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Abstract. After almost two centuries of industrial development, which took place in the sign of general 
scientific and technological progress, reconsiderations of essential effects and sense of such progress 
are becoming increasingly frequent. The risks as to the safety and health of people are increasingly 
observable. Jeopardising and degradation of environment due to human negligence and increasingly 
present industrial accidents, have reached a critical level. The mankind has actually, by improving 
high technologies, come into possession of a perfect weapon to commit suicide. The contemporary 
society is therefore increasingly being shaped and described as a society of risk. In this paper the 
authors analysed the synergism in theoretical sense and practical application of legislation and cur-
rent condition in the field of industrial accidents on the basis of exact parameters, and particularly 
on the basis of the case study ‘Accident on the middle section of the Danube river’, and pointed at 
the possibility of protection of people and assets, offered by legal solutions in Serbia, with a review 
of current solution on the global level.
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AIMS AND BACKGROUND

Jeopardising of environment and its protection are multi-decade problem of man-
kind. The disappearance of harmony between nature and man brought about various 
and numerous dangers, which degrade past civilisation achievements, inflict major 
damage to people, their life and health, body integrity and many other values1. 
Having in mind the above, there is an increasing prevalence of awareness of need 
to protect environment manifested primarily in searching for ways and manners 
by which man could adjust himself with surrounding nature. Such perception is 
actually the provision of a necessary precondition for survival of man, i.e. society 
as a whole2. 
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Since considerable part of overall contribution to pollution of environment 
comes from industrial plants of different character, one part of policy and rights 
of the EU in the field of environment was therefore as early as since the seventies 
of XX century oriented primarily to application of different measures in relation 
to sources of emissions of contaminating substances originating from industry. It 
is estimated that large industrial plants have decisive contribution to overall emis-
sions of atmosphere pollution (83% SO2, 34% NO2, etc.) with significant effect on 
all factors of environment (land, water and air) producing huge amounts of waste 
and affecting the consumption of energy and the condition in energy sector3.

Accident is a term designating an unexpected incidence with undesired results. 
Furthermore, a chemical accident is an unintended and unexpected occurrence, i.e. 
an accident where a release of chemical substances occurs, happening suddenly and 
is dangerous for people, material goods and generally speaking the environment. 
Every situation or characteristic of a system, unit or process with potential to cause 
damage to flora and fauna and environment, is designated by the word ‘hazard’.

The authors studied the synergy of legislation on global level and in their 
country especially in area of industrial pollution on the territory of the Republic 
of Serbia, assessing the quality of legal provisions and their applicability, point-
ing to possible failures in legislation and in implementing these provisions. The 
Directive 2008/1/EC of the European Parliament and of the Council of 15 January 
2008 concerning integrated pollution prevention and control is a very important 
act, concerning integrated pollution prevention and control, which is a codified 
version of the regulations in this area4. Seveso II Council Directive 96/82/EC of 
9 December 1996 (Ref. 5) on the control of major-accident hazards involving 
dangerous substances, the Directive 2001/80/EC of the European Parliament 
and of the Council of 23 October 2001 on the limitation of emissions of certain 
pollutants into the air from large combustion plants, the Regulation (EC) No 
1221/2009 of the European Parliament and of the Council of 25 November 2009 
on the voluntary participation by organisations in a Community eco-management 
and audit scheme (EMAS) (Ref. 6), repealing Regulation (EC) No 761/2001 and 
Commission Decisions 2001/681/EC and 2006/193/EC and Regulation (EC) No 
1980/2000 of the European Parliament and of the Council of 17 July 2000 on a 
revised Community eco-label award scheme are important, too7. The Rio Declara-
tion on Environment and Development of the United Nations was adopted at the 
United Nations Conference on Environment and Development in Rio de Janeiro 
in 1992 (Ref. 8). The significance of the environment has been highlighted as a 
part of European legal heritage ever since the early 70’s of the 20th century, hav-
ing got a place in EU founding acts, in the Single European Act in 1987 (Ref. 9). 

Today, the provisions from this field make almost the third part of the EU heritage. 
Adopting the Convention on the Protection of Environment through Criminal Law 
has for the first time set up a comprehensive criminal-legal environmental protec-
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tion of international extent10. Our current law in this field is in harmony with basic 
regulations of European Community (EC) such as: the Directive 96/61/EC as of 
September 24, 1996 on integrated prevention and control of pollution according 
to implementation of priorities of The Sixth Environment Action Programme of 
the European Community (IPPC) (Ref. 11); Directive 96/82/EC (SEVESO II) as 
of December 9, 1996 on the control of major-accidents hazards involving danger-
ous substances; the Directive 97/11/EC as of March 3, 1997, which changes and 
amends the Directive 85/337/EEC on the assessment of the effects of certain public 
and private projects on the environment; the Directive 2001/761/EC (EMAS) as of 
March 19, 2001 on eco-management and audit scheme12; the Directive 2003/4/EC 
as of January 28, 2003 on accessing information from the field of environmental 
protection; the Directive 2004/35/EC as of April 21, 2004 on environmental li-
ability with regard to the prevention and remedying of environmental damage; the 
Rule 166/2006/EC as of January 18, 2006 contains amendments to the Directive 
91/689/EEC and the Directive 96/61/EC; the Directive 2008/1/EC as of January 
15, 2008 on integrated pollution prevention and control13.

The Assembly of the Republic of Serbia has rendered the Law on amendments 
to the Law on Environment Protection14, which has improved the Law on Environ-
ment Protection15, and also the Law on Fund for Environment Protection16, the Law 
on Waste Management17, the Law on Protection of Nature18, a number of laws as 
well as several of by-laws directed towards the environment protection. 

As for the central topic of this paper, we are pointing out that within UNECE 
(The United Nations Economic Commission for Europe) there was a Convention 
concluded about transboundary effects of industrial accidents. The goals of the 
Convention on transboundary effects of industrial accidents are improvement of 
international cooperation for protection of human health and environment from 
the consequences of industrial accidents that may have transboundary effects, i.e. 
its purpose is rendering help to states contractual parties in preventing of emer-
gence of industrial accidents and adequate response to them. In accordance with 
this, the Convention regulated particular basic issues in the following fields: (1) 
prevention of industrial accidents that may have transboundary effects (including 
also the consequences of accidents caused by natural disasters); (2) preparation 
for the case of their incidence; (3) response in case of their incidence; (4) interna-
tional cooperation related to mutual help; (5) investigation and development; (6) 
exchange of information, and (7) exchange of technology in the field of prevention, 
readiness and response to industrial accidents19.

The Convention provided that industrial accident is an uncontrolled event 
during any activity involving hazardous substances, either (a) in the installation, 
e.g. during production, use, storing, handling or disposal, or (b) during transport 
to the extent in which it is regulated by article 2, paragraph 2d (article 1a)’, while 
transboundary effects are defined very widely as ‘serious consequences within 
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jurisdiction of the party which are results of an industrial accident which occurred 
within jurisdiction of the other party (article 1d). Here it should be taken into ac-
count that the effects are defined as any direct or indirect immediate or delayed 
negative effects caused by an industrial accident affecting among others: people, 
flora and fauna, soil, water, air and landscape as well as the interaction among 
these factors, tangible goods and cultural heritage, including historical monuments’ 
(article 2e). However, the Convention does not refer to specific categories of acci-
dents such as: nuclear accidents or radiological extraordinary situations, accidents 
on military installations, damage of dams (except as result of industrial accidents 
caused by such damages), traffic accidents on the ground (except reactions to such 
accidents in extraordinary situations, accidental release of genetically modified 
organisms, accidents caused by activities in sea environment (including investi-
gation and exploitation of sea bottom), release of oil or other harmful substances 
into the sea (article 2.t.2).

The basic subjects – holders of rights and obligations from this Convention 
are: states – contractual parties to the Convention, ‘party of origin’ (under whose 
jurisdiction an industrial accident may occur), ‘affected party’ (the states which 
are affected or can be affected by transboundary effects of industrial accidents), 
‘operator’ (any physical or legal entity including public authorities responsible 
for supervision, planning of implementation or implementation of activity) and 
‘the public’ (one or more physical or legal entities). All of them have specific role, 
particular obligations and particular rights. In the given context the following 
terms are also in use:

– danger (implies a characteristic or situation which in particular circumstances 
can cause not only material damage, but also jeopardise environment, health and 
life of people);

– explosion (exposure of people, tangible goods or environment to effects of 
physical, chemical or biological factors);

– risk (this term implies the probability of occurrence of particular harmful 
effect for people, tangible goods or environment at a particular time as a result of 
realisation of a dangerous activity or situation, i.e. occurrence of accident);

– effect (result of an accident expressed in quality and quantity, or as a kind 
and size of possible consequences, losses or damages, human, environmental or 
others);

– acceptable risk (this is an accident with high probability to occur, but caus-
ing negligible consequences).

It is necessary to emphasise that by these activities, the perpetrators realise 
considerable profit with minimum risk from being discovered and criminal pros-
ecution, particularly when at issue are criminal offences with international ele-
ments. In this context the organised crime is considered to be a special problem20. 

The Directive 2008/99/EC on protection of environment by way of criminal law, 
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providing measures that the member states should take in the field of criminal 
law, all for more efficient protection of environment, is the basic source of EU, 
establishing certain rules in the field of criminal liability.

Essentially the adoption of this Directive has a relatively long history. The 
history is related to the activity of the Council of Europe, in the field of adoption 
of the Convention on protection of environment by way of criminal law21 empha-
sising the need for establishing criminal liability in cases of serious pollution or 
bringing environment into danger.

The said Directive provides a part of minimum requirements that should be 
incorporated in criminal legislation of the member states that can furthermore freely 
maintain or introduce even stricter protection measures. This Directive naturally 
does not refer to the measures concerning the process part of the criminal law, nor 
do they refer to authorisations of judges and prosecutors.

A rather long list of applicable regulations of the EU referring to protection 
and management of water contains even 55 different acts, out of which we have 
already mentioned the most important ones. Taking into account the criterion of the 
basic subject of regulation, i.e. the basic subject of protection, the major sources 
of the EU in the field of protection of water could be classified in several groups 
as follows: regulations regulating the issue of emission of dangerous substances in 
surface waters, regulations establishing the goals of the quality of waters, regula-
tions regulating the treatment.

The basic conceptual approach to the issues of policy in the field of waters 
in the EU is defined in the Directive of the European Parliament and the Council 
2000/60/ES, establishing the framework for action of the Community in the field 
of the policy concerning waters. In the first paragraph of the preamble it is empha-
sised that ‘water is not a commercial product as others but a heritage that should 
be protected, defended and treated as such’. The primary purpose of the Directive 
is actually to establish the framework for protection of land surface waters, mixed 
waters, coastal sea waters, but also ground waters.

RESULTS AND DISCUSSION 

The causes of industrial accidents are numerous and among them the following 
can be singled out in particular:

– unsafe conditions, insufficient lighting on the workplace, exposure to extreme 
temperatures, inadequate protection in work with machines or hazardous material, 
electric installations, etc.;

– unprotected operations (negligence of workers, organisation and manufac-
turer);
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– external causes (fire, chemical releases, emissions of toxic gases or radia-
tion, errors in organisation, human factor, abnormal operating conditions, natural 
forces, external factors, errors in software systems);

– internal causes (equipment, toxic chemicals, harmful material, human er-
ror).

 International labour organisation  occurrence statistics of 

accidents 
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 6000 people/day, or 2.2 million people  /year  die due to  

accidents in the workplace  or as a  result of  the outcome  of 

occupational diseases . Of these,  around 350 000  registered 

deaths due to the occurrence of accidents in the workplace 

Fig. 1. Statistics occurrence of accidents (source: International Labour Organisation)

Data in Fig 1 show that the most common accidents events occurred in trans-
port than in manufactoring procedures and storage conditions.

The places of occurrence of industrial accidents are usually:
– production and technological plants where hazardous substances are part 

of production process;
– storehouses, storerooms and generally the facilities in which u hazardous 

substances are deposited or kept;
– means and communications for transport of hazardous substances.
Although on the basis of registered nuclear accidents in the world in the past 

55 years one can get the impression that they not rare, one should have in mind 
that in the largest number of cases those were accidents limited to the place of 
occurrence and with no major effect on the health of any major number of people 
and environment International Nuclear Event Scale (INES) assessment from 0 to 
3). On the other hand, the majority of these accidents could have been avoided 
by simple compliance with existing regulations related to handling, transport and 
disposal of radioactive material and timely identification of a nuclear accident as 
a cause of resulting health problems22. 
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 The largest industrial  

(chemical) accidents 

 Seveso, northern Italy, 10/07/1976; ICMESA explosion in the 

chemical manufacturing plant 

Explosion  

2 kg of 

dioxin 

production  

Na-trichloro-

phenate 

affected area 

1800 ha, 

6 years 

 250 million 

dollar  

 loss 

 Bopal, India,   0/2 to 03/12/1984; the release of about 30 t 

methyl isocyanate from the plant for the production of 

pesticides 

spills 30 t 

of methyl  

isocyanate

 

death of  

2800 people 

compromised 

respiratory 

system and 

eyes of

20 000 

people 

claims 350 

mill. dollar 

bil-3 

Basel, Switzerland, 01/11/1986. The release into the 

atmosphere and water after a fire in a warehouse of 1300 t 

of different chemicals 

release into 

the air, the 

river Rhine 

10–15000 m3 

of water from 

fire fighting 

jeopardised 

the soil and 

ground water

 

Rhine spilled 

about 20 t 

of chemicals 

 

 endangered 

aquatic  

 world in a 

few  

 hundred km, 

 accumulation 

in

 

sediment

 Fig. 2. Survey of major industrial accidents

An example of an industrial accident of enormous proportions is the explosion 
in the nuclear power plant in Fukushima, in Japan, in March 2011, which occurred 
after the devastating earthquake where about 1700 people died or disappeared, 
one of several similar damages in the world in nuclear power plants in the last 25 
years. This damage was preceded in the mid-2008 by the damage in the largest 
nuclear power plant in the world, near Avignon, in the south of France. The largest 
nuclear catastrophe in history happened by the end of April and at the beginning of 
March 1986, in Chernobyl, in the former Soviet Republic of Ukraine. According 
to the data of British scientists, immediately after the catastrophe between 30 000 
and 60 000 people died, while the exact number of sick people is not known, but 
it could to this day be amounting to 1 million. Even now, more than 1.5 million 
people living in the irradiated area suffer the consequences. 

The explosion in the Chernobyl reactor emitted 400 times more radiation than 
the atomic bomb thrown on Hiroshima. In the incident there were 150 000 km2 
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contaminated in the region of Ukraine, Belarus and Russia, while at least 7 million 
people were exposed to radiation. In that nuclear power plant a fire also broke out 
on electric cables in 1990 when the loss of control occurred in the remaining 2 
reactors, where consequences and casualties remained unknown.

The Fukushima Medical University sits some 60 km north-west of the 
power station. In the run-up to the accident, a physicist at the university, Tsuneo 
Konayashi, had been measuring the background levels of gamma-radiation, the 
number of secondary particles from cosmic ray impacts and the amount of radon 
in the atmosphere. So when the accident struck, Konayashi and co-workers were 
in a good position to measure exactly how things changed. First, the background 
levels of gamma-radiation changed little immediately after the earthquake but then 
spiked, reaching 9.3 times the usual levels on 16 March, 5 days after the quake 
and just hours after a hydrogen explosion occurred at the plant. That is a level of 
11.9 microsieverts per hour23. 

Fig. 3. Readings at the Fukushima Medical University, close to the damaged nuclear power plant 
(MIT Technology Review)

As for the policy of the EU, it can be said that several principles of waste 
management, established in different documents and regulations, are the basis of 
the EU policy in this field. In addition to general principles of the EU policy in the 
field of environment defined by the Agreement on Functioning of EU (prevention, 
safety measure, polluter-pays principle and prevention of damage in environment 
in the source of occurrence) several principles specifically refer to the field of 
waste management or in a specific manner derived from general principles. In 
accordance with Article 4 of the Directive 2008/98/EC on waste the hierarchy 
of principles implies that strategies of waste management have to be primarily 
based on prevention in production (inception) of waste and minimising harmful 
effects of waste24. 
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According to estimates in Serbia there are more a million tons of ‘historical 
waste’, while every year from 150 000 to 200 000 t of new hazardous industrial 
waste are produced. The ‘historical waste’ includes wastes made by operation of 
factories in the past. The term ‘hazardous waste’ includes all that waste which, 
disposed in an uncontrolled manner, can in some way jeopardise environment, while 
‘historical waste’ includes refuses made by the operation of factories in the past, 
but about which now, not infrequently, nobody takes care of. In case some of these 
wastes are not soon taken care of in a duly manner, serious accidents may occur 
with unforeseeable consequences for the future. ‘In the European Union we can 
just spot the tendency of legislators towards regulation of this phenomenon’25.

However, Serbia is obviously not an isolate example, because in the close sur-
roundings, in Hungary, due to bad waste management, a major accident occurred 
which could have jeopardised the quality of the Danube river which is after the 
Volga river the second longest and the second richest in water river in Europe, and 
the longest river in the European Union. 

The source of the Danube is in the Schwarzwald mountain in the province of 
Baden-Württemberg, in the south-west of Germany, made by joining of small rivers 
the Brigach and the Breg, at the town of Donaueschingen. The Danube runs toward 
east, through several capitals in the Middle and Eastern Europe (Vienna, Bratislava, 
Budapest and Belgrade), and after 2850 km, on the shore of the Black Sea, forms a 
delta in Romania and Ukraine, which is in the UNESCO list of the world heritage. 
The Danube has through history always been an important international waterway. 
The Danube runs through Serbia at a length of 587.4 km. Today the Danube river 
is the waterway of the EU, particularly after 2007 and accession of Romania and 
Bulgaria to the EU. The Danube is one of the trans-European corridors (corridor 
7). It is via the Rhine connected by canals to the Northern Sea and makes a direct 
waterway link between the Northern and Black seas26. About 80.5 million people 
live in the region of the Danube basin covering the said 19 countries (out of which 
10 members of the EU). The Danube region is considered a macro-region on the 
basis of mutual values, shared historical heritage and joint future, and it is known 
as the Danubian region. As well, the countries of the Danubian region also share 
a long history of cooperation. The Convention on Protection of the Danube27 in 
1994 was signed by 14 countries, and the signatory states of this Convention are 
also participants in the very process of development of the EU strategy for the 
Danube region28.

In Serbia, disturbing accident on the Danube took place on its section running 
through Serbia near border with Bulgaria and Romania on October 2006. The oil 
industry  of Serbia – ‘Jugopetrol’ Prahovo was responsible for the accident, which 
was caused by the failure of installation. The oil spill on the Danube was over 50 
km long and threatened  the Danube in Bulgaria and cities Vidin, Montana and  
Vratsa. Republican water management inspection examined in details possible 
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sources of pollution. Inspection  concluded that crude oil and other oily sub-
stances liked into the river Danube from installation of  the Oil industry of Serbia 
– ‘Jugopetrol’ Prahovo. The management of the Bulgarian Nuclear Power Plants 
‘Kozloduy’, located on the banks of the Danube, has developed an intervention 
plan to prevent greasy water to enter in its channel. Also, in danger greasy water 
to enter was Bulgarian Thermal ‘Vidah’.

Four years after the accident on the Danube took place on its section running 
through Serbia, after the damage on 4 October 2010 in the Hungarian factory of 
aluminium MAL Hungarian Aluminium at Ajka 160 km to the west from Budapest. 
Due to the damage of the walls of the open dumpsite of the waste sludge of this 
factory, which has been in this area deposited for the last 50 years, there occurred 
runoff and spilling of more than 500 000 m3 of waste water and sludge into the 
downstream area. Thus 3 villages were flooded in the area of 1000 ha (detail in 
the upper left corner of the picture).

Fig. 4. Location of MAL Hungarian Aluminium plant in Ajka (Hungary) and profile-Bezdan on the 
Danube in Serbia

This was the largest industrial damage in Hungary so far and probably the 
major chemical accident in the middle section of the Danube river, which threat-
ened to expand to the lower Danube. 

Ten persons lost their lives and over 150 were injured in this accident. The 
potential danger was the circumstance that the waste sludge poured out over the 
nearby river Torna into the Rab river flowing into the Danube. In this factory of 
aluminium the so-called wet Bayer process is applied whose by-product is aque-
ous solution of sodium hydroxide (NaOH (aq)) with high content of salts of heavy 
metals. The spilled waste sludge contains several toxic compounds, with the fol-
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lowing percentage structure: 40–45% Fe2O3 (ferrous (III) oxide), 10–15% Al2O3 
(aluminium oxide), 10–15% SiO2 (silica dioxide), 6–10% CaO (calcium oxide), 
4–5% TiO3 (titanium dioxide), 5–6% Na2O (sodium oxide)29. 

The proportions of this accident and the degree of risk of the toxic sludge from 
the flooded area reaches the Danube river were such that they raised the degree of 
readiness in the countries of the downstream portion. In Serbia the teams of the 
Ministry of Internal Affairs – Sector for Extraordinary Situations, the Ministry of 
Agriculture, Forestry and Water Management, the Ministry of Environment and 
Spatial Planning and the Republic Hydrometeorological Institute of Serbia devel-
oped 3 possible scenarios for responding depending on concentration of hazardous 
substances which were expected considering the time of arrival of the contaminated 
wave. The first sample was taken on 8 October 2010, at 12:00 a.m. 

Fig. 5. Concentrations of zinc (Zn) at the measuring site of Bezdan (Danube, Serbia)
nickel (Ni)-diluted (right bank)
class 1 and 2

nckel (Ni)-diluted (left bank)
class 3 and 4

The sampling was continued till 13 October when the last sampling was made 
at 06:00 a.m. The sampling was done several times during the day, so that altogether 
26 samples were taken which were tested in the physical and chemical laboratory of 
the Republic Hydrometeorological Institute of Serbia. The tested samples showed 
exceeding as to the parameters zinc (Zn) and nickel (Ni) as follows30: 

• the concentration of nickel (Ni) was exceeded on 9 October 2010 in the 
sample taken at 6.30 p.m., the concentration amounted to 52.9 µg/l (MDK for II 
class of the watercourse is 50 µg/l) (Fig. 6 );

• the concentration of zinc (Zn) was exceeded on 10 October 2010 in the 
sample taken at 6.00 p.m., and the concentration amounted to 277.7 µg/l and at 
9.00 p.m., the concentration amounted to 323.1 µg/l (MDK for II class of the 
watercourse is 200 µg/l) (Fig. 5); 

• concentration of zinc (Zn) was exceeded on 11 October 2010 in the sample 
taken at 00.00 h, the concentration amounted to 283, 9 µg/l, and at 03.00 a.m. and 
the concentration amounted to 460, 2 µg/l (MDK for II class of the watercourse 
is 200 µg/l).
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Possible proportions and effects of this transboundary accident emphasise the 
importance of introducing automatic monitoring of surface waters on border inlet 
and outlet profiles of watercourses of Serbia, which would certainly necessary to 
regulate in more details by local legislation.

Fig. 6. Concentrations of nickel (Ni) at the measuring site Bezdan (Danube, Serbia)
nickel (Ni)-diluted (right bank) nickel (Ni)-diluted (mean flow)
class 1 and 2 class 3 and 4

 
Development of ecological awareness emphasises perceptions that man by 

his actions must not bring about interruptions of processes in nature by managing 
it according to his needs, nor the disturbance of functioning of the balance which 
has from time immemorial been existing between living creatures and their liv-
ing environment³¹. Serbia which tends to join the EU through implementing its 
criminal laws understands the significance of the problems related to protection 
of environment by emphasising a distinct ecological awareness.

CONCLUSIONS

The awareness of healthy human environment has obviously not grown sufficiently 
up to now, although serious debates, knowledge and need of protection of envi-
ronment appeared and were included in multilateral documents in Europe in the 
mid-50’s of the last century.

Various environmental issues cover a significant part of the EU activities 
nowadays. The efforts of the European Union regarding more intensive and 
more comprehensive political actions in this domain coincide with the empha-
sised tendency of strengthening the awareness of the importance and global 
consequences of the degradation of environment. In our country that activities 
include the upcoming adoption of implementing regulations which the provi-
sions of certain EU regulations be fully and completely transferred into national 
legislation. It is planned to take practical measures adopted to implement the 
regulations, including the creation of a database of the Seveso II plants, the 
national plan, municipal plan of treatment and treatment plan in case of acci-
dents with transboundary effects, etc. particularly difficult to consider the ap-
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plication of the integrated prevention and control of environmental pollution. 
The importance of taking legal measures in this field is primarily base on the 
estimate that jeopardising environment by criminal acts is the problem taking 
increasingly serious proportions, causing major damage to environment, both in 
Europe and worldwide. At the same time, by such activities, the perpetrators realise 
significant profit with minimum risk from being discovered and criminal prosecu-
tion, particularly in cases of criminal acts with international elements.
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