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bstract

The European major accident reporting system (MARS) was created within the framework of European Union (EU) directive 82/501, the
o-called “SEVESO” directive, and in order to register all the major industrial accidents notified to the European Union authorities from the

ember states. Statistical analysis of these accidents offers significant data to the understanding and prevention of industrial accidents. This paper
akes an analysis of some characteristics of major accidents in the petrochemical sector included in MARS. The statistical analysis focused on

he main categorization fields of the MARS short reports and additionally a refinement of the immediate causes of major accidents with focus on
he organizational factors was attempted through the details provided in the full reports of the database.

2006 Elsevier B.V. All rights reserved.
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. Introduction

The major accident reporting system (MARS) has been devel-
ped and operated since 1984 by the Major Accident Hazard
ureau (MAHB) at the Institute for Systems Engineering and

nformatics (ISEI) of the European Commission (EC) Joint
esearch Centre (JRC) in Ispra, Italy, within the framework of

he SEVESO regulatory directives [1].
Major accidents have been defined in the SEVESO I regula-

ory environment for the chemical process industry, as “an occur-
ence such as a major emission, fire or explosion resulting from
ncontrolled developments in the course of an industrial activ-
ty, leading to a serious danger to man, immediate or delayed,
nside or outside the establishment, and/or to the environment,
nd involving one or more dangerous substances” [2].

The SEVESO II Directive, which replaced and strengthened
EVESO I, includes a more succinct definition of what consti-

utes a major accident based on precise quantitative threshold

riteria, which result in an overall lowering of the criteria for
otification. It also demands for notification of accidents or near
isses, which member states regard as being of particular techni-
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E-mail address: zoe@ipta.demokritos.gr (Z. Nivolianitou).

o
f
l

w
d
m

304-3894/$ – see front matter © 2006 Elsevier B.V. All rights reserved.
oi:10.1016/j.jhazmat.2004.12.042
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al interest for preventing major industrial accidents and limiting
heir consequences [3].

The criteria for the notification of an accident to the Commis-
ion as provided for in Article 15 (and annex VI) of the SEVESO
I Directive are:

. Substances involved (quantity of dangerous substance dis-
charged)

. Injury to persons and damage to real estate

. Immediate damage to the environment (terrestrial, freshwa-
ter, marine habitat and groundwater)

. Damage to property

. Cross-border damage

Both SEVESO I and SEVESO II Directives require that com-
etent authorities of the European Union (EU) member states
otify major accidents involving dangerous substances which
ccur in their own countries to the European Commission, except
or those related to nuclear, military, mining, transport or waste
and-fill sites.
Section 2 of this paper makes an overview of MARS database,
hile Section 3 presents the statistical analysis of major acci-
ents in the petrochemical industry included in it. Section 4
akes a refinement of general causes, with respect to, the

mailto:zoe@ipta.demokritos.gr
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nderlying ones. Finally, Section 5 discusses the results of the
uthors working experience with MARS.

. MARS structure

The way of reporting accidents in MARS comprises two
orms: the ‘short report’ which is intended for use in the imme-
iate notification of an accident, and the ‘full report’, which is
repared when the accident has been fully investigated, and its
auses, evolution, and consequences are fully understood. In cer-
ain cases, further information becomes available as, for example
n the course of judicial proceedings. There is also provision for
he ‘full report’ information to be further modified [1].

The ‘short report’ gives essential information concerning the
ccident, in a free-text format, under the following headings:

accident type
substances directly involved
immediate sources of accident
immediate causes
immediate effects
emergency measures taken
immediate lessons learnt

The ‘full report’ is much more analytic, and involves more
ork in its preparation. It still contains free-text fields to describe

acts connected with an accident, but it also contains the defini-
ion of descriptive codes, for the accident itself and for associated
nformation, so as to enable the MARS database to be searched
nder almost 200 different headings (data variables). Some of
hem are listed below:

type of accident
industry where accident occurred
activity being carried out
components directly involved
causative factors (immediate and underlying)
ecological systems affected
emergency measures taken

MARS does not constitute the only database in European
evel. Other databases concerning industrial accidents in fixed
nstallations do exist, such as national databases in some Euro-
ean countries: ZEMA in Germany; ARIA in France; AEA
echnology MHIDAS database in UK; TNO FACTS database in
he Netherlands; the World Offshore Accident Data (WOAD),
nd the Loss Prevention bulletin of UK IChemE. Additionally,
o that, there also exist also many non-public sources for data
ollection from industries and insurance companies.

Concerning MARS, it is very important to mention the fol-
owing:

. MARS is the mandatory major industrial accidents database

and reporting scheme within the European Union.

. It includes major industrial accidents but also ‘unusual’ major
technological events with serious social impact (e.g. damage
in an amusement park).

B
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. It has the purposes of the rapid dissemination of the infor-
mation supplied by member states pursuant to Article 15(1)
of the SEVESO II Directive among all competent authori-
ties with an analysis of the causes of major accidents and the
lessons learned from them.

. It supplies information to competent authorities on the occur-
rence, prevention and mitigation of major accidents [3].

Thus, apart from information distribution, the main purpose
f MARS is to analyse the data reported by the member states
o the Commission with aiming at generation of lessons learned
rom accidents. This is being done within the overall objectives
f the SEVESO Directive:

. prevention of major accidents involving dangerous sub-
stances;

. limitation of their consequences on man and the environment,
with a view to ensuring high levels of protection throughout
the community in a consistent and effective manner.

Lessons learned from major industrial accidents should help
o identify significant areas of concern. This could also help into
etting of priorities for further improvements and into undertak-
ng more research or/and regulatory intervention for industry,
here necessary. Those lessons could also be used as input to
ualitative and quantitative risk analyses either as relevant top
vents, or initiating events, or even as accident sequence scenar-
os.

MARS currently includes 498 accident events (status
/2003), each consisting of 200 data variables, 30 of which are
ree-text fields. In other words, 100,000 individual categorical
selection lists, click boxes) and numerical data values define
ogether with 15,000 free-text fields the total amount of infor-

ation included in the database events.

. Data analysis

.1. Type of industry

For the above-mentioned 498 accidents and according to the
ata provided both from the short and the full reports, statisti-
al analysis can be made of the fields mentioned in paragraph
. This has been extensively done by Kirchsteiger, Kawka and
irchsteiger, and Drogaris [4–7].
The present analysis, however, is concentrated on the acci-

ents that happened exclusively in petrochemical installations
nd refineries which sum up to 85 (status 6/2003) in the MARS
atabase. Petrochemical installations are characterized by very
igh levels of risk because of the nature of processed flammable
ubstances and of the gravity of consequences, in case of a
ajor accident in these establishments. Many specific accident

ypes are closely related to the petrochemical installations (e.g.

LEVEs, fireballs, UVCEs) whose consequences can affect
any people inside and outside these establishments, but also

he surrounding environment as mentioned by Papazoglou et al.
8,9].
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member states but could also be explained as a consequence of
Fig. 1. Percentage of major accidents notified in

As shown in Fig. 1, accidents in petrochemical installations
epresent the 17% of the total number in industrial accidents,
hich is the second more important sector in industrial installa-

ions behind general chemicals with 32%. Pharmaceutical and
esticides follow with 9% along with wholesale and retail stor-
ge with 10% (including LPG bottling and bulk distribution and
ank storage farms). The category other (12%) includes smaller
nd less dangerous industrial activities such as: ceramics, tim-
er and furniture, textiles and clothing, electronics and electrical
ngineering, amusement and transportation centers. The small-
st percentage belongs to the paper manufacture industry, the
aste treatment disposal and the power supply and distribution

ndustry (2% in all cases). This percentage does not mean that
ccidents do not happen in these industrial installations. Acci-

ents do happen, but they do not fall within the category of
ajor accidents as this is given by the EC [7]. In 1% of the

vents, the information given was not sufficient so as to per-

a
“
a

Fig. 2. Number of major accidents in the petroc
S per type of industry for the period 1985–2002.

it classification of the accident in a certain type of industrial
ctivity.

Regarding the analysis of major accidents in the petrochem-
cal field, the following observations have been made in the
arious classification criteria.

.2. Year of occurrence

The distribution of accidents in the petrochemical sector per
ear in the period of 1985–2002 is shown in Fig. 2.

The overall slight increase in the beginning of the 1990s in
umbers of accidents reported to MARS per year does not mean
ecessarily increase in actual accident occurrences in the EU
n increased acceptance of the MARS which led to reporting of
any interesting” accidental events by the competent authorities,
s commented by Kirchsteiger [4].

hemical industry per year of occurrence.
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Table 1
Number of cases of substances involved in major accidents in the petrochemical
industry

Substance involved Number of accidents

Hydrogen 13
Crude oil 5
Heavy H/C 12
Gas oil 21
Natural gas 13
LPG 21
Ethylene 12
S
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sequence categories. It is evident that in most accidents with
fatalities and/or injuries, there is also material loss involved,
while in cases with bigger number of fatalities, a significant
community disruption is also likely.
ulfuric products 7
F 2

.3. Substances involved

Table 1 shows the substances that were more involved in
ccidents of the petrochemical field directly or indirectly. In
ost cases (21 major accidents), gasoline and its products were

nvolved, while LPG contributes with 21 accidents as well.
atural gas (LNG, methane, ethane) was present in 13 cases.
eavy hydrocarbons and crude oil were the hazardous substance

nvolved in 13 and 5 cases, respectively. Hydrogen and ethylene
ere involved in 13 and 12 accidents each. Sulfuric products

SO2 and H2S) were involved in seven major accidents, human
actors (HF) in two major accidents and mineral oils in one
ajor accident. It is obvious that in some cases more than one

ubstance were involved in the accident.

.4. Substances characteristics

Substances are categorized in MARS by means of their haz-
rdous characteristics (toxic, flammable and explosive) and their
elative percentage in the major accidents bulk. As expected
rom the type of industry, we are focusing on and the type of
ccidents that usually take place in this industry; most of the
ubstances are flammable (48%), explosive (1%) or both (35%).
urely toxic was the 12% of the substances involved in major
ccidents, while the ecotoxic and the corrosive substances rep-
esent together the 4% of the total percentage of substances
nvolved.

.5. Type of accident
Fig. 3 shows the number of accidents notified per type of
ccident.

Fig. 3. Type of major accidents in the petrochemical industry.
F
p
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In 62 cases, a release on the ground or in the air was notified
nd only in 6 cases release had taken place in the water. Fire was
gnited in 57 cases and explosion phenomena (either as fireball
r VCE confined and unconfined) took place in 37 cases. As
t is evident, in major accidents, these types of accidents may
o-exist and overlap.

.6. Operating status

In most of the cases (70%), the plant was under normal oper-
tion when a major accident took place. Phases more critical to
he life of plant are shutdown, restart and start up. From the point
f view of major accidents, these phases represent the 3%, 1%
nd 6%, respectively. Maintenance and testing have a percentage
f 13% and 4% in major accident occurrence each.

.7. Immediate causes

The graph in Fig. 4 presents the immediate causes of acci-
ents notified to Major Hazards Bureau and shows that 40%
f the major accidents notified have causes either exclusively
19%) or partially (21%) attributed to human factor. Equipment
ailure was the 44% of the causes of major accidents in the
etrochemical sector in the period from 1985 to 2001; natural
henomena like floods or thunderstorms and environment con-
itions like low temperature or humidity were the 7% of causes
ither directly (3%) or in combination with equipment failure
4%). “Other” notifies rare and random events. In 9% of the
ases, immediate causes have not yet been defined.

.8. Consequences

In Fig. 5, the immediate consequences of the accidents noti-
ed in the petrochemical sector are presented. As for the accident

ype categories, there is significant overlap among the con-
ig. 4. Immediate causes of accidents in the petrochemical industry for the
eriod 1985–2002.
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Table 3
Post accident measures taken for major accidents in the petrochemical industry

Post accident measures Number of accidents

Design change 28
Procedures 16
Inspection 15
Safety audit 2
M
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ig. 5. Serious consequences of major accidents in the petrochemical industry.

A main observation in the present analysis is that 20% of the
ccidents (19 accidents), led to human fatalities while in 50%
f the accidents (40 accidents), human injuries were registered.
he hazard potential of this specific industrial domain along
ith the propagation of the consequences, in case of an accident,
eyond the industrial establishment barriers may explain these
levated numbers. Unfortunately, the exact number of injured
erson inside and outside of the establishment is not known.

Furthermore in 10% of the accidents (eight accidents), envi-
onmental consequences were registered. Again, no information
s given on the magnitude or the severity of the consequences in
he ecosystem.

.9. Emergency measures taken

Table 2 presents the emergency measures taken during the
volution of the accident in the petrochemical sector. In almost
ll cases (89%), the internal fire brigade forces of the establish-
ent had to interfere in order to suppress the accident. This was

one in combination with external forces (42%), with evacuation
f nearby communities (10%) and with sheltering of the popu-
ation (6%) or decontamination of the surroundings (6%). In 3%
f the cases, only decontamination of ground and waters took
lace, and in 4% of the cases, there was no need for intervention.

.10. Post accident measures

The measures taken after the conclusion of the accident are
ither measures of prevention (52%), or measures of mitigation

3%), or both (18%). There are still cases that the after accident
easures are not yet defined.
In Table 3, the most common post accident measures taken

re presented. In most cases, changes in the design (39%) or

able 2
mergency measures taken for major accidents in the petrochemical industry

mergency measures taken Percentage of accidents

n site 25
n site + external 42
n site + external + sheltering 3
n site + external + decontamination 6
n site + external + sheltering + evacuation 3
n site + external + evacuation 10
xternal + evacuation 4
econtamination 3
othing 4

otal 100
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aintenance 5
afety manager 6

evelopment of new procedures (22%) were decided. As lack
f inspection and/or adequate maintenance is crucial, inspection
21%) and maintenance (8%) were defined as post accident mea-
ures. The use of a safety manager (8%) and the organization
f a safety audit (3%) were also notified to the Major Hazards
ureau.

. Refinement of immediate causes in the full reports

After examination of the full reports, it has been realized
hat many causes initially classified as equipment failure in the
hort reports description, were actually due to organizational
actors. On the other hand, in many cases, equipment failure
ue to corrosion was caused by faulty maintenance, which is a
ure organizational matter.

Fig. 6 depicts the specific causes attributed to human/
rganizational factors in the accidents of the petrochemical sec-
or. Human error is mainly caused either by design deficiency
r by lack of procedures (22% and 17%, respectively). Lack of
rocedures does not only mean that there are no procedures for
he specific task. Indeed, procedures might exist but they are
nadequately or incomprehensively written. Other causes that
re incorporated in the human and organizational factor notion
re: lack of training or inadequate training (11%), management-
rganization (9%), inappropriate maintenance (4%) and inspec-
ion (3%) and operator error (11%).

The specific causes for equipment that contributed to acci-
ents in the petrochemical sector are presented in Fig. 7. In most
f the cases, malfunction or corrosion was the specific causes
or equipment failure (28% and 18%, respectively). Other causes
elated to equipment failure are: unexpected or runaway reac-
ion (11%), control and monitoring failure (5%), electrostatic
ccumulation (4%) and blockage (7%).

Another case of latent organizational failure is the inadequate
aterial; cause identified in short reports as equipment failure,
hich, however, is further categorized as a design deficiency

22%) in full reports.
In 25% of the petrochemical major accidents (22 out of 85

n total), the initial cause in the short report was mentioned
s equipment failure but from the details provided in the full
eports, the real cause turned out to be organizational factor,
ith most frequently the design deficiency and the lack of train-
ng and procedures. The reader must keep in mind that not every
etrochemical major accident has a full report and that even in
ull reports there are cases where the accident causes are not yet
dentified.
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Fig. 6. Specific causes concerning human and organizational factors for major accidents in the petrochemical industry.
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Fig. 7. Specific causes for equipment failur

Following this analysis, it becomes obvious that the overall
ercentage of human related causes has increased dramatically
fter the submission of the full reports, as organizational and
anagement causes are incorporated into the human factor cat-

gory causes supporting the finding of Cacciabue [10] that 80%
f the accidents are due to human factor.

This observation is also supported by the fact that human
actors are nowadays recognised as the most important issue in
odern technology, with respect to, many related facets, such

s usability, efficiency, effectiveness and especially safety [11].
ackling HF and human–machine interaction (HMI) demands
onsideration for technical systems and working environments,
ogether with the social and organizational context in which
ctual interactions take place. These factors must be integrated
nd considered in order to develop sustainable and effective
esign of systems and interfaces, effective training of opera-
ors and managers, and sound and accurate safety assessments
nd accident investigations.
. Conclusions

The conclusions from several accident investigations and
rom studies on safety related issues in the petrochemical sector

m
m
p
s

or accidents in the petrochemical industry.

how that similar cases had already been registered in the past.
s mentioned by Drogaris [7], this gives clear indication that,

lthough the knowledge needed to prevent major accidents and
inimize their consequences is often available, there is:

(a) lack of proper safety culture to enable effective use of this
knowledge; and

b) lack of a structured communication system to diffuse this
knowledge.

Thus, the overall objective of the major accident reporting
ystem to collect and diffuse knowledge on industrial accidents
omes to fulfill the above gaps. With the use of the reporting
ystem, competent authorities are able to exchange information
nd knowledge on the prevention, monitoring and post accident
itigation of severe incidents. The open form of the short reports

o the public gives the possibility to spread out this knowledge.
The statistical analysis of the major accidents for the period

985–2002 shows that the petrochemical industry is one of the

ost affected industrial fields with a high percentage (17%) of
ajor accidents. However, the rate of major accidents in the

etrochemical industry is constant in the last decade, with a
light decrease in 2000–2001 period (two accidents). The sub-
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[12] E. Hollnagel, Cognitive Reliability Error Analysis Method, Elsevier Sci-
Z. Nivolianitou et al. / Journal of

tances most frequently present in major accidents were gasoline
and its products) and LPG and as expected from the type
f industry under focus in most of the cases substances were
ammable and explosive. A fire that took place under normal
perating status of the plant is the most frequent major acci-
ent notified to the MARS, which unfortunately is related to
0% of the cases with human injuries. The immediate causes of
uch major accidents are attributed to either the human factor (in
0% of the cases) or to equipment (in 44% of the cases). Natural
henomena and random events are also registered as immediate
auses of major accidents.

In major accidents, the interference of internal forces is abso-
utely necessary in almost all of the cases while the interference
f external forces too was necessary in one third of the cases,
ometimes in combination with other measures to protect the
earby communities such as sheltering, or evacuation. Decon-
amination of the surrounding environment resulted as necessary
n only eight cases in total (as the only measure taken and in
ombination with other emergency measures). The post acci-
ent measures that took place after the termination of the major
ccidents were measures to prevent the accident of happening
gain in most of the cases, or measures to mitigate its conse-
uences.

In the last decades, it has been cleared that human actions
onstitute a major source of vulnerability to the integrity of
nteractive systems, complex as well as simple ones. “Human
rrors” are inappropriate, incorrect or erroneous human actions
nd thus are causes of great concern as mentioned by Hollnagel
12]. However, the deeper analysis of major industrial accidents
n diverse sectors revealed that the events leading to an accidental
utcome had their origins in the organization and management
f the system. For this reason, the focus of attention is moving
way from the technical and human failures to the management
ctivities [13].

The analysis of the specific causes of major accidents notified
o the MARS database shows a latent contribution of man-
gement and organizational failure to the causation of major
ccidents. Even in cases where equipment failure was identified
s the primary cause of the accidents, the more detailed study
f full reports revealed organizational deficiencies that can be
ategorized either as inadequacies (design or procedures) or as
nsufficiencies (maintenance, inspection or training). The same
s valid for cases where a human error was registered as imme-

iate cause.

The combined percentage for human related causes – human
rrors, organizational and management issues – increases dra-
atically up to 64%.

[

rdous Materials A137 (2006) 1–7 7

The research and the analysis of the major accidents are of
reat importance for prevention of similar accidents and miti-
ation of the outcome. However, it is of crucial importance to
xpand this analysis to the near misses as those can reveal very
mportant information about the status of the establishment and
ts potential to give rise to severe accidents. MARS has fore-
een the notification and reporting of near misses too. It is up to
he competent authorities to motivate industries to circulate this
nformation too.
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