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Summary
A study of more than 650 accidents occurred in European ports has been carried out. The main characteristic of all these accidents is that they involve chemical substances with their consequent risk for society and environment. Accidents occurred in European ports from 1919 until present have been analyzed in detail to understand better their main characteristics and typology. Most of the accidents have occurred in the last decades, being France (29.9%) the country with the higher percentage of accidents followed by UK (25.8%). The most common type of substance involved in the accidents is oil or derivates (56.8%) and in most of the accidents a release of material occurred (61.0%), being this one the type of accident that has increased the most in the last years. The main origin is transport (41.7%) and transfer (31.5%), both typical port operations. Impact is the most common cause of accidents in ports (45.1%). Concerning the consequences on population, European accidents seem to have less severe consequences on population than accidents in ports worldwide. The number of accidents increased during the 20th century but it can be observed a clear reduction in the new century.
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Introduction
The shipping industry plays a vital role in the world trade, transporting around 90% of the world goods (ICS, 2016), therefore maritime transport is essential for the global economy and to improve the quality of life of human beings all over the world. In addition, it is a safer and more environmental mean of transport, reducing costs and the emissions of CO2 (St. Lawrence Seaway System, 2016).
Within the shipping industry, ports have a very important role as they operate as the connection between sea and land, as well as with the hinterland, to be able to unload and load the transported products. A port area is characterized by a wide range of activities: whereas some of these activities are common to the majority of industrial areas (e.g. big oil terminals, presence of rail and road traffic, chemical and petrochemical plants, general manufacturing and industry), there are several activities that are to be encountered exclusively in a harbour setting. The latter involve all aspects of navigation and ships: loading and unloading of goods, oil jetties, shipyards, the presence of fishing fleets, marinas, dredging, the building of port infrastructures, etc. (Ronza et al, 2003). 
As a result, ports are complex organizations and source of potential risks of accidents due to the ship traffic and the multiple activities that are carried out in these areas. Several authors have already studied the risk of accidents in ports in the past (Romer et al, 1995; Rigas and Sklavounos, 2002; Darbra and Casal, 2004). 
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Throughout the 20th century and also in the 21st century there have been some maritime accidents that have caused an important damage not only on the environment, but also on population that have forced authorities to take measures to ensure safety in this sector. In Europe, the disasters of Urquiola in 1979 (ITOPF, 2018a), Aegean Sea in 1992 (ITOPF, 2018b) and Prestige in 2002 (ITOPF, 2018c), that affected mainly the coasts of Spain, became turning points. In the United States, the sinking of Exxon Valdez (AOGHS, 2018) in 1989 and the explosion of Deepwater Horizon (The Guardian, 2018) in 2010 caused an important environmental damage and the responsible enterprises were compelled to pay very high economical compensations that unfortunately did not fix the natural disasters. With reference to the effects on population, accidents such as the one of Whiddy Island (Ireland) in 1979 (Cedre, 2018), or the one in Utrecht (The Netherlands) in 1967 (MHIDAS, 2007) caused an important amount of casualties with the consequent social impact. 
When an accident occurs, the most evident consequences, as mentioned, are the environmental damages and, in the worst cases, the casualties. However, another aspect that must be taken into account are the economic losses. In fact, as it has been mentioned previously, ports are industrial areas with an important economic activity, so the business aspects also play a role when studying the consequences of a port accident. For example, one of the most serious accidents that have occurred in Europe took place in Naples (MHIDAS, 2007), Italy, in 1985. In this accident, the fire and explosion during the transfer of petrol from ship to storage tanks caused 4 killed and 170 injured. The economic damages raised to $20 M due to the severe damages in the port of Naples that this accident caused. In the last years, another example of an accident that caused an important economic damage was the spill of oil of a bunker ship while transferring it to a refinery in Donges (ARIA, 2018), France, in 2008. The spillage caused an important environmental damage along the French coast and the operator bore the cost of 50 M euros to cover for the damage incurred, clean up and compensate effected businesses. 
In order to avoid these accidents, the European authorities have established a set of legislation, which aim is to ensure the safety and normal operation in European ports. Among this legislation, the Seveso directives (EC, 2017) and the Directive 2008/68 (EC, 2018) on inland transport of dangerous goods have played a vital role in the drop of accidents in ports areas since the beginning of 21st century.
In conclusion, it should not be omitted the possibility of a severe accident in the transportation of hazardous materials in ports. This paper has compiled accidents occurred in Europe from the beginning of the 20th century until nowadays gathering data from databases, reports and websites. This information will allow to establish trends and understand the causality and the origin of these accidents. What is the real situation concerning serious accidents in port facilities? Are there many of them? Are there few? Is their frequency stable or is it on the rise? What are their most common consequences? A historical analysis of the accidents that have occurred can answer these questions, providing very interesting information about the most frequent accidents in port facilities, their origins and causes, their consequences (number of people affected, effect on the environment, etc.). The results of this analysis should allow the identification of the main sources of risk and at the same time provide very useful information for laying down safer operating procedures and drawing up contingency plans.

Methodology
The survey has been performed by using both databases and other sources of information such as reports, websites or journals. Examples of databases that have been used are:
· The Analyse, Recherche et Information sur les Accidents database (ARIA, 2018), created in 1992 by the French Ministry of regional Planning and the Environment; 
· The Failure and Accidents Technical Information System (FACTS, 2014), a database for accidents involving hazardous materials created by TNO Industrial and External Safety;
· The Major Hazard Incident Data Service database (MHIDAS, 2007) managed by the UK Health and Safety Executive. This database covers incidents recorded from the beginning of the 20th century until 2006;
· The Major Accidents Reporting System (eMARS, 2018), through which EU member states report industrial accidents in a standard format, overseen by the Major Accident Hazards Bureau (MAHB) of the European Commission Joint Research Centre;
·  The Global Integrated Shipping Information System (GISIS, 2018) managed by the International Maritime Organization, which includes information about accidents, maritime security or pollution prevention on international seawaters. 
It is important to mention that MHIDAS, the most important database in the world concerning chemical accidents, stopped its activity in 2007. This supposed a notable loss of information concerning accidents in the world from 2007 on. For this reason and after researching in other databases, it was decided to include only European accidents to this study. The access to these accidents was ensured by the different EU databases previously mentioned. On the contrary, the information on accidents in the whole Planet was not so trustable since there does not exist a global database of accidents involving chemical substances. However, it is important to notice that searching for accidents in databases can suppose a certain deviation in the results, as each database contains more detailed information on accidents occurred in the country from where it is managed. As it will be seen in the results, a lot of accidents from France and UK have been collected because the databases from these countries are the most complete and reliable ones.
In any case, when analysing a speciﬁc accident in these databases the information is often incomplete, the description is rather short and details on the accident sequence are lacking. This requires a detailed search for speciﬁc information on most accidents, which can be performed by consulting accident reports from different sources. Among these, the European Maritime Safety Agency reports (EMSA, 2018) managed by the European Commission that gathers information on maritime accidents in European sea waters or the Maritime Herald; a leading news journal about shipping that compiles the latest worldwide accidents in ports (Maritime Herald, 2018) and the website of the French Centre for Documentation, Research and Experimentation on Accidental Water Pollution (Cedre) that includes accidents of the shipping industry from all over the world (Cedre, 2018).
In order to find the accidents a key word search has been conducted, using port related words such as: “port”, “harbour”, “transhipment”, “port terminal”, “dock”, “pier”, “yatch”, etc. Once the accidents have been gathered, each one has been analysed in detail to be sure that it was an accident occurring in a port and involving chemical substances. 
Concerning the countries included in this research, documented accidents have been found in 21 EU countries (including all the EU members with coast except for Letonia). In addition, Switzerland has also documented inland port accidents that have also been taken into account. Finally, Norway, although it is not an EU member, has also registered some port accidents that have been included in this research.
It is important to explain what has been considered a “port accident”. It has been taken into account as a port accident any accident occurred within the limits of a port area or an accident of any mean of transport entering or leaving the port, which is not have to be always a ship. Consequently, any accident of a ship, train or truck beyond the boundaries of a port has not been considered, although they were carrying any kind of cargo to the port area. Moreover, despite the widespread view that a port must be in the coast, it can not be ignored that there are also inland ports, which have been also taken into account in this research. In fact, the inland navigation plays an important role in the European trade of goods thanks to the navigable rivers of Central Europe (e.g. Rhine river, Danube river or Seine river) (European Court of Auditors, 2015).
All the accidents compiled in the study involved chemical substances in order to point out the risks and consequences of transporting and manipulating this type of goods. This fact leaves out of the research any accident resulted with injured people or casualties without any relationship with chemical products (collapse of a building, ship impacts without any environmental damage, occupational accidents, etc.).
With the final set of accidents, an Excel sheet has been created with all the information gathered by category. For example, for each accident, aspects such as the origin, fatalities caused or substances involved have been categorized in order to conduct later on a statistical analysis.   
Results and discussion
The aim of the study is not only to make a historical research of accidents in European ports from the beginning of 20th century on, but also to focus on the accidents occurred in the last decades to verify the safety measures taken in Europe and identify the most sensitive points of the maritime industry. For this reason, a comparison between the historical trends and the tendency in the last 27 years has been presented. 
Around 80% of the documented accidents occurred in Europe in port areas have happened after 1990 as it can be seen in Figure 1. This can be explained for two reasons: the increase of traffic in the recent years (UNCTAD, 2017) but on the other hand, a better access to this type of information nowadays. These results are in line with the study of Darbra and Casal (2004) for the whole world. It is also interesting to notice the decrease of accidents in the new century. This could be explained by the increase of safety measures in European countries in the last decades (e.g. Seveso directives, OHSAS 18001, ADR) and the improvement of technology in different port operations.
Figure 1. Distribution of accidents by decades.


Concerning the location of the accidents (Fig. 2), France is the country with the highest percentage of accidents (30.0%), followed by United Kingdom (25.8%). This seems logical as these countries afford a high percentage of all the maritime activity in Europe (EC, 2016), but it should not be ignored the resulting deviation of using databases from these two countries as it has been mentioned before. Other countries where several accidents have occurred are Germany, Netherlands and Spain, which also hold some of the most important ports in Europe.









Figure 2. Location of the accidents.
Regarding the substances involved in the accidents, they are, in more than half of the cases, oil or related products, such as, crude oil, fuel oil and other hydrocarbons as it can be seen in Figure 3. This could be explained because in a port many times oil products are manipulated, for example, when bunkering a ship, when loading or unloading hydrocarbons or in a petrochemical company located in the port. Other products usually involved in the accidents are chemicals such as chlorine and ammonia, typical substances of the chemical industry. These results are similar to those obtained by Ronza et al. (2003), where 59% of the worldwide accidents involved oils or hydrocarbons. Crude oil: 30%
Fuel oil: 28%
Diesel: 13.5%
Gasoline: 13.2%
Others: 15.3%
Chlorine 11.3%
Ammonia 8.8%
Methanol 7.8%
Nitrogen 7.6%
Sodium 5.0%
Others: 59.5%

 










Figure 3. Substances involved in the accidents.
As it can be seen in Figure 4, above 40% of the accidents occurred during transport operations. It should be noted that the ‘‘transport’’ category includes, in principle, all accidents that occurred in moving ships (entering or leaving the port), manoeuvring, and in lorries or trains transporting products to the port facilities. Taking into account that one of the basic functions of ports is precisely the movement of goods, it is not a surprise to find out this percentage. In addition, and for the same reason, it is also logical that 31.5% of accidents have occurred during transfer operations, a typical activity in a port. In total, it can be stated that more than 70% of the accidents occur in typical port activities. Other origins are storage areas and process plants, not so characteristic of port areas, being around 20% of the total of the port accidents. These results are in line with the study of Ronza et al. (2003).
Concerning the percentage of transfer, it can be stated that in comparison, transfer used to be a more sensitive activity in the past than nowadays, involving more accidents. This could be due to the fact that in the last years new safety measures have been taken to ensure safer loading and unloading activities such as the automation of operations. On the other hand, accidents occurred during transport have increased spectacularly during the last years and this aspect should be taken into account by port authorities.
[image: ]
Figure 4. Origin of the accidents.

Concerning the type of the accident, the release or spillage of a chemical substance is the most common one, present in more than half of the accidents, as it can be seen in Figure 5. It is important to notice that a particular accident may, strictly speaking, be classified into more than one category. Thus, for example, an accident might consist of a release that then causes an explosion, or a release might give rise to an explosion followed by a fire. This introduces an inevitable degree of uncertainty into the statistical treatment of the data, being able that all the accident categories add more than 100%.  In addition, release is the type of accident that has increased the most in the recent decades, therefore action is required since it is the starting point of other types of accidents as commented.
As it can be seen in Figure 5, until 1990 there was no difference in the frequency of occurrence between the three main types of accidents (release, fire and explosion), but in the last 27 years it can be seen how the number of accidents concerning the spillage of a chemical substance has grown spectacularly and more than the others, being clearly the main type of accident in European seaports. In second place appear fires, with a rate of 23.2% and then explosions with 16.4%. In last place, with a very low percentage compared with the other types, come gas clouds (3.4%). These percentages are similar to the results obtained by Darbra and Casal (2004).
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Figure 5. Type of accidents.

Concerning the causes of the accident, all the accidents that appear in this research have been classified in eight types of possible general causes: mechanical failure, impact failure, human factor, instrumental failure, services failure, violent reaction, external events and upset process conditions. It should be mentioned that only 37.6% of the accidents had information about this category; then, the rest have not been included in this analysis. 
As Table 1 shows, 45.1% of accidents in ports are caused by an impact or collisions, for example between ships or between a ship and dry land. This percentage is in line with the results of Darbra and Casal in 2004, who in their study of the whole world found that 43.6% of the accidents in ports were caused by the same reason. Impact is followed by human factors (27%), mechanical failures (19.5%) and external events (17.5%), that, together with impact, make up more than 100%, as an accident may be caused by two or more causes at the same time. It is important to highlight the high rate of accidents caused by human factors. These results are in line with the ones obtained by Vílchez et al. in 1994 (25%), but the rate is higher if they are compared with the results of Darbra and Casal (15,9%). This fact can mean that, despite the improvements in safety, the accidents caused by human factors are still a challenge to face. The rest of the causes (violent reaction, instrumental failure, services failure and upset process conditions) show percentages that make them hardly relevant.
For the majority of general causes, one or several specific causes can be defined. Table 1 summarises the specific causes corresponding to the main general causes: impact, human factor, mechanical failure and external events. It can be seen that within the impact category, 86.5% (52.3% + 34.2%) of accidents have as their specific cause a ship/land or ship/ship collision. Considering the human factors, the most important ones are general operations, with 29.9%, and overfilling, with 16.4%. Regarding mechanical failures, the main cause are hoses (18.8%), flange coupling failures (16.7%) and valves (14.6%). Finally, the most common external events are fire (39.5%), high winds (34.9%) and lightnings (11.6%). 	

Table 1. General and specific causes of accidents in ports.


	Cause
	Number of accidents
	(%)

	Impact
	111
	45.1%

	Ship/land
	58
	52.3

	Ship/ship
	38
	34.2

	Heavy object
	4
	3.6

	General operation
	4
	3.6

	Human
	67
	27.3%

	General operation
	20
	29.9

	Overfill
	11
	16.4

	Procedures
	8
	11.9

	Ship/land
	5
	7.5

	Mechanical
	48
	19.5%

	Hose
	9
	18.8

	Flange coupling failure
	8
	16.7

	Valve
	7
	14.6

	Metallurgic
	2
	4.2

	External
	43
	17.5%

	External fire
	17
	39.5

	High winds
	15
	34.9

	Lightning
	5
	11.6

	Others
	12
	4.9%










































With reference to the fatalities of the accidents, for 45.6% of the accidents analysed there is no information available. As for the 54.4% of those for which this information is available, only around 20% caused deaths as it can be seen in Figure 6, and most of them less than 10 casualties. This percentage is much lower compared with other studies of ports in which all the accidents of the world were included, such as the one of Darbra and Casal, in which 46% of the accidents with information recorded fatalities. This can be related to the strict safety measure taken in Europe compared to other countries, as mentioned before. The accident with worst consequences, 50 deaths, occurred in European ports was the one of Whiddy Island in Ireland, also known as the Betelgeuse disaster. It happened on 8 January 1979, when the oil tanker Betelgeuse exploded in Bantry Bay, at the offshore jetty for the oil terminal. The explosion was attributed to the failure of the ship's structure during an operation to discharge its cargo of oil. The tanker was owned by Total S.A., and the oil terminal was owned and operated by Gulf Oil (Cedre, 2018).

















Figure 6. Classification of accidents according to the number of deaths in which information is available.


[bookmark: Eje]Concerning the injuries, 59.2% of the 654 accidents analysed have information on the number of people injured. Among these accidents, 29.4% of them presented this consequence on population as it can be seen in Figure 7, in most of the cases with less of 10 people injured. This is in line with the results obtained by Darbra and Casal (2004). The accident with more injuries occurred in European ports was the one of Utrecht (The Netherlands) in 1967 when a ship was being loaded with obsolete pyrotechnic ammunition and one of the items activated. There was a fire and detonation of explosives with 200 injuries and damage to the surrounding industrial area (MHIDAS, 2007). 














Figure 7. Distribution of accidents according to the number of people injured.

[image: ]As it can be seen in Figure 8, if only accidents occurred in the last 27 years are taken into account, just 10.7% of the accidents presented casualties and 20.1% of the accidents involved injuries, which shows once again the reduction achieved due to the latest improvements in safety measures.













Figure 8. Comparison between the killed and the injured rate since 1919 and in the last 27 years.




Conclusions
Ports are complex systems that involve a certain risk of accidents. Therefore, it is very important to analyse the occurred events in order to prevent future disasters. This paper has reviewed the accidents occurred in European ports in order to evaluate them and extract some conclusions to improve safety in these areas. 
The number of accidents increased during the 20th century, partly due to the increase of traffic in the recent years and also due to a better access to this type of information in the last decades. However, it can be observed a clear reduction in the new century which can be due to the general increase of awareness in the safety culture of the chemical industry brought by strict new regulations (e.g. EU directives) and the improvements in the technology of port operations such as the loading and unloading of cargo.
According to the location of the accidents, France has been the country with the higher percentage of accidents, probably due to the fact the accidents in this country have been very well documented through ARIA database. The same happens with UK, which also accounts with MHIDAS that provides detailed information on accidents. Other countries where several accidents have occurred are Germany, Netherlands and Spain, which also hold some of the most important ports in Europe.
The most common type of substance involved in the accidents is oil or related products and most of the accidents involved a release. It is interesting to note that release is the starting step for many other accidents such as fires, explosions or gas clouds. At the same time it is the type of accident that has increased the most in the last years, therefore action on this source of risk should be taken. 
Taking into account the most common type of substances and accidents found in the research, it can be assumed that the most usual accidents in European ports concerning hazardous materials since the beginning of the 20th century has been the spillage of oil. This kind of accidents have not a direct impact on human’s health, but their impact on the environment can be very important if the accurate measures are not taken.
The origin of the accidents is mainly transport and transfer, typical port operations. It must be highlighted that the number of accidents involving the transfer of a product in ports has decreased in the last decades in comparison to transport accidents, showing the benefits that the developing of technology, such as the automation of some procedures, has brought to the shipping industry. However, the transport category has increased importantly in the last years. Transport involve all the movements inside the port with the ships as well as the train and lorries movements, therefore Port Authority should take measure to reduce this type of accidents. This is directly related to the main common cause of the accidents in ports which is collision during the transport operations.
The impact between a ship and a dry land and between ships, followed by the accidents caused by human factors are the main general causes of the accidents occurred in European ports. The high percentage of human error points out the insufficient training in this field. Therefore, it must be pointed out the importance of the training of workers and operators in the port activities, being a key factor to reduce the frequency and the severity of port accidents caused by the human factor.
Concerning the consequences on population, European accidents seem to have less severe consequences on population when compared with studies of the total amount of accidents in ports worldwide. If only accidents occurred from 1990 on are taken into account, the percentages of injured and killed people is even lower, which confirms the statement that technology and the European directives have been a key factor to reduce the mortality in port activities.
[bookmark: _GoBack]In conclusion, European countries are in the right path to reduce the hazard of the accidents that can occur in their ports. In any case, Europe should not slow down in its efforts to improve training and implement new safety measures and continue with this trend. Knowing the past is a way to improve the future. Avoiding past mistakes and looking for new opportunities is a way to reduce risks in ports.
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