zone have
detectable levels of TCDD; and if we could acquire human pharmacoki-
netics data on TCDD. Since then, our collaborations have increased and
m o re objectives have been added after the initial finding that some of
the Seveso residents have the highest measured serum levels of TCDD.

These objectives and their findings along with exposure data from
other TCDD exposure scenarios will be discussed.

The effects of TCDD on the immune system
Diether Neubert1, Paolo Brambilla2, Reinhard Neubert1, Paolo Mocare l l i2

1 Free University Medical Center, Dept. of Toxycology, Berlin
2 Ospedale di Desio
There are numerous reports demonstrating effects of 2,3,7,8 tetra-
chlorodibenzo-p-dioxin (TCDD) on various immunological compo-
nents and functions in experimental animals. While in most of these
studies comparatively high overdose levels were used, there are also
several publications reporting defined effects in immunological vari-
ables in mice (reduced host resistance to virus infections) and in non
human primates (alterations in lymphocyte surface receptors) at much
lower doses (e.g. single applications of 10 ng/kg bw of 2,3,7,8 tetra-
chlorodibenzo-p-dioxin [TCDD]). Only few data have been published
on the effects of other polyalogenathed dibenzo-p-dioxins and diben-
zofurans (PHDDs/PHDFs) on immunological variables.

The crucial question remains whether or not human must be consid-
ered a species very susceptible to the actions of PHDDs/PHDFs on the
immune system. However, many end-points found to be altered in
animal studies, cannot be evaluated in humans. In addiction, and con-
trary to animal data, much less solid information is available on possi-
ble effects of PHDDs/PHDFs on the human immune system. Reasons
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for this lack or limitations of knowledge include:
• difficulties in recruiting groups of persons with highly increased

PHDDs/PHDFs body burdens,
• the fact that mostly multiexposure occurred, and the dioxins were

only trace contaminants,
• the necessity to carefully control many confounding factors in the

clinical studies (e.g. acute and chronic diseases, drug medication,
age, smoking), and

• that only studies with a simultaneous quantification of the individ-
ual PHDD/ PHDF body burdens allow a meaningful interpre t a t i o n
of the data which then may lead to some kind of risk assessment.

So far, data available on group of persons highly exposed  to various
PHDDs/PHDFs do not reveal clear-cut effects on immunological vari-
ables or functions and are either inconsistent, or are difficult to inter-
pret. Also, reports on the frequency of respiratory infections are con-
flicting. Here, we report for the first time the results of extensive stud-
ies performed on residents of the Seveso area (A zone).

Altogether, the data now available tend to point to a low suscepti-
bility of the human immune system to this class of environmental pol-
lutants when compared with some animal species (such as mice and
non human primates).

Projects of maintenance and landscape arrangement for the basin areas
Luca Ottenziali
Regione Lombardia, Dipartimento di Geologia, Interventi e Campagne
Geologiche-Ambientali, Milan
Twenty years after the ICMESA accident it was necessary to check the
state of maintenance of the plants for the disposal of material contam-
inated by TCDD.

On behalf of the Forest Regional Agency a “General project and a
programme of ordinary and extraordinary maintenance and landscap-
ing of the areas of tanks A and B located in the municipalities of Seveso
and Meda and of the surrounding areas” has been created, sponsored
by the Lombardy Region, ISMES, Bergamo.

The methodology adopted for the project based on the analysis of
data deriving from ad hoc surveys of the countryside and from the
investigation of surveys carried out in the area by several authorities
and research institutes. This phase was followed by a diagnostic
assessment of both current and potential risks and then by a proposal
for the ordinary and extraordinary maintenance of tanks, together
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with the related landscaping plans for the area.
The project also envisaged an ordinary maintenance programme

stretched over a certain period of time, a monitoring plan and supple-
mentary surveys. Outlines of an IT system for filing and managing
data and for an automatic monitoring system were also drawn up.

The most significant interventions refer to the building of a new, par-
tially underground percolate purification plant to remove the liquids
which have collected inside close to the tanks’ base, discharging them
in the nearby stream in the concentrations allowed by official tables.

TCDD action mechanisms in the human body
Alan Poland
University of Wisconsin, Mc Ardle Laboratory for Cancer Researc h ,
Madison, WI, USA
2,3,7,8 tetrachloro d i b e n z o -p-dioxin (TCDD) and congeners have been a
focus of public and scientific attention for over 25 years attributable to:

• the outbreaks of illness in highly exposed populations and the pub-
lic health hazard they pose to the general population at the lower
e x p o s u re doses; and

• their novel mechanism of action. 
TCDD and related halogenated aromatic hydrocarbons exert all, or
nearly all, of their biological actions by virtue of specific high affinity
binding to the Ah receptor, a soluble protein with a basic-helix-loop-
helix structure (bHLH). Upon ligands binding and activation, the Ah
receptor binds to its heterodimeric partners, Arnt, also a bHLH pro-
tein, and this complex binds to the DNA-recognition sequence, the
dioxin response element to modulate transcriptional regulation of
cytochrome P450IA1 mRNA and other genes. Despite knowledge of
these detailed molecular action, little is known about the genes
involved in specific toxic responses (e.g., tumorigenesis, teratogenesis,
the wasting syndrome, cloracne) nor the signaling pathways. It is also
not established which of the toxic responses evoked by TCDD in ani-
mals occurs in humans. While the Ah receptor model is a very useful
paradigm for TCDD toxicity, much remains to be resolved about the
mechanism of specific toxic events. 

In the current U.S. reassessment of the risk posed by TCDD and
other Ah antagonists, it is important to distinguish between science
and policy, and between what is known and what is not.
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Sources of TCDD, other PCDDs and PCDFs and the presence of
these compounds in the environment
Christoffer Rappe
Umeå University, Institute of Environmental Chemistry, Sweden
Polychlorinated dioxins (PCDDs) and polychlorinated dibenzofurans
(PCDFs) are two classes of persistent organic pollutants, in all 210
compounds (congeners) normally called “dioxins”. The most studied
congener within this group is 2,3,7,8-TCDD, which is also the most
toxic compound within the dioxin family. Altogether 17 compounds,
all chlorine substituted in the 2,3,7,8 positions are toxic and included
in the toxic equivalent system.

The highly toxic 2,3,7,8-TCDD is a by-product from the production
of 2,4,5 trichlorophenol. 

Uncontrolled conditions during such production caused the acci-
dental release of 2,3,7,8-TCDD at the ICMESA factory closed in 1976.

During the two decades following this accident various aspects of
the dioxin problem have been the object of a multitude of investiga-
tions all over the world. However, the dioxin issue is still quite con-
troversial. In Seveso only 2,3,7,8-TCDD was released, but most other
sources result in mixtures of several PCDDs and PCDFs. These sources
include other chemical as well as thermal and biochemical reactions.
Among the chemical reactions are the production of pentachlorophe-
nol (PCP), PCB, chlorine gas and the bleaching of pulp using chlorine
gas. Most of these processes are now banned or phased out.

Various combustion reactions result in the formation of PCDDs and
PCDFs including the incineration of municipal solid waste and the
production of iron and steel and other metals.

PCDDs and PCDFs have been identified in most environmental
compartments like air, soil and sediments. The specific pattern is a
mixture of incineration sources over-lapped by higher chlorinated
PCDDs typical for PCP. Higher chlorinated PCDDs are also formed by
natural processes in sewage sludge and in sediments.

Analyses of sediments have been useful to identify point sources of
PCDDs and PCDFs. Typical products from pulp bleaching have been
found in many parts of the Baltic Sea.

PCDDs and PCDFs have also been identified in biological samples,
primarily from the aquatic environment. Due to metabolism only the
toxic 2,3,7,8-substituted congeners are found in fish, birds and mam-
mals. In molluscs and crustaceans most PCDDs and PCDFs can be
found, indicative of a lower metabolic activity.
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The fauna ecosystem of Bosco delle Querce: mutagenicity tests in
wild animals
Carlo A. Redi, Anna Piccinelli, Maurizio Zuccotti, Silvia Garagna,
Lucia Pompilio, Alberto Meriggi and Piergiorgio Rubini
Università degli Studi di Pavia, Dipartimento di Biologia Animale e Centro
di Studi di Istochimica (CNR)
The aim of this study is the evaluation of the present biological risk for
human beings in making use of the Bosco delle Querce park. The park
was artificially created in place of the maximally polluted TCDD area
following the Seveso accident. Taking into account that:

• we have little knowledge of the TCDD bio-availability in loco after
20 years;

• other contaminants may be present in the studied area;
• TCDD can induce a broad range of effects by mechanisms not yet

well defined, we set out to study the biological damage to animal
life and to plant and animal cenosis by comparison to those of
other urban parks.

We are investigating the species composition and evolution of animal
and plant cenosis; mouse, rabbit and house fly gametogenetic process-
es; TCDD-induced damage at the single cell level by means of highly
sensitive techniques: RT-PCR assay to detect the expression of TCDD
inducible cytochrome CYP1B1 and a single cell gel electrophoresis
(COMET assay) able to detect DNA structural damage on mouse and
rabbit sperm and lymphocytes.

H e re we present preliminary data. The quali- and quantitative cyto-
logical composition of the stages of the seminiferous epithelium  bore no
signs of alteration (the percentage of normally set up tubules, the
pachytene spermatocytes/spermatid ratio and the Sertoli - spermatogo-
nia and Sertoli - basal membrane attachments). The percentage of abnor-
mally shaped and aneuploid sperm has  not significantly changed in
Seveso mice and rabbits. The COMET assay on mouse sperm did not
reveal structural damage to DNA.  A survey of the 2n numbers of sev-
eral wild mouse populations living in Northern Italy shows that the
Seveso mice carry Robertsonially translocated chromosomes not yet
described. The number of  micronucleated polychromatic erythro c y t e s
( m i c ronuclei assay) in mouse and rabbit bone marrow is similar to that
in controls. The gross anatomy analysis of  thirteen rabbit foetuses yield-
ed no signs of alteration; in particular, cleft palate was not detected. 

The structure and the meiotic behaviour of the housefly chromo-
somes is not completely regular; house fly fertility, however, looks nor-
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mal. Since the longitudinal exposure to very low  TCDD doses (doses
that fail to induce maternal toxicity) profoundly alter the reproductive
patterns, the preliminary data we obtained inspire confidence about
the safety for humans now making use of the park.

Serum levels of TCDD in different human populations
Eric J. Sampson and Donald G. Patterson, Jr.
Center for Disease Control (CDC), Atlanta, GA, USA
The exposure to TCDD which individuals suffered following the 1976
explosion at a chemical plant in Seveso, Italy, can be put into perspec-
tive by comparing serum TCDD levels measured in other epidemio-
logical studies. Ranges of lipid corrected serum/adipose TCDD values
measured at 5 other epidemiological studies, involving populations
suspected or known sources of TCDD exposure, follow:

• background levels of TCDD from participants in several control
populations range between ND and 20 ppt, n=400;

• residential exposure from dirt in roads contaminated with TCDD
in Missouri, USAshowed levels of 5.2 to 5.9 ppt, n=16

• US Military ground troop exposure to TCDD contaminated Agent
orange showed levels of ND to 45 ppt, n=646;

• Operation Ranch hand, US Air force personnel that sprayed Agent
orange contaminated with TCDD in Vietnam, showed levels of ND
to 618 ppt, n=886;

• applicators in Australia and New Zealand, who sprayed herbicide
contaminated with TCDD, showed levels of ND to 131 ppt, n=46;

• US workers involved in the production of chemical contaminated
with TCDD showed levels of 20 to 3400 ppt, n=381.

Individuals exposed to TCDD from the explosion in Seveso showed
levels ranging between ND to 56,000 ppt, n>400 and are the highest
levels reported by the CDC laboratory to date. 

The dioxin pollution in the Bitterfeld/Wolfen region (former GDR):
facts and experiences
Fred Walkow
District Administration Bitterfeld, Environmental Protection Office,
Saxony-Anhalt, Germany
Bitterfeld is the northern edge of the so called Chemistry Triangle, a
large industrial region in East Germany. Since the beginning, in the
nineties of the 19th century, the chemical industry of Bitterfeld has pro-
duced chlorine and chlorine products. The Chemie Kombinat
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Bitterfeld was the most important manufacturer of chlorinated pesti-
cides of the communist countries till the end of the GDR. The main
products were DDT, Lindane and chlorinated phenoxyacid deriva-
tives. In 1990 an article of Der Spiegel magazine focused a world wide
interest on Bitterfeld as “the dirtiest town of Europe”. At that time no
systematic investigations concerning the pollution of soil, water and
air with chlorinated organic compounds existed.

In 1990-’91 the first project for the investigation of chlorinated org a n-
ic compounds including dibenzodioxins/furanes covered an area of
about one hundred km2 a round the chemical sites. This investigation
showed a much higher background pollution of soil than in any other
regions with chemical industries in Germany. Extremely high contami-
nation in the upper soil has not been found outside the chemical plants. 

The contamination via air has no considerable importance and is
located only in the near neighbourhood of chemical plants. The most
important contribution to pollution has come from waste water. Until
1993 the whole water of the chemical industry as well as the commu-
nities’ of the Bitterfeld district was put into the river Mulde without
any clarification. So a wide spectrum of pollutants has been found in
sediments and in the flooding areas of the river Mulde. Here the
degree of soil pollution mainly correlates to the frequency of floods.
Outside the dikes the contamination corresponds with the German
background level. The dioxin congener profiles of the River Elbe
( d o w n s t ream the River Mulde), the samples of the harbour of
Hamburg and the samples of the flooding areas of the Elbe are very
similar to those of Bitterfeld. It seems that the Bitterfeld contamination
may partly have caused the dioxin contamination in the River Elbe.

Surprisingly, Bitterfeld dioxin congener profiles do not fit with the
known samples of  dioxin sources as the chloralkali and the herbicide
(DDT, HCH, 2,4-D) production existing for some decades in Bitterfeld.
There are some indications that the major part of dioxins had been
emitted by metallurgy processes sixty and more years ago. 

Despite the relatively high dioxin contamination of soil especially in
the village Greppin near the former HCH-production plants no effect on
the human health has been found until now. The dioxin concentration
in the blood of the people of  Greppin is lower than the German aver-
age level! It shows that the direct carry over soil to man does not play
an important role. Only in the flooding areas of the river Mulde about
10 km2 of meadows have been forbidden for agriculture use to avoid the
carry over of contaminants especially HCH into the human food chain.
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Agradual and complex intervention aimed at the recovery of the
a rea has resulted in the green area called Bosco delle Querce, cor-
responding to the more TCDD-polluted zone, officially opened to

the public on july 10, 1996, twenty years after the accident. It is located
between the municipalities of Meda and Seveso and stretches for 43 km.

The Bosco stands at the northern border of Milan province, about 20
km from Milan and is shaped as a big right-angle triangle with the
upper edge headed north, between the Parco delle Groane and the
Parco della Brughiera Briantea (photo 4). The Milan-Meda motorway
represents its eastern border, while the Certesa stream stands as its
western border. The comprensory is densely populated and industri-
alised, but has wide green areas devoted to agricultural and forest uses.

5.1 The most significant steps undergone by the Bosco delle
Querce management

1977-1983 Restoration
Following the decision of the Seveso Special Office about turning the
former A a rea into a park-wood, an international Commission
approved the removal of the upper 40 cm of ground and the creation
of two specific controlled burrows, in which soil material, ruins of the
demolished buildings and the equipment used for recovery interven-
tions had to be placed, as the best suitable recovery method.

1984-1986 Planting interventions and early maintenance
Works for the creation of the Bosco delle Querce (with a fenced surface
of about 37 hectares) had been commissioned by the Seveso Special
Office of Regione Lombardia and performed by the firm Scarpellini
Spa of Alzano Lombardo, a well-known and trustworthy floral nursery
firm which, through clever studies and the application of proper plant-
ing techniques and water systems has granted uniformity to the area
upon which the new park lies.

The Forest Regional Agency was given the task of managing and
maintaining the areas placed in the north, out of fencing. On the whole
park surface, about 15-20 cm of cultivable land has been placed, com-
ing from areas at least 10 km away from the place of the accident, to
which special organic substances have been added in order to improve
the growth of a bacterial flora suitable for the planting of both trees and
bushes. More than 5,000 plants 3 to 4 metres high with a circumference
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Photo 4 - General view of Bosco delle Querce and internal division (Graphic
elaboration by fla based on a picture from the Guida al Bosco delle Querce di Seve-
so e Meda volume published by the Forest Regional Agency, Regione Lombardia).



of 10 to 16 cm have been planted, after placing them in a provisional
culture land and selecting them according to their resistance qualities.
They were for the most part species typical of Brianza chosen amongst
oakwoods, mixed woods and pinewoods, in order to help forgetting
any possible memory of the accident and find the natural balance the
area had been waiting for years. Costs related to the creation and
maintenance of the wood and of the green in general have been about
30 million liras for each hectare (besides installations and structures).

1987-1992 Completion, maintenance and managing works
The Milan Operative Unit of the Forest Regional A g e n c y, coordinated by
d r. Paolo Lassini, has taken charge of the management of the Bosco delle
Q u e rce, of buildings and of the equipment left after recovery interven-
tions in 1987. A restless and useful collaboration with the Park and
Natural Environment Service of the Regional Committee has allowed
significant financial aid through the creation of several conventions.

The gradual creation of a team of local seasonal workers has grant-
ed maintenance. At present, 8 specialised workers are working, joined
by local farmers and artisans for jobs requiring special skills or in
busy periods.

In the first 6 years, the financial aid has been more than 2,000 million
liras; the average cost of ordinary maintenance has been about 4 million
l i r a s / h e c t a re/year and the total cost related to the completion, man-
agement and maintenance has been about 8 million liras/ hectare / y e a r.

The ordinary maintenance includes: mowing, shredding, irrigation,
fertilising, dead trees substitution, payment of rents, elimination of
tutors and creation of fences, various interventions on structures,
assurance. Investments and extra-ordinary maintenance have includ-
ed: revision and widening of irrigation structures; the creation of 5
intensive and extensive areas; the creation of a second generation of
trees with an average height of 1.5 meters in containers; the recovery
of buildings belonging to former Encol; the purchase of cars; the mon-
itoring activity in agreement with Institutions and Universities; per-
manent initiatives in collaboration with schools and associations (CAI-
Italian Alpine Association, the Fishermen’s Association...); the check of
existing fences and the creation of fences for faunistic areas; acoustic
green barriers; green interventions in areas nearby the park; the new
aerial cartography.
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5.2 Who was in charge of the environmental monitoring?

Besides ground surveys carried out by the Fondazione Minoprio, other
conventions have been signed with the University of Milan (Faculty of
Agricultural Sciences - Institutes of A r b o real Cultivation, Entomology,
Vegetation Pathology) and the University of Pavia (Institute of Botany).
Also, an acoustic study has been commissioned to the Institute of Bio-
Acoustic of Milan (prof. Arpini). The Lombardy Ornithological Gro u p
has performed a preliminary survey of the avifauna.

5.3 About the burrows

Materials originating from recovery operations of more TCDD pollut-
ed areas after the ICMESA accident in 1976 were stored in two specif-
ic controlled burrows located in the municipalities of Seveso (burrow
A) and Meda (burrow B). Part of materials deriving from less TCDD
polluted areas was instead stored south of tank A and covered with a
layer of agricultural soil. 
Tanks were also filled with soil, ruins of the demolished buildings, the
equipment used for recovery interventions, woods, street coverings, etc. 
Tank A hosted materials from the Seveso area and also ruins from
ICMESAplant, for a total of about 200,000 m3.

Tank B, located in Meda near the Certesa stream, hosted materials
from the contaminated area placed north of Via Vignazzola and TCDD
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Removed material

Soil

Burrow A Burrow B

Buildings’ demolition

m3 61,000 m3 140,000

m3 1800 m3 7000

Road system m3 5000 m3 23,000

Miscellaneous ruins, woods and green m3 6200 m3 22,000

Mud m3 3500 -

ICMESAdemolition material m3 1500 m3 5800

TOTAL m3 79,000 m3 197,800



contaminated mud originating from the Seveso purification plant. The
total volume of material was about 80,000 m3.

In order to achieve a complete isolation of the environment from the
contaminated material, material stored was wrapped up by covering
the ground with a waterproof mixed barrier and by further covering it
with a mixed waterproof layer fit for protection.

Burrows were then provided with draining and percolates’ treat-
ment plants.

Inside burrows, monitoring systems were also created in order to
allow monitoring of both burrows’ banks adjustments, monitoring of
stored material and of burrow A geo-membrane integrity.

A net of piezometers for the monitoring of nipple’s layers was also
placed in the area hosting burrows. These piezometers have also been
used for the assessment of nipple’s waters quality and the evaluation
of possible lackings of percolates from burrows.

In 1983 and 1988, measurements have been performed and the topo-
graphic check network has recorded:

• as for tank A, homogeneous and constantly attenuating settling;
• as for tank B, settling of locations on the containment wall were

even and smaller than in tank A;
• piezometric measurements confirmed the quite unmodified pres-

ence of a surface nipple with the piezometric level about 40 meters
from the campaign level and the presence of a deep nipple whose
piezometric level was some meters below the other. The variabili-
ty of capacity was recorded close to Certesa stream, ascribable to
the dispersing effect of the stream itself. The quality of waters from
the first nipple was assessed depending on the analytical determi-
nation of the several elements, from which a general increasing-in-
time trend of values related to specific electric conductivity, oxid-
ability, organic carbon, calcium, potassium, sodium, nitrous nitro-
gen and suspended solids resulted. An uncertain trend was record-
ed with relation to pH, chlorides, magnesium and ammonia nitro-
gen values. Finally, a decreasing trend was recorded with reference
to nitric nitrogen. As for the second nipple, lower concentrations
than the first were usually recorded;

• the check of percolates’ quality has revealed the presence of sever-
al elements in such a concentration as to hinder flowing into
Certesa stream, except after treatment. As for TCDD values, sam-
pling and following analyses have spotted a “not detectable”
TCDD content. In case TCDD resulted positive, we would have
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proceeded in re-pumping percolate to the top of the tank itself.
As for the new purification plant currently under construction, it is
composed by an evaporator and a following condenser of the liquid
coming from the tanks. The purification process then proceeds with
the liquids’ neutralisation and active carbon filtering, before they are
finally discharged into Certesa stream, according to the table included
in law 319/1976 (Legge Merli).

It is worth noting that purification only involves several substances
in the percolate found in tanks, but does not involve dioxin. In case the
latter was found in the analyses performed before each treated perco-
late’s outflow, not even a single drop of the liquid would be dis-
charged into the Certesa stream: it would on the contrary be re-
pumped to the top of the tank and stored inside it.

5.4 The territory

The Bosco delle Querce has a surface of about 43 hectares. Its mor-
phology is plain, except for the two hills built up with the special con-
trolled burrows and from which the whole park can be seen.
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Photo 5 - The via A. Negri (Seveso) entrance. (photo by Laura Bonini)



The northern area is 7.81 hectares wide and belongs to the munici-
pality of Meda. It is not fenced and includes the upper burrow and the
whole motorway roundabouts system placed among bushes, small
plants and ornamental green.

The green area placed inside the Seveso territory is fenced and looks
like a vast area covered with trees and bushes completed by greens,
faunistic areas and a service area. (photos 5 and 6).

About 80% of the area is covered by trees and bushes and is destined
to diversified wood according to the initial planting techniques. 

5.5 The environment

The Bosco delle Querce comprensory is placed on the outer edges of
the alluvial margin terracing of pre-alpine dry plain areas. The allu-
vial land is diversified and has a sandy-limy substrate which is
c rossed by gravel lens. Average precipitation is about 1300 mm/year
and the climate can be defined moderate continental. The nappe can
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Photo 6 - Cottage at the entrance of the Bosco. (photo by Laura Bonini)



be placed at about 35 meters underg round and does not affect the
layer explored by roots. Autochthonous vegetation associations in
L o m b a rdy can be spotted in the context of mesophyll bro a d - l e a v e s ,
in particular Q u e rco-Betuletum insubricum, Q u e rco carpinetum, Q u e rc o
o s t r i e t o, with a good variability according to the freshness and com-
position of ground, which has been deeply affected by the initial
recovery (photo 7) .

5.6 The soil

On the area on which the Bosco delle Querce has been placed, about 40
cm of upper ground had been removed. Then, 15 cm of fresh land have
been placed.

The original profile of the ground has been repeatedly modified due
to the vast ground movements related to recovery interventions; more-
over, the transit of heavy motors has led to a compression of ground
by adjacent layers. During 1984-1986, several agronomic operations
have been performed in order to relieve ground, while during the fol-
lowing years a mainly organic fertilising plan has been carried out.
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Photo 7 - Trees in the field. (photo by Laura Bonini)



The chemical-physical analyses of soil have been performed by the
Fondazione Minoprio, by private laboratories and by the Institute of
Arboreal Cultivation of the University of Milan. Results were within
the common range for agricultural and forest soils.

5.7 Vegetation

The early recovery interventions have destroyed the upper vegetation
soil and the cultivation ground, except for a big poplar which stands
in the central area of the park (photo 8). In 1984-85, starting from a
desert-like situation, recovery operations have begun with the creation
of a grass green and the planting of the first generation of trees (photo
9). These were 2 to 4 mt high and had a circumference of 14 to 20 cm.
Since the very beginning, broad-leaves have been developing, except
for autochthonous oaks which suffered a 40-50% mortality for over
two years, without proved relationship with their species, dimension,
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Photo 8 - The great poplar in the
middle of the Bosco. (photo by
Laura Bonini)

Photo 9 - View of the Seveso hill
(tank A cover). (photo by Laura
Bonini)



origin or quality. The most likely explanation links mortality to the
absence of micorrhyze in the ground.

From 1986 up to now, several agronomic interventions have been
carried out and arboreal trees and bushes have been doubled, thus
experimenting new methodologies for autochthonous species’ planti-
ng. Following the census performed by the Forest Regional Agency in
1988, which covered the whole arboreal, bushy and forest patrimony,
40 permanent check-areas have been individualised with a 16 mt range
each, in which plants have been registered one by one.

The performed surveys showed that ash, flowering ash, local oaks,
maple, horn-beam, poplar and blackthorn trees have achieved better
results. In particular, local oaks have undergone an unexpected vege-
tation lushness after the initial suffering. 

The Bosco delle Querce includes a total of 6000 developed arboreal
species, 22,000 undercrown reforestation specimen and 18,500 bushes.

5.8 Fauna

After recovery operations, the only visible animals on the whole area
were wild rabbits. After a while, besides reforestation, steps were per-
formed to help the spontaneous return or settlement of fauna.

Interventions included late mowing, not to spoil spring nesting, the
creation of bushy areas, of humid areas, of berry bushes, the placement
of winter shelters by means of haystacks and corn deposits, the cre-
ation of small lakes, the fencing of the whole naturalistic area, the set-
tlement of wild ducks and partridges.

It is worth mentioning that fauna could migrate inside the park
mainly through the narrow ecological aisle represented by the Certesa
stream, even though strongly polluted by the above-standing indus-
trialised area.

Today, mammals living in the Bosco delle Querce are the wild rabbit,
the fox, the hedgehog, the field mouse and the mole.

At present, the LIPU (Italian League for the Protection of Birds) is
monitoring birds, reptiles and amphibians living in the park.

According to preliminary results, 39 species, among which 9 nidifi-
cators and 17 probable nidificators, have been censused. Amongst the
latter: kestrel, pheasant, cuckoo, major red woodpecker, yellow wag-
tail, wren, robin, nightingale, blackbird, long-tailed tit, great tit, crow,
starling, goldfinch. Also, the cenerine heron is constantly present.
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Three amphibious species have been spotted: emerald toad, Italian
tree frog, green frog, as well as three reptile species: wall lizard, colu-
ber, collar grass snake.

5.9 The areas of the Bosco

Today, the Bosco is divided as follows:
• Landscape area and green barrier, with a surface of 5 hectares

including the roundabouts of the Milan-Meda motorway and the
area of the Bosco bordering the motorway itself;

• Naturalistic area, 17 hectares hosting all humid and faunistic areas.
The complete fencing of the main section allows the undisturbed
settlement of both micro and macrofauna, also improved by the
naturalistic lake created in 1996 (photo 10);

• Recreational-intensive area, 7 hectares on the whole including the
main entrance area, the southern entrance, northern plains and a
green belt available for visitors which stretches alongside the grav-
el pathway. The area will be equipped with facilities which will
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Photo 10 - Naturalistic area entrance. (photo by Laura Bonini)



improve its recreational function (photo 11);
• Natural-shaped recreational area, about 9 hectares wide. Its free

fruition has a contemplative character. It includes wide areas with
grass and trees located in the north close to the Meda sport centre
and in the south nearby the Seveso burrow;

• A rea of 5 hectares including the two hills where materials gathere d
after recovery interventions have been store d .

5.10 Future plans

Several initiatives are now in progress and many others will be per-
formed in the next future in collaboration with the Regional
Committee - Dept. of Environment, Local Boards and Fondazione
Lombardia per l’Ambiente on the following subjects:

• Improving of fauna, also with the help of Milan LIPU, which is
already in charge of the study on predator birds;

• The improvement of small lakes which could possibly be fed by
the waters of Certesa stream after proper purification by means of
phytopurification processes;

• The creation of an environmental library;
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Photo 11 - Benches in the area open to the public. (photo by Laura Bonini)



• The planning of museum activities;
• The strengthening of fruition through wood facilities compatible

with the Bosco;
• The promotion of voluntary initiatives;
• The enforcement of the agroforest monitoring of the area and of

the evolving ecosystem;
• TCDD monitoring performed by fla;
• The extension of the Bosco opening hours;
• The creation of didactic initiatives;
• The functional recovery of existing hangars in the territory of Meda.

The most ambitious aim is the widening of the park, which will allow
inserting the area in a wider landscape context. In order to do this,
the Environmental department of Regione Lombardia has alre a d y
p re p a red a draft project to enlarge the current borderline of the Bosco
by using residual areas, in agreement with the municipalities of
Seveso and Meda. 
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14.1.97 Official Journal of the European Communities No. L 10

COUNCIL DIRECTIVE 96/82/EC 
of 9 December 1996 

on the control of major-accident hazards involving
dangerous substances

THE COUNCIL OF THE EUROPEAN UNION,

Having regard to the Treaty establishing the European Community,
and in particular Article 130s (1) thereof,
Having regard to the proposal from the Commission(1),
Having regard to the opinion of the Economic and Social Committee (2),

Acting in accordance with the procedure laid down in Article 189c of
the Treaty(3),

(1) Whereas Council Directive 82/501/EEC of 24 June 1982 on the
major-accident hazards of certain industrial activities(4) is concerned
with the prevention of major accidents which might result from certain
industrial activities and with the limitation of their consequences for
man and the environment;

(2) Whereas the objectives and principles of the Community’s envi-
ronment policy, as set out in Article 130r (1) and (2) of the Treaty and
detailed in the European Community’s action programmes on the
e n v i ro n m e n t( 5 ), aim, in particular, at preserving and protecting the
quality of the environment, and protecting human health, thro u g h
p reventive action;

(1) OJ No. C 106,14.4.1994, p. 4 and OJ No. C 238,13.9.1995, p. 4.
(2) OJ No. C 295, 22.10.1994, p. 83.
(3) Opinion of the European Parliament of 16 February 1995 (OJ No. C 56, 6.3.1995, p. 80),
Council common position of 19 March 1996 (OJ No. C 120, 24.4.1996, p. 20) and Decision
of the European Parliament of 15 July 1996 (OJ No. C 261, 9.9.1996, p. 24).
(4) OJ No. L230, 5.8.1982, p. 1. Directive as last amended by Directive 91/692/EEC (OJ No.
L 377, 31.12.1991, p. 48).
(5) OJ No. C 112, 20.12.1973, p. 1. OJ No. C 139, 13.6.1977, p.1. OJ No. C 46, 17.2.1983,
p.1. OJ No. C 70, 18.3. 1987, p.1. OJ No C 138, 17.5.1993, p. 1.
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(3) Whereas the Council and the re p resentatives of the Governments
of the Member States, meeting within the Council, in their accompa-
nying resolution concerning the fourth Action Programme on the
E n v i ro n m e n t( 1 ) highlighted the need for more effective implementa-
tion of Directive 82/501/EEC and called for a review of the Dire c t i v e
to include, if necessary, a possible widening of its scope and a gre a t e r
exchange of information on the matter between Member States;
w h e reas the fifth Action Programme, the general approach of which
was approved by the Council and the re p resentatives of the
Governments of the Member States, meeting within the Council, in
their resolution of 1 February 1993( 2 ), also presses for better risk-and-
accident management;

(4) Whereas, in the light of the accidents at Bhopal and Mexico City,
which demonstrated the hazard which arises when dangerous sites
and dwellings are close together, the Council Resolution of 16 October
1989 called on the Commission to include in Directive 82/501/EEC
provisions concerning controls on landuse planning when new instal-
lations are authorized and when urban development takes place
around existing installations;

(5) Whereas the said Council resolution invited the Commission to work
with Member States towards greater mutual understanding and harmo-
nization of national principles and practices re g a rding safety re p o r t s ;

(6) Whereas it is desirable to pool the experience gained through dif-
ferent approaches to the control of major accident hazards; whereas the
Commission and the Member States should develop their relations
with the relevant international bodies and seek to establish measures
equivalent to those set out in this Directive for use in third countries;

(7) Whereas the Convention on the Transboundary Effects of Industrial
Accidents of the United Nations Economic Commission for Europe
provides for measures regarding the prevention of, preparedness for
and response to industrial accidents capable of causing transboundary
effects as well as for international cooperation in this field;

(1) OJ No. C 328, 7.12.1987, p. 3.
(2) OJ No. C 138, 17.5.1993.



(8) Whereas Directive 82/501/EEC constituted a first stage in the har-
monization process; whereas the said Directive should be revised and
supplemented in order to ensure high levels of protection throughout
the Community in a consistent and efficient manner, whereas the pre-
sent harmonization is limited to the measures which are necessary to
put in place a more effective system for preventing major accidents
with widespread effects and for limiting their consequences;

(9) Whereas major accidents can have consequences beyond frontiers;
whereas the ecological and economic cost of an accident is borne not
only by the establishment affected but also by the Member States con-
cerned; whereas it is therefore necessary to take measures ensuring a
high level of protection throughout the Community,

(10) Whereas the provisions of this Directive must apply without prej-
udice to Community provisions as regards health and safety at work;

(11) Whereas use of a list specifying certain installations while exclud-
ing others with identical hazards is not an appropriate practice, and
may allow potential sources of major accidents to escape regulation;
whereas the scope of Directive 82/501/EEC must be altered to make
the provisions applicable to all establishments where dangerous sub-
stances are present in sufficiently large quantities to create a major-
accident hazard;

(12) Whereas, with due regard for the Treaty and in compliance with
the relevant Community legislation, Member States may retain or
adopt appropriate measures for transport-related activities at docks,
wharves and marshalling yards, which are excluded from this
Directive, in order to ensure a level of safety equivalent to that estab-
lished by this Directive;

(13) Whereas the transmission of dangerous substances thro u g h
pipelines also has a potential to produce major accidents; whereas the
Commission should, after collecting and evaluating information about
existing mechanisms within the Community for regulating such activ-
ities and the occurrence of relevant incidents, prepare a communica-
tion setting out the case, and most appropriate instrument, for action
in this area if necessary;
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(14) Whereas, with due regard for the Treaty and in compliance with
the relevant Community legislation, Member States may retain or
adopt measures on waste land-fill, which do not come within the
scope of this Directive;

(15) Whereas analysis of the major accidents reported in the
Community indicates that the majority of them are the result of man-
agerial and/or organizational shortcomings; whereas it is therefore
necessary to lay down at Community level basic principles for man-
agement systems, which must be suitable for preventing and control-
ling major-accident hazards and limiting the consequences thereof;

(16) Whereas differences in the arrangements for the inspection of
establishments by the competent authorities may give rise to differing
levels of protection; whereas it is necessary to lay down at Community
level the essential requirements with which the systems for inspection
established by the Member States must comply;

(17) Whereas, in order to demonstrate that all that is necessary has
been done to prevent major accidents, to prepare contingency plans
and response measures, the operator should, in the case of establish-
ments where dangerous substances are present in significant quanti-
ties, provide the competent authority with information in the form of
a safety report containing details of the establishment, the dangerous
substances present, the installation or storage facilities, possible major
accidents and the management systems available, in order to prevent
and reduce the risk of major accidents and to enable the necessary
steps to be taken to limit the consequences thereof;

(18) Whereas, in order to reduce the risk of domino effects, where
establishments are sited in such a way or so close together as to
increase the probability and possibility of major accidents, or aggra-
vate their consequences, there should be provision for the exchange of
appropriate information and cooperation on public information;

(19) Whereas, in order to promote access to information on the envi-
ronment, the public should have access to safety reports produced by
operators, and persons likely to be affected by a major accident should
be given information sufficient to inform them of the correct action to
be taken in that event;
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(20) Whereas, in order to provide against emergencies, in the case of
establishments where dangerous substances are present in significant
quantities it is necessary to establish external and internal emergency
plans and to create systems to ensure those plans are tested and
revised as necessary and implemented in the event of a major accident
or the likelihood thereof;

(21) Whereas the staff of an establishment must be consulted on the
internal emergency plan and the public must be consulted on the
external emergency plan;

(22) Whereas, in order to provide greater protection for residential
areas, areas of substantial public use and areas of particular natural
interest or sensitivity, it is necessary for land-use and/or other relevant
policies applied in the Member States to take account of the need, in
the long term, to keep a suitable distance between such areas and
establishments presenting such hazards and, where existing establish-
ments are concerned, to take account of additional technical measures
so that the risk to persons is not increased;

(23) Whereas, in order to ensure that adequate response measures are
taken if a major accident occurs, the operator must immediately
inform the competent authorities and communicate the information
necessary for them to assess the impact of that accident;

(24) Whereas, in order to provide for an information exchange and to
prevent future accidents of a similar nature, Member States should for-
ward information to the Commission regarding major accidents occur-
ring in their territory, so that the Commission can analyze the hazards
involved, and operate a system for the distribution of information con-
cerning, in particular, major accidents and the lessons learned from
them; whereas this information exchange should also cover ‘near miss-
es’ which Member States regard as being of particular technical inter-
est for preventing major accidents and limiting their consequences,
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HAS ADOPTED THIS DIRECTIVE:

Article 1
Aim

This Directive is aimed at the prevention of major accidents which
involve dangerous substances, and the limitation of their conse-
quences for man and the environment, with a view to ensuring high
levels of protection throughout the Community in a consistent and
effective manner.

Article 2
Scope

1. The Directive shall apply to establishments where dangerous sub-
stances are present in quantities equal to or in excess of the quantities
listed in Annex I, parts 1 and 2, column 2, with the exception of
Articles 9, 11 and 13 which shall apply to any establishment where
dangerous substances are present in quantities equal to or in excess of
the quantities listed in Annex I, parts 1 and 2, column 3.

For the purposes of this Directive, the “presence of dangerous sub-
stances” shall mean the actual or anticipated presence of such sub-
stances in the establishment, or the presence of those which it is
believed may be generated during loss of control of an industrial
chemical process, in quantities equal to or in excess of the thresholds
in Parts I and 2 of Annex I.

2. The provisions of this Directive shall apply without prejudice to
Community provisions concerning the working environment, and, in
particular, without prejudice to Council Directive 89/391/EEC of 12
June 1989 on the introduction of measures to encourage improvements
in the safety and health of workers at work(1)
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Article 3
Definitions

For the purposes of this Directive:

1. “establishment” shall mean the whole area under the control of an
operator where dangerous substances are present in one or more
installations, including common or related infrastructures or activities;

2. “installation” shall mean a technical unit within an establishment in
which dangerous substances are produced, used, handled or stored. It
shall include all the equipment, structures, pipework, machinery,
tools, private railway sidings, docks, unloading quays serving the
installation, jetties, warehouses or similar structures, floating or other-
wise, necessary for the operation of the installation;

3. “operator” shall mean any individual or corporate body who oper-
ates or holds an establishment or installation or, if provided for by
national legislation, has been given decisive economic power in the
technical operation thereof;

4. “dangerous substance” shall mean a substance, mixture or prepara-
tion listed in Annex 1, Part 1, or fulfilling the criteria laid down in
Annex 1, part 2, and present as a raw material, product, by-product,
residue or intermediate, including those substances which it is reason-
able to suppose may be generated in the event of accident;

5. “major accident”  shall mean an occurrence such as a major emis-
sion, fire, or explosion resulting from uncontrolled developments in
the course of the operation of any establishment covered by this
Directive, and leading to serious danger to human health and/or the
environment, immediate or delayed, inside or outside the establish-
ment, and involving one or more dangerous substances;

6. “hazard” shall mean the intrinsic property of a dangerous substance
or physical situation, with a potential for creating damage to human
health and/or the environment;

7. “risk” shall mean the likelihood of a specific effect occurring within
a specified period or in specified circumstances;

142

SEVESO 20 YEARSAFTER



8. “storage” shall mean the presence of a quantity of dangerous sub-
stances for the purposes of warehousing, depositing in safe custody or
keeping in stock.

Article 4
Exclusions

This Directive shall not apply to the following:

(a) military establishments, installations or storage facilities;
(b)hazards created by ionizing radiation;
(c) the transport of dangerous substances and intermediate temporary
storage by road, rail, internal waterways, sea or air, outside the estab-
lishments covered by this Directive, including loading and unloading
and transport to and from another means of transport at docks,
wharves or marshalling yards;
(d) the transport of dangerous substances in pipelines, including
pumping stations, outside establishments covered by this Directive;
(e) the activities of the extractive industries concerned with explo-
ration for, and the exploitation of, minerals in mines and quarries or by
means of boreholes;
(f) waste land-fill sites.

Article 5
General obligations of the operator

1. Member States shall ensure that the operator is obliged to take all
measures necessary to prevent major accidents and to limit their con-
sequences for man and the environment.

2. Member states shall ensure that the operator is required to prove to
the competent authority referred to in article 16, hereinafter referred to
as the “competent authority”, at any time, in particular for the pur-
poses of the inspections and controls referred to in Article 18, that he
has taken all the measures necessary as specified in this Directive.
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Article 6
Notification

1. Member States shall require the operator to send the competent
authority a notification within the following
time-limits:
- for new establishments, a reasonable period of time prior to the start

of construction or operation,
- for existing establishments, one year from the date laid down in

Article 24 (1).

2. The notification required by paragraph 1 shall contain the following
details:
(a) the name or trade name of the operator and the full address of the
establishment concerned;
(b) the registered place of business of the operator, with the full
address;
(c) the name or position of the person in charge of the establishment,
if different from (a);
(d) information sufficient to identify the dangerous substances or cate-
gory of substances involved;
(e) the quantity and physical form of the dangerous substance or sub-
stances involved;
( f ) the activity or proposed activity of the installation or storage facility;
(g) the immediate environment of the establishment (elements liable to
cause a major accident or to aggravate the consequences thereof).

3. In the case of existing establishments for which the operator has
a l ready provided all the information under paragraph 2 to the competent
authority under the re q u i rements of national law at the date of entry into
f o rce of this Directive, notification under paragraph 1 is not re q u i re d .

4.In the event of:
- any significant increase in the quantity or significant change in the

nature or physical form of the dangerous substance present, as indi-
cated in the notification provided by the operator pursuant to para-
graph 2, or any change in the processes employing it, or

- permanent closure of the installation,
the operator shall immediately inform the competent authority of the
change in the situation.
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Article 7
Major-accident prevention policy

1. Member states shall require the operator to draw up a document set-
ting out his major-accident prevention policy and to ensure that it is
properly implemented. The major-accident prevention policy estab-
lished by the operator shall be designed to guarantee a high level of
protection for man and the environment by appropriate means, struc-
tures and managament systems.

2. The document must take account of the principles contained in A n n e x
III and be made available to the competent authorities for the purposes
of, amongst other things, implementation of Articles 5 (2) and 18.

3. This Article shall not apply to the establishments referred to in Article 9.

Article 8
Domino effect

1. Member States shall ensure that the competent authority, using the
information received from the operators in compliance with Articles 6
and 9, identifies establishments or groups of establishments where the
likelihood and the possibility or consequences of a major accident may
be increased because of the location and the proximity of such estab-
lishments, and their inventories of dangerous substances.

2. Member States must ensure that in the case of the establishments
thus identified:
(a) suitable information is exchanged in an appropriate manner to
enable these establishments to take account of the nature and extent of
the overall hazard of a major accident in their major accident preven-
tion policies, safety management systems, safety reports and internal
emergency plans;
(b) provision is made for cooperation in informing the public and in
supplying information to the competent authority for the preparation
of external emergency plans.
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Article 9
Safety report    

1. Member States shall require the operator to produce a safety report
for the purposes of:
(a) demonstrating that a major-accident prevention policy and a safe-
ty management system, for implementing it have been put into effect
in accordance with the information set out in Annex III;
(b) demonstrating that major-accident hazards have been identified
and that the necessary measures have been taken to prevent such acci-
dents and to limit their consequences for man and the environment;
(c) demonstrating that adequate safety and reliability have been incor-
porated into the design, construction, operation and maintenance of
any installation, storage facility, equipment and infrastructure con-
nected with its operation which are linked to major-accident hazards
inside the establishment;
( d )demonstrating that internal emergency plans have been drawn
up and supplying information to enable the external plan to be
drawn up in order to take the necessary measures in the event of a
major accident;
(e) providing sufficient information to the competent authorities to
enable decisions to be made in terms of the siting of new activities or
developments around existing establishments.

2. The safety report shall contain at least the data and information list-
ed in Annex II. It shall also contain an updated inventory of the dan-
gerous substances present in the establishment.

Safety reports, or parts of reports, or any other equivalent reports pro-
duced in response to other legislation, may be combined to form a sin-
gle safety report for the purposes of this Article, where such a format
obviates the unnecessary duplication of information and the repetition
of work by the operator or competent authority, on condition that all
the requirements of this Article are complied with.

3. The safety report provided for in paragraph 1 shall be sent to the
competent authority within the following time limits:
- for new establishments, a reasonable period of time prior to the start

of construction or of operation,
- for existing establishments not previously covered by Directive
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82/501/EEC, three years from the date laid down in Article 24 (1),
- for other establishments, two years from the date laid down in

Article 24 (1),
- in the case of the periodic reviews provided for in paragraph 5, with-

out delay.

4. Before the operator commences construction or operation, or in the
cases re f e r red to in the second, third and fourth indents of paragraph 3,
the competent authority shall within a reasonable period of receipt of
the re p o r t :
- communicate the conclusions of its examination of the safety report

to the operator, if necessary after requesting further information, or
- prohibit the bringing into use, or the continued use, of the establish-

ment concerned, in accordance with the powers and procedures laid
down in Article 17.

5. The safety report shall be periodically reviewed and where neces-
sary updated:
- at least every five years,
- at any other time at the initiative of the operator or the request of the

competent authority, where justified by new facts or to take account
of new technical knowledge about safety matters, for example arising
f rom analysis of accidents or, as far as possible, “near misses”, and of
developments in knowledge concerning the assessment of hazard s.

6. (a) Where it is demonstrated to the satisfaction of the competent
authority that particular substances present at the establishment, or
any part thereof, are in a state incapable of creating a major-accident
hazard, then the Member State may, in accordance with the criteria
referred to in subparagraph (b), limit the information required in safe-
ty reports to those matters which are relevant to the prevention of
residual major-accident hazards and the limitation of their conse-
quences for man and the environment.
(b) Before this Directive is brought into application, the Commission,
acting in accordance with the procedure laid down in Article 16 of
Directive 82/501/EEC, shall establish harmonized criteria for the deci-
sion by the competent authority that an establishment is in a state inca-
pable of creating a major accident hazard within the meaning of sub-
paragraph (a). Subparagraph (a) shall not be applicable until those cri-
teria have been established.
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(c) Member States shall ensure that the competent authority commu-
nicates a list of the establishments concerned to the Commission, giv-
ing reasons. The Commission shall forward the lists annually to the
Committee referred to in Article 22.

Article 10
Modification of an installation, an establishment

or a storage facility

In the event of the modification of an installation, establishment, stor-
age facility, or process or of the nature or quantity of dangerous sub-
stances which could have significant repercussions on major-accident
hazards, the Member States shall ensure that the operator:
- reviews, and where necessary revises, the major accident prevention

policy, and the management systems and procedures referred to in
Articles 7 and 9,

- reviews, and where necessary revises, the safety report and informs
the competent authority referred to in Article 16 of the details of such
revision in advance of such modification.

Article 11
Emergency plans

1. Member States shall ensure that, for all establishments to which
Article 9 applies:
(a) the operator draws up an internal emergency plan for the measures
to be taken inside the establishment,
- for new establishments, prior to commencing operation,
- for existing establishments not previously covered by Directive

82/501/EEC, three years from the date laid down in Article 24 (1),
- for other establishments, two years from the date laid down in

Article 24 (1);
(b) the operator supplies to the competent authorities, to enable the lat-
ter to draw up external emergency plans, the necessary information
within the following periods of time:
- for new establishments, prior to the start of operation,
- for existing establishments not previously covered by Directive

82/501/EEC, three years from the date laid down in Article 24 (1),

148

SEVESO 20 YEARS AFTER



- for other establishments, two years from the date laid down in
Article 24 (1);

(c) the authorities designated for that purpose by the Member State
draw up an external emergency plan for the measures to be taken out-
side the establishment.

2. The emergency plans must be established with the objectives of:
- containing and controlling incidents so as to minimize the effects,

and to limit damage to man, the environment and property,
- implementing the measures necessary to protect man and the envi-

ronment from the effects of major accidents,
- communicating the necessary information to the public and to the

services or authorities concerned in the area,
- providing for the restoration and clean-up of the environment fol-

lowing a major accident.

Emergency plans shall contain the information set out in Annex IV.

3. Without prejudice to the obligations of the competent authorities,
Member States shall ensure that the internal emergency plans provid-
ed for in this Directive are drawn up in consultation with personnel
employed inside the establishment and that the public is consulted on
external emergency plans.

4. Member States shall ensure that internal and external emergency
plans are reviewed, tested, and where necessary revised and updated
by the operators and designated authorities at suitable intervals of no
longer than three years. The review shall take into account changes
occurring in the establishments concerned or within the emergency
services concerned, new technical knowledge, and knowledge con-
cerning the response to major accidents.

5. Member States shall ensure that emergency plans are put into effect
without delay by the operator and, if necessary by the competent
authority designated for this purpose:
- when a major accident occurs, or
- when an uncontrolled event occurs which by its nature could rea-

sonably be expected to lead to a major accident.

6. The competent authority may decide, giving reasons for its decision,
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in view of the information contained in the safety report, that the
requirement to produce an external emergency plan under paragraph
1 shall not apply.

Article 12
Land-use planning

1. Member States shall ensure that the objectives of preventing major
accidents and limiting the consequences of such accidents are taken
into account in their land-use policies and/or other relevant policies.
They shall pursue those objectives through controls on:
(a) the siting of new establishments,
(b)modifications to existing establishments covered by Article 10,
(c) new developments such as transport links, locations frequented by
the public and residential areas in the vicinity of existing establish-
ments, where the siting or developments are such as to increase the
risk or consequences of a major accident.

Member States shall ensure that their land-use and/or other relevant
policies and the procedures for implementing those policies take
account of the need, in the long term, to maintain appropriate dis-
tances between establishments covered by this Directive and residen-
tial areas, areas of public use and areas of particular natural sensitivi-
ty or interest, and, in the case of existing establishments, of the need
for additional technical measures in accordance with Article 5 so as not
to increase the risks to people.

2. Member States shall ensure that all competent authorities and plan-
ning authorities responsible for decisions in this area set up appropri-
ate consultation procedures to facilitate implementation of the policies
established under paragraph 1. The procedures shall be designed to
ensure that technical advice on the risks arising from the establishment
is available, either on a case-by-case or on a generic basis, when deci-
sions are taken.
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Article 13
Information on safety measures

1. Member States shall ensure that information on safety measures and
on the requisite behaviour in the event of an accident is supplied, with-
out their having to request it, to persons liable to be affected by a major
accident originating in an establishment covered by Article 9.

The information shall be reviewed every three years and, where nec-
e s s a r y, repeated and updated, at least if there is any modification
within the meaning of Article 10. It shall also be made permanently
available to the public. The maximum period between the re p e t i t i o n
of the information to the public shall, in any case, be no longer than
five years.

Such information shall contain, at least, the information listed in
Annex V.

2. Member States shall, with respect to the possibility of a major acci-
dent with transboundary effects originating in an establishment under
Article 9, provide sufficient information to the potentially affected
Member States so that all relevant provisions contained in Articles 11,
12 and this Article can be applied, where applicable, by the affected
Member State.

3. Where the Member State concerned has decided that an establish-
ment close to the territory of another Member State is incapable of cre-
ating a major-accident hazard beyond its boundary for the purposes of
Article 11 (6) and is not therefore required to produce an external
emergency plan under Article 11 (1), it shall so inform the other
Member State.

4. Member States shall ensure that the safety report is made available
to the public. The operator may ask the competent authority not to dis-
close to the public certain parts of the report, for reasons of industrial,
commercial or personal confidentiality, public security or national
defence. In such cases, on the approval of the competent authority, the
operator shall supply to the authority, and make available to the pub-
lic, an amended report excluding those matters.
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5. Member States shall ensure that the public is able to give its opinion
in the following cases:
- planning for new establishments covered by Article 9,
- modifications to existing establishments under Article 10, where

such modifications are subject to obligations provided for in this
Directive as to planning,

- developments around such existing establishments.

6. In the case of establishments subject to the provisions of Article 9,
Member States shall ensure that the inventory of dangerous sub-
stances provided for in Article 9 (2) is made available to the public.

Article 14
Information to be supplied by the operator following

a major accident

1. Member States shall ensure that, as soon as practicable following a
major accident, the operator shall be required, using the most appro-
priate means:
(a) to inform the competent authorities;
(b) to provide them with the following information as soon as it
becomes available:
- the circumstances of the accident,
- the dangerous substances involved,
- the data available for assessing the effects of the accident on man

and the environment, and
- the emergency measures taken;
(c) to inform them of the steps envisaged:
- to alleviate the medium- and long-term effects of the accident,
- to prevent any recurrence of such an accident;
(d) to update the information provided if further investigation reveals
additional facts which alter that information or the conclusions drawn.

2. Member States shall require the competent authority:
(a) to ensure that any urgent, medium- and long-term measures which
may prove necessary are taken;
(b) to collect, by inspection, investigation or other appropriate means,
the information necessary for a full analysis of the technical, organiza-
tional and managerial aspects of the major accident;
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(c) to take appropriate action to ensure that the operator takes any nec-
essary remedial measures; and
( d ) to make recommendations on future preventive measures.

Article 15
Information to be supplied by the Member States

to the Commission

1. For the purpose of prevention and mitigation of major accidents,
Member States shall inform the Commission as soon as practicable of
major accidents meeting the criteria of Annex VI which have occurred
within their territory. They shall provide it with the following details:
(a) the Member State, the name and address of the authority responsi-
ble for the report;
(b) the date, time and place of the major accident, including the full
name of the operator and the address of the establishment involved;
(c) a brief description of the circumstances of the accident, including
the dangerous substances involved, and the immediate effects on man
and the environment;
( d )a brief description of the emergency measures taken and of the
immediate precautions necessary to prevent recurrence.

2. Member States shall, as soon as the information provided for in
Article 14 is collected, inform the Commission of the result of their
analysis and recommendations using a report form established and
kept under review through the procedure referred to in Article 22.

Reporting of this information by Member States may be delayed only
to allow for the completion of legal proceedings where such reporting
is liable to affect those proceedings.

3. Member States shall inform the Commission of the name and addre s s
of any body which might have relevant information on major accidents
and which is able to advise the competent authorities of other Member
States which have to intervene in the event of such an accident.



Article 16
Competent authority

Without prejudice to the operator’s responsibilities, Member States
shall set up or appoint the competent authority or authorities re s p o n-
sible for carrying out the duties laid down in this Directive and, if
n e c e s s a r y, bodies to assist the competent authority or authorities at
technical level.

Article 17
Prohibition of use

1. Member States shall prohibit the use or bringing into use of any
establishment, installation or storage facility, or any part thereof where
the measures taken by the operator for the prevention and mitigation
of major accidents are seriously deficient.

Member States may prohibit the use or bringing into use of any estab-
lishment, installation or storage facility, or any part thereof if the oper-
ator has not submitted the notification, reports or other information
required by this Directive within the specified period.

2. Member States shall ensure that operators may appeal against a pro-
hibition order by a competent authority under paragraph 1 to an
appropriate body determined by national law and procedures.

Article 18
Inspections

1. Member States shall ensure that the competent authorities organize
a system of inspections, or other measures of control appropriate to the
type of establishment concerned. Those inspections or control mea-
sures shall not be dependent upon receipt of the safety report or any
other report submitted. Such inspections or other control measures
shall be sufficient for a planned and systematic examination of the sys-
tems being employed at the establishment, whether of a technical,
organizational or managerial nature, so as to ensure in particular:
- that the operator can demonstrate that he has taken appropriate

154

SEVESO 20 YEARSAFTER



measures, in connection with the various activities involved in the
establishment, to prevent major accidents,

- that the operator can demonstrate that he has provided appro p r i-
ate means for limiting the consequences of major accidents, on site
and off site,

- that the data and information contained in the safety report, or any
other report submitted, adequately reflects the conditions in the
establishment,

- that information has been supplied to the public pursuant to
Article 13 (1).

2. The system of inspection specified in paragraph 1 shall comply with
the following conditions:
(a) there shall be a programme of inspections for all establishments.
Unless the competent authority has established a programme of
inspections based upon a systematic appraisal of major-accident haz-
ards of the particular establishment concerned, the programme shall
entail at least one on-site inspection made by the competent authority
every twelve months of each establishment covered by Article 9;
(b) following each inspection, a report shall be prepared by the com-
petent authority;
(c) where necessary, every inspection carried out by the competent
authority shall be followed up with the management of the establish-
ment, within a reasonable period following the inspection.

3. The competent authority may require the operator to provide any
additional information necessary to allow the authority fully to assess
the possibility of a major accident and to determine the scope of pos-
sible increased probability and/or aggravation of major accidents, to
permit the preparation of an external emergency plan, and to take sub-
stances into account which, due to their physical form, particular con-
ditions or location, may require additional consideration.

Article 19
Information system and exchanges

1. Member States and the Commission shall exchange information on
the experience acquired with regard to the prevention of major acci-
dents and the limitation of their consequences. This information shall
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concern, in particular, the functioning of the measures provided for in
this Directive.

2. The Commission shall set up and keep at the disposal of Member
States a register and information system containing, in particular,
details of the major accidents which have occurred within the territo-
ry of Member States, for the purpose of:
(a) the rapid dissemination of the information supplied by Member
States pursuant to Article 15 (1) among all competent authorities;
(b) distribution to competent authorities of an analysis of the causes of
major accidents and the lessons learned from them;
( c ) supply of information to competent authorities on pre v e n t i v e
m e a s u re s ;
( d )provision of information on organizations able to provide advice or
relevant information on the occurrence, prevention and mitigation of
major accidents.

The register and information system shall contain, at least:
(a) the information supplied by Member States in compliance with
Article 15 (1);
(b)an analysis of the causes of the accidents;
(c) the lessons learned from the accidents;
(d)the preventive measures necessary to prevent a recurrence.

3. Without prejudice to Article 20, access to the register and informa-
tion system shall be open to government departments of the Member
States, industry or trade associations, trade unions, non-governmental
organizations in the field of the protection of the environment and
other international or research organizations working in the field.

4. Member States shall provide the Commission with a thre e - y e a r l y
report in accordance with the pro c e d u re laid down in Council
D i rective 91/692/EEC of 23 December 1991 standardizing and ratio-
nalizing reports on the implementation of certain Directives re l a t i n g
to the enviro n m e n t( 1 ) for establishments covered by Articles 6 and 9.
The Commission shall publish a summary of this information every
t h ree years.
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Article 20
Confidentiality

1. Member States shall ensure, in the interests of transparency, that the
competent authorities are required to make information received pur-
suant to this Directive available to any natural or legal person who so
requests.

Information obtained by the competent authorities or the Commission
may, where national provisions so require, be kept confidential if it
calls into question:
- the confidentiality of the deliberations of the competent authorities

and the Commission,
- the confidentiality of international relations and national defence,
- public security,
- the confidentiality of preliminary investigation proceedings or of

current legal proceedings,
- commercial and industrial secrets, including intellectual property,
- personal data and/or files,
- data supplied by a third party if that party asks for them to be kept

confidential.

2. This Directive shall not preclude the conclusion by a Member State
of agreements with third countries on the exchange of information to
which it is privy at internal level.

Article 21
Terms of reference of the Committee

The measures required to adapt the criteria referred to in Article 9 (6)
(b) and Annexes II to VI to technical progress and to draw up the
report form referred to in Article 15 (2) shall be adopted in accordance
with the procedure laid down in Article 22.
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Article 22
Committee

The Commission shall be assisted by a committee composed of the
representatives of the Member States and chaired by the representative
of the Commission.

The representative of the Commission shall submit to the committee a
draft of the measures to be taken. The committee shall deliver its opin-
ion on the draft within a time limit which the chairman may lay down
according to the urgency of the matter. The opinion shall be delivered
by the majority laid down in Article 148 (2) of the Treaty in the case of
decisions which the Council is required to adopt on a proposal from
the Commission. The votes of the representatives of the Member States
within the committee shall be weighted in the manner set out in that
Article. The chairman shall not vote.

The Commission shall adopt the measures envisaged if they are in
accordance with the opinion of the committee.

If the measures envisaged are not in accordance with the opinion of
the committee, or if no opinion is delivered, the Commission shall,
without delay, submit to the Council a proposal relating to the mea-
sures to be taken. The Council shall act by a qualified majority.

If, on the expiry of a period of three months from the date of referral
to the Council, the Council has not acted, the proposed measures shall
be adopted by the Commission.

Article 23
Repeal of Directive 82/501/EEC

1.  Directive 82/501/EEC shall be repealed 24 months after the entry
into force of this Directive.

2. Notifications, emergency plans and information for the public pre-
sented or drawn up pursuant to Directive 82/501/EEC shall remain in
force until such time as they are replaced under the corresponding
provisions of this Directive.
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Article 24
Implementation

1. Member States shall bring into force the laws, regulations and
administrative provisions necessary to comply with this Directive not
later than 24 months after its entry into force. They shall forthwith
inform the Commission thereof.

When Member States adopt these measures, they shall contain a refer-
ence to this Directive or shall be accompanied by such reference on the
occasion of their official publication. The methods of making such ref-
erence shall be laid down by Member States.

2. Member States shall communicate to the Commission the main pro-
visions of domestic law which they adopt in the field governed by this
Directive.

Article 25
Entry into force

This Directive shall enter into force on the 20th day following that of
its publication in the Official Journal of the European Communities.

Article 26

This Directive is addressed to the Member States.

Done at Brussels, 9 December 1996.

For the Council
The President
B. HOWLIN
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ANNEX I

APPLICATION OF THE DIRECTIVE

INTRODUCTION

1. This Annex applies to the presence of dangerous substances
at any establishment within the meaning of Article 3 of this
D i rective and determines the application of the re l e v a n t
Articles there o f .

2. Mixtures and preparations shall be treated in the same way as
pure substances provided they remain within concentration
limits set according to their properties under the relevant
Directives given in Part 2 Note 1, or their latest adaptation to
technical progress, unless a percentage composition or other
description is specifically given.

3. The qualifying quantities set out below relate to each estab-
lishment.

4. The quantities to be considered for the application of the rel-
evant Articles are the maximum quantities which are present or
are likely to be present at any one time. Dangerous substances
present at an establishment only in quantities equal to or less
than 2 % of the relevant qualifying quantity shall be ignored for
the purposes of calculating the total quantity present if their
location within an establishment is such that it cannot act as an
initiator of a major accident elsewhere on the site.

5. The rules given in Part 2, Note 4 governing the addition of
dangerous substances, or categories of dangerous substances,
shall apply where appropriate.



PART I
Named substances

Where a substance or group of substances listed in Part 1 also
falls within a category of Part 2, the qualifying quantities set out
in Part 1 must be used.
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Column 1 Column 2 Column 3

Dangerous substances

Qualifying quantity (tonnes) 
for the application of

articles 6 and 7 article 9

( c o n t i n u e d )

Ammonium nitrate 350 2500
Ammonium nitrate 1250 5000
Arsenic pentoxide, arsenic (V)  
acid and/or salts 1 2
Arsenic trioxide, arsenious (III) 
acid and/or salts - 0.1
Bromine 20 100
Chlorine 10 25
Nikel compounds in inhalable powder form
(nikel monoxide, nikel dioxide, 
nikel sulphide, trinikel disulphide 
dinikel trioxide) - 1
Ethyleneimine 10 20
Fluorine 10 20
Formaldehyde (concentration ≥ 90%) 5 50
Hydrogen 5 50
Hydrogen chloride (liquefied gas) 25 250
Lead alkyls 5 50
Liquefied extremely flammable gases 
(including LPG) and natural gas 50 200
Acetylene 5 50
Ethylene oxide 5 50
Propylene oxide 5 50
Methanol 500 5000
4, 4-Methylenebis (2-chloraniline) 
and/or salts, in powder form - 0.01
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Notes

1. Ammonium nitrate (350/2500)
This applies to ammonium nitrate and ammonium nitrate compounds in
which the nitrogen content as a result of the ammonium nitrate is more
than 28 % by weight (compounds other than those referred to in Note 2)
and to aqueous ammonium nitrate solutions in which the concentration of
ammonium nitrate is more than 90 % by weight.

2. Ammonium nitrate (1250/5000)                    
This applies to simple ammonium-nitrate based fertilizers which comply with
D i rective 80/876/EEC and to composite fertilizers in which the nitrogen con-
tent as a result of the ammonium nitrate is more than 28 % in weight (a com-
posite fertilizer contains ammonium nitrate with phosphate and/or potash).

Column 1 Column 2 Column 3

Dangerous substances

Qualifying quantity (tonnes) 
for the application of

articles 6 and 7 article 9

Methylisocyanate - 0.15
Oxigen 200 2000
Toluene diisocyanate 10 100
Carbonyil dichloride (phosgene) 0.3 0.75
Arsenic trihydride (arsine) 0.2 1
Phosphorus trihytride (phosphine) 0.2 1
Sulphure dichloride 1 1
Sulphure trioxide 15 75
Polychlorodibenzofurans and 
polychlorodibenzodixins (including 
TCDD), calculated in TCDD equivalent - 0.001
The following CARCINOGENS: 
4-Aminobiphenyl and/or its salts,  
Benzidine and/or  salts,Bis(chloromethyl) 
e t h e r, Chloromethyl methyl ether,  
Dimethylcarbamoyl chloride, 
D i m e t h y l n i t rosomine, 
Hexamethylphosphoric triamide, 
2-Naphtylamine and/or salts,
and 1.3 Propanesultone 4-nitro d i p h e n y l 0 . 0 0 1 0 . 0 0 1
Automotive petrol and other petroleum
spirits 5000 50,000
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1. Polychlorodibenzofurans and polychlorodibenzodioxins
The quantities of polychlorodibenzofurans and polychlorodibenzodioxins
are calculated using the following factors:

International Toxic Equivalent Factors (ITEF)
for the congeners of concern (NATO/CCMS)

2,3,7,8-TCDD 1 2,3,7,8-TCDF 0.1

1,2,3,7,8-PeDD 0.5 2,3,4,7,8-PeCDF 0.5

1,2,3,7,8,-PeCDF 0.05

1,2,3,4,7,8-HxCDD 0.1

1,2,3,6,7,8-HxCDD 0.1 1,2,3,4,7,8-HxCDF 0.1

1,2,3,7,8,9-HxCDD 0.1 1,2,3,7,8,9-HxCDF 0.1

1,2,3,6,7,8-HxCDF 0.1

1,2,3,4,6,7,8,-HpCDD 0.01 2,3,4,6,7,8-HxCDF 0.1

OCDD 0.001 1,2,3,4,6,7,8-HpCDF 0.01

1,2,3,4,7,8,9-HpCDF 0.01

OCDF 0.001

(T=tetra, P=penta, Hx=hexa, Hp=hepta, O=octa)
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1. VERY TOXIC 5 20
2. TOXIC 50 200
3. OXIDIZING 50 200
4. EXPLOSIVE (where the substance 

or preparation falls within
the definition given in Note 2 (a)) 50 200

5. EXPLOSlVE (where the substance 
or preparation falls within 
the definition given in Note 2 (b)) 10 50

6. FLAMMABLE (where the substance
or preparation falls within 
the definition given in Note 3 (a)) 5000 50,000

7a.HIGHLY FLAMMABLE (where the
substance or preparation falls within
the definition given in Note 3 (b) (1)) 50 200

7b.HIGHLY FLAMMABLE LIQUIDS
(where the substance or
preparation falls within 
the definition given in Note 3 (b) (2)) 5000 50,000

8. EXTREMELY FLAMMABLE
(where the substance or preparation
falls within the definition given
in Note 3 (c)) 10 50

9. DANGEROUS POR THE
ENVIRONMENT in combination
with risk phrases:
I) R50:“ Very toxic to aquatic org a n i s m s ” 200 500
II) R51: “Toxic to aquatic organisms”;
and R53: “May cause long term
adverse effects in the aquatic
environment” 500 2000

( c o n t i n u e d )

PART 2
Categories of substances and preparations

not specifically named in Part 1

Column 1 Column 2 Column 3

Categories of dangerous substances

Qualifying quantity (tonnes) 
for the application of

articles 6 and 7 article 9



Notes

1. Substances and preparations are classified according to the following
Directives (as amended) and their current adaptation to technical progress:
- Council Directive 67/548/EEC of 27 June 1967 on the approximation of

the laws, regulations and administrative provisions relating to the classi-
fication, packaging and labelling of dangerous substances(1),

- Council Directive 88/379/EEC of 7 June 1988 on the approximation of
the laws, regulations and administrative provisions of the Member States
relating to the classification, packaging and labelling of dangerous prepa-
rations(2),

- Council Directive 78/631/EEC of 26 June 1978 on the approximation of
the laws of the Member States relating to the classification, packaging
and labelling of dangerous preparations (pesticides) (3).

In the case of substances and preparations which are not classified as dan-
gerous according to any of the above Directives but which nevertheless are
present, or are likely to be present, in an establishment and which possess
or are likely to possess, under the conditions found at the establishment,
equivalent properties in terms of major-accident potential, the procedures
for provisional classification shall be followed according to the relevant
Article of the appropriate Directive.
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10.ANY CLASSIFICATION
not covered by those given above
in combination with risk phrases:
I) R14: ”Reacts violenty with water” 100 500
(including R14/15)
II) R29: ”in contact with water,
liberates toxic gas” 50 200

(1) OJ No. 196, 16.8.1967, p.1. Directive as last amended by Directive 93/105/EC (OJ No. L
294, 30.11.1993, p.21).
(2) OJ No. L187, 16.7.1988, p.14.
(3) OJ No. L 206, 29.7.1978, p.13. Directive as last amended by Directive 92/32/EEC (OJ
No. L154, 5.6.1992, p.1).

Column 1 Column 2 Column 3

Categories of dangerous substances

Qualifying quantity (tonnes) 
for the application of

articles 6 and 7 article 9
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In the case of substances and preparations with properties giving rise to
more than one classification, for the purposes of this Directive the lowest
thresholds shall apply.
For the purposes of this Directive, a list providing information on sub-
stances and preparations shall be established, kept up to date and approved
by the procedure set up under Article 22.

2. An “explosive” means:
(a) (I) a substance or preparation which creates the risk of an explosion by
shock, friction, fire or other sources of ignition (risk phrase R 2),
(II) a pyrotechnic substance is a substance (or mixture of substances)
designed to produce heat, light, sound, gas or smoke or a combination of
such effects through non-detonating self-sustained exothermic chemical
reactions, or
(III) an explosive or pyrotechnic substance or preparation contained in
objects;
(b) a substance or preparation which creates extreme risks of explosion by
shock, friction, fire or other sources of ignition (risk phrase R 3).

3. “Flammable”, “highly flammable”, and “extremely flammable” in cate-
gories 6, 7 and 8 mean:
(a) flammable liquids:
substances and preparations having a flash point equal to or greater than 21°C
and less than or equal to 55°C (risk phrase R 10), supporting combustion;
(b) highly flammable liquids:
1) substances and preparations which may become hot and finally catch fire
in contact with air at ambient temperature without any input of energy
(risk phrase R 17),
- substances which have a flash point lower than 55°C and which remain

liquid under pressure where particular processing conditions, such as
high pressure or high temperature, may create major-accident hazards:

2) substances and preparations having a flash point lower than 21°C and
which are not extremely flammable (risk phrase R 11, second indent);
(c) extremely flammable gases and liquids:
1) liquid substances and preparations which have a flash point lower than
0°C and the boiling point (or, in the case of a boiling range, the initial boil-
ing point) of which at normal pressure is less than or equal to 35°C (risk
phrase R 12, first indent), and
2) gaseous substances and preparations which are flammable in contact with
air at ambient temperature and pre s s u re (risk phrase R 12, second indent),
whether or not kept in the gaseous or liquid state under pre s s u re, excluding
liquefied extremely flammable gases (including LPG) and natural gas
re f e r red to in Part 1, and 
3) liquid substances and preparations maintained at a temperature above
their boiling point.



4. The addition of dangerous substances to determine the quantity present
at an establishment shall be carried out according to the following rule: 
if the sum 

q1/Q + q2/Q + q3/Q + q4/Q + q5/Q +...>1 

where qx = the quantity of dangerous substances x (or category of danger-
ous substances) falling within

Parts 1 or 2 of this Annex,
Q = the relevant threshold quantity from Parts 1 or 2,

then the establishment is covered by the relevant requirements of this
Directive.

This rule will apply for the following circumstances:
(a) for substances and preparations appearing in Part 1 at quantities less
than their individual qualifying quantity present with substances having
the same classification from Part 2, and the addition of substances and
preparations with the same classification from Part 2;
(b) for the addition of categories 1, 2 and 9 present at an establishment
together;
(c) for the addition of categories 3, 4, 5 6, 7a, 7b and 8, present at an estab-
lishment together.
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ANNEX II

MINIMUM DATA AND INFORMATION 
TO BE CONSIDERED IN THE SAFETY REPORT

SPECIFIED IN ARTICLE 9

I. Information on the management system and on the organi-
zation of the establishment with a view to major accident
p r e v e n t i o n
This information shall contain the elements given in Annex III.

II. Presentation of the environment of the establishment
A. description of the site and its environment including the geo-
graphical location, meterological, geological, hydrographic con-
ditions and, if necessary, its history;
B. identification of installations and other activities of the estab-
lishment which could present a major accident hazard;
C. description of areas where a major accident may occur.

III. Description of the installation
A. description of the main activities and products of the parts of
the establishment which are important from the point of view of
safety, sources of major-accident risks and conditions under
which such a major accident could happen, together with a
description of proposed preventive measures;
B. description of processes, in particular the operating methods;
C. description of dangerous substances:
1) inventory of dangerous substances including
- the identification of dangerous substances: chemical name,

CAS number, name according to IUPAC nomenclature,
- the maximum quantity of dangerous substances present or

likely to be present;
2) physical, chemical, toxicological characteristics and indica-
tion of the hazards, both immediate and delayed for man and
the environment;
3) physical and chemical behaviour under normal conditions of
use or under foreseeable accidental conditions.



IV. Identification and accidental risks analysis and prevention
methods
A. detailed description of the possible major-accident scenarios
and their probability or the conditions under which they
occur\including a summary of the events which may play a role
in triggering each of these scenarios, the causes being internal or
external to the installation;
B. assessment of the extent and severity of the consequences of
identified major accidents;
C. description of technical parameters and equipment used for
the safety of installations.

V. Measures of protection and intervention to limit the conse-
quences of an accident
A. description of the equipment installed in the plant to limit the
consequences of major accidents;
B. organization of alert and intervention;
C. description of mobilizable resources, internal or external;
D. summary of elements described in A, B, and C above neces-
sary for drawing up the internal emergency plan prepared in
compliance with Article 11.
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ANNEX III

PRINCIPLES REFERRED TO IN ARTICLE 7 
AND INFORMATION REFERRED 

TO IN ARTICLE 9 ON THE MANAGEMENT SYSTEM
AND THE ORGANIZATION OF THE
ESTABLISHMENT WITH A VIEW TO 

THE PREVENTION OF MAJOR ACCIDENTS

For the purpose of implementing the operator’s major-accident
prevention policy and safety management system account shall
be taken of the following elements. The requirements laid down
in the document referred to in Article 7 should be proportionate
to the major-accident hazards presented by the establishment:      

(a) the major accident prevention policy should be established
in writing and should include the operator’s overall aims and
principles of action with respect to the control of major- a c c i-
dent hazard s ;
(b) the safety management system should include the part of the
general management system which includes the organizational
structure, responsibilities, practices, procedures, processes and
resources for determining and implementing the major-accident
prevention policy,
(c) the following issues shall be addressed by the safety man-
agement system:
(I) organization and personnel - the roles and responsibilities of
personnel involved in the management of major hazards at all
levels in the organization. The identification of training needs
of such personnel and the provision of the training so identi-
fied. The involvement of employees and, where appro p r i a t e ,
s u b c o n t r a c t o r s ;
(II) identification and evaluation of major hazards-adoption and
implementation of procedures for systematically identifying
major hazards arising from normal and abnormal operation and
the assessment of their likelihood and severity;
(III) operational control - adoption and implementation of pro-
cedures and instructions for safe operation, including mainte-



nance, of plant, processes, equipment and temporary stoppages;
(IV) management of change - adoption and implementation of
procedures for planning modifications to, or the design of new
installations, processes or storage facilities;
(V) planning for emergencies - adoption and implementation of
procedures to identify foreseeable emergencies by systematic
analysis and to prepare, test and review emergency plans to
respond to such emergencies;
(VI) monitoring performance - adoption and implementation of
procedures for the ongoing assessment of compliance with the
objectives set by the operator’s major-accident prevention poli-
cy and safety management system, and the mechanisms for
investigation and taking corrective action in case of non-com-
pliance. The procedures should cover the operator’s system for
reporting major accidents of near misses, particularly those
involving failure of protective measures, and their investigation
and follow-up on the basis of lessons learnt;    
(VII) audit and review - adoption and implementation of proce-
dures for periodic systematic assessment of the major-accident
prevention policy and the effectiveness and suitability of the
safety management system; the documented review of perfor-
mance of the policy and safety management system and its
updating by senior management.
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ANNEX IV

DATA AND INFORMATION TO BE INCLUDED 
IN THE EMERGENCY PLANS SPECIFIED

UNDER ARTICLE 11

1. Internal emergency plans
(a) Names or positions of persons authorized to set emergency
procedures in motion and the person in charge of and coordi-
nating the on-site mitigatory action.
(b) Name or position of the person with responsibility for liaising
with the authority responsible for the external emergency plan.
(c) For foreseeable conditions or events which could be signifi-
cant in bringing about a major accident, a description of the
action which should be taken to control the conditions or events
and to limit their consequences, including a description of the
safety equipment and the resources available.
(d) Arrangements for limiting the risks to persons on site includ-
ing how warnings are to be given and the actions persons are
expected to take on receipt of a warning.
(e) Arrangements for providing early warning of the incident to
the authority responsible for setting the external emergency
plan in motion, the type of information which should be con-
tained in an initial warning and the arrangements for the provi-
sion of more detailed information as it becomes available.
(f) Arrangements for training staff in the duties they will be
expected to perform, and where necessary coordinating this
with off-site emergency services.
(g) Arrangements for providing assistance with off-site mitiga-
tory action.

2. External emergency plans
(a) Names or positions of persons authorized to set emergency
procedures in motion and of persons authorized to take charge
of and coordinate off-site action.
(b) Arrangements for receiving early warning of incidents, and
alert and call-out procedures.
(c) Arrangements for coordinating resources necessary to imple-



ment the external emergency plan.
(d) Arrangements for providing assistance with on-site mitiga-
tory action.
(e) Arrangements for off-site mitigatory action.
(f) Arrangements for providing the public with specific infor-
mation relating to the accident and the behaviour which it
should adopt.
(g) Arrangements for the provision of information to the emer-
gency services of other Member States in the event of a major
accident with possible transboundary consequences.
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ANNEX V

ITEMS OF INFORMATlON TO BE COMMUNICATED 
TO THE PUBLIC AS PROVIDED 

FOR IN ARTICLE 13 (1)

1. Name of operator and address of the establishment.

2. Identification, by position held, of the person giving the infor-
mation.

3. Confirmation that the establishment is subject to the regula-
tions and/or administrative provisions implementing this
Directive and that the notification referred to in Article 6 (3), or
the safety report referred to in Article 9 (1) has been submitted
to the competent authority.

4. An explanation in simple terms of the activity or activities
undertaken at the establishment.

5. The common names or, in the case of dangerous substances
c o v e red by Part 2 of Annex I, the generic names or the general
danger classification of the substances and preparations involved
at the establishment which could give rise to a major accident,
with an indication of their principal dangerous characteristics.

6. General information relating to the nature of the major-acci-
dent hazards, including their potential effects on the population
and the environment.

7. Adequate information on how the population concerned will
be warned and kept informed in the event of a major accident.

8. Adequate information on the actions the population con-
cerned should take, and on the behaviour they should adopt, in
the event of a major accident.

9. Confirmation that the operator is re q u i red to make adequate



arrangements on site, in particular liaison with the emergency ser-
vices, to deal with major accidents and to minimize their eff e c t s .

10. Areference to the external emergency plan drawn up to cope
with any off-site effects from an accident. This should include
advice to cooperate with any instructions or requests from the
emergency services at the time of an accident.

11. Details of where further relevant information can be
obtained, subject to the requirements of confidentiality laid
down in national legislation.
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ANNEX VI

CRITERIA FOR THE NOTIFICATION OF AN ACCIDENT
TO THE COMMISSION AS

PROVIDED FOR IN ARTICLE 15 (1)

I. Any accident covered by paragraph 1 or having at least one of
the consequences described in paragraphs 2, 3, 4 and 5 must be
notified to the Commission.
1. Substances involved
Any fire or explosion or accidental discharge of a dangerous
substance involving, a quantity of at least 5 % of the qualifying
quantity laid down in column 3 of Annex I.
2. Injury to persons and damage to real estate
An accident directly involving a dangerous substance and giv-
ing rise to one of the following events:
- a death
- six persons injured within the establishment and hospitalized

for at least 24 hours,
- one person outside the establishment hospitalized for at least

24 hours,
- dwelling(s) outside the establishment damaged and unusable

as a result of the accident,
- the evacuation or confinement of persons for more than 2

hours (persons x hours): the value is at least 500,
- the interruption of drinking water, electricity, gas or telephone

services for more than 2 hours (persons x hours): the value is
at least 1000.

3. Immediate damage to the environment
Permanent or long-term damage to terrestrial habitats
- 0,5 ha or more of a habitat of environmental or conservation

importance protected by legislation,
- 10 or more hectares of more widespread habitat, including

agricultural land,

Significant or long-term damage to freshwater and marine habitats(1)

- 10 km or more of river or canal,
- 1 ha or more of a lake or pond,



- 2 ha or more of delta,
- 2 ha or more of a coastline or open sea,

Significant damage to an aquifer or underground water(1)

- 1 ha or more.
4. Damage to property
- damage to property in the establishment: at least ECU 2 million,
- damage to property outside the establishment: at least ECU

0,5 million.
5. Cross-border damage
Any accident directly involving a dangerous substance giving
rise to effects outside the territory of the Member State con-
cerned.

II. Accidents or “near misses” which Member States re g a rd as
being of particular technical interest for preventing major acci-
dents and limiting their consequences and which do not meet the
quantitative criteria above should be notified to the Commission.
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(1) In assessing damage, re f e rence could be made where appropriate to Dire c t i v e s
75/440/EEC, 76/464/EEC and Directives adopted fot its application in relation to certain
substances, namely, Directives 76/160/EEC, 78/659/EEC, 79/923/EEC, or to the Lethal
Concentration (LC) for 50% of the species representative of the environment affected as
defined by Directive 92/32/EEC for the criterion “dangerous for the environment”.
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In 1997, fla has launched a new project called Initiatives for Seveso
Youngsters and destined to youngsters living in the territories affect-
ed by the ICMESAaccident (in particular, the zones A and B, i.e. the

municipalities of Seveso, Cesano Maderno, Desio and Meda, which
also patronise this initiative).

In the context of its training programme, fla wants to settle this new
proposal with the aim of helping young students meet with the study
of environmental subjects and also of making them aware of the impor-
tance of protecting the environment. Two competitions for fellowships
have then been published, one for students who are choosing a degree
course on environmental subjects, the other for middle and high
schools’ students in order to award their creativity and initiative.

As for the latter, each single class can participate in this sections:
fables, novels and chronicles; design and communication graphics;
photography; documentaries.

For each school level (middle schools, high schools) four awards are
available (one for each of the above mentioned sections, 8 awards on
the whole) of three million liras each. These are, in details, the rules to
be followed:

Fables, novels and chronicles
Each fable or novel or chronicle, in three copies, will not be longer than
5 taped pages (30 lines for 60 strokes each page) and can also be com-
pleted by illustrations.

Design and Communication graphics
Objects of industrial or handmade production are admitted, as well as
focused graphic projects involving communication (ads and any-subject
posters, logotypes and any other graphic application), previously pub-
lished or finished originals, except for illustration works which are part of
another section. Max 4 works can be presented for each single participant.
Each work will be presented by a colour photographic exhibition, a tech-
nical outline and possible working papers, drawings and technical re p o r t .

Photography
Works created according to a single style or subject are admitted, be
recent or unpublished. Max 10 images can be presented by each single
participant. A photographic b/w or colour edition must be presented
in one of the following shapes: 13x18, 18x24, 24x30, 30x40, together
with its title and technical profile.
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D o c u m e n t a r i e s
Works created according to a single style or subject are admitted, be re c e n t
or unpublished. Duration of VHS video must not overcome 10 minutes.

The second competition, on the other hand, is destined for Italian cit-
izens living in Seveso, Cesano Maderno, Desio and Meda who pos-
sess a high school degree and who are about to attend the degre e
course in Environmental Sciences or any other degree course belong-
ing to the Faculties of Engineering, Mathematical, Physical and
Natural Sciences or A g r i c u l t u re, whose study plan focuses on envi-
ronmental concerns.
The total amount of each grant is 5 million liras for 4-year courses and
6 million liras for 5-year courses and aims at giving a contribution for
paying admission fees for all the legal years of the degree course. The
amount is delivered according to annual shares of 1 million liras each,
p rovide the student passes at least half of the exams planned for the
p revious academic year and also all of the curricular exams of all pre-
vious years. The last share, of 2 million liras, will be delivered when
the degree is achieved.
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