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Technological accidents continue to occur in Europe, but the number that involve large 
numbers of fatalities has decreased during the past decade, with the exception of mining 
disasters in Ukrainian mines. The apparent increase in the total number of major accidents in 
the EU since 1985 is probably due to better reporting.  In Western Europe, the number of fatal 
accidents per 100 million hours worked is falling.  
 
Natural disasters continue to have a far greater impact than technological accidents. Both the 
probability of occurrence and the consequences of natural disasters can be increased as a 
result of technological advances and human activities such as agriculture and forestry. 
 
A holistic approach to hazard management, based on lessons leaned from past accidents and 
natural disasters, recognition of the need for better emergency planning, and implementation of 
a number of EU Directives, should help to reduce the numbers and consequences of 
technological accidents and reduce the impacts of some natural disasters. 
 
 

Introduction 
1. Major technological accidents continue to occur, even with advances in the safety 
management of hazards.  Although such accidents claim only a fraction of the lives lost as a 
result of natural hazards (approximately 5% of the total in the period 1985-96 in Europe), the 
perception is often that the risk is as high because of a lack of knowledge and inherent fear of 
the various hazards.  As with natural hazards, the risk depends on where people live, and 
increases the closer they are to potentially hazardous plants.  The explosion in the outskirts of 
Toulouse in September 2001 tragically illustrated the potential to claim many lives. 
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2. The catastrophic earthquake in Turkey in 1999 demonstrated that human life remains 
vulnerable to the violent effects of nature.  Natural catastrophes continue to have a far greater 
effect, in terms of fatalities, injuries and overall cost, than technological accidents.  Flooding, 
landslides, avalanches and violent storms are all capable of causing multiple fatalities in one 
event, although none can match earthquakes for sheer numbers of fatalities.  The costs of 
flooding incidents can run into billions of Euros. 
 
3. The risk of fatality from natural hazards, to a large extent, also depends on where people 
live. The seismically-active areas in Europe are well documented, the location of volcanoes is 
known and the areas susceptible to flooding, landslides and avalanches can generally be 
predicted.  There is still an element of unpredictability, however, about when and exactly where 
such events will happen.  All these effects can take people by surprise, as their onset may be 
very rapid. 
 
4. The technological advances and activities of man may be exacerbating the impacts of 
natural hazards, both at a chronic and an acute level.  Chronic changes to the environment 
caused by human activities, such as global warming and sea-level rises, may be linked to the 
apparent increase in flooding incidents seen across Europe in the past decade.  Activities such 
as land clearing for agricultural purposes have been a cause of catastrophic landslides following 
periods of heavy rain. 
 
5. For technological hazards and those activities that may exacerbate the effects of natural 
hazards, design evolution and operational experience have reduced the risk levels over the 
years.  Holistic approaches are becoming more prevalent, with increasing attention to the 
reduction of risk of long-term environmental impact as well as acute health and property 
damage from accidents.  However, there remains a residual risk that must be well managed at 
all times.  Large-scale preparations are being considered for the various natural hazards so that 
the response is rapid and well co-ordinated to minimise the harmful effects. 
 

Technological Hazards 
Industrial Accidents 
 
6. Between 1971 and 1992 there was, on average, one technological accident every year in 
Europe that resulted in 25 or more fatalities (Table 1).  Thereafter, there were no accidents 
resulting in 25 or more fatalities until 1998 (although no data were available for 1998 and 1999 
on the UNEP database  (UNEP, 2002a/b) and the data were derived from isolated sources).  It 
would appear that, in general, the number of incidents involving large numbers of fatalities 
have decreased in the past decade, with the exception of methane explosions in Ukrainian 
mines. 
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Table 1:  Accidents Resulting in Over 25 Fatalities (Since 1971) 
 
Year Location Products Involved Type of Accident Fatalities 
1971 Czechowice, 

Poland 
Oil Explosion 33 

1971 English Channel Petrochemicals Ship collision 29 
1973 Czechoslovakia Gas Explosion 47 
1974 Flixborough, 

UK 
Cyclohexane Explosion 28 

1976 Lapua, Finland Gunpowder Explosion 43 
1978 San Carlos, 

Spain 
Propylene Fireball (road 

transport) 
216 

1979 Bantry Bay, 
Ireland 

Oil, gas Explosion (marine 
transport) 

50 

1979 Warsaw, Poland Gas Explosion 49 
1979 Novosibirsk, 

USSR 
Chemicals Unknown 300 

1980 Ortuella, Spain Propane Explosion 51 
1980 Rome, Italy Oil Ship collision 25 
1980 Danaciobasi, 

Turkey 
Butane Unknown 107 

1982 Todi, Italy Gas Explosion 34 
1983 Instanbul, 

Turkey 
Unknown Explosion 42 

1984 Romania Chemicals Unknown 100 
1985 Algeciras, Spain Oil Transhipment 33 
1986 Chernobyl, 

USSR 
Nuclear Reactor explosion 31 

1988 Arzamas, USSR Explosives Explosion (rail 
transport) 

73 

1988 North Sea, UK Oil, gas Fire 167 
1989 Acha Ufa, USSR Gas Explosion (pipeline) 575 
1991 Livorno, Italy Naphtha Transport accident 141 
1992 Corlu, Turkey Methane Explosion 32 
1998 Donetsk, 

Ukraine 
Methane Explosion (mine) 63 

1999 Zasyadko, 
Ukraine 

Methane Explosion (mine) 50 

2000 Donetsk, 
Ukraine 

Methane Explosion (mine) 81 

2001 Donetsk, 
Ukraine 

Coal 
dust/methane 

Explosion (mine) 36 

2001 Toulouse, 
France 

Ammonium 
nitrate 

Explosion 31 

2002 Donetsk, 
Ukraine 

Methane Explosion (mine) 35 

Sources: UNEP (2002a, 2002b), BBC (2002a). 
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7. There is generally an equal spread between those events that occurred in the EU and 
those in Eastern Europe, although before the fall of the ‘Iron Curtain’, there may have been a 
number that were not widely reported.  In recent years, however, there have been a 
disproportionate number of multiple-fatality accidents in Ukranian mines.  One of the major 
reasons for this is a lack of investment, compounded by poor safety and environmental 
management.  This is a common theme that runs through many technological industries in 
Eastern European countries, certainly when compared to Western Europe. 
 
BOX 1 – UKRAINE’S TROUBLED MINES 
Ukraine has the world’s highest coal industry death rate, with an average of about 
300 deaths per year.  In recent years, there have been several multiple-fatality 
accidents.  Funding cuts since the break-up of the Soviet Union in 1991 have 
forced the industry to struggle for survival and have led to a neglect of safety.  
Even in Soviet times, working practices were shoddy and safety standards low. 
 
Underground explosions are common and are the main cause of fatalities, usually 
caused by methane that builds up in poorly-ventilated shafts.  Other deaths have 
been caused by roof collapses or the breakdown of ventilation systems.  
Equipment is outdated and often faulty; exposed wires can set of explosions, gas 
sensors and oxygen tanks do not work, and pit props are broken. 
 
The majority of the mines are uneconomic, only 50 of more than 200 are viable.  
This, combined with very poor safety management, has led to a multitude of 
tragic accidents. 
Source: BBC (2000a) 
 
8. Many countries in the Europe have used the EU Seveso II Directive as a model and this 
should help to decrease the number of major accidents.  It is anticipated that this will bring 
consistent standards and an improvement in safety performance throughout Europe. 
 
9. The number of major accidents reported in the EU from 1985 to 1999 shows a steady 
increase, with the maximum number reported during 1998 (Figure 1).  However, this may 
simply be due to better reporting.  Many companies are now using the data from accidents to 
help understand their underlying causes, such as management failure.  This learning exercise is 
one element of an improved approach to holistic safety and environmental management that is 
being used by organizations, in general, following the advent of the Seveso II Directive.  In 
time, the number of incidents reported should fall again, as the improved management systems 
and the culture of learning the lessons from incidents starts to take effect.   
 
 
 
 
 
 
 
 
 
Figure 1:  Number of Major Accidents Reported on the MARS Database and Fatal 

Accident Rate in the European Downstream Oil Industry 
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10. There is a downward trend in the fatal accident rate (FAR), which is the average number 
of fatalities per 100 million hours worked.  The FAR includes fatalities from occupational 
hazards, e.g. falls from heights, as well as major hazards.  It provides further evidence of a 
general improvement in safety in the downstream oil industries within the EU and a number of 
other European countries.  It lends weight to the suggestion that the apparent increase in the 
number of accidents may only because of improved reporting. 
 
11. When analysing the causes of major accidents, far the biggest immediate cause is 
mechanical failure (Figure 2).  Operator error is also a significant contributor.  Both these are 
likely to be due to some kind of management failure, which is thus the underlying cause.  For 
example, a failure due to corrosion may have been caused by lack of monitoring.  In fact, for 67 
% of the accidents reported in the MARS database, that the dominant underlying causes were 
poor safety and environmental management (Drogaris, 1993; Rasmussen, 1996).  The Seveso II 
Directive puts emphasis on mechanisms for the prevention of accidents, such as good safety 
management; this is a major improvement from the earlier Seveso Directive. 
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BOX 2 - AMMONIUM NITRATE EXPLOSION IN TOULOUSE, FRANCE, 21 
SEPTEMBER 2001 
On 21 September 2001, a huge explosion ripped through the AZF fertiliser factory 
in an industrial zone on the outskirts of Toulouse, France, leaving a 50 m diameter 
crater more than 10 m deep.  Thirty-one people were reported dead, including 
some outside the plant, and 2,442 were injured.  More than 500 homes were made 
uninhabitable and almost 11,000 pupils were kept at home after some 85 schools 
and colleges were damaged.  Windows in the city centre 3 km away were blown 
out. 

 
The explosion occurred in a warehouse in which granular ammonium nitrate was 
stored.  Ammonium nitrate can explode under certain conditions.  These must 
include added energy (heat, shock), especially under conditions of confinement or 
in the presence of contaminants.  Although ammonium nitrate is generally used 
safely and is normally stable and unlikely to explode accidentally, accidental 
explosions of ammonium nitrate have resulted in loss of lives and destruction of 
property.  
 
The AZF plant was opened in 1924 in what was then countryside, but the urban 
sprawl from Toulouse (population 700 000) led to homes being built close to the 
plant.  The AZF site is one of 1 250 factories in France classified as high-risk.  
The site falls under the rules of the Seveso II Directive. 
Source: UNEP (2002a) 
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Figure 2:  Causes of Major Accidents in the Process Industries 

Mechanical failure
44%

Operator error
22%

Unknown
12%

Process upset
11%

Natural hazards
5%

Design error
5%

Sabotage/arson
1%

 
Source: J&H Marsh & McLennan (1998). 
 

Pipeline Accidents 
 
Figure 3:  Average Number of Pipeline Accidents per 1000 km and Average Amount Spilt 
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Sources: CONCAWE (2002), EGIG (2002). 
 
12. The impacts of pipeline accidents are usually only environmental, i.e. release of 
hydrocarbon liquid to surface and groundwater and release of gas to the atmosphere.  There 
have been no recorded fatal accidents involving inhabitants following gas releases from 
transmission pipelines over the period 1970-2000 in those countries included in the EGIG 
database (all within Western Europe).  However, fatal incidents can certainly occur, as 
illustrated horrendously by an accident near Ufa, Russia on 4th June 1989, when two trains, 
each carrying more than 500 passengers, passed each other within a cloud of natural gas arising 
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a pipeline leak (see Table 1). The gas exploded and most of the passengers in one train were 
killed outright; hundreds of passengers in the other (many of them children) suffered severe 
burns. 
 
13. This has not been an isolated incident.  The Oil & Gas Journal (OGJ, 1993) reported 
that Russian oil and gas pipelines are plagued by accidents, citing an example of a major 
pipeline break in Western Siberia in 1993 when more than 2,000 m3 of crude were lost.  More 
and more new pipelines are being constructed to transport oil and gas to the west from the new 
frontiers in the east, such as the Caspian region and Siberia.   
 
14. The failure rate of liquid and gas pipelines in the EU since 1971 shows a significant 
downward trend, which is a reflection not just of better design and construction, but also of the 
improved safety management of existing pipelines, for example with improved corrosion 
protection and monitoring systems.  In particular, there is a marked improvement in the five-
year moving average of both types of pipeline with a four to five-fold decrease in the failure 
rate since records began.  However, there has been no general decrease in the average amount 
spilt per event. 
 

Oil Spills 
 
15. Another major hazard where the impact is predominantly environmental is marine oil 
spills.  Worldwide, the annual number of oil spills and the total oil spilt from tankers is showing 
a downward trend (Figure 4) although the rate of improvement has decreased since about 1980. 
 European figures generally reflect the worldwide situation; for the EU, for instance, tanker oil 
spills continue, although both the frequency and the amounts involved have fallen over the past 
decade.  This may reflect the erratic occurrence of such accidents, but it is encouraging that the 
improvement has come despite increasing maritime transport of oil. 
 
Figure 4:  Number of Oil Spills Worldwide and Total Oil Spilt, 1970-2000 
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16. Tanker safety is a major issue on the International Maritime Organisation’s (IMO) 
protection agenda.  In 1992, the IMO mandated the phasing-out of conventional, single-hulled 
tankers.  By 2010, all tankers and supertankers carrying crude oil must have double hulls; this 
will reduce the likelihood of spills. For spills of greater than 700 tonnes, about 77 % of spills 
are due to collisions, groundings and hull failures.  The frequency of such spills should be 
reduced by double-hulls, so a further decrease in large spills worldwide, including European 
waters, is expected. 
 
Figure 5:  Causes of Oil Spills 1974-2000 (Spills >700 tonnes) 
 

Loading/discharging
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Collisions
28%

Groundings
35%

Hull failures
14%

Fires & explosions
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Other/unknown
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Source: ITOPF (2002) 
 

Tailings Dam Failures 
 
17. A number of tailings dam failures that have led to pollution of surface waters and 
widespread fish kills have occurred in recent years.  As with industrial accidents, these have 
occurred with almost equal frequency in EU and Eastern European countries.  The incident at 
Stava, Italy in 1985 claimed the lives of 268 people.  The most devastating incident 
environmentally was that in Baia Mare, Romania in 2000, where the release of highly toxic 
cyanide resulted in the killing of tonnes of fish and the poisoning of potable water for more 
than 2 million people in Hungary.  Such an incident could occur in many areas across the whole 
of Europe, since the use of cyanide is still the preferred method for processing gold ores. 
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Table 2 Tailings Dam Failures Since 1980 
 
Date Location Release Impacts 
20th Jan 
1981 

Lebedinsky, 
Russia 

3.5 million m3 Tailings travelled distance of 
1.3 km 

19th Jul 
1985 

Stava, 
Trento, Italy 

200 000 m3 268 people killed 

1st Mar 
1992 

Stara Zagora, 
Bulgaria 

500 000 m3 Not known 

1st May 
1996 

Sgurigrad, 
Bulgaria 

220 000 m3 The tailings wave travelled 6 
km and destroyed half of 
village 1 km downstream, 
with 107 victims. 

25th Apr 
1998 

Aznalcóllar, 
Spain 

4-5 million m3 of 
toxic water and 
slurry 

Thousands of hectares of 
farmland covered with slurry. 

31st Dec 
1998 

Huelva, 
Spain 

50 000 m3 of acidic 
and toxic water 

The liquid spilled into Ría de 
Huelva, a tributary to Río 
Tinto. 

30th Jan 
2000 

Baia Mare, 
Romania 

100 000 m3 of 
cyanide-
contaminated liquid

Contamination of the 
Somes/Szamos stream, 
tributary of the Tisza River. 

10th Mar 
2000 

Borsa, 
Romania 

22 000 te of heavy-
metal contaminated 
tailings 

Contamination of the Vaser 
stream, tributary of the Tisza 
river. 

8th Sep 
2000 

Gällivare, 
Sweden 

1.5 million m3 of 
water carrying some 
residual slurry 

The bed of the Vassara river 
was covered over a length of 
at least 7 to 8 km with a 
white slurry. 

Source: UNEP (2001) 
 
18. Another major cause of surface water pollution is firewater run-off following major 
incidents involving toxic substances.  This is best illustrated by the warehouse fire at the 
Sandoz plant near Basel, when many toxic substances in the firewater flowed into the Rhine 
and caused the death of almost all aquatic life as far as 100 km downstream.  Similar incidents 
could occur across the whole of the Europe unless precautions are taken to contain and treat 
firewater onsite. 
 
19. Directive 2000/60/EU of the European Parliament and the Council, establishing a 
framework for Community action in the field of water policy, entered into force on 
22 December 2000.  Among its central aspects was an obligation to progressively reduce 
discharges, emissions and losses of hazardous substances, including those due to accidents. 
 
Armed Conflicts 
 
Recent evidence suggests that military activities are among the world’s most environmentally 
destructive activities.  The environmental impacts of war begin with disturbance and 
destruction of natural habitats, and progress to contamination of land, air and water with the 
wastes of  
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people and machines.  In most war zones, the impacts on the environment are long-term or 
permanent. 
 
Preparation 
Military bases require large areas of land and often lead to the permanent destruction of flora 
and fauna.  Large sectors of most countries are reserved for military exercises, which may 
include some related to chemical and biological warfare.  In countries that manufacture 
weapons, areas may be used for testing missiles, chemical and biological warfare products, and 
nuclear weapons.  All of these activities severely degrade the natural ecosystems and tend to be 
treated as exceptions to any environmental regulations.  
 
Conflict 
As seen in the recent conflicts in the Balkans, human deaths and the destruction of ‘military 
targets’ are not the only immediate consequences of war.  Modern weapons rely on toxic 
chemicals for much of their explosive force and propulsion.  Hence they create negative 
environmental impacts through their own composition as well as their destructive power.  
When a heavy bomb goes off, it creates temperatures of approximately 3,000°C; this not only 
annihilates all flora and fauna but also destroys the lower layers of soil, which can take 
anywhere from 1,500 to 7,400 years to regenerate.  
 
Although the weapons constitute the most obvious threat to the environment, the targets that 
they destroy are also a highly significant contributor to the environmental devastation of war.  
Hazardous materials such as fuels, chemicals, and radioactive substances may be targeted and 
thereby leak into surface and groundwaters.  During the recent war in the Balkans, NATO 
bombed petrochemical plants in the suburbs of Belgrade.  Toxins such as chlorine and vinyl 
chloride monomer were released into the atmosphere. 
 
Associated fuel combustion contributes to ozone depletion.  The energy demands of military 
activities have been estimated at 6% of the global total, which is more than that of many 
countries. 
 
Increasingly, combatants plunder natural resources to finance military operations.  Furthermore, 
combatants frequently deliberately or indiscriminately target the environment, seeking to 
deprive opposing troops of shelter, food, water, and fuel.  The oil slicks and burning oil wells of 
Kuwait demonstrate that natural fuel resources can also be caught up in armed conflict, with 
catastrophic impacts on the environment. 
 
The Aftermath 
Discarded weapons, including chemical and biological, are potential sources of contamination 
and injury to plant and animal species, including humans. Military wastes have created major 
remediation challenges throughout the world.  When Soviet troops withdrew from former East 
Germany in 1992, 1.5 million tonnes of ammunition was destroyed, with the release of nitrogen 
oxides, highly toxic chemical dioxides, and heavy metals to the atmosphere.  Abandoned 
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garrison towns around Berlin have hidden waste tips with millions of gallons of spent tank and 
truck oil, and chemical wastes, as well as ammunition.  Officials have estimated that the 4% of 
East German territory that was occupied by former Soviet bases and facilities is severely 
polluted.  
 
In addition to the machinery of war, the movement, accommodation, and wastes of millions of 
humans creates major impacts on natural systems.  By far the majority are refugees displaced 
from their homes by military activities.  As recent events have demonstrated, the tens of 
thousands of ethnic Albanian refugees pouring out of Kosovo into neighbouring countries 
quickly exceeded the capacity of those countries to support them.  Food, water, sanitation and 
even land space were simply unavailable in some locations. 
 
According to the International Committee of the Red Cross, landmines kill or maim between 
1,000 and 2,000 people every month.  One hundred million landmines now lie in wait around 
the world.  Most victims are civilians in peacetime, with children especially vulnerable. 
 
Recent Armed Conflicts in the Kiev Report Area 
2001 Macedonian Conflict Macedonian Government vs. ethnic Albanian rebels 
2000 Presevo Rebellion Serbian/Yugoslav Government vs. ethnic Albanian rebels in the 
Presevo region 
1999 Kyrgyzstan Guerrilla War Kyrgyzstan, Uzbekistan vs. Islamic rebels 
1999 The Second Chechen War Russian Governments vs. Islamic rebels 
1998 Georgian Military Revolt Georgian Government vs. Army rebels 
1998 Kosovo War Serbian/Yugoslav Government vs. Kosovo Liberation Army (KLA) 
rebels and NATO 
Sources: Bruch (2002), Heathcote (2002), Eco-compass (2002), The History Guy (2001). 
 

Nuclear Hazards 
 
20. Apart from the 1986 Chernobyl accident other accidents have occurred in Europe over 
the past 40 years.  Some of these have had environmental consequences and a handful have 
resulted in loss of life, although all have been minor compared with the effects of Chernobyl.  A 
review of nuclear accidents up to 1996 has shown a highly disproportionate number of 
accidents in the former Soviet countries.  Figure 6 shows the number of nuclear power reactors 
currently operating.  France, which has the most reactors of any one nation, has had only a 
small number of minor incidents.  Russia, which has half the number of reactors, has had a 
multitude of incidents.  This distinction between Eastern and Western Europe is mirrored by the 
other nations, suggesting a lower level of safety standards in the East. 
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Figure 6:  Number of Nuclear Power Reactors in Operation in the Kiev Report Area 
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21. Since 1970, the number of nuclear installations in Europe has increased and many 
European countries now have nuclear reactors at or towards the end of their working lives, as 
shown in Figure 7.  It can be seen that there will be an increasing number of aged operating 
reactors in Europe.  The older types of reactors found on a number of sites in Eastern Europe 
present a greater risk than the more modern Western designs.  However, at present, the UK is 
the only nation with a number of operational reactors above 36 years old and thus the UK has a 
significantly disproportionate number of old reactors at the end of their working lives.  
 
22. New advanced designs incorporate improved safety concepts and features to reduce the 
chance of significant releases of activity to the environment.  Following these developments, it 
is likely that the overall risk from nuclear accidents has declined over the last decade as older 
plants have been taken out of service and building of new plants has slowed, with increasingly 
safe designs being used.  A complicating factor is the increasing deterioration of the older 
plants in Eastern Europe. 
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Figure 7:  Age Profile of Operational Nuclear Reactors in the Kiev Report Area 
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23. In recent years, however, the safety of all Soviet-designed reactors has improved vastly. 
 This is largely due to the development of a culture of safety encouraged by increased 
collaboration between East and West, and substantial investment in improving the reactors.  
Since 1989, over 1000 nuclear engineers from the former Soviet Union have visited Western 
nuclear power plants and there have been many reciprocal visits, with over 50 twinning 
arrangements put in place (UIC, 2001). 
 
24. Atmospheric nuclear testing of nuclear weapons resulted in the largest release of 
radionuclides into the environment and by far the largest collective dose from man-made 
sources, as shown in Table 3.  By contrast, nuclear power production, nuclear weapons 
fabrication and radioisotope production result in comparatively small does to the population.  
Accidents may have significant local impact, but only Chernobyl gave rise to a substantial 
population dose. 
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Table 3 Doses from Man-made Sources 
 
Source Collect Effective 

Dose 
(man Sievert) 

Atmospheric nuclear testing 30 000 000 
Chernobyl accident 600 000 
Nuclear power production 400 000 
Radioisotope production and 
use 

80 000 

Nuclear weapons fabrication 60 000 
Kyshtym accident 2 500 
Satellite re-entries 2 100 
Windscale accident 2 000 
Other accidents 300 
Underground nuclear testing 200 
Source: Bennett (1995) 
 

Environmental and Health Effects of the Chernobyl Accident 
 
25. Several organizations have reported on the impacts of the Chernobyl accident, but all 
have had problems assessing the significance of their observations because of the lack of 
reliable public health information before 1986.  In 1989 the World Health Organisation (WHO) 
first raised concerns that local medical scientists had incorrectly attributed various biological 
and health effects to radiation exposure (UIC, 2001). 
 
26. An International Atomic Energy Agency (IAEA) study involving more than 200 experts 
from 22 countries published in 1991 was more substantial.  In the absence of pre-1986 data it 
compared a control population with those exposed to radiation.  Significant health disorders 
were evident in both control and exposed groups, but, at that stage, none was radiation related. 
 
27. Subsequent studies in the Ukraine, Russia and Belarus were based on national registers 
of over 1 million people possibly affected by radiation.  These confirmed a rising incidence of 
thyroid cancer among exposed children.  Late in 1995, WHO linked nearly 700 cases of thyroid 
cancer among children and adolescents to the Chernobyl accident, and among these some 10 
deaths are attributed to radiation. 
 
28. The most recent and authoritative UN report has confirmed that there is no scientific 
evidence of any significant radiation-related health effects to most people exposed to the 
Chernobyl disaster.  The UN Scientific Commission on the Effects of Atomic Radiation 
(UNSCEAR) 2000 Report is consistent with earlier WHO findings.  As yet there is little 
evidence of any increase in leukaemia, even among clean-up workers where it might be most 
expected.  However, these workers remain at increased risk of cancer in the long term. 
 
29. Psycho-social effects among those affected by the accident are emerging as a major 
problem, and are similar to those arising from other major disasters such as earthquakes, floods 
and fires. 
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Natural Hazard Disasters 
 
30. Natural disasters, such as earthquakes and landslides, are often more devastating, in 
terms of loss of life and environmental damage, than technological accidents, which they can 
also precipitate.  The cost of natural disasters may run into billions of Euros, rather than the 
millions associated with the worst-case technological accidents. As with technological 
accidents, the consequences depend both on the magnitude of the event and on factors such as 
population density, disaster-prevention measures and emergency planning. 
 
31. Figure 8 illustrates, for the whole of Europe, the number of events associated with 
natural hazard disasters and the associated number of fatalities between 1980 and 2000.  
Several types of natural hazard are included and it is clear that they have the potential to cause 
large numbers of fatalities.  The hazard that causes by far the largest numbers of fatalities in 
one event is an earthquake. On 17th August 1999 a major earthquake in northwest Turkey, 
measuring 7.4 on the Richter scale, caused the deaths of more than 17 000 people, most of 
whom were crushed in the rubble of their collapsed homes.  The earthquake also precipitated 
technological accidents, as fires broke out in oil refineries and explosions rocked the rubble as 
leaking gas ignited.  On 7th December 1988, a massive earthquake rocked northwest Armenia, 
killing some 50 000 people. 
 
Figure 8:  Events Involving Natural Hazards and the Associated Number of Fatalities in 

Europe 1980-2000 
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Source: Munich Re (2001). 
  
32. In Europe, as worldwide, storms and floods are the most common natural disaster and, 
in terms of economic and insured losses, the most costly. The damage depends on the duration 
and height of water levels, topography and use of the flood plain, flood defence measures, and 
the awareness of the population likely to be affected by flooding.  The frequency of major 
flooding events in Europe has increased in recent years.  As an example, at Kehl on the 
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German-French border, between 1900 and 1977 the Rhine’s floodwaters rose over seven metres 
above flood level only four times. From 1977 to 1996, that level was reached 10 times, an 
average of once every other year (UWIN, 1996)  
 
33. At the time, the flooding in Central Europe in 1997 was reported as the worst natural 
disaster to hit the region in centuries (CNN, 1997). Floodwaters killed at least 52 people in 
Poland and 39 in the Czech Republic. Damage estimates were as high as $2 billion. 
 
34. However, the catastrophic flooding in Central Europe and the Black Sea region of 
Russia in August 2002 has surpassed this in terms of impact. At least 111 people died, with 
hundreds of thousands evacuated (BBC, 2002b). Many homes were completely destroyed. In 
Hungary, the River Danube broke high-water marks along 170 km of its length. The water 
reached a record of 8.49 m, breaking the previous record of 8.45 m set in 1965. In Dresden, 
Germany, the River Elbe reached 9.39 m, the highest since records began in the 16th century. 
Floods in Prague were the worst for 175 years. 
 
Figure 9:  Flooding Along the Danube River, Hungary in April 2002 
 

 
Source: NASA (2002a) 
 
35. Potentially dangerous acute and chronic impacts on industry were also apparent. A 
cloud of chlorine gas escaped from a flood-damaged chemical plant near the Czech town of 
Usti nad Labem. A dam burst near the town of Bitterfeld in southeast Germany, resulting in the 
evacuation of 16 000 people, and the emergency was heightened by the flooding of the adjacent 
chemical complex, where a military operation was launched to stop chemicals flowing into the 
River Mulde (BBC, 2002c). Most sewage plants along the Rivers Elbe and Vltava in the Czech 
Republic were put out of action, raising the prospect of environmental damage. The overall cost 
to industry and the general population is likely to run into many billions of euros. 
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36. Heavy rain and flooding can also precipitate landslides, which may be more 
catastrophic in terms of fatalities.  In October 2000, Gondo, a Swiss alpine village, was ‘sliced 
in two’ by a fatal 40 metre wide landslide, following three days of incessant rain (BBC, 2000b). 
 
37. Fatal avalanches have also hit alpine regions in recent years.  In Europe, the winter of 
1998/99 was one of the ‘snowiest’ in 50 years.  Major snow storms created a number of 
avalanches in populated mountain areas across the Alps.  Three separate incidents in February 
1999 at Galtür (Austria), Evolene (Switzerland) and Chamonix (France) claimed the lives of 51 
people (GoSki News, 1999). 
 

Natural Hazard Disasters Exacerbated by Human Activities 
 
38. The trend for the annual number of natural hazard disasters is more obviously upward 
than that for major technological accidents.  This is particularly apparent for those precipitated 
by human activities.  For example, drainage of wetlands and straightening of rivers can 
influence both the probability and the magnitude of flooding, by increasing peak water flows.  
There is also an increased probability of occurrence of certain natural disasters, such as 
flooding and droughts, due to climate change, in many temperate regions.  Climate change may 
be a contributor to the recent increase in flooding incidents. 
 
39. Landslides are likely to increase unless there is better management of land to reduce soil 
erosion.  Land clearing for agricultural reasons combined with the increased frequency of heavy 
storms and flooding will increase the risk of this hazard.  The landslide at Campania, Italy 
tragically illustrated this in May 1998 when, after two days of incessant rain, a torrent of mud 
engulfed hundreds of homes in the towns of Sarno and Quindici and surrounding villages.  
Almost 300 people were killed and about 2 000 made homeless.  The clearing of trees and 
burning of scrubland to create pastures had led to massive erosion and in some areas chestnut 
trees had been replaced by hazelnut trees, which are much weaker and produce a smaller root 
system (EEA, 1999). 
 
40. Land clearing by deliberately starting forest fires has led to direct hazard from the fire 
itself, although in many regions fires have occurred through natural processes.  Forest fires, 
which occur every year across Europe, can cause fatalities and create vast clouds of smog over 
the surrounding area, in addition to the environmental disaster of the loss of extensive areas of 
forest.  However, planned fires (if managed properly) clear away dead and dying vegetation to 
help rejuvenate forests and reduce the risk of larger, uncontrolled wildfires.  Fire is also used to 
help clear forests for human developments.  People burn anywhere from 750 000 to 8.2 million 
square km of forest and grassland around the world every year (NASA, 2002b). 
 

Risk management 
 
41. Disasters will continue to occur throughout Europe - some due to technology, some to 
the forces of nature, some to the combined effects of the two.  Inevitably, there will be loss of 
life and environmental damage. 
 
 
 
 
42. However, better management of hazards can reduce the risks. Although it is not possible 
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to predict when disasters will occur it may be possible to identify the general areas where they 
are more likely, so that responses can be pre-planned and loss of life and environmental impact 
minimized. 
 

Technological Hazards 
 
43. For many technological hazards, holistic approaches are becoming more prevalent, with 
increasing attention to reducing the risks of long-term environmental impacts as well as acute 
health and property damage.  For the process industries, the Seveso II Directive in the EU 
requires industrial operators to demonstrate that they have taken all necessary measures to 
prevent major accidents and limit their consequences for humans and the environment. 
 
44. There is an improved culture with regard to reporting accidents and sharing the lessons 
learnt. Experience of accidents to cross-country pipelines and oil tankers has guided design, 
construction and operation, with a substantial reduction in incidents. 
 
45. However, catastrophic events that are difficult to predict because of lack of specific 
experience are likely to remain a difficult problem.  Although technological disasters account 
for only a fraction of the number of fatalities of natural disasters, there remains a perception 
that technological hazards pose a considerable risk, particularly to people living nearby.  This 
perception is based on two major factors: lack of knowledge and dread. This is particularly true 
for nuclear hazards.  An additional factor is a common aversion to technologies that could 
cause multiple fatalities. This is taken account in the Dutch societal risk criteria where (for 
fatalities of 10 or more), a decrease in frequency of two orders of magnitude is required for an 
order of magnitude increase in fatalities (Figure 9). 
 
Figure 10:  Dutch Societal Risk Criteria 
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46. Planners and policy-makers take such issues into account.  Following the Toulouse 
accident, one of the points of the European Parliament Resolution of 3rd October 2001 was that 
the current approach to ‘risk management’ had been overtaken by events and that it is now 
necessary and urgent to adopt an approach based on ‘risk removal’.  For the vast majority of 
people living near technological hazards, the risk is actually low and far below those from 
‘everyday hazards’ such as driving a car.  
 
47. Pre-planning for technological disasters is now common, through emergency response 
plans.  In particular, since 1986, many countries and organizations in the EU have developed 
sophisticated computerized systems for gathering, managing, assessing and disseminating 
information about possible future nuclear accidents.  For the process industries, the Seveso II 
Directive has prescribed that onsite and offsite emergency plans must be in place and practised 
at regular intervals. EU countries are generally better prepared for technological disasters than 
those in Eastern Europe. 
 
48. Major transportation accidents pose a particular problem because it is difficult to predict 
the location.  In particular, the consequences of a pipeline rupture could be severe, as a large 
amount of material could be released before isolation.  With an ever-increasing pipeline 
network throughout Eastern Europe and the Caspian region, there is an increasing likelihood of 
such events unless risks are better managed. 
 
49. For the non-EU states, the use of the Seveso II Directive (and other relevant Directives, 
such as the Water Framework Directive 2000/60/EU) appears appropriate and some are already 
using these, including some non-accession countries.  The comprehensive nature of such 
Directives, with their power to prohibit unacceptable activities, provides a valuable model for 
the more effective management of safety. 
 

Natural Hazards 
 
50. For natural hazard disasters, particularly earthquakes, the problem of predicting exactly 
when and where they may happen is a major difficulty for risk management.  This is 
compounded by the fact that there are no means of prevention for some natural disasters, such 
as earthquakes and volcanic eruptions, although for some events, mechanisms for prevention 
that could be used are not adequately applied in land-use planning.  The management of these 
hazards could benefit from the application of some of the prevention, control/mitigation and 
response approaches developed for technological hazards. 
 
51. Adequate land management is essential.  ‘Inherent safety’ is a term often used in the 
process industries to avoid the hazard in the first place. The corresponding approach would be 
to discourage population growth in areas that are susceptible to natural hazards.  Where 
susceptible areas are populated, societal risk criteria, such as those shown in Figure 10, could 
be a useful tool in land-use management to limit population growth. 
 
 
 
 
 
 
52. For regions under development, a holistic approach should ensure that all hazards are 
identified and that the risks from these are balanced against each other.  The interactions 
between humans and the natural environment should be taken into account, as recent accidents 
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have shown that this is an increasing causal mechanism.  For example, while scrub clearing for 
agriculture may increase the likelihood and consequences of flooding, soil erosion and 
landslides in areas susceptible to heavy rainfall, it may help to prevent fires in susceptible areas.  
 
53. For some natural hazards, some control measures may prevent the full potential of the 
hazard from being realised, even if they cannot prevent it.  For example, the catastrophic effects 
of an avalanche can be reduced by initiating controlled avalanches to avoid a large build-up of 
unstable snow.  For a number of years, the Thames Barrier has protected London from flooding 
due to a high tide.  The cost of such risk reduction measures generally outweighs the huge cost 
of an accident, as well as the life-saving effects. Increasingly, in seismically active regions, new 
buildings, chemical plant and pipelines are designed to withstand the stresses of earth 
movement.  Shoddily built housing was the main factor cited for the high death toll in the 1999 
Turkey earthquake. 
 
54. Some EU member states have procedures in place for taking account of the risks of 
flooding, avalanches, landslides and earthquakes in their planning and development processes. 
However, procedures have resulted in haphazard responses to natural disasters, and, in many 
cases, the impacts on humans, the environment and the local economy have not been mitigated. 
According to experts, poor planning, fragmented warning and defence systems, and 
deforestation may have all worsened the consequences of the flooding in Central Europe during 
2002 (BBC, 2002d). The 1999 Turkey earthquake is a tragic reminder of how a lack of 
comprehensive disaster management can increase the consequences. In the weeks after the 
earthquake, health workers battled to prevent to spread of typhoid fever, cholera and dysentery. 
Accordingly to the International Red Cross, even one year after the disaster, the survivors were 
the victims of psychological trauma and physical deprivation (CNN, 2000). Even ten years after 
the 1988 Armenia earthquake, some 350 families were still waiting for homes to be constructed 
for them and were living in containers, wagons or shacks (Naegele, 1998).  
Conservation, 2001. 
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