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   University:  MSTU                                        Date: March 2012
Introduction to PETROCHEMICALS and  INDUSTRIAL POLYMERIZATION 

From Refining to Polymers and Plastics
MiniProject 

MAJOR ACCIDENT ANALYSIS

Imagine that you work for a petrochemical company. 

Through a recent discussion with colleagues, your big boss has learned about a catastrophe that occurred some years ago in a different company and he would like to know more about it. 

He has asked his assistant to search the literature for some pieces of information about:

Group 4 - The Seveso Disaster
However, after looking at what his assistant has quickly gathered from Internet, he realizes that he does not have the time necessary to go through all this information (you can also find other pieces of information by yourself), eliminate the non-relevant documents, find out what occurred, sort out the most significant facts, analyze the root causes of the accident, and draw the major lessons which could be useful for his own company. 

So, because he is the boss, he simply asked your group to do the job for him. And because he is the big boss, you had better do that, and do it well!   

Please, jointly prepare a PowerPoint document which will summarize the results of your work and be ready to collectively present it to your boss, with some complementary oral comments.

You know that your big boss is always in a hurry. So your PowerPoint document should be short: maximum 5 slides. You should strive to give only the most important pieces of information and not to bother your boss with non-significant details. If you have to present in front of him, do not read the slides: this makes your boss very, very nervous and unhappy! He is a fast reader and goes through your slide much faster than you can read it aloud. 

Also, he has the disagreeable habit of asking surprise questions to anyone in the group; so all members of your group should be prepared to give a collective answer at anytime during the presentation, on any part of it. 

If you have diverging views within the group, no problem! You simply need to "agree to disagree". But your boss should clearly feel that you have worked collectively. 

Please, hand out a paper copy + an electronic version (on a clean USB key!) of your group's PowerPoint presentation for Thursday March 15 afternoon. Selected teams will make a 15 minute oral presentation on Friday March 16 morning.  

Good luck! 

RP 

Seveso disaster

From Wikipedia, the free encyclopedia

The Seveso disaster was an industrial accident that occurred around 12:37 pm July 10, 1976, in a small chemical manufacturing plant approximately 25 km north of Milan in the Lombardy region in Italy. It resulted in the highest known exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) in residential populations[1] which gave rise to numerous scientific studies and standardized industrial safety regulations. The EU industrial safety regulations are known as the Seveso II Directive.
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[edit] The accident
[edit] Location
The Seveso disaster was so named because Seveso was the community most affected. Seveso is a small town with the population of 17,000 in 1976, other affected neighbourhood communities were Meda (19,000), Desio (33,000), Cesano Maderno (34,000) and to a lesser extent Barlassina (6,000) and Bovisio-Masciago (11,000).[2] The industrial plant was close by Meda, owned by the company ICMESA (Industrie Chimiche Meda Società), a subsidiary of Givaudan which in turn was a subsidiary of Hoffmann-La Roche (Roche Group). The factory building was built many years ago and the local population did not perceive it as a potential source of danger. Moreover although several industrial accidents involving dioxins had occurred before they were of a more limited scale with the exception of the use of Agent Orange as a herbicidal warfare agent during the Vietnam War.

[edit] Chemical events
The accident occurred in building B where 2,4,5 T (2,4,5 trichlorophenoxyacetic acid), a herbicide, was being produced from 1,2,4,5-tetrachlorobenzene by the nucleophilic aromatic substitution reaction with sodium hydroxide. It is thought that some 1,2,4,5-tetrachlorobenzene had formed a solid cake on the upper parts of the reaction vessel. As the temperature increased this melted and entered the sodium hydroxide containing mixture. The addition of more 1,2,4,5-tetrachlorobenzene increased the rate of heat production. It is likely that the dioxin formed by either an Ullmann condensation ether synthesis (this requires a metal catalyst) or by a simple pair of nucleophilic attacks on the aromatic ring. The 2,4,5-trichlorophenol was intended for use as an intermediate in the production of hexachlorophene, a medical disinfectant. An unintended byproduct of the manufacture of TCP is TCDD in trace amounts, measured in ppm (parts per million). Due to human error, around mid-noon on a Saturday, an uncontrolled reaction (thermal runaway) occurred bursting the security disk of the chemical reactor and an aerosol cloud containing sodium hydroxide, ethylene glycol, sodium trichlorophenate, and somewhere between a few hundred grams and up to a few kilograms of TCDD[3] was released over an 18 km² area.

[edit] Immediate effects
The affected area was split into zones A, B and R in decreasing order of surface soil concentrations of TCDD. Zone A was further split into 7 sub-zones. The local population was advised not to touch or eat locally grown fruits or vegetables.

· Zone A had a TCDD soil concentration of > 50 micrograms per square metre (µg/m²), it had 736 residents. 

· Zone B had a TCDD soil concentration of between 5 and 50 µg/m², it had about 4700 residents. 

· Zone R had negligible or a TCDD soil concentration of < 5 µg/m², it had 31,800 residents. 

Within days a total of 3300 animals were found dead, mostly poultry and rabbits. Emergency slaughtering commensed to prevent TCDD from entering the food chain, by 1978 over 80,000 animals had been slaughtered. 15 children were quickly hospitalised with skin inflammation. By the end of August Zone A had been completely evacuated and fenced, 1600 people of all ages had been examined and 447 were found to suffer from skin lesions or chloracne. An advice center was set up for pregnant women of which several opted for an abortion, which was legal in special cases, after consultation. Herwig von Zwehl - the Technical Director of Icmesa, and Dr. Paolo Paoletti - director of production at Icmesa, were arrested. Then two government commissions were established to thrash out a plan for quarantining and decontaminating the area and finally the Italian government diverted 40 billion liras from its coffers, this amount would be tripled two years later.

[edit] Cleanup operations
In January 1977, an action plan consisting of scientific analysis, economic aid, medical monitoring and restoration/decontamination was completed. Shortly after Icmesa began to pay the first compensations to those affected. Later that spring decontamination operations were initiated and in June a system epidemiological health monitoring for 220,000 people was launched. In September The International Steering Committee was created, staffed with "renowned experts from all over the world", in order to assess the scientific data generated. In February, 1984 The International Steering Committee released its final report stating that "with the exception of chloracne, no ill effects can be attributed to TCDD".

In June 1978, the Italian government raised its special loan from 40 to 115 billion liras. By the end of the year most individual compensation claims had been settled [out of court]. On February 2, 1980 Paolo Paoletti - the Director of Production at Icmesa - was shot and killed in Monza by a member of the Italian radical left-wing terrorist organization Prima Linea. On December 19, 1980 representatives of the Region of Lombardy/Italian Republic and Givaudan/Icmesa signed a compensation agreement in the presence of the prime minister of Italy, Arnaldo Forlani. The total amount would reach 20 billion liras (€ 10.3 million).

[edit] Waste from the cleanup
The waste from the clean up of the plant was a mixture of protective clothing and chemical residues from the plant. This waste was packed into waste drums which had been designed for the storage of nuclear waste. It was agreed that the waste would be disposed of in a legal manner.

To this end, in spring 1982, the firm Mannesmann Italiana was contracted to dispose of the contaminated chemicals from Zone A. Mannesmann Italiana made it a condition that Givaudan would not be notified of the disposal site which prompted Givaudan to insist that a notary public certify the disposal. On September 9 41 barrels of toxic waste left the Icmesa premises. On December 13, the notary gave a sworn statement that the barrels had been disposed of in an approved way.

However, in February 1983, the programme "A bon entendeur" on Télévision Suisse Romande, a French language Swiss TV channel, followed the route of the barrels to Saint-Quentin in northern France where they disappeared. A public debate ensued in which numerous theories were put forward when it was found out that Mannesmann Italiana hired two subcontractors to get rid of the toxic waste. On May 19 the 41 barrels were found in an unused abattoir in Anguilcourt-le-Sart, a village in northern France. From there they were transferred to a French military base near Sissonne. The Roche Group (parent firm of Givaudan) took it upon itself to properly dispose of the waste. On November 25, over nine years after the disaster, the Roche Group issued a public statement that the toxic waste consisting of 42 barrels (1 was added earlier that year) had all been incinerated in Switzerland. According to New Scientist it was thought that the high chlorine content of the waste might cause damage to the high temperature incinerator used by Roche, but Roche stated that they would burn the waste in the incinerator and repair it afterwards if it were damaged. They stated that they wanted to take responsibility for the safe destruction of the waste.

[edit] Criminal court case
In September, the Criminal Court of Monza sentenced five former employees of Icmesa or its parent company Givaudan, respectively, to prison sentences ranging from 2½ years to 5 years. They all appealed.

In May 1985, the Court of Appeal in Milan finds three of the five accused not guilty, the two still facing prosecution appealed to the Supreme Court in Rome.

On May 23, 1986, the Supreme Court in Rome confirmed the judgment against the two remaining even though the prosecuting attorney had called for their acquittal.

[edit] Conclusions
The safety operations handled by the company's directors and local government were badly coordinated and to some extent incompetent. At least a week passed before it was publicly stated that dioxin had been emitted and another week passed before evacuation began. Few scientific studies had confirmed the level of danger TCDD posed and there were scant industrial regulations to be followed. As a result the local population was caught unaware when the accident happened and in such an insecure situation became very frightened. Confrontation with an invisible poison possibly extremely hazardous to human health was a very traumatic experience for small rural communities.

"In the context of such heightened tensions, Seveso became a microcosm where all the existing conflicts within society (political, institutional, religious, industrial) were reflected. However, within a relatively short time such conflicts abated and the recovery of the community proceeded. For, in Seveso, blame was never at issue: the responsible party was known from the outset and soon offered reparation. Moreover, the eventual disappearance of the offending factory itself and the physical exportation of the toxic substances and polluted soil enabled the community to feel cleansed. The resolution of the emotional after-effects of the trauma, so necessary for the recovery of a community, was facilitated by these favourable circumstances."[4]
Industrial safety regulations were passed in the European Community in 1982 called the Seveso Directive[5] which imposed much harsher industrial regulations. The Seveso Directive was updated in 1999, amended again in 2005 and is currently referred to as the Seveso II Directive (or COMAH Regulations in the United Kingdom).

Treatment of the soil in the affected areas was so complete that it now has a dioxin level below what would normally be found. The whole site has been turned into a public park, Seveso Oak Forest park. Some say that Seveso is now the least polluted place in Italy.[citation needed]
It could be argued that Seveso is a disaster that has not yet produced identifiable disastrous consequences. Several studies have been completed on the health of the population of surrounding communities. It has been established that people from Seveso exposed to TCDD are more susceptible to rare cancers but when all types of cancers are grouped into one category, no statistical significant excess has yet been observed.

Epidemiological monitoring programmes established as follows (with termination dates): abortions (1982); malformations (1982); tumours (1997); deaths (1997). Health monitoring of workers at ICMESA and on decontamination projects, and chloracne sufferers (1985).

The Seveso disaster gives valuable comparative insight into the effects of Agent Orange on [flora and fauna] in Vietnam, not to mention Vietnamese people as TCDD was an active chemical element in Agent Orange.[6]
The documentary "Gambit" is about Joerg Sambeth, the technical director of Icmesa who was sentenced to five years in the first trial and whose sentence was reduced to two years and paroled on appeal.[7]
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Dioxin: Seveso disaster testament to effects of dioxin

Third in a series 

By MICK CORLISS Staff writer 

MILAN, Italy-- Today, birds chatter in the trees and people take Sunday strolls along the paths of Bosco delle Querce, or Seveso Oak Forest park. One would not suspect that beneath the lush green carpet and vegetation lurk the poisonous remains of a chemical disaster nearly 23 years ago.

The origin of the park, roughly 15 km north of Milan in Italy's Lombardy region, can be traced back to the afternoon of July 10, 1976.

A little after noon that Saturday, a valve broke at the Industrie Chimiche Meda Societa Azionaria chemical plant in Meda, releasing a cloud of chemicals containing dioxin that wafted an estimated 50 meters into the sky.

Carried southeast by the wind, the toxic cloud enshrouded the municipality of Seveso and other communities in the area.

About 3,000 kg of chemicals were released into the air, according to some researchers. Among them was 2,4,5 trichlorophenol, used in the manufacture of herbicides, and anywhere from about 100 grams to 20 kg of dioxin, said Dr. Paolo Mocarelli of the Hospital of Desio. The accident was not immediately noticed. No one was at the plant when it happened and ICMESA -- the company responsible -- failed to swiftly address the event.

The first sign of health problems, burn-like skin lesions, appeared on children a few hours after the accident. Beginning in September of that year, chloracne, a severe skin disorder usually associated with dioxin, broke out on some of the people most exposed to the cloud.

Authorities began an investigation five days after the accident, when animals such as rabbits began to die en masse. Nearly two weeks later, a chemist deduced that the cause was dioxin. And within three weeks, some 736 people living closest to the plant were evacuated.

About 37,000 people are believed to have been exposed to the chemicals, according to researchers familiar with the case.

Approximately 4 percent of local farm animals died, and those that didn't -- roughly 80,000 animals -- were killed to prevent contamination from filtering up the food chain.

The affected areas were divided and subdivided based on soil contamination levels. Zone A -- the most contaminated area, covering 110 hectares -- was completely evacuated and was later turned into the park it is today, Seveso Oak Forest.

In Zones B and R, the next-most contaminated areas, farming as well as consumption of local agricultural goods and meats were strictly prohibited.

Not only did exposure to one of the most toxic chemicals known to humanity change the lay of the land and the lives of local people, it also altered the life of Dr. Mocarelli.

Mocarelli was put in charge of a laboratory set up two weeks after the accident to test people for health problems. The first day on the job, he initiated a series of tests that today have surpassed 1 million, he said.

At the time of the accident, the technical knowhow for testing dioxin concentrations in people did not exist, so Mocarelli's lab ran neurological, obstetric and other tests on those believed to have been exposed.

"I got the inspiration to save one sample (of blood from each person)." 

"(Samples) like this more or less," he says holding his hand in front of his face and indicating the fingernail of his pinkie to show an amount of roughly 1 milliliter. "Just in case it would be possible to measure TCDD (dioxin) someday."

Fortunately, this became possible in 1987, the doctor said.

Now the nearly 30,000 samples Mocarelli put in the refrigerator following the accident are paying research dividends as he works with the U.S. Centers for Disease Control and Prevention, headquartered in Atlanta, to unravel the accident and its implications more than two decades later.

The Seveso accident is likely the most systematically studied dioxin contamination incident in history and, in Mocarelli's words, a chance experiment on human beings.

The chance experiment has shed light on the threat dioxin poses. "Probably the strongest effect is on reproduction," Mocarelli said.

In the first seven years after the accident, an incredibly high proportion of females were born to parents who were exposed to the chemical cloud: 46 females compared to only 28 males. Usually, the proportion is roughly equal.

This was the first time a chemical had been observed to change the sex ratio, Mocarelli said.

"There is no other molecule known to induce change in the sex ratio," he said, adding that this implicates dioxin as a hormone disrupter.

Victims of the Seveso accident also reported symptoms of other afflictions -- immune system and neurological disorders as well as spontaneous abortions -- but studies found no link to dioxin.

Minor increases in some forms of cancer were found in one exposed group. Studies have suggested a link between dioxin and cancer.

The lessons of Seveso may offer clues to how dioxin might signal its presence in Japan.

Such telltale signs might include a shift in the sex ratio in areas suspected of contamination, or an appearance of chloracne or skin disorders, such as those found in former employees of a waste incinerator in Nose, Osaka Prefecture.

The blood-dioxin contamination level of one former Nose worker was almost twice the average of the most contaminated group surveyed in Seveso, although far below the most contaminated. 

In addition, research using the Seveso samples taken over the last two decades may help determine what dioxin levels are dangerous, and help in making more accurate risk assessments in other nations.

Today, Mocarelli and his team are conducting research on the children of victims of the incident, as well as on dioxin's long-term carcinogenic properties. These studies will likely help enrich debate on the topic around the world as well as in Japan, which is now in the throes of its own reassessment of the chemical's effects. 

Apart from monitoring victims of the accident, another type of monitoring continues as well.

Beneath Seveso Oak Forest's grassy undulations are two massive concrete tanks -- the resting place of the top 40 cm of soil removed after the explosion.

It is also the final resting place of the contaminated animals that were slaughtered, the factory -- taken apart brick by brick by workers in protective suits -- as well as other buildings coated by the fallout.

Water seeps from the two giant tombs that lie just below the park's surface into another container where the dioxin is treated.

The facilities, overseen by the park service, are constantly monitored for leaks. Ironically, today the soil here "has lower dioxin levels than in average areas," according to park administrator Antonio Mambriani.

A desolate chunk of land after the accident and until reclamation was completed in the 1980s, the area is now a place where families gather on Sundays. Animals have returned to the park and adjacent 13-hectare nature reserve.

"In 1984, this place was a desert. Now, you see it is covered with trees," Mambriani said. "If anything good came of dioxin, it was probably this park and the green it gave Seveso."

Another gift of the incident has been the data on the effects of dioxin. Reconstruction of the event using samples taken over time have helped clarify how long dioxin stays in the human body, as well as the different effects it has on children and adults.

After 20 years of work to decipher the lessons of Seveso, Mocarelli has simple advice to offer.

"I think this accident teaches us that it is better to take care of the environment before these things happen. Not after." 

  Top 



[ Symptoms of Pesticide Poisoning ] [ Pesticide Articles Site Map ] 
| Pesticide Injury Page | Get Set Site Map |


	Nontoxic Products Recommended by Steve Tvedten 
Now Available

	West / Central
	East

	Safe 2 Use
	Safe Solutions, Inc.


· Oxford Journals 

· Medicine 

· Annals of Occupational Hygiene 

· Volume 22, Number 4 

· Pp. 327-370 

Next Article 

 

[image: image4.png]





	This Article


	[image: image6.png]




	[image: image7.png]



	Full Text (PDF) 

	[image: image8.png]



	Alert me when this article is cited 


	[image: image9.png]



	Alert me if a correction is posted 


	[image: image10.png]




	Services


	[image: image11.png]




	[image: image12.png]



	Email this article to a friend 


	[image: image13.png]



	Similar articles in this journal 

	[image: image14.png]



	Similar articles in PubMed 


	[image: image15.png]



	Alert me to new issues of the journal 


	[image: image16.png]



	Add to My Personal Archive 


	[image: image17.png]



	Download to citation manager 


	[image: image18.png]



	Request Permissions

	[image: image19.png]




	Google Scholar


	[image: image20.png]




	[image: image21.png]



	Articles by HOMBERGER, E. 


	[image: image22.png]



	Articles by WIPF, H. K. 


	[image: image23.png]



	Search for Related Content 


	[image: image24.png]




	PubMed


	[image: image25.png]




	[image: image26.png]



	PubMed Citation 


	[image: image27.png]



	Articles by HOMBERGER, E. 


	[image: image28.png]



	Articles by WIPF, H. K. 


	[image: image29.png]




	Social Bookmarking


	[image: image30.png]




	[image: image31.png]



	

   

   

   
What's this? 



	


Ann. occup. Hyg., Vol. 22, No. 4, pp. 327-370, 1979
© 1979 British Occupational Hygiene Society
Published by Oxford University Press 
	

research-article


THE SEVESO ACCIDENT: ITS NATURE, EXTENT AND CONSEQUENCES 
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F. Hoffmann-La Roche & Co. Ltd 
The accident which occurred during the production of TCP at Seveso. Italy, was possibly caused by an unforeseeable exothermic reaction with increase of temperature, slow decomposition of the reaction mass, formation of gas and rise in pressure. The nature of the reaction is still unknown and will be investigated further. The detection and measurement of TCDD by the Company's analysts on material collected at the site of the accident have guided measures for the protection of the population and the land and for the prevention of further damage. 
Chloracne, the skin lesion indicating a TCDD exposure, appearing mainly in a small segment of the population, has been generally of mild degree and inclined to rapid and complete healing. Incidence or severity of adolescent acne and of the current skin pathology have not been affected. Hepatotoxicity, neurological findings or deranged porphyrin metabolism have not been observed in the chloracne cases. Pregnancy, foetal development, growth of the new-born, immunoresponse, rate of chromosome aberrations, functions of the neurological system, haematological and hepatic conditions, morbidity and mortality have been surveyed in the exposed population. So far the pathology related to these parameters has remained within the range which is current for the population of this region and could not be correlated to the exposure to TCDD. 
Four per cent of the domestic animals living in the contaminated zones died spontaneously, 99.64% of these being small animals. The remaining animals (77,716) were slaughtered as a preventive measure to protect the food chain. The analysis of TCDD tissue levels revealed that the rather large amount did not necessarily correspond to anatomical or functional lesions. The elimination of TCDD from the body in small as well as large animals indicated that, if TCDD is removed from the diet, all animals can be reintroduced into the food chain after a suitable recovery period. 
As regards the crops and the land, the deposited chemicals had practically no effect on the flora. About 80% of the TCDD adhered to foliage, grass and crops for several weeks until it was transferred to the soil by the rain. Field and greenhouse trials have shown that TCDD does not leach significantly beyond a depth of 20 cm in the soil and that its 50% breakdown in the Seveso soil takes between 9 and 12 months. Only fractions of the TCDD in the soil can be found in the vegetation and fruit growing in the contaminated area. Decontamination could have been rapidly achieved immediately after the accident either by collecting and disposing of the vegetation or by the spraying of an H donor. Today the area which is still fenced-in could be made accessible by removing the contaminated soil layers and burying them in a concrete pit. The natural course of the breakdown would take at least 6–8 yr. 
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Icmesa chemical company, Seveso, Italy. 9th July 1976

Accident summary

At approximately 12:37 on Saturday 9th July 1976 a bursting disc on a chemical reactor ruptured. Maintenance staff heard a whistling sound and a cloud of vapour was seen to issue from a vent on the roof. A dense white cloud, of considerable altitude drifted offsite. The release lasted for some twenty minutes. About an hour after the release the operators were able to admit cooling water to the reactor.

Among the substances of the white cloud released was a small deposit of TCCD, a highly toxic material. The nearby town of Seveso, located 15 miles from Milan, had some 17,000 inhabitants.

Over the next few days following the release there was much confusion due to the lack of communication between the company and the authorities in dealing with this type of situation.

No human deaths were attributed to TCCD but many individuals fell ill. A number of pregnant women who had been exposed to the release had abortions. In the contaminated area many animals died.

Failings in technical measures

· The production cycle was interrupted, without any agitation or cooling, allowing a prolonged holding of the reaction mass. Also, the conduct of the final batch involved a series of failures to adhere to the operating procedures. The original method of distillation patent specified that the charge was acidified before distillation. However, in the plant procedures the order of these steps was reversed. 

· Operating Procedures: safe operating procedures 

· The bursting disc was set at 3.5 bar, and was to guard against excessive pressure in the compressed air that was used to transfer the materials to the reactor. Had a bursting disc with a lower set pressure been installed, venting would have occurred at a lower and less hazardous temperature. 

· Relief Systems / Vent Systems: venting of excessive pressures, sizing of vents for exothermic reactions 

· The reactor control systems were inadequate both in terms of the measuring equipment for a number of fundamental parameters and also in the absence of any automatic control system. 

· Control Systems: sensors 

· Alarms / Trips / Interlocks: loss of cooling, agitator failure 

· The company was aware of the hazardous characteristics of the principal exotherm. However, studies showed that weaker exotherms existed that could lead to a runaway reaction. 

· Reaction / Product Testing: calorimetry methods, thermal stability 

· There was no device to collect or destroy the toxic materials as they vented. The manufacturer of the bursting disc recommended the use of a second receiver to recover toxic materials. No such vessel was fitted. 

· Design Codes - Plant: nature of hazardous releases 

· Secondary Containment: catchpots 

· Information on the chemicals released and their associated hazards was not available from the company. Communication was poor and failed both between the company and the local authorities and within the regulatory authorities. 

· Emergency Response / Spill Control: safety management system, site emergency plan 
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Introduction
For some people the name Seveso is tied to the experience of a seriously mismanaged toxic chemical release (Conti 1977; Hay 1982; Pocchiari, Silano, and Zapponi 1987); for others it is firmly and positively linked with a set of innovative public policies for managing industrial disasters. These contradictory characterizations make the interpretation of this industrial disaster both paradoxical and ambiguous. The Seveso experience illustrates many different types of uncertainty that are mobilized by industrial disasters and suggests a new interpretive model.

Overview


The chemical release
Dioxin
The Seveso Directive


The chemical release
Around midday on Saturday 10 July 1976, an explosion occurred in a TCP (2,4,5-trichlorophenol) reactor of the ICMESA chemical plant on the outskirts of Meda, a small town about 20 kilometres north of Milan, Italy.1 A toxic cloud containing TCDD (2,3,7,8-tetrachlorodibenzo-p-dioxin), then widely believed to be one of the most toxic man-made chemicals (Mocarelli et al. 1991), was accidentally released into the atmosphere. The dioxin cloud contaminated a densely populated area about six kilometres long and one kilometre wide, lying downwind from the site (fig. 4.1). This event became internationally known as the Seveso disaster, after the name of a neighbouring municipality that was most severely affected (Hay 1982; Pocchiari, Silano, and Zapponi 1987).

Fig. 4.1 Area affected by the Seveso dioxin release (Source: Roche Magazin 1986)
Eleven communities in the rolling countryside between Milan and Lake Como were directly involved in the toxic release and its aftermath. The four most impacted municipalities included Seveso (1976 population 17,000), Meda (19,000), Desio (33,000), and Cesano Maderno (34,000). Two other municipalities were subject to postaccident restrictions: Barlassina (6,000) and Bovisio Masciago (11,000). Health monitoring was extended to a further five municipalities. The entire affected area is part of the Brianza, a prosperous district of Lombardy, itself one of the wealthiest and most industrialized regions of Italy (fig. 4.2). Though originally agricultural, the economy of this area depended on a cluster of small workshops and industries, mainly engaged in manufacturing furniture.

The Seveso disaster had a particularly traumatic effect on exposed local populations because its seriousness was recognized only gradually. The community was divided by rancorous conflicts. People in other countries also experienced much heightened concern about industrial risks and the need for tighter regulation of hazardous chemical installations. In these respects Seveso resembled Bhopal (1984) and Chernobyl (1986), which have both come to be regarded as international symbols of industrial pathology.

Fig. 4.2 Location of Seveso
But as we shall see, Seveso is a paradoxical symbol, because human health effects of the disaster have been obscure and the process of recovery has been unusual. Victims have been compensated, workers have been redeployed, a substantial programme of long-term health monitoring is in operation, and the site itself has been made into a park. Though initially slow and conflicted, responses to the accident may eventually have showed high-technology society working at its best. Recovery was therefore a process of overcoming initial traumas (e.g. chloracne, fear of genetic impairments, evacuation, animal deaths) and re-establishing customary patterns of societal, economic, and institutional life.

For some, the main lesson of Seveso might be that a reasonably prompt, effective, and generous response by public and private agencies is the key to community recovery. But, to a significant degree, local recovery was achieved by exporting parts of the problem. Seriously contaminated materials were disposed of abroad in an atmosphere of confusion and scandal; their ultimate fate is still unravelling (Gambino, Gumpel, and Novelli 1993; see also Chronology items December 1992 and November 1993). This, too, is part of the style of high-technology industry: consumer satisfaction is often sustained by "externalizing" environmental costs and attendant social problems. In other words, the burdens of technology are often transferred away from producers and immediate consumers into a universally shared but unprotected natural environment or into specific poor communities (local or overseas) that are treated as sweatshops and dumps.2
Dioxin
The Seveso experience was essentially about dread - an emotion mobilized by involvement of the chemical dioxin. Dioxin first came to widespread public notice during the Viet Nam War, when it was identified as a component of the defoliant Agent Orange (Hay 1982). Previously, campaigns on behalf of agricultural and forestry workers had been mounted to have TCP banned because of its alleged toxic effects on humans. These frequently met with scientific disapproval, partly because the evidence was only "anecdotal." The United Kingdom's regulatory system was particularly unsympathetic to such claims (Wynne 1989).

Before the Seveso release, several industrial accidents involving TCP were known to have occurred. Among others, these affected the following firms and countries:

• 1949 Monsanto (USA);
• 1953 BASF (Germany);
• 1960 Dow Chemical (USA);
• 1963 Phillips Duphar (Netherlands);
• 1968 Coalite Chemical Productions (UK).

These accidents precipitated acute illness among affected workers and added to the burden of existing chronic sickness caused by prolonged exposure to the same chemicals under unsanitary conditions (Hay 1982: 138140). After the BASF accident, production of TCP was stopped at that site. The same occurred at Phillips Duphar, where the plant was closed and subsequently dismantled; its pieces were swathed in concrete and dumped in the Atlantic Ocean. Similar procedures were adopted at the Coalite site near Bolsover. After the Dow Chemical accident, new installations were constructed there. The reactor was enclosed by a supplemental safety vessel, whose purpose was to collect and cool any toxic material that might leak if reactor valves ruptured (Otway and Amendola 1989). Similar "containment vessels" have been widely employed in nuclear power stations that house pressurized water-cooled reactors. Had there been such a vessel at ICMESA, there would probably have been no Seveso disaster.

Dioxin was known to be an extremely dangerous substance, partly because of these industrial experiences and partly because experimental evidence indicated that it was unprecedentedly toxic to some species of laboratory animals. In many ways the image of dioxin was similar to that of radioactivity: it was invisible, it poisoned at microscopic dose levels, and it was implicated in war. Moreover, because dioxin was carried by people and things, it took on the appearance of a dread disease - a plague. In particular, it was the sense of being gravely contaminated that increased personal, social, and economic distress among the affected population. Products of dioxin-impacted areas were rejected because of feared contamination, thus imposing a stigma on whole communities.

The Seveso Directive
The best-known consequence of the Seveso disaster was the impulse that it gave to the creation of the European Community's Seveso Directive, a new system of industrial regulation. Within the EC, each country previously followed its own rules for managing industrial safety. Urgent discussions about a new EC-wide regulatory framework for ensuring the safety of hazardous installations started after an explosion of cyclohexane in the Nypro Ltd. plant at Flixborough (United Kingdom, 1974).3 During the next two years, three additional serious chemical accidents occurred within the European Community: these were at Beek (the Netherlands 1975), Manfredonia (Italy 1976), and finally Seveso (Otway and Amendola 1989; Drogaris 1991).

One of the most remarkable features of the Seveso experience was that neither the residents nor the local and regional authorities suspected that the ICMESA plant was a source of risk. They did not even know much about the type of production processes and chemical substances that occurred there. As the Mayor reported (Rocca 1992, personal communication), the factory had been in existence for 30 years and the only occasional complaints from nearby residents concerned some unpleasant smells. Moreover, at Seveso as well as Flixborough, "changes had been made in plant or processes which compromised the safety of the facilities but were not communicated to authorities responsible for public health and safety" (Otway and Amendola 1989: 507).

In light of these disastrous accidents it was clear that new legislation was needed to improve the safety of industrial sites, to plan for off-site emergencies, and to cope with broader regional and transboundary aspects of industrial safety. The Seveso Directive, adopted by the Council of Ministers of the European Communities in June 1982 (Directive 82/501/EEC), is the result of those efforts. A central part of the Directive is a requirement for public information about major industrial hazards and appropriate safety measures in the event of an accident. It is based on recognition that industrial workers and the general public need to know about hazards that threaten them and about safety procedures. This is the first time that the principle of "need to know" has been enshrined in European Community legislation. The "need to know" principle is not as strong as the "right to know" principle that is widely applied in the United States. The status of "need" is determined by the authorities; it is not a right of citizens (Baram 1991; Royal Society Study Group 1992).

Although the Seveso Directive grew out of deficiencies in the existing system of industrial regulation, it is not simply intended to provide protection against hazards: it is also designed to equalize the burden of regulation on industry. The creation of a single hazardous industry code ensures a "level playing field" for trade within the European Community by depriving unscrupulous industrial operators of competitive advantages that might flow from exploiting differences among varied national regulations. Moreover, adoption of the "need to know" principle increases the political equity of decision-making and adds a valuable new tool to the regulatory process. The next section examines this institutional response in greater detail.

The European Community's institutional response to Seveso


The Directive and its annexes
Other institutional effects of the Seveso Directive


Directives are one type of legislation issued by the European Community. Others include regulations, decisions, recommendations, and opinions. Some of these are binding on the 12 European states that make up the Community,4 while others are not. Several different units of the Community are involved in the process of legislating a directive (table 4.1).

Table 4.1 Units of the European Community involved in legislating a directive
	European Community Unit
	Characteristics

	Commission
	Seventeen members appointed by 12 Member State governments for four years.

	Council
	Twelve representatives, one from each Member State government; presidency rotates among countries every six months.

	European Parliament
	Elected by peoples of the EC for five-year term according to each Member State's electoral system (518 members in 1992).

	European Court of Justice
	Thirteen judges appointed by agreement among Member State governments for six-year terms. Assisted by six advocates-general.

	Economic and Social Committee
	Assists the Council and the Commission with European Economic Community and European Atomic Energy Community matters; 189 members from various economic and social sectors.


The path for adopting a directive is as follows.5 The Commission presents a proposal to the Council. After consultation with the European Parliament and the Economic and Social Committee (whose opinions must be heard even if they are not strictly binding), the Council may formally adopt the proposal. After adoption, an EC directive is not immediately applicable to a Member State. Individual states must incorporate the directive into national legislation and take all the necessary measures for compliance within a specified period. Such a procedure allows for effective implementation, while respecting different juridical and administrative traditions. If a Member State fails to comply, the Commission may bring a case before the European Court of Justice.

In practice, the process of arriving at the directive on major accident hazards was long and complex. Technical and political problems required extended consultations among different parties and institutions. A proposal was finally presented by the Commission to the Council in July 1979. The required opinions of the European Parliament and the Economic and Social Committee were expressed in 1980 and it took two more years of further consulting and discussion before a directive was finally adopted, on 24 June 1982, 8 January 1984 being the anticipated deadline for implementation by the 10 EC Member States of that time. Directive 82/501/EEC soon became known as the Seveso Directive, despite opposition from Seveso residents, who formally complained to EC authorities in Brussels about what they perceived as an implied insult.

Before the Seveso Directive, manufacturers in different Member States were subject to obligations of varying stringency. For example, the submission of a safety report by the manufacturer responsible for a hazardous installation was not mandatory in all countries. Therefore, the Directive's main purpose was to ensure harmonization of regulations among different countries. This was achieved by establishing minimal EC requirements and permitting Member States to enforce stricter regulations. Such a general purpose is consistent with the overall EC policy on environmental health and safety matters. It is instructive to review the Directive's major components.

The Directive and its annexes
The Seveso Directive is addressed to EC Member States, and holds them responsible for ensuring that the relevant national institutions accomplish what is required for adequate risk management. The entire Directive is also shaped by a concern for prevention, even those parts that relate to post-accident activities. The first article defines relevant terms such as "industrial activity, manufacturer, major accident, and dangerous substances." It also makes reference to four annexes that identify types of production, operations, and storage activities that are subject to regulation, and dangers that are anticipated.

Articles 3 and 4 require Member States to ensure that manufacturers identify existing major accident hazards and adopt all appropriate safety measures, including information, training, and equipment for workers. They must also provide competent authorities with a notification containing detailed and updated information on safety precautions and other matters (Article 5). Moreover, Member States must set up competent authorities that will take responsibility for receiving such a notification, examining the information provided, organizing inspections or other measures of control, and ensuring that off-site emergency plans are prepared (Article 7). Furthermore, Member States are held responsible for assuring that "persons liable to be affected by a major accident... are informed in an appropriate manner of the safety measures and of the correct behaviour to adopt in the event of an accident" (Article 8).

Article 8 is a very innovative feature in safety legislation. For the first time in Europe, the safety of people outside hazardous installations is taken into account; previously, only workers might have the right to be informed. The public's right to know was recognized on both pragmatic and ethical grounds. Not surprisingly, this article met with strong resistance and was subject to long delays in implementation (Wynne 1987; De Marchi 1991a, 1991b). Despite these initial difficulties, the Directive proved to be a watershed event. Matters that had previously been considered suitable "for experts alone" were now opened to inspection by - and input from - the general public.

Article 10 requires that Member States shall take the necessary measures to ensure that the manufacturer immediately provides full and detailed information about an accident to the competent authorities; they must in turn ensure that all necessary measures are taken and that full analysis of the accident is accomplished whenever possible. It is a specific obligation of Member States, to report any accident to the EC Commission (Article 11). The Commission is in charge of setting up a register containing a summary of major accidents that occur within the EC, including an analysis of causes, experience gained, and measures taken to enable Member States to use this information for prevention purposes (Article 12). Annex VI to the Directive lists the items of information that the Member States must report to the Commission in the event of a major accident.

The Directive includes provisions for ensuring effective implementation and for updating in light of technological change. Article 15 provides for the creation of a committee composed of representatives of the Member States and chaired by a representative of the Commission. The Member States and the Commission are expected to exchange information about the experiences acquired regarding the prevention of major accidents and the limitation of their consequences. Such information covers the operation of measures stipulated in the Directive (Article 18). Moreover, the Commission is required to make proposals for revising the technical annexes as new technologies are adopted.

Procedures for updating and revision include regular meetings of the Committee of Competent Authorities. Such meetings have produced two amendments to the original Directive that grew out of experience with major industrial disasters in Bhopal, Mexico City, and Basle during the early 1980s. The first amendment, Directive 87/216/EEC, adopted by the Council on 19 March 1987, modifies Annexes I, II, and III by lowering the threshold quantities of certain substances and including additional industrial activities in the category that requires notification under Article 5.

During the revision process, between 1979 and 1987, there was a continuous exchange of correspondence between the Special Bureau for Seveso (Ufficio Speciale), which had been set up by the Lombardy Region in June 1977 (see Chronology), and various institutions of the EC (Regione Lombardia 1992). In 1984, a report was prepared by the Ufficio Speciale for a meeting of a committee of the European Parliament which was held in Seveso (Meazza 1992, personal communication). The second amendment, Directive 88/610/EEC issued by the Council on 24 November 1988, further revised Annex II to include more types of storage activities. It also substantially revised Article 8, stating that information shall be made publicly available as well as actively provided in an appropriate manner. Such information shall be periodically repeated and updated as necessary. A new annex, Annex VII, was added, which specifies the information that shall be provided to the public.6
The official deadline for compliance of Member States with Directive 88/610/EEC was 1 June 1990. Meetings of the Competent Authorities have continued after the adoption of the second amendment, and further revision of the Seveso Directive is being discussed.

Other institutional effects of the Seveso Directive
In order to meet the Seveso Directive's requirements, the Major Accident Reporting System (MARS) data bank has been established to store and retrieve accident information reported by the Member States (Drogaris 1993). It is located at the Commission's Joint Research Centre, Institute of Systems Engineering and Informatics in Ispra, Italy. To promote safety-related knowledge further, a Community Documentation Centre on Industrial Risk (CDCIR) has also been established at the same site. This Centre collects, classifies, and reviews materials relevant to industrial risks and safety.

The effects of the Seveso Directive were not confined to improvements in the management of industrial accidents. The Directive also opened the floodgates for similar initiatives on a variety of other issues, particularly in the fields of environmental management and public health. Among these are the following: Directive 89/391/EEC, which mandates the introduction of measures to encourage improvements in occupational safety and health; Directive 89/654/EEC, which addresses minimum safety and health requirements for the workplace; Directive 90/219/EEC, which relates to biotechnology; Directive 90/313/EEC, on the freedom of access to environmental information; and Directive 89/618/Euratom, which concerns public information about radioactive emergencies. The European Single Act and the Maastricht Treaty also call for greater participation of citizens in EC decision-making and this has expanded the scope of public information programmes. Indeed, recent reluctance by Danish voters and others to approve the Maastricht Treaty has led to further broadening of the commitment to provide information in support of public policy within the EC.

Beyond the European Community, the Directive has relevance for many international organizations. Those that are concerned with industrial hazards include the World Bank, the United Nations Environment Programme, the Council of Europe, the International Atomic Energy Agency (IAEA), the Office of the UN Disaster Relief Co-ordinator (UNDRO), the World Health Organization (WHO), and the International Labour Organization (ILO). In particular, the OECD (Organisation for Economic Co-operation and Development) has devoted much attention to accident prevention and response and has published a number of recommendations, some of which are specifically addressed to public information and public participation in decision-making (OECD 1989, 1990, 1992).

The lessons of Seveso
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A model for managing uncertainty
Many students of disaster have concluded that uncertainty and communication are key factors in the management of emergencies. During emergencies, uncertainty increases and formerly dominant consensual views of problems and solutions often break down; different parties tend to evaluate the same evidence differently and, at times, tend to perceive different sorts of evidence. Such divergent interpretations create antagonisms and mistrust, which persist after the acute phase of an emergency has ended and complicate the tasks of recovery (Quarantelli 1988; Otway and Wynne 1989).

Our study of Seveso and other disasters (De Marchi, Funtowicz, and Ravetz 1993) suggests that there are six basic types of uncertainty (table 4.2) and eight distinctive strategies for managing the communication of uncertainty (table 4.3). Together, these two sets of variables provide the basis for a model of uncertainty management that has broad applicability.

Table 4.2 Types of uncertainty
	Type
	Description

	Situational
	Inadequacy of available information in relation to necessary decisions

	Legal/moral
	Possibility of future liability or guilt for actions or inactions

	Societal
	Absence or scarcity of integration of publics and institutions

	Institutional
	Withholding of information by agencies for bureaucratic reasons

	Proprietary
	Contested rights to know, to warn, or to conceal

	Scientific
	Difficulty of risk assessment or of forecasts of emergencies


Table 4.3 Strategies for communication of uncertainty
	Interpretations
	Policies

	Suppression
	Secrecy

	Discounting
	Confidentiality

	Recognition
	Publicity

	Amplification
	Sharing


Situational uncertainty involves a poor match between the decisions that must be taken and the information at hand. It is normally the most salient type of uncertainty because information is central to decision-making. It is also a very common type of uncertainty because complete highquality information about major hazards is usually lacking. Moreover, interagency collaboration in decision-making is usually required and knowledge about the capabilities of such agencies is often incomplete.

In an ideal world, legal/moral uncertainty would not be salient because decisions would always be made in the public interest with due consideration of social justice; decision makers would be held free of liability. But few public decisions about industrial hazards meet these exacting criteria, so decision makers cannot ignore the possibility that they will be subject to legal action or moral censure. Concern about legal/moral uncertainty often leads to indecisiveness and defensiveness about the release of information.

Societal uncertainty occurs when institutions and the publics that they are intended to serve are not well integrated. Decisions that are subject to high degrees of legal/moral uncertainty also tend to be affected by societal uncertainty. Such uncertainty is most marked where every action is scrutinized by lawyers who represent other stakeholders. But societal uncertainty can be manifested in other ways. For example, respect for government agencies may be low, or individualism may be carried to extremes, either among the public or among leaders in major institutions.

Institutional uncertainty is brought about when agencies withhold information for bureaucratic reasons. It is most likely to be high in circumstances where there are difficulties about informal communication, acquaintance, and trust among personnel of agencies with different traditions and missions. This ensures that the necessary channels of understanding and confidence are absent during a crisis. Institutional uncertainty can be high even in relatively consensual societies, if there happens to be a tradition of bureaucratic secrecy.

When the parameters of confidentiality are strained, proprietary uncertainty becomes salient. Thus, in the midst of an emergency there may be a debate about the rights of persons to know, to warn, or to conceal.

Scientific uncertainty is the last (but by no means the least important) type of uncertainty. It is mobilized at various phases of hazard including before, during, and after emergencies. For example, (scientific) risk assessments that are undertaken well in advance of a crisis may employ long-established techniques to evaluate industrial plants and equipment but may have to depend on less-seasoned methodologies to analyse the transport of environmental pollutants (Funtowicz and Ravetz 1990). When a hazard is in the acute (emergency) phase, the possibility of effective forecasting may be either good or poor, depending on the circumstances (which themselves cannot always be predicted). Thus, scientific uncertainty can vary from low to very high.

Two sets of strategies (table 4.3) are available for communication of uncertainty, one of which is an attribute of people or agencies that make decisions; the other refers to the way in which communication is accomplished. Some people may decide to suppress information about uncertainty entirely, even from themselves. This may translate into a refusal to admit that uncertainty exists or a failure to notice it. It is an extreme form of discounting. Ordinary discounting will recognize a possibility but (as with many events in the distant future) will assign such a low value to its salience that it can be neglected for policy purposes. Recognition of an uncertain contingency is a balanced appreciation. By contrast, amplification is an emphasis - perhaps even an overemphasis - of the significance of uncertainty.

Corresponding to the interpretations are the policies concerning communication of uncertainties. At one extreme lies secrecy, the extreme case of confidentiality; then comes publicity, with its own extreme form - sharing. There are many variations and nuances in any practical policy of communication. The utility of these classification schema can be illustrated with reference to the Seveso disaster, the Seveso Directive, and the Karin B incident.

Modelling the Seveso disaster
At the time of the Seveso disaster, the complexity of communication problems under conditions of severe uncertainty was recognized, if not fully managed. Before the gas release, no one outside the plant neither residents nor political or health authorities - had any idea that there was a hazard of such magnitude. The explosion and release were greeted by incredulity, followed by alarm and dismay. The firm's initial behaviour led to subsequent suspicion about their motives; various instructions for precautionary measures were issued almost immediately, but the firm denied knowledge of the toxic substances involved (Rocca 1980; Rocca 1992, personal communication). Ten days passed before the firm confirmed that dioxin had been released (Pocchiari, Silano, and Zapponi 1987). Only then did the governmental authorities and the public learn that there was a grave risk. Even so, it was impossible to assess the danger with any precision. There was an onset of genuine dread, about illness in general and about malformed babies in particular. The widespread illness and deaths of animals of many species was an ominous sign. The authorities had their own severe problems of decision-making under uncertainty, including the definition of different polluted zones, programmes of evacuation of endangered residents, and disposal of contaminated material.

From the very beginning of the disaster, situational uncertainty was salient; decisions had to be taken, sometimes under conditions of great urgency' in the nearly complete absence of information that might guide actions. Scientific uncertainty was salient, as shown by the fact that local investigating magistrates closed off the site within eight days of the accident. Societal uncertainty was severe because there had been no previous institutional preparation or consultation for the accident. Legal/moral uncertainty was also severe. For example, the (Swiss) Technical Director of ICMESA found himself under arrest when he attended a works meeting 12 days after the accident (the Director of Production was also placed under arrest at that time, and was assassinated by terrorists four years later). One of the few relatively straightforward aspects of the accident was the low level of proprietary uncertainty. Although the provision of relevant information did not proceed as quickly or smoothly as desired by all, at least there was no need for the government authorities to use legal means to force the firm to divulge information. The fact that the ICMESA factory was already sequestered would have made it highly imprudent for its owners to withhold information about the contaminants, and it was noted at the time that the dioxin threat had already been publicized by the media before it was officially confirmed. Later, and off the Seveso site, proprietary uncertainty was not as low, particularly in connection with the disposal of barrels containing toxic materials. From 1982 onwards, stories of concealment and blunders began to circulate and these have not yet ended (see Chronology).

Modelling the Seveso Directive
Our model of uncertainty management is also reflected in the regulations of the Seveso Directive. The main concern here is with communication:

Member States shall ensure that information on safety measures and on the correct behaviour to adopt in the case of an accident is supplied in an appropriate manner, and without their having to request it, to persons liable to be affected by the major accident originating in a notified industrial activity within the meaning of Article 5. The information should be repeated and updated at appropriate intervals. It shall also be made publicly available. Such information shall contain that laid down in Annex VII. (Article 8 of Directive 88/610/EEC, amending Directive 82/501/EEC)
This portion of the Directive reflects concerns about several sorts of uncertainty. First, there is an attempt to institute progressive reduction of scientific uncertainty via updating requirements. Second, the various phrases that call for effective implementation of the public's right to know show clear awareness of the need to confront problems of institutional uncertainty and proprietary uncertainty. Moreover, the very existence of the Directive, particularly Article 8, underscores heightened awareness of legal/moral uncertainty, for the Seveso event showed that simple "accidents," or "acts of God," are not the most important problems affecting the safety of industrial installations and surrounding communities.

When we consider the implementation of the hazard communication requirements of Article 8, we find that the model illuminates practice. First, actual EC regulations seem to assume that societal and institutional uncertainties are not salient or severe. Nor do they deal with the possibility of situational uncertainty (i.e. less than complete competence of available official expertise for prediction, prevention, or control). The contrast between European and American practice is noteworthy. In the United States, provision is often made for the inclusion of alternative expertise via environmental legislation that permits the use of public funds for the incorporation of local citizens' knowledge into the policy discourse on the grounds of due process or fairness.

Modelling the Karin B incident
Finally, the model can also be applied to the Karin B incident. Some 12 years after the Seveso gas release, a shipload of Italian industrial toxic wastes was first dumped in Nigeria and then reloaded after protests. In the full glare of publicity and widespread public dread, the regions of Emilia-Romagna and Tuscany undertook the final task of disposal, in the process showing how a large quantity of mixed toxic wastes could be managed, with full satisfaction of technical requirements and local concerns.

Between the time that the Karin B was discovered to be carrying a toxic cargo and the eventual agreement on destruction of the wastes, all uncertainties were effectively out of control. Whoever knew about such shipments had previously kept them secret; when they were discovered, therefore, all the issues of knowledge, uncertainty, and responsibility came into play simultaneously. However, when the regional authorities of EmiliaRomagna and Tuscany together with several local authorities - finally took physical possession of the wastes, the change was dramatic. Acting in cooperation with each other and with the media, and creating opportunities for the participation of interested communities, they were able to reduce salient uncertainties, starting with the scientific ones and then proceeding to others, such as institutional uncertainties. The societal uncertainties became less severe and less salient, and the clean-up operation proceeded peacefully to a successful conclusion in all respects (Centro Informativo Karin B 1992; Egidi 1993).

ERRIS     Environmental Risk Reporting and Information System
	In July 1976, a runaway reaction occurred in the trichlorophenol synthesis vessel of a chemical plant near Seveso, Italy. An uncontrollable surge in temperature and pressure caused the rupture of a safety valve, resulting in release into the air of a fluid mixture of chemicals. This toxic cloud containing TCDD (2,3,7,8-tetrachlorodibenzo-p-dioxin), then widely believed to be one of the most toxic man-made chemicals, contaminated a densely populated area about six kilometres long and one kilometre wide, lying downwind from the site. This event became internationally known as the Seveso disaster, after the name of a neighboring municipality that was most severely affected. More than 700 people were evacuated, and restrictions were applied to another 30,000. 

The Impact 

Although no immediate fatalities were reported, the full horror of the incident slowly emerge[image: image1.png]


d over the following days, months and years. More than 200 people have been treated for dioxin poisoning and countless thousands of animals died, or killed to prevent further impact along the food chain. More than five square miles of land and vegetation were contaminated. A monitoring program was initiated for environmental systems and media to determine the level of exposure, the extent of contamination, and the behavior and fate of TCDD released into the environment. Information about exposures was also obtained from signs/symptoms. Blood samples were collected and analyzed for TCDD and blood chemistry. The early screening of thousands of children revealed chloracne as the main health effect.

Long-term effects studies of mortality and cancer incidence were designed using the populations from four contaminated and seven uncontaminated towns, who were resident at the time of the incident and for the following eight years. The ten-year mortality study revealed an increased occurrence of cardiovascular diseases that might have been related to stressors caused by the disaster. Results from the cancer incidence study showed an increased risk of hepatobiliary cancer in some subjects, particularly those residing for more than five years. Some men had an increased risk of leukemia, and women exhibited an increase in multiple myeloma and myeloid leukemia. In another zone, subjects experienced an elevated incidence of soft-tissue sarcomas. The researchers claimed that these findings were consistent with previous knowledge of TCDD’s effects on animals and humans. The mortality and cancer incidence investigations were planned to continue for at least 20 years after the release. Case–control studies have been initiated to investigate the possible role for markers of susceptibility to TCDD. 

Cancer incidence in Seveso 

Cancer incidence at Seveso, ten years after the accident: Average dioxin found in ground expressed in microgram I-TEQ per square meter. Average dioxin found in blood expressed in parts per trillion (ppt).

Recently, the WHO has declared the Seveso type dioxin (2,3,7,8 TCDD) as a human carcinogen, based on the consequences of severe accidents in several chemical works, where workers received extreme high levels of this dioxin type (tenthousends of times higher than background!). The rise of cancer incidences in a life time was app. 40% for the highest exposed people. That has to be compared with a 20 times (or 2,000%) rise in cancer incidence for smokers...

The other 209 types of chlorinated dioxins and furans are not classified until now, because of lack of reliable data. 

The Seveso Directive 

Nations downstream from other nations will always be threatened by environmental spills and accidents caused by upstream nations. Hungary, with 95 percent of its surface waters originating abroad, is particularly vulnerable. 

For this reason, international treaties and laws governing transboundary pollution are crucial for preventing disasters. They are needed to resolve issues related to liability and compensation. They are also needed to protect countries from domestic disasters caused by the carelessness or exploitative activities of foreign companies. 

Numerous treaties and laws do now exist. Some include Hungary and Romania as "contracting parties"
Legislation aimed at the prevention and control of accidents involving dangerous substances in the EU was significantly prompted by one particular disaster from the past. The disaster at Seveso, Italy resulted in releasing large amounts of poisonous dioxins into the air, contaminating ten square miles of land and vegetation. Over 600 people were evacuated with as many as 2,000 treated for dioxin poisoning. 

As a result, in 1982, the Seveso Directive (Council Directive 82/501/EEC) on the major accident hazards of certain industrial activities was adopted, later amended in light of two other major accidents. The first was the 1984 chemical disaster at the Union Carbide factory in Bhopal, India, where over 2,500 people died. The second was the 1986 catastrophe at the Sandoz warehouse in Basel, Switzerland, where a major chemical leak laden with mercury led to the massive pollution of the Rhine River and the death of half a million fish. 

In 1996, the Seveso Directive II (Council Directive 96/82/EC) replaced its predecessor. Still in effect, it aims to prevent major accidents involving dangerous substances and to limit their consequences for humans and the environment. It covers industrial activities and the storage of dangerous chemicals, expands the public's right to access information and requires governmental authorities to carry out regular inspections. 

Seveso Directive- as fallout to the disaster

There was no professional engineer in the plant at the time of the accident. The temporary modification was constructed by people who did not know to design large pipes equipped with bellows. The Flixborough plant contained approx. 400 MT of inventory of which 40 or 50MT escaped. The inventory was large because the conversion was low and most of the material had to be recovered and recycled. The most important lesson that Flixborough taught is the need to minimize inventories of hazardous materials.

The disaster led to a widespread public outcry over industrial plant safety, and significant tightening of the UK government's regulations covering hazardous industrial processes. All refineries and related petrochemical industries were shocked from the accident, although they were aware of the risk of plant modifications and immediately improved their procedures and checklists in order to approve plant modifications. Temporary modifications were even excluded in some cases or approved after thorough examination. Although many modification accidents occurred, Flixborough is still the stock example, the most disastrous of them all. 

The Lessons Learnt from the Disaster 

At the time of the Seveso disaster, the complexity of communication problems under conditions of severe uncertainty was recognized, if not fully managed. Before the gas release, no one outside the plant neither residents nor political or health authorities - had any idea that there was a hazard of such magnitude. The explosion and release were greeted by incredulity, followed by alarm and dismay. The firm's initial behavior led to subsequent suspicion about their motives; various instructions for precautionary measures were issued almost immediately, but the firm denied knowledge of the toxic substances involved. Ten days passed before the firm confirmed that dioxin had been released. Only then did the governmental authorities and the public learn that there was a grave risk. Even so, it was impossible to assess the danger with any precision. There was an onset of genuine dread, about illness in general and about malformed babies in particular. The widespread illness and deaths of animals of many species was an ominous sign. The authorities had their own severe problems of decision-making under uncertainty, including the definition of different polluted zones, programmes of evacuation of endangered residents, and disposal of contaminated material.

From the very beginning of the disaster, situational uncertainty was salient; decisions had to be taken, sometimes under conditions of great urgency' in the nearly complete absence of information that might guide actions. Scientific uncertainty was salient local investigating magistrates closed off the site within eight days of the accident. Societal uncertainty was severe because there had been no previous institutional preparation or consultation for the accident. Legal/moral uncertainty was also severe One of the few relatively straightforward aspects of the accident was the low level of proprietary.
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