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Abstract 

Required under the framework of Decree-law no. 254/2007, as part of the safety report submited by 

operators of upper tier establishments, environmental risk assessment is considered an important tool 

for the prevention and control of major accidents with environmental consequences. Thus, this work 

presents a survey and analysis of the methodologies and approaches to environmental risk 

assessment currently available in the European Union, as well as the selection of two methodologies 

and their application on a hypothetical case study – the methodology proposed by the Spanish Civil 

Protection Agency and the H & V Index (developed in the Czech Republic). These methodologies 

refer to the assessment of the level of environmental effects of accident scenarios. Nine scenarios 

were analysed, according to the criteria proposed by these methodologies, envolving the spill of 

diferent substances in the Aveiro coastal lagoon. In the case of the Spanish methodology, a four-step 

analysis was undertaken, as follows: risk sources, primary control systems, pathways and vulnerable 

receptors. As for the H & V Index, a simple assessment of the substances’ hazards and the 

vulnerability of the surrounding environment was carried out. These studies allowed the identification 

of some inconsistencies found during the use of the Spanish methodology, concerning the gathering 

of data on primary biodegradation and the bioconcentration factor (BCF) of mixtures, as well as the 

modelling of the fate of spills of pure substances in the aquatic environment. Following these studies, 

a set of recommendations is presented for the definition of an environmental risk assessment 

methodology. 
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1. Introduction 

1.1 Legal framework 

Two major industrial accidents took place in the 1970s, in Seveso, Italy and in Flixborough, England, 

which prompted the adoption of legislation aimed at the prevention and control of such accidents in 

the European Community [1]. Thus, Directive 82/501/EEC (‘Seveso I’ directive) came into force in 

1982. After a decade of experience concerning its application, a need for a thorough review of its 

provisions led to the adoption of Directive 96/82/EC (‘Seveso II’ directive), on the control of major-

accident hazards involving dangerous substances, later amended by Directive 2003/105/EC. 

‘Seveso II’ directive aims at the “prevention of major accidents which involve dangerous substances 

and the limitation of their consequences for man and the environment” [2]. Although the protection of 
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the environment was foreseen in ‘Seveso I’ directive, its scope aimed mostly at the protection of 

human health, rather than at the protection of the fauna and flora [1] 

In Portugal, the ‘Seveso II’ provisions were adopted through Decree-law no. 164/2001, later amended 

by Decree-law no. 254/2007. Currently, 137 establishments are covered by Decree-law no. 164/2001, 

from which 56 are upper-tier and 81 are lower-tier establishments. 

According to Decree-Law no. 254/2007, establishments may fall under its scope on the basis of the 

quantity and danger classification of the substances present. Considering this, it establishes two levels 

of requirements that are proportionate to the major-accident hazards presented by the establishment, 

corresponding to ‘lower tier’ and ‘upper tier’ establishments. Besides other obligations, the operator of 

an upper-tier establishment (which corresponds to a larger inventory of hazardous substances) is 

required to demonstrate, in the safety report, that “necessary measures to prevent, control and limit 

the consequences of a possible major accident have been put in place and are fit for purpose” [3]. 

As reported in annex IV of the mentioned decree, the safety report must include, among other 

elements, hazard identification, accidental risk analysis and prevention methods. This paper focuses 

on this provision, where operators must perform a detailed description of the possible major-accident 

scenarios and their probability, as well as their triggering events, the assessment of the extent and 

severity of their consequences and a description of technical parameters and equipment used for the 

safety of installations [4]. 

This paper is based on a Master’s thesis developed at “Instituto Superior Técnico” (IST), of the 

Technical University of Lisbon. 

 

1.2 Environmental risk assessment 

This paper focuses on the risk analysis required under the safety report, in terms of environmental 

protection. This environmental risk assessment can encompass the following steps [5]: 

i) Preliminary step – involves a scope definition, information on hazardous substances, a description of 

the site and its local environment, as well as a list of external factors (such as sismicity or historical 

evidence on extreme weather conditions); 

ii) Risk identification – consists of the identification of initiating events that may trigger the release of a 

dangerous substance. Several techniques are available to assist in this step, such as HAZOP (Hazard 

and Operability Study), checklists or FMEA (Failure Modes and Effects Analysis). The events that 

cannot reach a receptor or cause a major-accident are not fit for further evaluation; 

iii) Frequency assessment – includes the assessment of the likelihood of each scenario. Scenarios 

with low frequency of adverse effects are screened out of further analysis; 

iv) Consequence analysis – involves the prediction of the environmental impacts associated with the 

release of a given substance, which can encompass the chemical and physical transformations of the 

substance and the estimation of the effects of the exposure on the receptor; 



 3

v) Risk management – Lastly, a set of measures is presented regarding risk elimination, prevention 

and control. 

Several authors have underlined the difficulties related with the identification of environmental risks, as 

well as the complexity associated with the estimation of the level of environmental effects of an 

accident, involving the release of chemicals [5, 6, 7, 8, 9, 10]. These difficulties arise from the fact that 

environmental risk assessment, unlike human health risk assessment, deals with populations and 

communities, encompassing living organisms with varying sensitivities to chemicals and different 

exposure scenarios [11]. In addition, the environmental fate of chemicals is hard to predict, depending 

on the current state of the art of models. 

 

2. State of the art review 

In this chapter, the most relevant methodologies and approaches to environmental risk assessment 

are presented, as an outcome of an extensive research, based on contacts with ‘Seveso II’ competent 

authorities and available reports: 

 ARAMIS (Accidental Risk Assessment Methodology for Industries in the framework of Seveso II 

directive) - The ARAMIS was developed as an outcome of an European project, developed between 

January 2002 and December 2004. This methodology aimed at presenting a set of rules for the 

identification of accident hazards, as well as the development of an integrated risk index, within the 

framework of Seveso II directive. This risk index consists of an assessment of prevention 

management efficiency on initiating events, a consequence severity evaluation of scenarios and an 

environment vulnerability estimation, in which the latter two are mapped [12]; 

 Spanish Civil Protection Agency methodology - Trying to cope with the requirements of the safety 

report established by ‘Seveso II’ directive, the Spanish Civil Protection Agency produced a set of 

criteria for environmental risk assessment of these establishments [13]. This methodology foresees 

the assessment of the four risk components: risk sources, primary control systems, pathways and 

vulnerable receptors, with a view of obtaining an environmental risk score. 

 YMPÄRI - The YMPÄRI Project, developed by several Finnish authorities, aimed at creating a 

guideline for environmental risk assessment, regarding the management of accidental emissions1 [6]. 

This project consisted of a survey on environmental risk assessment techniques used by Finnish 

companies, as well as interviews and workshops with stakeholders, which led to the compilation of a 

set of recommendations regarding this type of assessment. In 2006, a new project phase started, 

when this guidance was applied to several industrial sites. 

 PROTEUS - Developed by a number of Dutch authorities, the PROTEUS [14] is a free of charge 

software application2, which allows the assessment of risks to surface waters and sewage treatment 

plants, related to industrial activities where dangerous substances are present [15], considering 

differences in surface water vulnerability, as well as quantitative probabilities in the assessment. 
                                                 
1 Only available in Finnish. 
2 Only available in Dutch. 
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Moreover, this software also encompasses safety management aspects and generates an automatic 

assessment report. 

 Spanish standard UNE 150008 EX - The Spanish standard UNE 150008 EX is a voluntary tool for 

the analysis of the environmental risk of organisations, which scope includes the assessment of the 

human, socioeconomic and natural characteristics of the site’s surroundings. It involves the 

identification of hazards, risk estimation (which includes the development of indicators for the 

assessment of consequence severity) and a risk assessment phase. 

 Environment-Accident Index (EAI) - The EAI [16] consists of a simple formula that can be used as 

an initial screening tool for environmental risk assessment, integrating the properties of a chemical 

and site-specific properties. Although not initially developed for ‘Seveso II’ establishments, this index is 

being used in the Czech Republic with this purpose, having been approved by the national Ministry of 

the Environment [17]. 

 Hazard & Vulnerability Index (H & V Index) – Developed in the Czech Republic, the H & V Index 

[18] is a set of criteria for the estimation of the severity of the environmental impacts caused by 

accidents involving dangerous substances. It brings together the assessment of the environmental 

hazard of a substance and the vulnerability of the local environment, for surface and groundwater, soil 

and the biotic compartment. The H & V Index is currently being applied in the environmental risk 

assessment of Czech and Slovak ‘Seveso II’ sites [19]. 

 “Guidance on the environmental risk assessment aspects of COMAH safety reports” – Produced 

by United Kingdom’s competent authority [5], this is one of the most important documents available in 

the field of environmental risk assessment in the European Union. This guide follows an approach 

similar to a safety risk assessment, providing a set of phases and aspects that should be present in a 

safety report submited by Seveso II sites. 

After analysing all the approaches presented, two methodologies were selected for application on a 

case-study and final evaluation: the Spanish Civil Protection Agency methodology and the H & V 

Index. Other approaches were excluded, either for being too general, not presenting specific criteria 

for their evaluation (like the Spanish standard or the UK’s guidance document) or for only being 

available in other languages (like the YMPÄRI or the PROTEUS), whose translation was impossible in 

due time. Furthermore, the ARAMIS was considered too complex, while the EAI is still in constant 

development. 

 

3. Application of the methodologies to a hypothetical case study 

3.1 Description of the case study 

Since the methodologies selected for further analysis only apply to the estimation of the environmental 

effects of accident scenarios, it was necessary to initially perform a hazard identification, as well as a 

frequency analysis, in order to apply them. 
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The hypothetical industrial site considered is a hydrocarbon terminal and storage facility, located on 

the edge of the Vila Canal, in the Aveiro coastal lagoon. One initiating event – the full bore rupture of a 

ship’s loading arm – was selected, for each of the nine products present at the installation, as it would 

potentially lead to the worst environmental effects, in terms of the aquatic environment. Of all the 

scenarios associated with each of the substances involved, only scenarios where the substance was 

spilled in the canal, without any immediate or delayed ignition, were considered. Thus, nine accident 

scenarios were obtained, where each scenario represented the spill of one substance into the canal. 

The quantity of substance spilled in each scenario was calculated considering typical loading arm 

diameters and flow rates for each substance. Furthermore, the frequencies of each scenario were 

calculated, based on the frequency of the initiating event [15], the number of transhipments per year, 

spill duration and the immediate and delayed ignition probabilities for each type of substance (based 

on their flash points [15]). The results of this analysis are depicted in table 1. 

Table 1 – Data on the scenarios studied 

Scenario Substance 
involved 

Molecular 
formula CAS Released 

quantity (kg) 
Frequency 

(year-1) 
S1 N-butyl acetate C6H12O2 123-86-4 1 333 5,3x10-3 
S2 Ethyl acetate C4H8O2 141-78-6 1 333 5,3x10-3 
S3 Isopropyl alcohol C3H8O 67-63-0 1 333 5,3x10-3 
S4 Benzene C6H6 71-43-2 1 333 5,3x10-3 
S5 Diesel - 68334-30-5 33 333 5,9x10-3 
S6 Fuel oil no.4 BTE - 68476-33-5 28 333 6x10-3 
S7 Ethyl methyl ketone C4H8O 78-93-3 1 333 5,3x10-3 
S8 Nitrobenzene C6H5NO2 98-95-3 1 333 6x10-3 
S9 Toluene C7H8 108-88-3 1 333 5,3x10-3 

 

3.2 Applying the Spanish Civil Protection Agency methodology 

As mentioned above, the Spanish Civil Protection Agency methodology foresees the assessment and 

scoring of the four risk elements: risk sources, primary control systems, pathways (weighing 20% of 

the total) and vulnerable receptors (weighing 50% of the total). The integration of each one of these 

scores results in a Global Index of Environmental Effects, which is multiplied by the 

probability/frequency of the scenario studied, resulting in an Environmental Risk Index. 

 

Risk sources 

The “risk sources” phase includes the assessment of the environmental fate of each substance 

involved in the scenarios studied, through criteria established by the methodology, regarding its acute 

toxicity, bioconcentration, biodegradation, volatility and sorption. In addition, factors such as the 

release of more than one substance in the same scenario or potential synergetic effects, as well as 

the released quantity, can influence the final score for “risk sources”. 

 
Table 2 – Parameters used for the scoring of the “risk sources” 

Parameter Variable Weight 
CL50 or CE50 Acute toxicity R50, 51, 52 and 53 risk phrases  50% 

Bioconcentration Bioconcentration Factor (BCF) 10% 
Biodegradation Time for primary biodegradation 10% 

Volatility Henry’s Law Constant 10% 
Sorption Log Kow 10% 
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The criteria shown in tables 2 and 4 were applied to the case study. Aquatic toxicity values were 

gathered on the basis of consulted safety data sheets or online databases and the remaining 

parameters were obtained using Estimation Program Interface (EPI) Suite™, version 3.20, developed 

by the U.S. EPA’s Office of Pollution and Toxics and the Syracuse Research Corporation (SRC). This 

program requires, as an input, the SMILES structure of each substance, which made it impossible to 

apply it to mixtures such as diesel or fuel oil. Hence, a research on the web was undertaken, but 

neither bioconcentration factors (BCF) nor the primary biodegradation values of these substances 

were found. Once the scenarios did not involve the release of more than one substance and no 

synergetic effects were foreseen, these criteria receive a score of zero. The quantity factor was scored 

using the criteria depicted in table 4. 

 

Primary control systems 

“Primary control systems” are the components, equipments or control systems available at the site, in 

order to keep a given substance in permanent control. This methodology states that, for each scenario 

studied, an identification of the primary control systems is performed, in order to obtain a correction 

factor for the released quantity of substance. For this particular case study, it was not necessary to 

complete this step, as the quantities released were calculated taking into account the safety measures 

available, in the form of the spill’s duration. 

 

Pathways 

“Pathways” represent the pathways through which one or more substances, released in a given 

scenario, can reach the vulnerable receptors. According to the methodology, these discharges must 

be modeled, using appropriate software, and the distance reached by the substance at a given 

concentration must be measured and compared to the criteria presented in table 5. 

 

Table 5 – Criteria for the assessment of the pathways 
Score Type of environment affected 

Aquatic environment  Non aquatic environment 
(including groundwater) Surface water currents (such as 

rivers, canals or streams) 
Other types (such as lakes 

or estuaries) 
10 ≥ 10 ha ≥ 10 km ≥ 2 ha 
… y = -7,7 + 4,4 log10(x) 
1 Within the limits of the industrial site. 

Source: [13] 
In which: 
y: score for “pathways”; x: distance (m); a,b: dimensionless correction constants 

Table 4 – Example: score criteria for 
the assessment of the acute toxicity 

LC50 or EC50 Score 
< 1 mg/l 10 

1 – 6 mg/l 8 
6 – 30 mg/l 6 

30 – 200 mg/l 4 
200 – 1000 mg/l 2 

> 1000 mg/l 1 
Source: [13] 

Table 3 – Score criteria for the 
released quantity 

Released 
quantity (ton) 

Score 

> 500 10 
50 – 500 7 

5 – 49 5 
0,5 – 4,9 3 

< 0,5 1 
Source: [13] 
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In order to simulate the spills to the Vila Canal, in the Aveiro coastal lagoon, a research on software 

models that would allow the simulation of the spills associated with the nine accident scenarios was 

performed, leading to the identification of the MOHID Water Modelling System, developed in the 

MARETEC – Instituto Superior Técnico, as an interesting tool. Since it only allows the simulation of 

the trajectory of spills of oils less dense than water, only the diesel fuel scenario was modeled. For the 

fuel oil and the remaining pure substances no reliable software programs were identified, which made 

it impossible to simulate the considered scenarios related to these substances. 

The diesel oil’s trajectory and concentration profile was simulated for two worst case scenarios, 

considered to be a winter, weak wind, spring tide, in two different tide levels (high and low). 

Afterwards, the areas affected by each accident scenario were measured using MOHID GIS, which 

resulted in areas greater than 2 ha. Thus, a 10 point score was attributed to scenario S5 (diesel spill), 

according to the criteria defined in table 5. 

 

Vulnerable receptors 

The “vulnerable receptors” are the elements of the natural environment that, in the event of an 

accident, can be affected by the risk sources. The methodology states that, for the area affected by 

the accident scenarios, the score attributed to this risk component is based on the evaluation of the 

following parameters: existence of Natura 2000 sites, natural designated areas, particular species or 

historic and artistic heritage, assessment of damage reversibility (through the comparison of ultimate 

biodegradation data) and estimation of the socioeconomic impacts related to the modification of the 

natural resources. The methodology presents specific criteria for each of the mentioned parameters. 

In addition, some parameters were adapted to the Portuguese legal framework, such as the 

assessment of the existence of Natura 2000 sites, natural designated areas, particular species and 

historic and artistic heritage. Regarding the case study, only one scenario received a score for the 

“pathways”; therefore, only scenario S5 could be assessed for the element “vulnerable receptors”. 

 

Environmental Risk Index 

In order to obtain the final Environmental Risk Index, the risk sources, pathways and vulnerable 

receptors were integrated and a Global Environmental Effects Index was obtained. The incorporation 

of the frequency of the scenario with the Global Environmental Effects Index resulted in an 

Environmental Risk Index, as shown in table 6. Since some environmental fate parameters evaluated 

in the “risk sources” step could not be obtained for diesel fuel, the results had to be expressed in the 

form of intervals. 
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Table 6 – Scores for each risk component and final Environmental Risk Index. 

Scenario Substance 
involved 

Risk 
sources 

(1-12) 
Pathways 

(1-8) 
Vulnerable 
receptors 

(1-20) 

Global 
Environmental 
Effects Index 

(1-20) 

Environmental 
risk index 

S1 N-butyl acetate 3,6 - - - - 
S2 Ethyl acetate 3,0 - - - - 
S3 Isopropyl alcohol 2,8 - - - - 
S4 Benzene 4,6 - - - - 
S5 Diesel 5,2 to 9,4 8 16,5 to 17 14,9 to 17,2 59,6 to 68,8 
S6 Fuel oil no.4 BTE 4,3 to 7,7 - - - - 
S7 Ethyl methyl ketone 2,8 - - - - 
S8 Nitrobenzene 4,9 - - - - 
S9 Toluene 4,3 - - - - 

 

3.3 Applying the H & V Index 

The H & V Index [18] allows for the assessment of the severity of the environmental effects of an 

accident scenario, which is carried out in two phases. Firstly, after an initial screening of the 

substances suitable for further evaluation, based on their risk phrases, the toxic hazards of the 

substance are evaluated, through criteria stated by the methodology regarding aquatic toxicity and 

physico-chemical properties. The index considers that a level of toxicity to each of the environmental 

compartments affected (aquatic – surface and groundwater, soil and biota) is associated with each 

substance. Once each of the scenarios studied involved the spill of one substance to surface waters, it 

was considered that the environmental compartments affected would be the surface water and the 

biotic compartment. 

Furthermore, an evaluation of the environmental vulnerability was undertaken, through criteria stated 

by the index for each environmental compartment affected. Lastly, the integration of the toxic hazards 

of the substance, with the vulnerability of the environmental compartment affected and the released 

quantity resulted in a level of environmental effects, for each scenario and compartment (table 7). 

Table 7 – Results for the level of environmental effects for each compartment 
Category of toxic 
effects on surface 

waters 

Category of toxic 
effects on the biotic 

compartment 

Scenario Substance 
involved 

A B C D E A B C D E 
S4 Benzene    X  X     
S5 Diesel    X    X   
S6 Fuel oil no.4    X    X   
S8 Nitrobenzene    X  X     
S9 Toluene    X  X     

 

The impacts vary from A (negligible effects on surface waters) to E (maximum impact on surface 

water), while for the biotic compartment the impacts range from A (negligible effects on the biotic 

compartment, with an affected area of less than 0,1 ha) to E (maximum impact on the biotic 

compartment, with an affected area greater than 50 ha).  
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4. Applicability of the methodologies 

Some inconsistencies were found while applying the Spanish methodology to the case study, which 

made it impossible to obtain environmental risk indexes for all the scenarios initially proposed. The 

results of the evaluation performed on the applicability of the two environmental risk assessment 

methodologies are presented in table 8. 

 
Table 8 – Analysis of the applicability of the methodologies 

 Spanish methodology H & V Index 
Data  

gathering 
Risk sources – difficulties regarding the 
gathering of data on biodegradation and BCF, 
for mixtures. 
Pathways – No reliable software was found to 
be available for the simulation of spills of pure 
substances. 
Risk receptors – there was a need to adapt 
some criteria to the Portuguese legal 
framework. It was also impossible to assess 
the “damage reversibility” parameter for diesel 
fuel. In addition, it may be difficult to find 
information on protected species present in the 
surroundings of the site. 

No particular difficulties arose from the use 
of this index, although it should be noted 
that the values of the toxicity (LC50) in rats, 
for 4 hours, may be hard to obtain for some 
substances. 

Time spent Requires longer time  Requires less time 

Complexity More complex, as it requires a greater amount 
of input data Less complex 

 
 
5. Recommendations 

After an initial thorough identification of the environmental hazards associated with the assessed 

industrial site, the use of a screening method is proposed for the selection of accident scenarios that 

may lead to more severe environmental effects. In a further step, these scenarios can be analysed in 

a more detailed way, through quantitative risk assessment. 

The application of the two selected methodologies to a case study and the analysis of their 

applicability allowed the identification of a set of recommendations for further development. The 

screening methodology proposed could encompass the approach of the four risk elements proposed 

by the Spanish methodology.  

The risk sources could be assessed through the parameters of: acute toxicity, bioconcentration, 

biodegradation, volatility and sorption, as stated by the Spanish methodology. The last four 

parameters can easily be obtained for pure substances, using EPI Suite™. As for mixtures, an 

approach such as the one proposed by the H & V Index can be followed. On the other hand, existing 

schemes for the assessment of a substance’s environmental hazard could also be explored and used. 

As for the primary control systems, it is important to identify these systems and integrate their 

efficiency in the identification of more realistic accident scenarios, through the correction of the 

released quantity of substance and its frequency of occurrence. Concerning the analysis of the 

pathways and the distances and concentrations reached by the substances released, a simpler 

assessment should be followed, based on either the substance’s environmental fate or basic 
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dispersion equations, for an initial estimate. Also, the MOHID software can be a powerful tool for the 

simulation of oil spills. Finally, with respect to vulnerable receptors, these should be assessed using 

the approach suggested by the H & V Index, where the vulnerability is evaluated for each 

environmental compartment affected. 

Concerning the integration of the scores associated with each of the mentioned risk elements, a 

calibration based on a consultation of an expert panel or based on the analysis of past accidents with 

environmental consequences can be suggested. 
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