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Abstract: In the last decades, the number and severity of disasters throughout the world 

increased dramatically. The significant increase of human losses and damages requires a 

rational and efficient disaster management. Disaster management includes several fields of 

activities, such as risk and vulnerability assessment, Natech analysis, contaminated sites 

investigation, environmental education, population awareness, summing up an entire set of 

actions meant to ensure the society’s sustainable development. The chemical industry in 

Romania developed very quickly after World War II, but the closing of numerous facilities 

after 1989 brought significant environmental issues. These issues required attention and an 

efficient management. This lead to the development of a new scientific field, that of envi-

ronmental engineering, which combines the specifics of the chemical industry and of the 

environmental protection. Environmental engineering is a new discipline resulting from the 

basic chemical engineering, completed by competencies from geology, biology, ecology, 

sociology, economy, informatics etc. 
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1. Chemical industry in Romania 

The chemical industry in Romania developed rapidly after the Second World War. 

Before the war, the chemical industry manufactured especially soot, sulphuric and 

hydrochloric acid, caustic soda, fibers, paint and solvents and represented only 3% 

of the entire industrial production. Until the 80’s, the chemical industry production 

increased by 10-20% of the entire industrial production, which represented more 

than 25% of the exports revenue [1]. 
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The petrochemical industry produced approximately 50% of the total chemical in-

dustry production. The largest petrochemical plants were built in Ploieşti and Piteşti, 

but there were other small plants in the country (Fig. 1).  

 

Fig. 1. Chemical industry in Romania in the ‘80s [2] 

(1 – petrochemical facilities, including refineries; 2 – chemical fibers and fabrics; 3 – artificial fibers 

and fabrics; 4 - plastics and synthetic resins (manufacturing); 5 – plastics (processing); 6 – soot; 7 – 

synthetic rubber; 8 – rubber goods; 9 – detergents; 10 – chlorosodic goods; 11 – sulphuric acid; 12 – 

chemical fertilizers; 13 – pesticides, 14 – celluloses and paper; 15 – pharmaceutics and cosmetics; 16 – 

tanning agents and other wood products; 17 – electrochemical and abrasive products; 18 – paints; 19 – 

inks; 20 – alumina; 21 – other chemical products) 

 

New industries for sulphuric acid were built in Victoria, Năvodari and Copşa Mică. 

Following the construction of the industries in Turda, Târnăveni, Govora and Ocna 

Mureş, Romania become the largest producer of sodium and chloride products in 

Comecon, after U.S.S.R. [1]. 

After 1985, Romania focused on the production of complex chemical products, such 

as: special plastics, synthetic rubber, fibers, electrodes, medicines, detergent etc. 

Furthermore, the industry of artificial fertilizers was also developed, through the 

construction of plants in Valea Călugărească, Făgăraş, Târnăveni, Năvodari, Turnu 

Măgurele, Piatra Neamţ, Victoria etc. All this was done with the aim of doubling the 

fertilizers and agriculture products in Romania by 1989 [1]. 

Significant changes were brought by the year 1989, when many industrial sites 

closed, following the socio-politic necessities which were based on the development 

of the services sector. The unsustainable economic units were also characterized by 

several environmental issues, which required specific attention and which had to be 
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managed in an adequate and efficient manner. This led to the development of a new 

scientific field, that of environmental engineering, which combines the specifics of 

the chemical engineering and of the environmental protection.  

The recent situation reveals a decrease in the number of chemical plants: at the end 

of 2011, there were 4,598 active industrial facilities, while in 2013, 22% of these 

firms were closed [3]. In 2015, the chemical production totaled 44,386 million lei, 

which is almost 11 times smaller than in 1990. This increase in production meant 

also that several sub-fields disappeared in Romania: synthetic chemical fibers, 

plastics and synthetic rubber [4]. 

Regarding Seveso sites (chemical units where dangerous substances are used or 

stored in large quantities) in Romania, in 2002 there were identified 333 industrial 

establishments, 245 of which were upper-tier (high risk) and 88 low-tier sites (low 

risk). It must be mentioned that most upper-tier establishments are chemical and 

petrochemical facilities (144 upper-tier sites) [5]. The inventory in 2006 identified 

287 industrial sites, 128 upper-tier and 159 lower-tier. In Romania, according to GD 

no. 79/2009, at national level there are 277 establishments under the Seveso Di-

rective, of which 115 upper-tier and 162 lower-tier. In 2016, there were identified 

299 Seveso sites, of which 120 are upper-tier and 179 are lower-tier. 

In the Ro-Risk Project [6] a hazard and risk analysis for Seveso sites was elaborated, 

taking into consideration the results of the Safety Reports, Safety Management 

Systems and expert judgment. Based on these results a hazard map was developed 

considering 5 levels of magnitude, where 1 represents the area without any serious 

health effects on population, 2 – reversible injuries, 3 – irreversible injuries, 4 – 

beginning of lethality, 5 – high lethality area (Fig. 2). In the analysis four types of 

hazards were considered: toxic dispersions, fires, explosions with overpressure, 

BLEVE phenomena (Boiling Liquid Expanding Vapor Explosion). The hazard map 

summarizes all these four types of hazards using the above mentioned magnitude 

scale. 

 

Fig. 2. Seveso hazard magnitude map in 2016 [6]. 
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Transport of all dangerous materials is a major threat due to the potential impact of 

an accident on human health, the environment and the infrastructure. According to 

the statistics at national level, most accidents occur on national roads and within 

localities, where the traffic is heavier [6]. Also, most accidents involve flammable 

liquids and gases, these being the most transported type of goods. Transportation 

hazard maps were developed within the Ro-Risk Project [6], considering the same 

types of hazards and magnitude scale, as described above, for road, rail and naval 

transportation on the main routes (Fig. 3). 

In both cases, Seveso chemical units and dangerous materials transportation, the 

hazard maps present the possibly affected areas in case of an accident. 

 

Fig. 3. Hazard map – transport of dangerous goods [6]. 

2. Environmental protection worldwide 

Until the 50’s, environmental protection actions had only a local character. The 

environmental issues, such as the toxic wastes in Minamata (Japan) or the Seveso 

industrial accident (Italy, 1976) lead to an increase in the environment protection 

preoccupations and legislation: the Silent Spring book of Rachel Carson in 1962 

(drawing attention on the toxic substances in the environment), the Clean Air Act in 

U.S.A. in 1970 or the Seveso Directive in 1982.  

At European level, the Integrated Pollution Prevention and Control – IPCC Direc-

tives legislate the entire aspects of pollution resulted in industry and agriculture: 

application of Best Available Techniques, pollution prevention, waste prevention or 

mitigation, energetic efficiency, accidents prevention. The first version of the IPPC 
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directive was released in 1996, followed by the second version in 2008. In 2010, the 

Industrial Emissions Directive – IED included the aspects in the IPPC directives, but 

also legal aspects regarding the large combustion plans, waste incinerators, organic 

solvent installations and other [7]. 

Regarding the sustainable development, the European Union’s Development 

Strategy, which was published in 2001, was not implemented, due to several man-

agement issues. The new strategy was published in 2005 and implemented in 2006, 

and was supported by the Lisbon Treaty. However, in 2010 the Lisbon Treaty was 

replaced by the 2020 Europe Strategy, which reduces the environmental aspects to 

the energy sector and efficiency of resources [8]. 

Industrial ecology is a multidiscipline focusing on economic development objec-

tives, in the context of maintaining environmental quality, and which ensures the 

relations and the connections between the industrial production, clean technologies, 

sustainable consume and the environment. The concept assumes that an industrial 

system must not be seen as an isolated item, but in a more global context, for opti-

mizing the material balance through the entire life cycle of the products [9]. Similar 

to natural eco-systems, industrial ecology sets the connections and interdependence 

between the industrial systems, considering them as part of a unit [9]. By applying 

the ecological concepts to industrial systems, or in their networks, the reduc-

tion/reuse/recycling of waste is promoted within the systems, by energy efficiency, 

ecologic design and clean technologies. The analogy between the concept of indus-

trial ecosystems and biologic ecosystems is not perfect, but, by imitating the au-

tonomy and relations among the biologic ecosystems, the industrial ecosystem gains 

from several point of views: environmental performance, sustainable use of natural 

resources, energetic consumption efficiency, waste recycling and reuse. 

 

3. Contaminated sites management 

 

The past polluting activities resulted in numerous contaminated lands and habitats. 

Their remediation is necessary for the recovery of large areas for other purposes and 

is considered one of the most critical objectives in environmental management. 

According to the current national legislation, a contaminated site is the geographic 

area, with a specific length and width, polluted with biologic or chemical substances 

[10]. 

The decision-making process regarding the assessment and management of con-

taminated sites is controversial and difficult, due to the numerous aspects involved: 

economic interest, environmental restoration, social acceptance, land-use planning 

and so on. The main stages in the management of a contaminated site are the pre-

liminary investigation, the detailed investigation, risk assessment and remediation, 

including the management and monitoring of residual risk. In order to include the 

principle of sustainable development in a real decision-making process, it is neces-

sary to correctly identify the interest area and to establish an adequate management 

methodology [11, 12]. 
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In order to assess the current attitude regarding the management of contaminated 

sites, a survey was conducted in 2012, through a sociological questionnaire sent to 

130 Romanian stakeholders from universities, research institutes, the private sector, 

national authorities, contractors and developers, involved in the management of 

contaminated sites [13]. The results indicate a real gap between the policies and 

programs in place and the needs of the national development, as well as in the legal 

mechanisms intended to promote brownfield rehabilitation in the course of rede-

velopment. Furthermore, the respondents recommended, among others, the neces-

sity to elaborate a risk assessment methodology that will establish the level of con-

tamination which can pose a threat to human health or to the environment [13].  

Generally, risk-based approaches are implemented by using decision support sys-

tems, whose purpose is to put in place the adequate strategies for the rehabilitation of 

contaminated sites, which require the assessment of soil and/or underground water 

quality for current or future site use [14]. A wide range of decision support systems 

were elaborated for contaminated sites management (for managing different aspects, 

such as: sampling strategies, site characterization, risk assessment, cost/benefit 

analysis, remediation method etc.), but there are only a few studies that support 

experts in selecting the most adequate ones for the specific analyzed site [15, 16]. 

 

4. Industrial and Natech accidents 

 

Disaster management is a major subject of interest, mainly due to the increase of 

damages and human loses caused by extreme events, the increase of major conse-

quences due to disasters which are becoming more and more complex, associated to 

the tendency of population concentration in urban areas. Risk management is part of 

the global process of disaster management and it is considered as part of the pre-

vention step.  

Following the Bhopal and Basel disasters, the Seveso I Directive was amended 

twice, in 1987 and 1988. These amendments widened the purpose of the directive, 

the storage of dangerous substances being also included. The Seveso II Directive 

replaced the first directive and it introduced new requirements related to safety 

management systems, emergency planning and land-use planning [17, 18, 19]. The 

tasks listed by this new directive are compulsory for industries and public authori-

ties, starting from 1 February 1999, while the responsibility of implementing the 

regulations belongs to EU member states. Therefore, the Seveso II Directive com-

pletely replaces the first directive, by extending its application field and bringing 

significant procedural changes [20]. 

The occurrence of accidents with transboundary impact and international echo re-

quired other completions that were included in the Toulouse I Directive 

(2003/105/EC) which extends the scope and the application activities, and, at the 

same time, covers dangerous substances that were not included in the previous di-

rectives [21]. Further modifications and continuous extension of regulations refer-

ring to major industrial accidents involving dangerous substances determined the 
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enacting of a new directive, the so-called Seveso III Directive, in 2012, which in-

cludes significant changes to the classification of dangerous substances [5].  

Industrial development is also associated to risk increase. In the context of climate 

change, the increase of the number of natural disasters worldwide, risk has new 

characteristics, Natech accidents being more and more frequent [22]. Natech acci-

dents are technologic accidents triggered by natural disasters [23]. 

In Romania, a Natech accident occurred at Iazul Aurul, near Baia Mare, in 2000. 

Due to massive rainfalls and snow melting, associated to dam design errors, a breach 

in the dam occurred, resulting in the discharge of approximately 100,000.00 mc 

water contaminated with cyanides and heavy metals. The accident caused trans-

boundary pollution and attracted attention at international level.    

Natech accidents do not represent the sum of singular disasters (the natural and the 

technologic disasters), they are the result of a negative chain of events. Under-

standing the way in which Natech accidents develop is an essential process for their 

management [24].  

The natural disaster, that may be a flood, an earthquake, a landslide, an extreme 

weather phenomenon etc., triggers a failure of one or more equipment within a 

technologic facility. The failure generates the discharge of dangerous substances, 

which, depending on its nature and the conditions of the discharge, may cause toxic 

cloud dispersion, fires, explosions etc. [25]. 

The challenges in risk assessment for this type of events come from the fact that 

assessment methodologies should take into account the multi-hazards causes, as well 

as the complex characteristics of receptors. 

 

Fig. 4. The systematic risk analysis methodology [27] 
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At a national level, there is no accepted methodology for the assessment of mul-

ti-hazard risk. The Systematic Risk Analysis Methodology, elaborated by Ozunu et 

al., 2011 is based on three major steps: preliminary analysis, criterial analysis and 

detailed analysis, followed by conclusions (Fig. 4) [26]. Within the preliminary 

analysis, the hazard identification stage considers the possible technologic causes for 

industrial accidents, as well as the natural causes, therefore assessing the Natech 

potential. 

Risk analysis and assessment may be a complicated, expensive and long-term pro-

cess, depending on the complexity of the analyzed site. The criterial analysis stage 

selects those scenarios which significantly contribute to the site risk level, which will 

be further analyzed in the detailed analysis section through specific methods, either 

qualitative or quantitative. Thus, we avoided directing time/energy/financial re-

sources to a detailed analysis of scenarios that have an insignificant contribution to 

the general risk, without compromising the accuracy of the conclusions [27].  

 

5. Vulnerability and risk communication 

 

Vulnerability is a concept in the scientific literature, defined as a function of expo-

sure, sensitivity to impacts and the ability or lack of ability to cope or adapt. Vul-

nerability reduction measures and policies address each of the components of vul-

nerability: the particular pressures (exposure), the degree to which a set of pressures 

affect the system (sensitivity) and the ability of the system to resist or recover from 

the damage (resilience). Vulnerability reduction measures aim at the disaster pre-

vention and mitigation of hazard impacts, which can affect a wide range of natural, 

economic, political and social activities and processes. 

In 2005, a very comprising definition of vulnerability was proposed by Birkmann 

[28]: ”vulnerability refers to the characteristics of a person or a group of people 

which influence their capacity to anticipate, to cope, to resist and to recover after the 

impact of a natural hazard”. According to this definition, vulnerability implies a 

combination of factors which determine the level to which a person’s life, a com-

munity, goods and properties are exposed to the risk of an identifiable event. An-

other important element in this definition is the including of the measurement scale: 

vulnerability manifests itself differently at the level of a household than at a national 

level. Thus, the mitigation measures must be elaborated and implemented accord-

ingly. 

There are several stages in vulnerability assessment: identification and analysis of 

natural hazards and technological risks that impact the community, estimation of 

social vulnerability (coping and recovery capabilities), elaboration and implemen-

tation of adequate vulnerability reduction methods, considering the community’s 

characteristics and its development potential. The results may be graphically rep-

resented, offering a general and comprehensive overview of the hazards and vul-

nerabilities and including elements that can be easily understood and used by the 

decision-makers [29].  



 

 

 

 

 

 

A. Ozunu/Chemical engineering as promoter of environmental engineering … 

 

In the context of vulnerabilities, risk perception plays a key role, as it modifies the 

human behavior. A person or a community with a better risk perception will recover 

better after a negative event. Perception is multi-dimensional and is influenced by a 

large variety of factors, which determine a different perception of risks between 

communities and within the same community. As a psychological process, the in-

formation received by a person from the outside world is altered by a combination of 

socio-cultural processes, economic factors and individual elements (personality, 

values, past experiences etc.) [30]. As to risk perception, the human being has a low 

capacity of perceiving probabilistic or random phenomena [31]. That means that 

phenomena with a higher frequency of occurrence are remembered longer than those 

with a lower frequency. Risk perception is also different for the communities already 

affected by a disaster and for those who were not affected. Furthermore, the type of 

public participation to prevention and consequence mitigation actions will likely 

influence public perception [32]. 

In order to better understand individual and group risk perceptions and the way they 

can influence the social vulnerability, a research was developed in a community in 

Romania, namely the Bǎiuţ commune (Maramures county). This is a village in the 

North part of the country, with no stable sources of income and exposed to both 

natural and man-induced hazards. The main lesson learned from this case study is 

that for a community with accurate risk perceptions, better public education and 

future preparedness for disasters can be an adequate solution for mitigating risks and 

raising individual self-confidence when dealing with a potential natural hazard [33].  

Risk communication is currently used in numerous extreme situations: natural haz-

ards, industrial accidents, epidemics and so on. It addresses a wide range of target 

groups: employees, local community, authorities, institutions etc. Involving the 

community in the risk-related decisions contributes to the modification of their 

perception, reducing the potential worries [34]. 

Risk communication is an interactive process of exchanging information and opin-

ions among individuals, groups and institutions. It involves multiple messages about 

the nature of risk and other messages, not strictly about risk, that express concerns, 

opinions, or reactions to risk messages or to legal and institutional arrangements for 

risk management [35].  

Risk communication is a significant part in the process of risk prevention and 

management. An informed public represents an essential part of the process of ac-

ceptance of the management strategies in each community, and this informing is the 

result of an efficient risk communication. Risk communication is a continuous 

process, which must be developed before and during an emergency situation and in 

the recovery period [36]. A poor risk communication may have severe conse-

quences: loss of confidence and mistrust of the public and the media (toward the 

company involved and municipal decision-makers or other levels of government), 

loss of credibility of managers and responders in emergency situations, confusion in 

the response, possible attack on the safety of the response team and the public, etc. 

On the other hand, a good risk communication plan helps in assuring the safety and 
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wellbeing of the personnel, the public and the environment and facilitates operations 

in emergency situations [37]. 

 

6. Disaster management education  

 

Recent experiences in emergency management in case of natural and technological 

disasters demonstrate a low level of population awareness regarding environmental 

hazards. Therefore, it is necessary to develop activities that will increase the popu-

lation’s level of preparedness [38]. This is supported through programs coordinated 

by organizations with specific interests in the field, and also through training within 

university studies, master and PhD level. The Faculty of Environmental Sciences 

and Engineering from Babeş-Bolyai University of Cluj-Napoca offers training al-

ternatives within the following master programs: Risk Assessment and Environ-

mental Security, Sustainable Development and Environmental Management and 

Disaster Management. The program of Risk Assessment and Environmental Secu-

rity allows students to acquire knowledge on several types of threats and risks in the 

environment, during normal activities and emergency situations. The program offers 

the possibility for students to learn and to apply risk analysis as a tool for: identifi-

cation of risks and possible intervention actions; implementation of risk reduction 

methods through prevention actions or mitigation of negative consequences on the 

population and the environment; elaboration and use of management systems within 

the fields of safety, health and environment. The MSc in Sustainable Development 

and Environmental Management (SDEM) is a 2 year full-time program taught in 

English. This Master’s program aims to train future changemakers and leaders who 

are able to understand the integrated nature of the environmental subjects and to put 

into practice a number of methods and techniques for environmental management, in 

order to develop a sustainable human society. For the future period, the Faculty 

proposes a master program in Disaster management that aims to develop the ade-

quate practical and scientific skills for the experts at local, regional or national level. 

The support of regional, national and international decision-making authorities, as 

basis for disaster management, may be associated to scientific and technologic 

knowledge, the development of new academic fields and institutions with activities 

in risks prevention and mitigation. One of these institutions is the Research Insti-

tute for Sustainability and Disaster Management based on High Performance 

Computing.  

The Institute operates as a research unit dealing with topics like causes of disasters, 

the effects generated by various disasters, appropriate management strategies, short-, 

medium- and long-term effects on the population, economy and environment and 

proposed management strategies for various types of disasters. The institute pro-

vides the framework for interdisciplinary research, setting the basis for addressing 

challenges induced by the complex disaster management process. ISUMADECIP is 

a research community composed of teachers and researchers in a consortium in-

cluding 8 faculties (Faculty of Environmental Science and Engineering, Faculty of 

Mathematics and Informatics, Faculty of Economics and Management of Affairs, 
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Faculty of Political, Administrative Sciences and Communication, Faculty of Ge-

ography, Faculty of Chemistry and Chemical Engineering, Faculty of Physics, 

Faculty of Biology and Geology).  

The main research directions consists of: Accident risk assessment involving dan-

gerous substances and hazard, development of exposure and vulnerability maps; 

development of Software and educational materials in order to prepare children for 

risk situations; 3D modeling and simulation of major industrial accidents for a better 

emergency situation planning; Forecast of dangerous particles intrusion at ground 

level and in the upper atmosphere; Scanning of the atmosphere vertically using 

LIDAR technology; Studies on disaster management; Inter-disciplinary research 

based on High Performance Computing (HPC); Big data analysis. 

The activities are developed within the institute’s centers and laboratories: Training 

Centre for Disaster Management, Modeling, Optimization and Simulation Center 

(MOS), High Performance Computing Center (HPC), Research Center for Disaster 

Management, Disaster Communication, Notification, Alarming and Evacuation of 

the Population Lab, Disaster Management Technical Devices and Equipment Lab, 

Scientific Databases Documentation, Processing and Management Lab, Risk 

Communication and Public Relations Lab, Disaster Information, Training and Pre-

vention of Population Lab, Natural Disaster Management and Climate Change Re-

duction Research Lab, Technological Disaster Management and Mitigation Lab, 

Quantitative Risk Assessment (Modeling, Simulation and Databases) Lab, Natural 

Disaster Risk Reduction Research Lab. Furthermore, the research development 

activities are supported by specific infrastructure: High Performance Calculation 

Systems IBM IntelIiCluster HPC, Remote sensing system - mobile LIDAR, Com-

puter license for software package for modeling and simulation of industrial acci-

dents effects and consequences, Application for operational management of Sahana 

Eden disasters - improved version by adding the software module developed by 

iQuest Technologies and so on. 

 

7. Conclusion  

 

While the reduction of loses caused by disaster is a major prerequisite of sustainable 

development, and considering the fact that different communities are dispropor-

tionately affected by disasters, the issues approached by environmental engineers are 

varied, trying to solve problems in all disaster management fields. Some of these 

environmental issues include: contaminated sites, environmental pollution, techno-

logic accidents, Natech accidents etc. Recent events demonstrated that the activities 

which increase the communities’ awareness and preparedness level significantly 

contribute to the reduction of potential loses and, therefore, to a future sustainable 

development.  

 

References 
[1] ***http://www.stiri-economice.ro/despre_industria_metalurgica_chimica_romania_1965_1989.html 

http://www.stiri-economice.ro/despre_industria_metalurgica_chimica_romania_1965_1989.html


 

 

 

 

 

Journal of Engineering Sciences and Innovation, Vol.2, Issue 1 / 2017 

 

[2] 

***http://www.geotutorials.ro/atlas-geografic/harti-romania/atlas-geografic-1980/harta-industria-chimica-din-rom

ania/ 
[3] Coface, Industria chimica din Romania - unul dintre principalele motoare de redresare economica, 2013, 

available at 

http://www.coface.ro/Stiri-Publicatii/Stiri/Industria-chimica-din-Romania-unul-dintre-principalele-motoare-de-red
resare-economica, accessed 7 March 2017 

[4] ***http://www.capital.ro/compania-nationala-de-chimie-renasterea-industriei-chimice-romanesti-.html, ac-

cessed 6 March 2017. 

[5] Ozunu, Al., Seveso Directives – Historical Background and Current Situation (Directivele Seveso – 

istoric şi actualitate) - in English and Romanian, Environmental Engineering and Sustainable Devel-

opment Entrepreneurship (Ingineria Mediului şi Antreprenoriatul Dezvoltării Durabile), Vol. 2, No. 4 

(2013), 9-18, 2013 

[6] UBB - ISUMADECIP, 2016, Proiect SIPOCA 30, nr de contract 3/17.03.2016 “Evaluarea 

riscurilor de dezastre la nivel naţional” - RO-RISK, coordinator Inspectoratul General pentru Situatii 

de Urgenta. 

[7] Directive 2010/75/EU of the European Parliament and the Council on industrial emissions (the 

Industrial Emissions Directive or IED) 

[8] European Commission, EUROPE 2020 A strategy for smart, sustainable and inclusive growth, 

2010, available at  

http://ec.europa.eu/eu2020/pdf/COMPLET%20EN%20BARROSO%20%20%20007%20-%20Europe

%202020%20-%20EN%20version.pdf, accessed 6 March 2017 

[9] Garner, A., Keoleian, G.A., Industrial Ecology: an Introduction, Pollution Prevention and Indus-

trial Ecology, 1995. 

[10] Hotărâre nr. 1408 din 19 noiembrie 2007 privind modalitatile de investigare si evaluare a poluarii 

solului si subsolului. 

[11] Modoi O.C., Stezar C., Manciula D., Gagiu A., Mărginean S., Vlad Ş. N., Integrated tailing dams 

management in Baia Mare area, Romania, Environmental Engineering and Management Journal, 

Vol.10, No. 1, 2011, 43-51, Iaşi, ISSN 1582-9596. 

[12] Olah (Vasile) A., Stezar I.C.,Török Z., Ozunu A., Soil remediation comparative analysis on two 

historically contaminated industrial sites in Romania. AES Bioflux 5(2):178-188, 2013. 

[13] Stezar I.C., Ozunu A., Barry D.L., The role of stakeholder  attitudes in managing contaminated 

sites: Survey of Romanian stakeholder awareness, ISSN 0944-1344, Volume 21, Number 1, Environ 

Sci Pollut Res (2014) 21:787-800, DOI 10.1007/s11356-013-2238-0. 

[14] Stezar I.C., Pizzol L., Critto A., Ozunu A., Marcomini A., Comparison of risk-based DSSs for 

brownfield rehabilitation: DESYRE and SADA applied to a Romanian case study, Journal of 

Environmental Management, 131 (2013) 383-393. 

[15] Stezar I.C., Ozunu Al., Gheorghiu A.-D., Risk-based analysis of an industrial Romanian site 

historically contaminated with heavy metals and total petroleum hydrocarbons, Environmental 

Engineering and Management Journal, February 2013, Vol.12, No. 2, 291-296; 

[16] Stezar I.C., Modoi O.C., Coşara Gh.V., Torok Z., Ajtai N., Crisan A.D., Senzaconi F., Ozunu A., 

Preliminary investigation and risk assessment of contamination on an industrial site in Maramures 

County, Env. Eng. Man. J., Vol.10, No. 1, 65-73, 2011, ISSN 1582-9596 

[17] Török, Z., Ajtai, N., Turcu, A., Ozunu, Al., Comparative consequence analysis of the BLEVE 

phenomena in the context on Land Use Planning; Case study: The Feyzin accident, Process Safety and 

Environmental Protection, 89 (2011) pp. 1-7. 

[18] Török, Z., Ozunu, A., Cordoş E., Chemical risk analysis for land-use planning. I. storage and 

handling of flammable materials, Environmental Engineering and Management Journal, January 2011, 

Vol.10, No. 1, 81-88. 

[19] Török, Z., Ozunu, Al., Chemical risk assessment for storage of hazardous materials in the context 

of Land Use Planning. AES BIOFLUX 2(1): 33-56, 2010. 

[20] Ozunu A., Anghel C.-I., Evaluarea riscului tehnologic şi securitatea mediului, Ed. Accent, 2007, 

Cluj-Napoca. 

[21] Török, Z., Ajtai, N., Ozunu, Al., Aplicatii de calcul pentru evaluarea riscului producerii acci-

dentelor industriale majore ce implica substante periculoase, Editura EFES, 2011, Cluj-Napoca. 

http://www.geotutorials.ro/atlas-geografic/harti-romania/atlas-geografic-1980/harta-industria-chimica-din-romania/
http://www.geotutorials.ro/atlas-geografic/harti-romania/atlas-geografic-1980/harta-industria-chimica-din-romania/
http://www.coface.ro/Stiri-Publicatii/Stiri/Industria-chimica-din-Romania-unul-dintre-principalele-motoare-de-redresare-economica
http://www.coface.ro/Stiri-Publicatii/Stiri/Industria-chimica-din-Romania-unul-dintre-principalele-motoare-de-redresare-economica
http://www.capital.ro/compania-nationala-de-chimie-renasterea-industriei-chimice-romanesti-.html
http://ec.europa.eu/eu2020/pdf/COMPLET%20EN%20BARROSO%20%20%20007%20-%20Europe%202020%20-%20EN%20version.pdf
http://ec.europa.eu/eu2020/pdf/COMPLET%20EN%20BARROSO%20%20%20007%20-%20Europe%202020%20-%20EN%20version.pdf


 

 

 

 

 

 

A. Ozunu/Chemical engineering as promoter of environmental engineering … 

 

[22] Török Z., Roman E., Ştefănescu Lucrina, Ozunu A., The Significance of Natech Risk Assessment in 

the Context of SEVESO Directives, Proceedings of the 7th International Conference “Crisis Manage-

ment Days”, 22-23 May 2014, Zagreb, Croatia, pp. 1295-1306. 

[23] Ozunu A., Senzaconi F., Botezan C., Ştefănescu L., Nour E., Balcu C., Investigations on natural 

hazards which trigger technological disasters in Romania. Nat. Hazard Earth. Sys., 11: 1319-1325; 

2011. 

[24] Gheorghiu A.-D., Ozunu A., Natech accidents and ethical decision making, Environmental En-

gineering and Sustainable Development Entrepreneurship, Vol. 2, No. 2, 2013. 

[25] Gheorghiu A.-D., Török Z., Ozunu A., Antonioni G., Cozzani V., NaTech Risk Analysis in the 

Context of Land Use Planning. Case Study: Petroleum Products Storage Tank Farm Next to a Resi-

dential Area, International Conference on Safety & Environment in Process & Power Industry , 

978-88-95608-27-3, Chemical Engineering Transaction, Vol. 36, P. 439-444, 2014. 

[26] Ozunu Al., Török Z., Vana Al. D., Coşara Gh. V., Crişan A. D., Roman E. G., Kocsis V., Muntean 

L., Analiza sistematică de risc în industria minieră extractivă (Systematic risk analysis in the mining 

industry) – in Romanian, Revista Protecţia Civilă, nr. 1/2011, ISSN 1223-575X. 

[27] Gheorghiu A. D., Török Z., Ozunu Al., How can existing risk assessment methodologies be used in 

a systematic manner, in the extractive mining industry?, Journal of Environmental Protection and 

Ecology (JEPE), Vol. 14(4), ISSN 1311-5065, 2013. 

[28] Birkmann, J. (Ed.), Measuring Vulnerability to Natural Hazards—Towards Disaster-Resilient 

Societies. United Nations University, Tokyo, New York, 2006. 

[29] Botezan, C., Ozunu, Al., Ştefănie, H., Vulnerability Assessment: the Case of the Aries River 

Middle Basin, Journal of Environmental Protection and Ecology, vol. 16, no. 4, 2015, pp. 1316 – 1326. 

[30] Gavilanes-Ruiz, J.C., Cuevas-Muñiz, A, Varley, N, Gwynne, G., Stevenson, J., Saucedo-Girón, 

R., Pérez-Pérez, A., Aboukhalil, M. and Cortés-Cortés, A., Exploring the factors that influence the 

perception of risk: The case of Volcán de Colima, Mexico, Journal of Volcanology and Geothermal 

Research 186 (2009) 238–252, 2009. 

[31] Armaş, Iuliana, Percepţia riscurilor naturale: cutremure, inundaţii, alunecări, Editura Universi-

tăţii din Bucureşti, Bucureşti, 2008. 

[32] Lara, A., Saur´ı, D., Ribas, A., Pav´on, D., Social perceptions of floods and flood management in a 

Mediterranean area (Costa Brava, Spain), Nat. Hazards Earth Syst. Sci., 10, 2081–2091, 

doi:10.5194/nhess-10-2081-2010, 2010. 

[33] Ozunu, Alexandru, Gagiu, Andra, Costan, Camelia, Nour, Eugen, Risk perception and social 

vulnerability in local communities: A case study for Băiuţ area, Maramureş County. Romania, NATO 

Science for Peace and Security Series - E: Human and Societal Dynamics, Volume 80, 2011, Stimulus 

for Human and Societal Dynamics in the Prevention of Catastrophes, Edited by Arman Avagyan, David 

L. Barry, Wilhelm G. Coldewey, Dieter W.G. Reimer,ISBN 978-1-60750-737-6,DOI: 

10.3233/978-1-60750-738-3-3. 

[34] Walker, G., Simmons, P., Irwin, A., Wynne, B., Risk communication, public participation and the 

Seveso II Directive, Journal of Hazardous Materials, Volume 65, Issues 1-2, March 1999, Pages 179-19 

[35] Pine, J.C., Natural Hazards Analysis, Reducing the Impact of Disasters, Taylor & Francis Group, 

CRC Press, 2009. 

[36] Ozunu, Al., Costan, Camelia, Comunicarea riscului chimic si informarea populaţiei, în 

„Environment & Progress” – 2/2004, Editura EFES. 

[37] Ozunu, Al., Cadar, Doris, Costan, Camelia, Chiţanu, Anca, Environmental emergencies and 

informing the public, Proceedings of the 33nd International Conference of SSCHE May 22–26, 

Publisher Slovak University of Technology, ISBN 80-227-2409-2, 2006, pag. 101-1….101-9. 

[38] Kozma Kis E.-E., Deaconu L.-T., Roman E., Ştefănescu L., Meltzer M., Pop C., Ozunu A., As-

sessment of population awareness and preparedness level regarding the environmental emergency 

situations. AES Bioflux 5(2):158-165, 2013. 


