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SOIL PROTECTION AT EU-LEVEL  
 
Eddy Van Dyck1 �± Marijke Cardon 2  
 
1 OVAM, Public Waste Agency of Flanders, Belgium 

2 OVAM, Public Waste Agency of Flanders, Belgium 
 
 
KEYWORDS  
Europe, legislation, soil protection, industrial emission, ..... 
 
ABSTRACT 
 
Soil i�V���G�H�I�L�Q�H�G���D�V���W�K�H���W�R�S���O�D�\�H�U���R�I���W�K�H���H�D�U�W�K�¶�V���F�U�X�V�W�����7�K�H���L�Q�W�H�U�I�D�F�H���E�H�W�Z�H�H�Q���W�K�H���H�D�U�W�K�����W�K�H���D�L�U���D�Q�G���W�K�H���Z�D�W�H�U�����V�R�L�O���L�V���D��
non-renewable resource which performs many vital functions: food and other biomass production, storage, 
filtration and transformation of many substances including water, carbon, nitrogen. Soil has a role as a habitat 
and gene pool, serves as a platform for human activities, landscape and heritage and acts as a provider of raw 
materials. These functions are worthy of protection because of their socio-economic as well as environmental 
importance.  
 
�(�U�R�V�L�R�Q�����O�R�V�V���R�I���R�U�J�D�Q�L�F���P�D�W�W�H�U�����F�R�P�S�D�F�W�L�R�Q�����V�D�O�L�Q�L�V�D�W�L�R�Q�����O�D�Q�G�V�O�L�G�H�V�����F�R�Q�W�D�P�L�Q�D�W�L�R�Q�����V�H�D�O�L�Q�J�«���6�R�L�O���G�H�J�U�D�G�D�W�L�R�Q���L�V��
accelerating, with negative effects on human health, natural ecosystems and climate change, as well as on our 
economy. At the moment, only nine EU Member States have specific legislation on soil protection (especially on 
contamination).  
 
Different EU policies (for instance on water, waste, chemicals, industrial pollution prevention, nature protection, 
pesticides, agriculture) are contributing to soil protection. But as these policies have other aims and other scopes 
of action, they are not sufficient to ensure an adequate level of protection for all soil in Europe. 
For all these reasons, the Commission adopted a Soil Thematic Strategy on 22 September 2006 with the 
objective to protect soils across the EU.  
 
THE SOIL THEMATIC STRATEGY  
 
The Thematic Strategy for Soil Protection consists of a Communication from the Commission to the other 
European Institutions, a proposal for a framework Directive (a European law), and an Impact Assessment.The 
Communication explains why further action is needed to ensure a high level of soil protection, sets the overall 
objective of the Strategy and explains what kind of measures must be taken. It establishes a ten-year work 
program for the European Commission. 
 
The proposal for a framework Directive sets out common principles for protecting soils across the EU. Within 
this common framework, the EU Member States will be in a position to decide how best to protect soil and how 
use it in a sustainable way on their own territory. 
 
The Impact Assessment contains an analysis of the economic, social and environmental impacts of the different 
options that were considered in the preparatory phase of the strategy and of the measures finally retained by the 
Commission. 
 
DECISION MAKING PROCESS  
 
The Soil Thematic Strategy takes the form of a Communication from the Commission to the Council, the 
European Parliament, the European Economic and Social Committee, and the Committee of the Regions. It is 
not a legislative proposal and is therefore not subject to a formal process of adoption. 
 
The proposal for a Soil Framework Directive is subject to the co-decision procedure in accordance with Article 
251 of the EC Treaty. This means that both the European Parliament and the Council have to agree on a common 
text on the basis of a proposal from the Commission and taking into account the opinions of the Committee of 
the Regions and the European Economic and Social Committee. 
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Despite the efforts of several Presidencies, the Council has so far been unable to reach a qualified majority on 
this legislative proposal due to the opposition of a number of Member States constituting a blocking minority. 
The latest discussions during the Spanish Presidency (first half of 2010) have not changed this situation.  
 
OTHER EUROPEAN LEGISLATION RELEVANT FOR SOIL PROTECTION  
 
Renewable Energy Directive, Landfill Directive, Environmental Liability Directive, Water Framework 
Directive, Guidelines for State Aid, Waste Framework Directive,... are only a handful of the European 
(environmental) directives which can be linked with soil protection. The most recent directive with a significant 
link to soil contamination and remediation is the Industrial Emission Directive. 
 
INDUSTRIAL EMISSION DIRECTIVE   
 
Specific to soil, the Industrial Emission Directive (IED) increases the importance of prevention and monitoring 
of soil contamination. IPPC activities with the use, production or release of relevant hazardous substances, have 
specific provisions imposed on potential emissions to soil. These provisions include the entire life cycle of the 
IPPC installations: 1) for the commencement of the operation a situation report, 2) during the operation a 
minimum periodic monitoring, and 3) by cessation of activities an investigation and possible remediation. New 
activities should prior to the start of the operation, conduct a situation report (also called baseline report) of the 
soil and groundwater so that subsequent at closure a quantified comparison can be made. This baseline report 
shall contain information on the state of soil and groundwater contamination. It should also inquire about the 
current and past uses of the site. Europe demands that potential soil and groundwater contamination is 
periodically checked, or at least every ten and five years. The Directive allows a different frequency based on a 
systematic appraisal of the risk of contamination.   
 
 
LITERATURE  
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IMPLEMENTATION OF THE LAW ON CONTAMINATED SITES IN SLOVAKIA 
 
�9�O�D�V�W�D���-�i�Q�R�Y�i1 

 
1Ministry of the Environment of the Slovak Republic, Nam. L. Stura 1,821 35 Bratislava, Slovak Republic 
 e-mail: vlasta.janova@enviro.gov.sk 
 
ABSTRACT 
 
Act No. 409/2011 Coll. on some measures in the field of contaminated sites and on amendments to certain laws 
came into force on January 1, 2012. The Act focuses on identification and classification of contaminated sites,  
defines the originator and the body liable for the contaminated site and their obligations, establishes a procedure 
if a liable body cannot be determined, defines the working plan for contaminated site remediation and the way of 
its completion and operation of state authorities in the field of contaminated sites. Adoption of the Act is an 
important step towards the systematic removal of contaminated sites in Slovakia. The first year of 
implementation of the Act has the first positive results. 
 
INTRODUCTION  

The most important activities of the Ministry of the Environment of the Slovak Republic in the previous period 
include the project of Systematic Inventory of Contaminated Sites in Slovakia (2006 - 2008), creation of 
Information System of Contaminated Sites (2008 �± 2010), 
approval of the State Programme of Contaminated Sites Remediation (2010 �± 2015) by the Slovak  Government  
in March 2010 and implementation of the Operational Programme Environment Slovakia 2007-2013.   
 
In October 2011, the National Council of the Slovak Republic approved the Act No. 409/2011 Coll. on some 
measures in the field of contaminated sites and on amendments to certain laws. The Act came into force on 
January 1, 2012 and brought new conditions for systematic tackling of environmental burdens from the past. The 
first year of implementation of the law was filled with creation of state administration on this issue, identification 
of new environmental burdens reported by professionals and public, updating information system of 
contaminated sites, determining the responsible persons and the first approval of the Working Plans for 
contaminated site remediation. In synergy with the geological legislation, the Ministry of the Environment of the 
Slovak Republic established the Commission for Consideration and Approval of Final Reports with Risk 
Analysis.  
 
Creation of state administration in the field of contaminated sites 

Bodies of state administration in the field of contaminated sites include: 

a) Ministry of the Environment of the Slovak Republic, 
b) Regional Environmental Offices and 
c) Slovak Environmental Inspectorate. 

 
In order to instruct the staff of the Regional Environmental Offices, the Ministry of the Environment elaborated 
two methodological instructions and a methodological guideline: 

�‡�� �0�H�W�K�R�G�R�O�R�J�L�F�D�O�� �L�Q�V�W�U�X�F�W�L�R�Q�� �R�I�� �W�K�H�� �0�L�Q�L�V�W�U�\�� �R�I�� �W�K�H�� �(�Q�Yironment of the Slovak Republic for 
determination of liable person under the Law No. 409/2011 Coll. on some measures in the field of contaminated 
sites and on amendments to certain laws, 

�‡���0�H�W�K�R�G�R�O�R�J�L�F�D�O���L�Q�V�W�U�X�F�W�L�R�Q���R�I���W�K�H���0�L�Q�L�V�W�U�\���R�I���W�K�H���(�Q�Y�L�U�R�Q�P�H�Q�W���R�I���W�Ke Slovak Republic for the Working 
plans for contaminated site remediation under the Law No. 409/2011 Coll. on some measures in the field of 
contaminated sites and on amendments to certain laws. 

�‡���0�H�W�K�R�G�R�O�R�J�L�F�D�O���J�X�L�G�H�O�L�Q�H���1�R����������������-7 on risk analysis of polluted site. 
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In 2012, the Ministry of the Environment in cooperation with the Slovak Environmental Agency, organized 9 
special trainings, where more than 250 civil servants and 80 employees of private sector were trained on the 
issue of the new law. 

Identification of contaminated sites 

According to the law, anybody who suspects the presence of contamination in the country may inform the 
Ministry of the Environment or the Regional Environmental Office. Information can be submitted in a paper 
form, an electronic form or orally. The Ministry of the Environment makes sure whether the site is really 
contaminated, if so, it completes a registration form, classifies it and ensures its entry into the Information 
System of Contaminated Sites. 

In this way, there were 63 suspicious sites audited in 2012. Ten of them were identified as probable contaminated 
sites and localities and were entered into the information system. Identification of contaminated sites and 
updating of information system are performed by the Slovak Environmental Agency.  

Responsibility for contaminated sites 

The law provides a way of determining the responsible body for the contaminated site and according to the 
polluter pay principle introduces a definition of an originator of the contaminated site.  The originator is anyone, 
who by his activities has caused contamination. The originator is directly responsible for the contaminated site 
remediation. If the originator folded up (the company no longer exists) or died (if an individual), the Regional 
Environmental Office determines in the proceedings that a legal successor or a property owner may be 
responsible for the contaminated site remediation. In 2012, there were 37 proceedings initiated, 31 of them were 
finished.  

Relevant ministry 

If a body or a person liable for the contaminated site cannot be determined, the procedure is stopped and the 
Government of the Slovak Republic decides which ministry shall assume responsibilities of the responsible 
person and manage the remediation. In April 2013, the Slovak Government adopted the Resolution No. 
150/2013, where the Ministry of the Environment and the Ministry of the Defence were entrusted with the 
management of the  remediation of 19 contaminated sites.   

Working plan for contaminated site remediation  

The Working Plan for contaminated site remediation represents the basic planning document, which should be 
submitted for approval to the Regional Environmental Office. Up till now, more than 20 of them have been 
submitted. After the approval, the working plans will be included in the Information System of Contaminated 
Sites and will be available to the public. 
 
CONCLUSION 

The Act on some measures in the field of contaminated sites has created special conditions for further progress 
of  works in this field and allows to remove barriers that make impossible to remediate contaminated sites. The 
importance of the Act is also unquestionable for EU funds drawing, where Slovakia has a long delay. Based on 
above mentioned information on implementation of the Act during the first year of its existence, we can briefly 
summarize that the Act on contaminated sites appears to be viable and useful and set conditions will bring 
benefit for all of us and also for future generations. 
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INVENTORIES AND REGISTERS OF (POTENTIALLY) CONTAMINATED SITE S �± 
IMPLEMENTATION IN WALLONIA (BELGIUM)  
 
Esther Goidts1 �± Arnaud Warin 1 �± Maxime Semer1 
 
1 Soil Protection Direction, DGARNE (DG Agriculture, Natural Resources and Environment), SPW (Public 
Administration of Wallonia), Belgium 
 
KEYWORDS  
Inventories, (potentially) contaminated sites, databases, mapping, soil investigations, remediation cost 
 
ABSTRACT 
 
Inventories of potentially contaminated sites rely on various databases, often arising from legal obligations. 
Therefore, the first steps of making such inventories involve to gather thematical databases in order to analyse 
their synergy. This requires to evaluate the relevance and the resolution of each database, as well as the technical 
feasibility of their integration, given a referential framework not only based on a common terminology (e.g. 
definition of potentially contaminated sites) but also on a common spatial resolution in order to consistently 
characterize each site through time and space. 

 
In Wallonia, potentially contaminated sites are defined as sites where potentially contaminating activities take or 
�W�R�R�N���S�O�D�F�H�����2�Q�H���Ä�V�L�W�H�³���U�H�I�H�U�V���W�R���W�K�H���H�Q�V�H�P�E�O�H���R�I���D�G�M�D�F�H�Q�W���R�U���F�R�Q�W�L�J�X�H�V���F�D�G�D�V�W�U�L�D�O���S�D�U�F�H�O�V���F�R�Y�H�U�H�G���E�\���W�K�H���D�F�W�L�Y�L�W�\��
and its various installations. The potentially contaminated activities/installations are defined in the Annex III of 
the Soil decree (231 activities/installations are identified). The first legal databases available concerning such 
sites relate to waste and land planning decrees in the eighties, then environmental legislations from the late 
nineties added more exhaustive databases (see Table 1). The current number of potentially contaminated sites 
ranges from 3439 to 17.009 sites, which corresponds to an average density of 2 to 10 si�W�H�V�� �S�H�U�� ������ �N�P�ð���� �7�K�L�V��
reflects the industrial past of Wallonia, where coal and metal (iron) mining developped increasingly in the 18th 
and 19th century, such that Wallonia became the second world industrial power in the 19th century. Most of the 
potentially contaminated sites are therefore economic wasteland including brownfields, and later on gas stations 
became also a significant part of these sites. Between two third or one eighth (given respectively the low or high 
estimates �± Table 1) of the potentially contaminated sites identified were already found contaminated following 
soil investigations, with more than half of them now remediated. Provided that relevant historical data are 
available, numerous potentially contaminated sites can also be identified (5694 sites found on the Vandermaelen 
map), although duplicates may be found due to successive activities taking place on the same location.   

 
Tab. 1. Number of (potentially) contaminated sites according to the different available databases (from ICEW, 2012) 
 

Legal framework / Driver  
Starting 
date of 

database 
n sites 

Potentially 
contaminated 

Contaminated Remediated 

  
low 
estimate 

high 
estimate 

low 
estimate 

High 
estimate 

  

Soil decree 5/12/2008 62 62   62 0 

Environmental permit decree 11/3/1999 419 5765 419 5765 0 0 

Protection at work �± gas 
stations 

4/3/1999 2006 2286 1310 1590 429 267 

Waste decree 
1985 - 

26/6/1996 
1301 1301 368 368 255 678 

Economic wasteland 
(brownfields included) within 
land planning decree 

1978 - 
27/11/1997 1967 4217 1342 3592 248 377 

Historical studies 
(Vandermaelen map �± CHST 
2012) 

1846 - 1854 0 5694 0 5694   

Total  5.755 19.325 3.439 17.009 994 1322 
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With the approuval of the specific legal framework dealing with soil management (Soil Decree, mainly 
focused on contaminated sites), the integration of the different databases has started, raising the issue of 
mapping the different databases within the cadastrial parcel reference framework. Indeed, prior to the year 
2000, the databases were only used for basic administrative management within separated legal framework 
and without mapping considerations (only the site address was recorded with possibly a local map). 
However, as mapping allows to proceed an integrated approach for soil management and allows to 
systematically identify potential duplicates between databases, provided that a consistent spatial reference is 
used, this spatial work started and is currently under progress.  
 
Three types of databases can be distinguished when dealing with database georeferencing: i) exhaustive 
georeferenced database easily available and rapid to integrate into a centralised database (cadastrial matrix, 
existing databases of contaminated sites, ...); ii) database requiring a pre-process in order to extract 
potentially polluting activities and to digitise cadastrial parcels (environmental permits database, historical 
database, ...); iii) database presenting difficulties for further integration (no detailed georeferencing available, 
restricted access,...). Figures 1 and 2 illustrate the work done on digitalisation of old potentially polluting 
activities and their spatial extent from the historical Vandermaelen map (edited between 1846 and 1854 at 
a 1/20.000 scale) and adjusted to the current geodataframe used for cadastrial parcels.  
 

 
 

Fig. 1. Identification of sites where potentially contaminating activities occured on the Vandermaelen map edited around 
1850 (from CHST, 2012) 

 

 
 

Fig. 2. Sites where potentially contaminating activities occured in 1850 in Wallonia (from CHST, 2012) 
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The updated inventory of potentially contaminated sites based on the current spatial integration of each database 
will then be used as a driver for detailed soil investigations by accredited soil experts within the Soil Decree 
framework. Indeed, different legal triggers are defined for starting investigations on sites where potentially 
contaminating activities have taken or are taking place: administrative and voluntary procedures, permit demand, 
bankruptcy, end of activity and environmental damage. Purshase was initially forseen as a trigger for soil 
investigation obligations, but is being reconsider within a voluntary procedure that may arise from the legal 
obligation of notaries to inform the seller and the buyer on the status of the soil following a consultation of the 
map of potentially contaminated sites issued by the administration.  
 
The system of triggers for soil investigations is therefore a dynamic system through time, which differs from 
a systematic approach for identification and subsequent remediation of contaminated sites. The polluter �± payer 
principle is applied such that soil investigations and remediation costs are supported by the private sector. 
However, in addition to this trigger system, a number of orphan sites have to be handled through the public 
channel. In that second system, contaminated sites are prioritised within a public remediation plan for which 
�E�X�G�J�H�W���L�V���D�S�S�U�R�Y�H�G���E�\���W�K�H���J�R�Y�H�U�Q�P�H�Q�W�����,�W���L�V���W�K�H�U�H�I�R�U�H���D�Q���D�P�R�X�Q�W���R�I�����������0�¼���W�K�D�W���K�D�Y�H���E�H�H�Q���U�H�F�H�Q�W�O�\���D�O�O�R�F�D�W�H�G���W�R��
the remediation of 60 priority contami�Q�D�W�H�G�� �E�U�R�Z�Q�I�L�H�O�G�� �D�Q�G�� �H�F�R�Q�R�P�L�F�� �Z�D�V�W�H�O�D�Q�G���� �D�Q�G�� �������� �0�¼���W�R�� �W�K�H��
investigation and, if necessary, rehabilitation of 176 priority less or uncontaminated brownfield and economic 
waste land (ICEW, 2012).     
 
In conclusion, implementation of inventories of (potentially) contaminated sites is crucial for soil management 
and land planning, but requires important efforts of databases gathering, georeferencing, and cleaning in order to 
have an integrated mapping of such sites. Historical data can be of high relevance, but depend on the quality of 
the information (identification of activities and their location). The adequate resolution of such inventory (at 
least for Wallonia) is the cadastrial parcel in order to avoid duplicates through space, to trace back the succession 
of activities through time, and to identify the potential responsible of obligations. Work is in progress to reach 
such resolution for each database available, while priority brownfield and economic wasteland are being under 
remediation through public supported funds. 
 
LITERATURE  
 
CHST (Center of History of Sciences and Techniques), 2012: Final report of the research convention 2011 for Public 
Administration of Wallonia / DG Agriculture, Natural Resources and Environment �± Project for enrichment of Soil Status 
Database with historical documents �± �'�H�S�D�U�W�P�H�Q�W���R�I���,�Q�G�X�V�W�U�L�D�O���6�L�W�H�V���R�I���&�+�6�7�����8�Q�L�Y�H�U�V�L�W�\���R�I���/�L�q�J�H������ 
ICEW (Key Environmental Indicators for Wallonia), 2012: Fiche Pollution locale des sols �± DEE �± DEMNA�± DGARNE �± 
SPW; 
 
Ir. Esther Goidts, PhD. 
Soil Protection Direction 
Department of Soil and Waste 
DG Agriculture, Natural Resources and Environment 
Public Administration of Wallonia (BELGIUM) 
���������D�Y�����3�U�L�Q�F�H���G�H���/�L�q�J�H�����%-5100 NAMUR 
Belgium 
esther.goidts@spw.wallonie.be 
 
Ir. Arnaud Warin  
Soil Protection Direction 
Department of Soil and Waste 
DG Agriculture, Natural Resources and Environment 
Public Administration of Wallonia (BELGIUM) 
���������D�Y�����3�U�L�Q�F�H���G�H���/�L�q�J�H�����%-5100 NAMUR 
Belgium 
arnaud.warin@spw.wallonie.be 
 
Maxime Semer 
Soil Protection Direction 
Department of Soil and Waste 
DG Agriculture, Natural Resources and Environment 
Public Administration of Wallonia (BELGIUM) 
���������D�Y�����3�U�L�Q�F�H���G�H���/�L�q�J�H�����%-5100 NAMUR 
Belgium 
maxime.semer@spw.wallonie.be  

13 CONTAMINATED SITES BRATISLAVA 2013
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INTRODUCTION 
 
Based on the Austrian Environmental Support Act the Kommunalkredit Public Consulting GmbH since 1993 has 
been managing the environmental support schemes of the federal government as a contractor of the Federal 
Ministry of Environment. Among these environmental support schemes the Remediation of contaminated sites 
since 1993 up to 2012 includes a total amount of 205 remediation projects representing investments of 986 EUR 
million with granted support of 752 EUR million. 
 
INITIAL SITUATION AND INDUCEMENT 
 
�7�K�H�� �$�X�V�W�U�L�D�Q�� �I�H�G�H�U�D�O�� �I�X�Q�G�L�Q�J�� �J�X�L�G�H�O�L�Q�H�V�� �I�R�U�� �U�H�P�H�G�L�D�W�L�R�Q�� �D�U�H�� �E�D�V�H�G�� �R�Q�� �W�K�H�� �S�U�L�Q�F�L�S�O�H�� �R�I�� �³�P�D�[imum ecological 
�H�I�I�H�F�W�� �X�Q�G�H�U�� �D�F�F�H�S�W�D�E�O�H�� �P�D�F�U�R�H�F�R�Q�R�P�L�F�� �F�R�V�W�´���� �$�F�F�R�U�G�L�Q�J�� �W�R�� �W�K�L�V�� �W�K�H�� �H�F�R�O�R�J�L�Fal-economic assessment of 
�U�H�P�H�G�L�D�W�L�R�Q�� �D�O�W�H�U�Q�D�W�L�Y�H�V�� �L�V�� �D�� �P�D�L�Q�� �S�U�H�F�R�Q�G�L�W�L�R�Q�� �I�R�U�� �$�X�V�W�U�L�D�•�V�� �S�X�E�O�L�F�� �I�X�Q�G�L�Q�J���� �6�L�Q�F�H�� �W�K�H�� �F�U�L�W�H�U�L�D�� �I�R�U�� �W�K�H�V�H��
assessments have not been standa�U�G�L�]�H�G���� �$�X�V�W�U�L�D�•�V�� �)�H�G�H�U�D�O���0�L�Q�L�V�W�U�\�� �R�I�� �(�Q�Y�L�U�R�Q�P�H�Q�W��launched the development 
of an appropriate standardized assessment tool in 2010 aimed to become mandatory when requesting resources 
from the national Remediation Fund. 
 
MODIFIED COST-EFFECTIVENESS-ANALYSIS (MCEA) 
 
Starting point for proposing a standardized assessment procedure of remedial options was an extensive literature 
review on available assessment methods and tools carried out by the authors ���2�U�W�P�D�Q�Q�� �	�� �'�|�E�H�U�O���� ����������. The 
methods and tools were evaluated regarding the issues suitability to the principles of sustainability and 
contaminated land management according to the Austrian �³�0�L�V�V�L�R�Q�� �6�W�D�W�H�P�H�Q�W�� �R�Q�� �&�R�Q�W�D�P�L�Q�D�W�H�G�� �6�L�W�H��
�0�D�Q�D�J�H�P�H�Q�W�´�� ���%�0�/�)�8�:���� �H�G������ ����������, transparency and reliability in order to avoid �Ä�E�O�Dck-box-�H�I�I�H�F�W�V�³, 
flexibility regarding the adaption to specific needs and user-friendliness. A modified Cost-Effectiveness-
Analysis (MCEA) was identified as the most appropriate assessment method ���2�U�W�P�D�Q�Q�� �	�� �'�|�E�H�U�O���� ����������. 
Classical CEA are commonly used in the public sector to identify the most advantageous among different 
options. Ideally, it is the option combining the least costs with the highest effectiveness in fulfilling specific 
objectives. The result of a classical CEA is a comparison of the costs of an option with a matrix displaying the 
effectiveness values regarding different objectives.  
The Modified Cost-Effectiveness (MCEA) was developed allowing for an aggregation of effectiveness values at 
different levels and to calculate a total effectiveness-cost-ratio enabling a ranking of options. Like a classical 
CEA, an MCEA consists of an effectiveness assessment on the one hand and an assessment of corresponding 
costs on the other hand.  
Effectiveness assessment displays the effectiveness values of an alternative regarding different objectives 
(goals). Summing up the weighted values according to the objectives leads to a total effectiveness value for each 
alternative. The costs of an alternative are assessed in monetary terms. The relation between total effectiveness 
and costs provides an effectiveness/cost-ratio for each alternative allowing a ranking and comprehensible choice 
of the best alternative as shown in Fig. 1. 
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Fig. 1. Example results of MCEA (modified after Ortm�D�Q�Q���	���'�|�E�H�U�O�������������� 
 
HIERARCHIC SYSTEM OF GOALS AND WEIGHTINGS 
 
Since the application of MCEA requires objectives and goals to be defined, a hierarchic system of objectives, 
goals and weightings categories has been established. R�H�S�U�H�V�H�Q�W�D�W�L�Y�H�V���R�I���$�X�V�W�U�L�D�¶�V relevant stakeholder groups in 
contaminated site management have been involved in discussing, critically reviewing and amending the 
proposed objectives, goals and weightings. This stakeholder-process resulted in a hierarchical system of goals 
consisting of 4 levels (level 1: overall objectives; level 2: goals; level 3: indicator categories and level 4: 
criteria), each level specifying the goals of the level(s) above. The goals of the upper levels and their weighting 
are derived from national laws, guidelines and other relevant international documents. These upper-level goals 
and their weightings remain pre-defined by the public funder. The goals of �W�K�H���O�R�Z�H�U�P�R�V�W���O�H�Y�H�O�����³�F�U�L�W�H�U�L�D�´�����D�U�H��
represented by measureable (quantitatively or qualitatively) criteria and not pre-defined but to be specified by the 
planning engineer in accordance with the site-specific situation and with local stakeholders. This is why level 4 
is not represented in the figures below. 
�7�K�H�� �J�R�D�O�V�� �R�I�� �W�K�H�� �X�S�S�H�U�P�R�V�W�� �O�H�Y�H�O�� ���Ä�R�Y�H�U�D�O�O�� �R�E�M�H�F�W�L�Y�H�V�³���� �Dnd their weighting have been defined within the 
stakeholder process as follows: 
�‡��Objective 1: �Ä�(�F�R�O�R�J�\�³�����:�H�L�J�K�W�����������������0�D�[�L�P�L�]�L�Q�J���W�K�H���H�F�R�O�R�J�Lcal benefit. 
�‡��Objective 2: �Ä�/�R�F�D�O���'�H�Y�H�O�R�S�P�H�Q�W�³�����:�H�L�J�K�W�����������������,�P�S�U�R�Y�L�Q�J���W�K�H���I�U�D�P�L�Q�J���F�R�Q�G�L�W�L�R�Q�V���I�R�U local development. 
�‡��Objective 3: �Ä�3�U�R�M�H�F�W���6�W�D�E�L�O�L�W�\�³�����:�H�L�J�K�W��������%): Improving further aspects of sustainability. 
According to its importance the costs are not a part of the goal-system but integrated as a separate parameter into 
the algorithmus of the MCEA as described in the previous section. 
 
Overall Objective 1 �± �³�(�F�R�O�R�J�\�´ 
Th�H�� �R�Y�H�U�D�O�O�� �R�E�M�H�F�W�L�Y�H�� �³�(�F�R�O�R�J�\�´���� �L���H���� �³�P�D�[�L�P�L�]�L�Q�J�� �W�K�H�� �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �E�H�Q�H�I�L�W�´�� �L�V�� �V�S�O�L�W�� �L�Q�W�R�� �W�K�H�� �J�R�D�O�V�� �³�S�U�L�P�D�U�\��
�H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �H�I�I�H�F�W�V�´�� �D�Q�G�� �³�V�H�F�R�Q�G�D�U�\�� �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �H�I�I�H�F�W�V�´�� �D�W�� �O�H�Y�H�O 2. Primary environmental effects, 
generally, are the environmental goals of remediation measures, whereas secondary environmental effects 
comprise accompanying side effects, which mostly are unintended. Concerning primary environmental effects, 
as a minimum requirement remediation options need to fulfil the remediation target, otherwise they are not 
suitable for an assessment. It has to be noted that the remediation target has to be defined prior to the assessment. 
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Fig. 2. Overall o�E�M�H�F�W�L�Y�H���³�(�F�R�O�R�J�\�´���Z�L�W�K���I�X�U�W�K�H�U�±level�±goals and weightings 
 
Overall Objective 2 �± �³�/�R�F�D�O���'�H�Y�H�O�R�S�P�H�Q�W�´ 
Although the commercial reuse of (formerly) contaminated sites is not specifically deducible from legislation as 
a goal of contaminated site management, it is one of the main driving forces to remediate contaminated sites. 
�7�K�X�V�����L�W���L�V���D�G�G�U�H�V�V�H�G���L�Q���W�K�H���$�X�V�W�U�L�D�Q���³�0�L�V�V�L�R�Q���6�W�D�W�H�P�H�Q�W���R�Q���&�R�Q�W�D�P�L�Q�D�W�H�G���6�L�W�H���0�D�Q�D�J�H�P�H�Q�W�´��(BMLFUW, ed., 
2009) �E�\���V�W�D�W�L�Q�J�����³�)�U�D�P�L�Q�J���F�R�Q�G�L�W�L�R�Q�V���I�R�U���U�H�X�V�L�Q�J���D�Q�G���L�Q�W�H�J�U�D�W�L�Q�J���F�R�Q�W�D�P�L�Q�D�W�H�G���V�L�W�H�V���E�D�F�N���L�Q�W�R��economic cycles 
�V�K�D�O�O�� �E�H�� �L�P�S�U�R�Y�H�G�´���� �%�H�V�L�G�H�V�� �D�Q�� �H�F�R�Q�R�P�L�F�� �E�H�Q�H�I�L�W�� �I�R�U�� �V�L�W�H�� �R�Z�Q�H�U�V�� �R�U�� �L�Q�Y�H�V�W�R�U�V���� �D�� �U�H�X�V�H�� �R�I�� �F�R�Q�W�D�P�L�Q�D�W�H�G�� �V�L�W�H�V��
mostly generates a public benefit. Decreasing land consumption by reuse of brownfields and combating urban 
sprawl are widely recognized environmental targets, which are addressed in various policy papers at national and 
international level. 
 

 
 
Fig. 3. �2�Y�H�U�D�O�O���R�E�M�H�F�W�L�Y�H���³�/�R�F�D�O���'�H�Y�H�O�R�S�P�H�Q�W�´���Z�L�W�K���I�X�U�W�K�H�U�±level�±goals and weightings 
 
Objective 3 �± �³�3�U�R�M�H�F�W���6�W�D�E�L�O�L�W�\�´ 
The third objective �³�3�U�R�M�H�F�W�� �6�W�D�E�L�O�L�W�\�´�� �D�G�G�U�H�V�V�H�V�� �D�V�S�H�F�W�V�� �R�I�� �V�X�V�W�D�L�Q�D�E�L�O�L�W�\���� �Z�K�L�F�K�� �D�U�H�� �Q�R�W�� �F�R�Y�H�U�H�G�� �E�\��
environmental criteria or criteria representing site development issues and costs. Hence, particularly health 
effects and socio-economic impacts on humans and regions as well as the stability of remediation options 
concerning a change in framing conditions are assessed. 
 

 
 
Fig. 4.�2�Y�H�U�D�O�O���R�E�M�H�F�W�L�Y�H���³�3�U�R�M�H�F�W���6�W�D�E�L�O�L�W�\�´���Z�L�W�K���I�X�U�W�K�H�U�±level�±goals and weightings 
 
 
RESULTS OF MCEA 
 
At a first glance, the most beneficial option can be identified by the highest total effectiveness/cost-ratio among 
the options assessed. However, it is strongly recommended with respect to quality assurance and transparency, to 
complement the effectiveness/cost-ratio with cost-effectiveness matrices similar to classical CEA. Especially if 
the effectiveness/cost-ratio of two or more options is close to each other, cost-effectiveness matrices allow for a 
more complete picture on strengths and weaknesses of an option than a highly aggregated single indicator.  
Dealing with uncertainties of input data is another crucial issue regarding the reliability and transparency of 
results. In order to evaluate the stability of results and the robustness of the ranking, it is recommended to 
perform sensitivity analyses by varying input data according to their uncertainties. Due to its high influence on 
the result and practical experiences with cost estimations, particularly changes in costs should be investigated 
regarding their impact on the ranking. A check of potential changes in ranking is suggested by modifying the 
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�F�R�V�W�V���“���������� In order to provide an appropriate basis for decision making, the IT-tool (see below) allows for a 
display of input data, MCEA-matrices and graphs of the results including sensitivity analyses. 
 
APPLICATION OF MCEA IN TO CONTAMINATED SITE MANAGEMENT 
 
In order to support the application of MCEA in practice, a Microsoft-Excel-based IT-tool has been developed 
enabling structured data input, processing and output. A German version of the tool as well as a manual, 
providing more detailed information on the practical application and instructions on the hierarchic system of 
goals (Ortmann et al., 2011) is available for free on the website of the Kommunalkredit Public Consulting GmbH 
as authorized body in charge of managing the funding in contaminated site remediation. The MCEA (including 
manual and software-tool) was implemented in January 2012. It has to be used obligatory for studies on 
remediation alternatives as a part of the application for national funding. 
 
SUMMARY AND PROSPECT 
 
First practical experiences with the assessment tool leading to reasonable results. Nevertheless further periodic 
reviewing of the assessment results regarding their reliability and robustness is exspected. Furthermore, the 
methodology and the IT-tool seem to be accepted by the majority of practitioners, which, according to the 
�D�X�W�K�R�U�V�¶�� �R�S�L�Q�L�R�Q���� �L�V�� �P�D�L�Q�O�\�� �R�Z�H�G�� �W�R�� �W�K�H�� �V�W�D�N�H�K�R�O�G�H�U�� �L�Q�Y�R�O�Y�H�P�H�Q�W�� �I�U�R�P�� �W�K�H�� �Y�H�U�\�� �E�H�J�L�Q�Q�L�Q�J�� �R�I�� �W�K�H�� �G�H�Y�Hlopment 
process. 
Implementing the methodology into the funding regime may be seen as a basic element for the efficient use of 
public and private resources in future contaminated site management in Austria.  
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ABSTRACT 
 
By the end of 2012 a complete revision of contaminated sites legislation in Austria has been drafted. Under the 
revised law, which still will keep to address only historical contamination (before 1990), an ordinance shall 
�S�U�R�Y�L�G�H���F�U�L�W�H�U�L�D���W�R���D�V�V�H�V�V���D�Q�G���L�G�H�Q�W�L�I�\���µ�V�L�J�Q�L�I�L�F�D�Q�W�O�\�¶���F�R�Q�W�D�P�L�Q�D�W�H�G���V�L�W�H�V���D�V���Z�H�O�O���D�V���µ�V�H�U�L�R�X�V�O�\�¶���F�R�Q�W�D�P�L�Q�D�W�H�G���V�L�W�H�V����
The draft ordinance addresses a typology of frequent contaminants. Tailored with respect to contaminant 
behaviour a comprehensive set of assessment criteria on (i) intensity (contaminant concentration), (ii) the extent 
(volume or area) and (iii) effect related issues (e.g. mass flows) is provided. The presentation will explore the 
scientific and technical background to define the proposed criteria sets and summarize major learnings and 
amendments of stakeholder discussions. 
 
ENVISAGED LEGISLATIVE CHANGES 
 
In the year 1989 the Act on the Remediation of Contaminated Sites (ALSAG 1989) was set in force in Austria. 
This Act was generally dedicated to provide financial resources for the remediation of contaminated sites such as 
landfills and industrial sites by introducing a tax on landfilling of waste. The revenue is earmarked for funding 
remedial projects (85 %), for identifying and investigating (potentially) contaminated sites and prioritising 
seriously contaminated sites (15 %). Lessons learned during more than 20 years of investigating and remediating 
contaminated sites in Austria as well as the on-going international discussion on risk based assessment 
approaches and remediation goals resulted in recognizing a need for a major revision of ALSAG.  
ALSAG 2013, a complete revision of ALSAG 1989, which has the status of a legislative proposal at the 
moment, has the aim to identify contaminated and seriously contaminated sites. It is intended to form a basis the 
extent of remedial actions on seriously contaminated sites can be derived from in order to reduce and monitor 
risks for human health and the environment. �$�V���W�K�H���³�R�O�G�´�����E�X�W���V�W�L�O�O���L�Q���I�R�U�F�H�����O�H�J�L�V�O�D�W�L�R�Q�����$�/�6�$�*�������������Z�L�O�O���V�W�L�O�O��
be restricted to historical contamination (prior to 1990) and will not be applicable for contamination originating 
from agriculture and forestry, mining, radioactive substances, explosive substances and emissions in the 
atmosphere or in surface water. 
In addition to the financial focus of ALSAG 1989, ALSAG 2013 addresses systematic identification of 
contaminated sites, effect and land-use related risk assessment, appropriate actions and risk minimising 
measures. Additionally, the criteria �G�H�V�F�U�L�E�L�Q�J���W�K�H���W�H�U�P�V���³contaminated�  ́�D�Q�G���³seriously contaminated�  ́sites have 
been defined quantitatively in an accompanying ordinance. .  
 
ASSESSING AND CONTROLLING RISKS 
 
The basis for risk assessment and risk control is the knowledge about intensity and extent of contamination. 
Furthermore it is also essential to know about the duration that the contaminant is present in the soil, air or in 
groundwater. As a following step a risk based assessment of contaminated and seriously contaminated sites is the 
basis for the classification and prioritisation. 
Especially four points have to be recognised: 

�x Migration of gaseous and liquid pollutants (migration of landfill gas or substances in the groundwater) 
�x Impacts of pollutants on the soil or surface water 
�x Issues regarding land-use ; e.g. risks originating from flammable or suffocating gases, potential impact 

of contaminants for human health, increased mobilisation of contaminants 
�x Risks for human uptake of contaminants (to inhale, drink or eat but also to get in dermal contact) with  

Risk assessments have to be performed basically on an effect-related basis taking into account land-use related 
issues. This applies for remedial measures as well. However, non-tolerable risks for human health or the 
environment have to be excluded. 
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GENERAL CRITERIA TO DETERMINE AND REGISTER CONTAMINATED SITES 
 
As already mentioned in Austria each site, especially each historical site and landfill can be classified in the 
following 3 categories after investigation work: 

�x not contaminated or only minor contaminated 
�x contaminated 
�x seriously contaminated  

A contaminated site is a definable area or site with a more than minor contaminated subsurface or more than 
minor amount of landfilled waste. At a seriously contaminated site it is necessary to take remedial actions. These 
can be a further investigation, monitoring with natural attenuation or monitoring with remediation work. 
Tailored with respect to contaminant behaviour a comprehensive set of assessment criteria on (i) intensity 
(contaminant concentration), (ii) the extent (volume or area) and (iii) effect related issues (e.g. mass flows) is 
provided: 

�x Chlorinated Hydrocarbons 
�x Mineral oil 
�x Tar oil 
�x Metals 
�x Landfills with the potential of landfill gas production 

 
In the following two chapters details about oil spills (mineral oil) and landfills with the potential of landfill gas 
production are described in detail. Regarding chlorinated hydrocarbons the ordinance defines criteria for the sum 
of CHC, tetrachloroethene, trichloroethene and vinyl chloride. Concerning tar oil the sum of polycyclic aromatic 
hydrocarbons, naphthalene, phenol index, sum of phenol and alkyl phenols are the important assessment values. 
In the case of a contaminated site with metals, not only the concentration and extent is important, but also the 
site specific availability for plants, animals or humans. All tables with criteria and trigger values concerning 
CHC, tar oil and metals are part of the new ordinance but not included in this paper. 
It has to be noted that it is still necessary to make a risk assessment especially for each investigated landfill or 
historical contaminated site. It is not possible, even not with this new ordinance, to make general or global 
assessments for groups of sites or landfills. 
 
SPECIFIC CRITERIA REGARDING OIL SPILLS 
 
In tab. 1 the criteria for sites contaminated by mineral oil are presented.   
�$���V�L�W�H���L�V���³�F�R�Q�W�D�P�L�Q�D�W�H�G�´���� 

�x if the value (tab. 1) of the contamination and the value for the contaminated volume are exceeded or  
�x if an oil phase exists on the groundwater table. 

 
Tab. 1. Criteria and trigger values for contaminated sites 
 

 
 

In tab. 2 the criteria and trigger values for sites seriously contaminated by mineral oil are presented.   
�$���V�L�W�H���L�V���³�V�H�U�L�R�X�V�O�\���F�R�Q�W�D�P�L�Q�D�W�H�G�´���� 

�x if the value (tab. 2) concerning the intensity of the contamination and the value for the contaminated 
volume are exceeded or  
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�x if an oil phase with an extent  larger than 500 m�ð���H�[�L�V�W�V���R�Q���W�K�H���J�U�R�X�Q�G�Z�D�W�H�U���W�D�E�O�H���R�U 
�x if the value for the mass flow in the groundwater is exceeded and the value for the contaminated site 

(tab. 1) is fulfilled. 

Tab. 2. Criteria and trigger values for seriously contaminated sites 
 

 

a�«  The values are dependent from element group specific mobilisation according to the mineral oil product. For low 
temperature boiling, easily mobilised hydrocarbons (< C22) a value higher than 100 mg/kg (if contaminated) respectively 
500 mg/kg (if seriously contaminated), or the proportion of high boiling hydrocarbons is higher than 80 % (> C30) a 
value higher than 500 mg/kg (if contaminated) respectively 2.000 mg/kg (if seriously contaminated). 

b�«  The values for BTEX in dry substance (soil sample) are only applicable in low permeable underground (kf<10-5 m/s) 
c�«  The values for soil air concentration are only applicable in high permeable underground (kf>10-5 m/s) 
d�«  The parameter includes aliphatic (n- und i-Alkane, cyclo-Alkane, Alkene) as well as aromatic hydrocarbons (C6-C10-

aromates). 

 
SPECIFIC CRITERIA REGARDING SANITARY LANDFILLS 
 
In tab. 3 the criteria and trigger values for landfills with landfill gas production are shown.   
 

�$���V�L�W�H�����O�D�Q�G�I�L�O�O�����L�V���³�F�R�Q�W�D�P�L�Q�D�W�H�G�´���� 
�x if the values (tab. 3) of the intensity (reactive central zone or reactive intersection zone) and the values 

for the contaminated volume (reactive central zone or reactive intersection zone) are exceeded.  

�$���V�L�W�H���L�V���³�V�H�U�L�R�X�V�O�\���F�R�Q�W�D�P�L�Q�D�W�H�G�´���� 
�x if the value (tab. 4) concerning the intensity (reactive central zone or reactive intersection zone) and the 

value for the contaminated volume (reactive central zone or reactive intersection zone) are exceeded or  
�x if the value for the mass flow in the groundwater is exceeded and the value for the contaminated site 

(tab. 3) is fulfilled or 
�x if a hazard from landfill gas exists and the criteria (tab. 3) of the contaminated site (tab. 3) are exceeded. 

 

Tab. 3. Criteria and trigger values for contaminated sites 
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By assessing the reactive potential of a landfill or by checking the plausibility of the landfill gas concentrations, 
further criteria have to be considered beside the criteria of Tab. 3 and 4: 

�x History of the landfilled area 
�x Type, manner, structure and time of construction of the surface covering 
�x The proportion of the water and dry substance in the landfill 
�x Distance between groundwater table and the bottom of the landfill 
�x Organoleptic analyses of the deposit (soil sample) 
�x TOC in the soil analysis 
�x Water amount of the soil samples 

 

Tab. 4. Criteria and trigger values for seriously contaminated sites 

 

 
a�«�L�Q�Y�H�V�W�L�J�D�W�L�R�Q���R�I��landfill gas according to t�K�H���$�X�V�W�U�L�D�Q���1�R�U�P���g�1�2�5�0���6���������� 

b�«�%�\���D���V�L�W�H���V�S�H�F�L�I�L�F���D�V�V�H�V�V�P�H�Q�W���R�I���D���S�R�W�H�Q�W�L�D�O���G�D�Q�J�H�U���I�U�R�P���O�D�Q�G�I�L�O�O���J�D�V��originating from gas migration in the underground the 
following points are necessary to address: 

�‡ Type (e.g. cellar), local situation and the utilisation of the object (building or installations in the underground e.g. 
inspection pit for rainwater) 

�‡ Location of the landfill gas control points to potentially concerned objects 
�‡ Results of landfill close by a landfill 

 
CONCLUSIONS AND THE WAY ONWARDS 
 
Besides in-depth discussions regarding the criteria to characterise the intensity of contamination, in particular 
discussions on trigger values to benchmark the extent of contamination proofed more challenging and 
controversial. As long as there are still unsolved questions whether serious contamination and environmental or 
human health risks are linked directly. However, it is expected that discussions will be finalised by 2013 and the 
revised legislation will be in force by 2015. 
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A STRATEGY TO DEFINE LEGISLATION ON SOIL CONTAMINATION �± THE 
PORTUGUESE EXAMPLE  
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ABSTRACT 
 
The need to develop specific legislation on contaminated soil and a set of technical guidelines designed to 
support the legislation, led Portugal to conduct a benchmark study on legislation of some European and North 
American countries. In the absence of data that would allow to derive our own reference values, we opted for the 
use of the reference values for Ontario complemented with the values of Spanish Standards for heavy metals. 
The maximum probability of acceptable risk to human health values were set at 1x10-5 to carcinogens 
contaminants and at 1 for non-cancerous contaminants. Acceptable risk for Ecosystems was set at 1 and was 
created an exclusion criterion, prior to risk assessment, based on the model used in Washington. The soil 
evaluation methodology has three distinct phases and there will be three types of land use. Legislation will also 
set the criteria to outline responsibilities in the management and remediation of contaminated soils. 
 
The purpose of this assignment is to explain the methodology used by Portugal in the creation of legislation on 
contaminated soils. It was a strategy based on the analysis of what already exists in other countries, adapting the 
measures �W�K�D�W���E�H�V�W���V�X�L�W�H�G���3�R�U�W�X�J�D�O�¶�V���Q�H�H�G�V�����L�Q�W�H�U�H�V�W�V���D�Q�G���J�R�D�O�V�� 
 
The Portuguese Environment Agency, I. P. (APA, IP) is a public institution within the Ministry of Agriculture, 
Sea, Environment and Spatial Planning (MAMAOT), under the direct supervision of its Minister or one 
Secretary of State. 
 
Its mission is to propose, develop and monitor the environmental and sustainable development policies and 
manage and coordinate its integration with other sectorial policies, in collaboration with other entities, public and 
private. 
 
Its assignments are to propose, develop and monitor the implementation of environmental policies in a vast range 
of environmental issues, particularly in combating climate change, waste management (National Waste 
Authority) and water resources (National Water Authority), the protection of ozone layer and air quality, 
restoration and enhancement of soil and other contaminated sites, Integrated Pollution Prevention and Control 
(IPPC Directive), prevention and control of noise, control of major-accident hazards involving dangerous 
substances, prevention and remedying of environmental damage Directive, safety of environment and 
populations, eco-labeling, the green purchasing, systems of voluntary environmental management, as well as the 
environmental impact assessment and environmental assessment of plans and programs. 
 
It has legal powers to emit permits on certain activities, to create technical guidelines and standardize procedures 
in specific environmental matters and to connect the Portuguese Government with various international bodies 
related to the environmental issues of its scope. 
 
It was in this context of assignments that the APA, IP decided to proceed with the preparation of a legal 
framework on contaminated soils. Four factors were crucial: 
- The elaboration of the "Strategy for Contaminated Soils, 2011-2016", listing a series of actions to be 
developed and establishing deadlines for its implementation. This strategy is supported on the principles of 
prevention and reparation, so as to safeguard human health and the Environment, allowing its sustainable use by 
humans. The principle of prevention is ensured through the development and implementation of a set of legal, 
technical, economical and administrative instruments, whilst the corrective aspect focus on developing an action 
plan to be put in practice on places identified as problematic and of high priority; 
- The blocking of the proposed European directive framework on soil imposed by a minority of the Member 
States in the Council 'Environment' of March 2010, citing reasons of subsidiarity, excessive costs and 
administrative burdens. Portugal was awaiting the approval of that directive to have a working basis on which to 
develop their own law on contaminated soil; 
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- The increasing number of requests for information on how to determine soil quality, particularly by foreign 
companies seeking to invest in Portugal and by companies seeking to dismantle partly or whole industrial units. 
Due to the lack of specific norms, the Portuguese Authorities recommends the use of the Ontario Standards (Soil, 
Groundwater and Sediment Standards for Use Under Part XV.1 of the Environmental Protection Act, July 27, 
2009) or the Dutch Standards (Target Values and Intervention Values for Soil Remediation); 
- The legal aspects of managing contaminated soils are currently outlined, in a very briefly manner, under the 
legislation on waste (Law Decree No. 178/2006 of 5 September, that transposed the Directive 2008/98/EC of the 
European Parliament and of the Council of 19 November, as amended by the Law Decree No. 73/2011 of 17 
June), through the obligation of submitting the decontamination of soils prior to licensing. 

 
The creation of the guidelines that will support the upcoming legislation on contaminated soil was initiated in 
late 2011, with the hiring of a technical consultant to: 
- Develop an action model for contaminated soils, designed to ensure the sustainable use of soil through 
protection of its quality; 
- Purpose a methodology to establish the degree of contamination and define the parameters of management or 
remediation of contaminated sites; 
- Elaborate the documents and technical standards and guidelines, designed to support the future national 
legislation on contaminated soils in an understandable manner to the public in general. 

 
The objective is to produce the following documents: 
- Legal and Methodological Benchmark; 
-    Methodological Guide to the Declaration of Soil Quality; 
- Guide for Risk Analysis; 
- Preliminary Report of the State of Soil with a computer application; 
- 5 Technical Guides: Sampling Plan for Contaminated Soils and Groundwater, Sample Collection of 

Contaminated Soils, Chemical Analysis for Contaminated Soils, Best Available Techniques for Soil 
Decontamination and Guide for the Prevention of Soil Contamination. 

 
The process began with Legal and Methodological Benchmark report which made the comparative analysis and 
critical discussion of the laws and methods existing in some European countries (Austria, Germany, Netherlands, 
Spain, United Kingdom) and North American countries (states of Texas and Washington in the USA and Ontario 
Province in Canada), paying special attention to aspects relating to: 
- Site investigation; 
- Risk assessment; 
- Management and remediation , including orphan contaminated sites and voluntary remediation procedures; 

 
with the goal of developing a Portuguese legal framework based on the experience and best practices of each 
country. The use of processes and methodologies already applied and verified in other countries provide some 
assurances of their efficiency and reliability. 
 
As a result of the findings of this benchmark report, a Methodological Guide for Soil Quality Declaration was 
elaborated, setting the guidelines and steps that must be followed during the investigation of a potential 
contaminated soil or site in mainland Portugal. Among the most relevant aspects defined in this document we 
stand out: 
- Definition of the universe of sectors, activities and other possible menacing situations: industrial activities 
(based on thresholds of production and/or storage of hazardous substances �± IPPC Directive, prevention and 
remedying of environmental damage Directive, control of major-accident hazards involving dangerous 
substances Directive), other activities related to storage and use of hazardous substances or hydrocarbons and 
their derivatives (based on thresholds of storage capacity) units for treating industrial and oil refining 
wastewater, waste management (hazardous waste recovery and recycling, urban, organic or hazardous wastes 
disposal, remediation of contaminated soils), transport activities of goods, materials and products containing 
substances or mixtures classified as hazardous or dangerous; 
- Definition of a procedure of soil quality investigation made up of three phases, as most European models: 
preliminary investigation, exploratory investigation and detailed investigation; 
- Definition of reference values: in the absence of specific studies on the national lithology background 
characterization, turned out to be necessary, for now, the use of values already derived and defined. Being 
historically recommended and implemented in processes of investigation of contaminated soil in Portugal, 
meaning existing familiarity with their use, and due to its quite conservative nature, simultaneously ensuring that 
any potential risk is identified in this sieve, the option fell on the reference values defined in the Ontario 
Standards. 
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For heavy metals, the initial approach was to adopt the reference values of Ontario Standards, which, when 
possible, will be corrected with background lithological values available for some regions of Spain (Galicia and 
Madrid) since those two regions have geological affinity to certain areas of Portugal. Until the adoption of 
national derived lithological background values, the responsible for the soil investigation may choose to use the 
defined reference values or its own local lithological background values. In this case, these values together with 
the sampling and collection plan are subject to prior approval of the Competent Authority; 
- Definition of three classes of land use: agricultural use (includes others uses), residential use (includes green 
areas and recreational uses), industrial (includes commercial use); 
- Issuing of a Declaration of Soil Quality: document emitted by the Competent Authority which will include 
the type of authorized use of soil, data on pollutant levels, remediation technique(s) used and obtained results. 
 
According to this methodology, the preliminary investigation will define the situations in which soil 
contamination might have occurred. 
In such cases, it becomes necessary to go forward an exploratory investigation that includes field analysis on 
expected contaminants, for later comparison of the obtained values against reference values. 
If they are not surpassed, the process finishes. If they are exceeded, it is necessary to move on to the stage of 
detailed investigation, which includes analysis of risk assessment to human health and/or to ecosystems. 
To support the fulfillment of this risk assessment it was provided a Guide for Risk Assessment, designed to define 
the methodology to quantify the risk to human health and ecosystems, outlining the acceptable probability of 
risk: 
- Quantification of an acceptable probability of risk to human health: the maximum acceptable probability of 
risk was set on 1x10-5 for carcinogens pollutants and at 1 for non-cancerous pollutants. These values ensure an 
acceptable risk of the exposed receptors and are in accordance with most European countries; 
- Quantification of an acceptable probability of risk to ecosystems: the value 1 was defined as the maximum 
probability of acceptable risk. Due to the technical complexity of this type of analysis, an exclusion criterion was 
defined prior to risk analysis, based on the Washington Regulation. If none of the following assumptions 
(contamination in depth, presence of pavement or other physical barrier to prevent contact with animals or 
plants, low sensitivity ecological environment) is fulfilled then it will be necessary to make a simplified risk 
assessment. If at least one of the assumptions is satisfied but there is still the possibility of discharge of 
contaminants in surface waters it will be also necessary to make a simplified risk assessment. If at least one of 
the assumptions is satisfied but there is no possibility of discharge of contaminants in surface waters then it is 
exempted of risk assessment. In the event of a potential risk to one or more organisms in an ecosystem, or in 
those cases where it is not possible to determine the effects of a contaminant on an organism through a simplified 
risk assessment, it will be necessary to undertake a detailed risk assessment. 
 
The risk assessment to human health and ecosystems can be performed by any of the methodology used 
internationally (RBCA) and using international databases (IRIS HEAST, CalEPA, WHO, IUCLID, RIVM). 
 
Directly linked to these guidelines is the Preliminary Report of Soil Condition. This is an exhaustive report of the 
current and past situation of the potentially polluting activity and it is the first step (preliminary investigation) of 
soil contamination characterization. Through a technical analysis associated to a computer application, the 
provided information is analyzed allowing to quantify the contamination potential resulting from the 
aforementioned activity. If the value obtained exceeds 50 points on a 100 point scale, one can consider to be 
enough traces of possible contamination and should thereof be performed an exploratory investigation. 
 
The 4 technical guidelines Sampling Plan of Contaminated Soils and Groundwater, Sample Collection of 
Contaminated Soils, Chemical Analyses for Contaminated Soils and Best Available Decontamination Techniques 
are intended to acquaint a set of information to assist the responsible for the decontamination of a site to 
understand the complexity of the task at hand and provide guidance in the contracting process of the company 
with the best and most suitable technical options. 
 
In turn, the Guide of Prevention Measures of Soil Contamination offers a set of tips and techniques to prevent 
soil contamination as a result of accidents, negligent practices or simple lack of technical knowledge. 
 
As stated, these technical documents will be supported by specific legislation. Among the various legal and 
technical matters enclosed by that, we highlight the following considerations: 
 
- The definition of the procedure for licensing, monitoring and follow up of projects of investigation and 
decontamination of soils and sites; 
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- The definition of the situations of mandatory soil condition characterization upon transfer of ownership 
and/or land use change; 
- The registration of the Declaration of Soil Quality on the Land Register to ensure that before or upon transfer 
of ownership the buyer can acknowledge of the soil condition and of the responsibilities thereof; 
- The creation of a national database of potentially contaminated and contaminated sites available to the public 
in general; 
- The penalties for soil contamination and breach of the legal obligation to manage or remediate contaminated 
soil. 

 
In conclusion, it is not easy to create legislation on a subject as complex as soil remediation, as it is closely 
linked to their potential risk to human health and ecosystems. It is however possible, based on methodologies 
and procedures that are under use in others countries with proved effectiveness, adapt it to our particular needs 
and create a national model. The absence of lithological and public health studies that would allow deriving own 
reference values should not be seen as an obstacle to a country in developing its own legislation on contaminated 
soils and risk assessment. While it has not enough data permitting to derive its own reference values, it is  
possibly to use, in a temporarily way, values already used in other countries. 
 
It should not be forgotten that the countries which today have complex legislation also started in a simple 
manner. The increase of knowledge and experience that will be accumulated over time as a result of legislation 
enforcement will in time be used to improve it. 
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Portugal 
Telephone: 00351.214728200 
jorge.garcia@apambiente.pt 
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ABSTRACT 
 
Existing Contaminated Sites Database System (SEKM) is an incremental database and represents a useable 
�V�R�X�U�F�H�� �R�I�� �L�Q�I�R�U�P�D�W�L�R�Q�� �D�E�R�X�W�� �W�K�H�� �F�R�Q�W�D�P�L�Q�D�W�L�R�Q�� �R�I�� �V�R�L�O�V�� �D�Q�G�� �U�R�F�N�� �I�R�U�P�D�W�L�R�Q�V���� �+�R�Z�H�Y�H�U�� �L�W�� �G�R�H�V�Q�¶�W�� �F�R�Y�H�U�� �D�O�O��
identifiable contaminated and potentially contaminated sites in the Czech Republic. Therefore, the Ministry of 
the Environment assigned the task of creating conditions for modernizing the database and to perform an 
inventory based on a surface survey, i.e. obtaining the fullest possible overview of contaminated sites throughout 
�W�K�H���V�W�D�W�H�¶�V���W�H�U�U�L�W�R�U�\�����7�K�H���I�L�U�V�W��stage of the National Inventory of Contaminated Sites (NIKM) was designed as a 
project and co-financed by the Operational Programme for the Environment, ending in 2013. This preparatory 
stage of the project resulted in an approved methodology of the inventory. Among the results is a draft of the 
executive stage of the project, detailed manuals and the database NIKM as a part of the sustainable information 
system of NIKM. Starting of the second stage has been postponed. A complex methodology of inventarization 
has now been edited for publication. On the basis of obtained data, a process of nationwide inventory including 
the timing and financial demands of the second NIKM stage (2013-2015) was proposed. The creation of a 
sustainable information system on contaminated sites is also a part of the solution.  
 
Framework for the inventory - methodological documents of the Ministry of the Environment (MoE) 
The MoE�¶�V Environmental Risks and Environmental Dam�D�J�H�V���'�H�S�D�U�W�P�H�Q�W�¶�V���U�H�V�S�R�Q�V�L�E�L�O�L�W�\���F�R�Y�H�U�V the issues of 
the remediation of contaminated sites, old environmental damage and other activities related to the issue. 
An integral part of the �'�H�S�D�U�W�P�H�Q�W�¶�V���F�R�P�S�H�W�H�Q�F�\���L�V the running of the publicly available database system - the 
registry of contaminated sites. Since 2005 it was in the form of the Contaminated Sites Database System �± 
�³�6�\�V�W�p�P�� �H�Y�L�G�H�Q�F�H�� �N�R�Q�W�D�P�L�Q�R�Y�D�Q�ê�F�K�� �P�t�V�W�³�� ���6�(�.�0�� �± www.sekm.cz. Priority evaluation and a risk profile of 
each contaminated site is also included in SEKM. The set of the �0�R�(�¶�V�� �P�H�W�K�R�G�R�O�R�J�L�F�D�O�� �G�R�F�X�P�H�Q�W�V�� �F�R�P�S�U�L�V�H�V��
Methodological Guidances (7 documents), Methodological Handbooks (6 documents) and other Guidelines and 
Guidances (3 documents). In relation to the issue of the contaminated sites inventory the most important is the 
Methodological Guidance of the Ministry of Environment for the filling in the SEKM database incl. a priority 
evaluation (2011). In 2008 the Ministry of the Environment decided, in connection with the task from the State 
Environmental Policy, to create conditions for modernizing the database and to perform an inventory based on 
a �V�X�U�I�D�F�H���V�X�U�Y�H�\�����Z�L�W�K���W�K�H���D�L�P���W�R���R�E�W�D�L�Q���W�K�H���I�X�O�O�H�V�W���S�R�V�V�L�E�O�H���R�Y�H�U�Y�L�H�Z���R�I���F�R�Q�W�D�P�L�Q�D�W�H�G���V�L�W�H�V���W�K�U�R�X�J�K�R�X�W���W�K�H���V�W�D�W�H�¶�V��
territory. Based on the call from the Czech Operational Programme Environment (EU Cohesion Fund), a project 
proposal of the National Contaminated Sites Inventory (NIKM) was prepared by CENIA. After being approved 
in 2009, the NIKM project was run by a project team composed by CENIA and several suppliers selected from 
an open public tender process. 
 
Project Status - National Contaminated Sites Inventory (NIKM)  
The first stage of the NIKM project was to be finished by the first half of 2013. Its basic goals were: 

-  elaboration of methodology and tools for territorial inventory planned as the second stage; 
- piloting and testing of developed methodology and tools including their modification according to 

experience obtaind in pilot areas; 
- collection and unification of existing data sources containing information on contaminated sites from the 

state territory (needed as an input for the 2nd stage of the inventory); 
- to prepare a draft of the executive stage of the project. 

 
The first stage of the NIKM project [1] [2] was performed in the period 2009 - 2013 as a project of the 
Operational Programme Environment 2007-2013, Priority axe 4 - The Improvement of Waste Management and 
the Rehabilitation of Old Environmental Burdens, the area of intervention 4.2. - The Rehabilitation of Old 
Environmen�W�D�O���%�X�U�G�H�Q�V���³�����,�Q�G�L�Y�L�G�X�D�O���S�D�U�W�L�D�O���R�X�W�F�R�P�H�V���D�Q�G���I�L�Q�D�O���S�U�R�M�H�F�W���R�X�W�F�R�P�H�V���I�L�Q�L�V�K�H�G���L�Q���D�X�W�X�P�Q������������(for 
published results see e.g. [3] [4] [5] [6]) were externally reviewed and subjected to relevant tests (software, 
programme solutions and application tool tests) [7]. Descriptions of the solutions hereinafter referred to are 
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based on the partial outputs of the project, especially [8] [9] [10] [11] [12]. Detailed information from the project 
is publicly disclosed on the project web site: http://www1.cenia.cz/www/projekt/nikm. 
 
Application solutions - inventory tools  
In the frame of the NIKM project, an information system for ensuring contaminated site registration is under 
development. The registr - database will contain the contaminated sites already registered in the existing system 
of SEKM and the contaminated sites newly registered during inventory. An application support (application 
platform �± see Fig. 1) for inventory works is composed by: 
�x On-line application NIKM Editor  �± client environment available through a web browser. It allows record 

management in the central data warehouse, data editing, inserting of measurements and other findings. 
�x Off-line application NIKM Client  �± allowing field data collection. 
�x Web portal NIKM  �± for publishing data on contaminated sites for the general public and public 

administration. 
�x Central Data Warehouse built up on the Oracle 11g platform. Client applications are built up on a JSF 

basis. The grafic component ensuring the GIS Client functionality is based on OpenGIS standards and uses 
Javascript, AJAX technologies.  
 

 
Fig. 1.   Technological scheme of application platform 
 
NIKM Editor  is a centralized web application �± a tool for collecting, processing and management of all data on 
localities stored in the NIKM central data warehouse. The application ensures data editing, background 
documents evaluation and data preparation for field examination (generation of the list of localities from the 
defined area, acquisition and completion of data from external sources), receiving modified data from the field 
application (NIKM Client) and a subsequent evaluation of necessary corrective measures being a priority. 
 
Records of potencial contaminated sites and contaminated sites and of subordinated entities (drill holes, 
constructions, remmediations, and partial areas of localities), are all stored in the central warehouse, form a data 
background for the application. 
 
The main output from the application is a printed set of data on locality in the form of a so-called - Summary 
form. Its content and structure are defined by the Methodological Guidance of the Ministry of Environment 
(2011) [13]. For the purpose of data completation there are available editable forms containing data on locality, 
and map sectors used for special localization and for the display and analysis of maps. An inventory expert can 
add any map sources in the form of a WMS service or local GIS data in various formats. The system architecture 
includes the map server - Geoserver, which enables an export of GIS data in the dform of WMS and WFS 
services. 
 
An important tool for the on-line application is the so called pairing module that provides a search and pairing of 
duplicate localities. Possible conflicts during parallel editing of localities are dealt with through marking 
localities with a lock for expert editing in the on-line application and in the off-line field application. The import 
function allows data import to a central data warehouse in a standardized format. An administration sectin is 
used to manage the data content, including access rights. The on-line application is available only to registered 
professional staff via a web browser. Among the supported web browsers included are MS Internet Explorer 
version 7 or higher and Mozilla Firefox version 3 or higher. 
 
NIKM Client  is a tool for off-line data acquisition - for collection of data on contaminated sites in-situ and ex-
situ. It allows to: 
�‡ downloading the prepared data for verification, from a central warehouse of NIKM to an off-line database; 
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�‡ edit data on localities, based on information collected in field investigation and interviews with the parties 
concerned, or to create a new locality record in the case of a new clue or contamination discovery. It also 
ensures the adding of document and photo attachments, text records or voice memo records and also data 
exports; 

�‡ displays the locality in a map and to spatial definition �± navigation to the site, site bordering manually or using 
GPS and displaying map data; 

�‡ upload modified data about the locality, including newly-discovered, to the central NIKM warehouse. 
 
The input level is a list of localities. It offers an overview of localities from a defined territory. There is a 
selection function and function for sorting records.  
 
The second level is detailed locali ty information displayed through locality form divided into bookmarks: 
Characteristics of locality, Conflicts and threats to the environment, Contamination and remedial measures, and 
Attachments. In this form, the inventory expert can edit data, add and remove attachments, write text records or 
record voice memos, export data to a spreadsheet etc. The range of recorded data in the form is given by print set 
on data to the locality in the format of Summary form, a definition of which is given by the methodological 
guidelines of the MoE [13]. 
 
The last level is a mapping support for working with locality spatial data. It is formed by mapping the project 
containing the base layers and a layer of locality, and then by instruments providing needed functionality. The 
basis is a tool for editing the currently selected locality manually or using GPS. There are also tools for map 
control (the zoom function), GPS navigation on the selected location, calculating the coordinates of centroid or 
the area of the site, geodata export and map�¶s print. Of course there is a transformation of the coordinates 
between projections. For saving spatial component of the locality, a layer of the type GeometryCollection was 
chosen, so it can be located using point, line or polygon. Map project also contains, besides geodata of the 
locality and its objects, also underlying layers helping in better orientation in space and precise localization. 
Because of the need to work off-line it is not possible to form these layers using WMS services. It is necessary to 
have them physically in the field. Raster documents that are stored in a predefined file-directory structure were 
selected. The map project loads them with the use of RasterCatalogue, ensuring their quick and easy display. 

 
Web Portal 
The website prepared for the 2nd stage of the project NIKM is designed as a professionally profiled portal - a 
gateway to information on contaminated sites and for work with them. The portal itself provides a number of 
services, the most important is the service that enables you to search the localities of contaminated sites. Through 
this service an access for state administration and the public to individual localities is provided. Information on 
the contamination and handling with the locality itself are available in the form of displaing more detailed 
information as well as a standardized output. The portal gateway is represented by a links catalog to services or 
external sources. The important parts of the portal are the tools integrating mapping services of the national 
geoportal with mapping services of the NIKM central warehouse. This enables the user to access not only data 
on the contaminated site, but also its location and display it on the map. Technologically, the portal is based on 
the environment and services built over WordPress (open source), where the support of data, mapping and search 
services was implemented. 
 
Input content of the central data warehouse 
The core of the structured and distributing data storage, ensuring through application editing, storing and 
managing data on contaminated sites and potencionally contaminated sites is the central data warehouse. At the 
start of the second stage of NIKM, its input content will be available to inventory teams. During the inventory 
process, all records of this initial fill will be examined, updated and evaluated or excluded as irrelevant or as a 
duplicate of other sites. 
 
The input fill was prepared via the transformation and merging of partial data sources from the Czech Republic�¶�V 
territory. In the data warehouse there are now concentrated partial data sources that were succesfully identified 
and taken from their owners / operators. It represents the input source of existing information on the KM for 2nd 
NIKM stage. During the inventory process it will be completed with records of newly discovered KM. 
 
The data on contaminated sites and potencionally contaminated sites originated from transformed partial data 
sources and are now in the central warehouse stored in a unoform format, while maintaining access to the 
records in their original form. The record includes information, from which the partial source of the record has 
come from. The result of the transformation of other data sources outside of SEKM (which will be in the 2nd 
stage of the inventory subjected to verification, updating, evaluation of priorities and registration) are 63,942 
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sites transformed from partial data sources, of which 49,809 sites resulted after merging and automatic duplicates 
being removed. 
 
An important set of transformed data sources are the partial data sources REZZO (air monitoring data), ISOH 
(waste monitoring data), IRZ (Integrated Pollution Register) and DIAMO (mine water discharges) that, based on 
experience from pilot verification work of the inventory, are not relevant. These partial sources contain a total of 
31,925 localities not listed elsewhere already. However, this is information that is useful for the inventory 
process indirectly - as the primary information is, that in a certain village there are currently certain types of 
production or other activities, to which could be behind the emergence of contamination in the past. In the 
remaining set of sites relevant to NIKM there are 17,884 localities. Even in this data set there can be expected 
over an estimated three thousand duplicates. A large part of sites are just in the UAP (Planning analytical 
materials) and at least half of the sites without coordinates are candidates for being removed as duplicates. 
Removal of these duplicates will be done in the input field verification of the central data warehouse. 
 
Project Methodology 
Methodology for the inventory is in the summary contained in the NIKM 2nd stage project (especially in the 
chapters: Inventory methodology, Organization and Management of inventory) [11]. From a formal point of 
view, it is a set of NIKM methodological materials that define the obligatory process of the proper inventory [9]. 
These are primarily documents "Inventory Methodology" (about 60 pages of A4 format), "Organization and 
management of the inventory" (about 120 pages) and "Manual for inventory" (about 70 pages). 
 
Methodological materials are designed to hit on the needed completeness all of the inventory process (see fig. 2 
and fig 3), and to enable a comprehensive idea of the continuity and sequence of phases and activities carried out 
within them and the links among them. 
 

 
 

Fig. 2.   Flow Chart Diagram �± processes and outcomes from the inventory 
 

 
 
Fig. 3.   Diagram of Inventory Methodology 
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While the document "Inventory Methodology" defines the basic conceptual principles of the inventory, the 
document "Manual for inventory" specifies in detail the procedures (step by step descriptions and instructions for 
execution) of individual activities. The document "Organization and management of the inventory" then 
elaborates in detail the organization and management process. The chart showing the relationships among 
documents in the core methodological set of the 2nd stage of the NIKM project is shown in fig. 4. 
 

 
 
Fig. 4.   Relationships among the documents composing a set of NIKM basic methodological documents 
 
The Teritorial inventory of contaminated sites includes the executive stages �³Information campaign�³���� �³Primary 
�G�D�W�D���D�Q�D�O�\�V�L�V�³�����³Data collection�³���Dnd �³Priority evaluation�³����see fig. 5).  
 

 

 
Fig. 5.   Methodological fases and outcomes from the Territorial Inventory of Contaminated sites 
 
Organization and management of the project 
Implementation of the project (2nd stage) is limited by the availability of funding from the Operational 
programme Environment of the current programming period, ie by 2015, and by the technical and organizational 
aspects - by the need to manage the territorial inventory for the entire country in a maximum of two complete 
field seasons in the period 2013-2015. During the years 2013-2014 there should be a preparatory stage 
conducted, including the launch of a public tender for the supply of the inventory works, raster data and 
supervision. CENIA�¶�V work includes the creation of raster data - remote sensing, merging the database of the 1st 
NIKM stage with the existing databases for contaminated sites (called SEKM2 in the form available at 
www.sekm.cz) into a single database. This will be used not only for the inventory process but simultaneously for 
the recording of new entries from other bodies performing investigative a remediation projects, based on the 
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obligations under the current legislation. 
 
Support inventory methods of remote sensing 
The created raster data platform provides geographic support for the project. Prepared methodology was 
successfully verified in 3 pilot regions (each of them 50x50 km) representing nearly 10 % of the territory of the 
Czech Republic. Developed and tested methodology of identification clues for potential contaminated sites is 
based on the use of multispectral satellite images analysis and on the interpretation of orthophotos (current 
orthofotomap and orthophotomap created from historical images of the first nationwide aerial photography from 
the 50�•�V) [4]. Created orthophotomaps are placed on http://kontaminace.cenia.cz (Contaminated sites), which is 
already available for public viewing. 
 
Verification activities in the 1st NIKM stage brought a lot of qualitative and quantitative knowledge about the 
nature of newly recorded sites, allowing for their classification into established categories of priority. Using 
raster data analysis, 6 571 clues of potencial contaminated sites were identified within the pilot regions. From 
their field examination, this resulted in less than 10 % of them being finally considered as a real potencial 
contaminated site or contaminated site. Examination of remote sensing clues served as the backbone of the field 
work�¶s routing. 
 
In the 2nd stage of NIKM, a specialized professional team will perform an analysis of the raster platform for the 
whole country. Obtained clues will be gradually sent in batches to the central data warehouse, where they will be 
available for inventory teams. In-situ verification of all the clues from remote sensing will be part of the field 
phase of the inventory. 
 
Collecting and indicating environmental contamination 
Part of the collection of information from the public in the project phase "Information campaign" will be an 
assembly of indications or clues of possible contamination through historical map application "Contaminated 
sites". Each user of this map application is already able to announce suspected localities (indication of unknown 
environmental contamination, eg old illegal landfills). 
 
Discussion on the use of the methodology for other purposes 
Independently of the primary purpose of the prepared methodology (i.e. for the implementation stage of the 
NIKM project), the question of �³using it for other purposes�  ́ is frequently raised. In the case when the 
nationwide inventory is not launched it can be used for territorially smaller inventory projects, e.g. for regions 
(the Czech Republic is devided into 14 regions). There are only two pre-conditions. The first is the merging of 
the database warehouses of NIKM (containing transformed data sources) and SEKM2 (currenly a running 
system). This needs a moderate project activity to bridge several incompatibities (approx. a 6 month long project 
task). The second is the availability of financing (EU Funds?). The methodology can be used also for other 
activities �± e.g for a transboundary comparison study of inventory systems in neighboring regions, or on 
a specialized inventory focused on selected types of contamination. 
 
Conclusions 
In 2013 the first (preparatory) stage of NIKM will be finishing, having been handled by CENIA since 2009. 
From 2013 it should be followed by the second (implementation) stage. In the 1st stage the project team created 
and verified methodology for the nationwide inventory. The project included the extraction and consolidation of 
the existing information on contaminated sites, involvement of remote sensing in identifying potential 
contaminated sites, design of inventory tools and practices and the developmet of the knowledge base for the 
nationwide inventory. The methodology was successfully verified in 9 % of the territory of the Czech Republic. 
On the basis of the methodology a procedure for the nationwide inventory, including timechedule and financial 
costs, was drafted. 
 
The objective of 2nd stage is the identification, registration and basic assessment of the largest possible ammount 
of contaminated sites, updating information on all known locations and the creation of a sustainable information 
system on contaminated sites throughout the Czech Republic. 
 
We expect that future use of the performed inventory ensures or substantially contributes to: reducing the 
contamination burden on the environment; more effective spatial planning; access to current information about 
contamination to the general public; increase the legal certainty of owners or potential owners about the status of 
land from the point of view of contamination; recording and evaluating groundwater contamination and the 
balancing of the contamination load according to the requirements of the relevant European Directives; 
compliance with the requirements and principles of the prospective EU Directive on soil protection; promotion 
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of the state administration in the field of environmental damage; and, the promotion and involvement of public 
administration on the contamitated sites issue within the whole process (from the inventory to remmediation). 
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ABSTRACT 
 
Since 2005 Serbian Environmental Protection Agency started creation of National Inventory of contaminated 
sites. In the territory of the Republic of Serbia 338 potential contaminated and contaminated sites have been 
identified (Fig. 1). From the analysis of contaminated sites management data, it can be concluded that 
preliminary studies on all identified contaminated sites up to 2012 have been carried out, while main site 
investigations have been completed on a lesser number of sites. On  average about 0.41 Potentially 
Contaminated Sites are estimated to exist per 10.000 inhabitants.  
The greatest number of registered sources of localized soil pollutions is related to municipal waste disposal 
(39.9%), oil extraction and production (28%) and industrial and commercial activities (10.8%).   
The database of potential contaminated localities within the industry was updated in 2011. There were 189 
potential contaminated industrial localities on the territory of Serbia. The greatest part of the identified polluted 
soil localities within the industry belongs to the oil industry (51%), followed by the chemical industry (15%) and 
the metal working industry (7%).  
The new legislation enacted in 2010 established the definition of contaminated sites together with reference 
values and provided a legal background for future prioritization studies and detailed investigations. 
 
PROGRES IN MANAGEMENT IN CONTAMINATED SITES 
 
From the analysis of contaminated sites management data, it can be concluded that preliminary studies on all 
identified potentially contaminated sites up to 2012 have been carried out, while main site investigations have 
been completed on a lesser number of sites (Tab. 1). Data sources on progress in the management of local soil 
pollution are represented by research and monitoring projects on soil and groundwater pollution from localized 
sources. These data are then used as input to the database managed by the Environmental Protection Agency. 
The results allow an assessment of which are the most dominant sources of local soil contamination. 
The greatest number of registered sources of localized soil pollutions is related to municipal waste disposal sites 
(39.9%), oil extraction and production (28%) and industrial and commercial activities (10.8%) (Fig. 2 and 3). 
The database of potentially polluted and polluted sites does not include military sites. The number of sites in 
which manure are being stored is not reliable and for that reason it is not reported.  
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Fig. 1. Localized soil pollution sites 
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Tab. 1. Progress quantification in the management of 
local soil pollution 
 
 
 

Number of sites 

Total number of sites 338 

Potentially Contaminated  301 

Preliminarily investigated 83 

Contaminated  29 

Main investigation 12 

Remediated 8 
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 Fig. 2. Breakdown of quantification in management of local soil 

pollution  
 

Open dumping and landfilling have represented the predominant method of waste management in the Republic 
of Serbia during the past decades. This practice resulted in over 3600 illegal waste disposal sites distributed all 
over the country. In most cases, illegal dumps are located in rural areas. They are primarily the consequence of 
the lack of resources to improve the quality of waste collection systems and of poor waste management 
organization at the local level. There are 147 landfills included in the Inventory that are being used by municipal 
public utility companies for waste disposal which represent a major potential soil and groundwater pollution 
source. The vast majority of disposal sites (up to 3300) are characterized by small deposition depth of waste and 
total waste volumes of less than 10,000 m3. Only about 50 landfills in Serbia contain more than 100,000 m3 of 
waste. These large landfills are responsible for more than 95% of the total CH4 emissions from waste disposal, 
which was assessed as 60,000 tons of CH4 in 2010 (Stanisavljevic et al., 2012).   
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Fig. 3. Breakdown of activities causing local soil contamination  [%] 
 
 
The database of potential contaminated localities within the industry was updated in 2011. There were 189 
potential contaminated industrial localities on the territory of the Republic of Serbia (Fig. 4). The greatest part of 
the identified polluted soil localities within the industry belongs to the oil industry (51%), followed by the 
chemical industry (15%) and the metal working industry (7%).  
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Fig. 4. Breakdown of industrial and commercial activities causing soil contamination (%) 
 
There are different reasons for initiating risk reduction measures to manage local soil contamination in the 
Republic of Serbia. Considered 338 sites the prioritie for risk reduction measure is pressure to humans via 
drinking water (groundwater) (Fig. 5). 
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Fig. 5. Risk reduction priorities (%) 
 
 
LEGAL FRAMEWORK FOR THE MANAGEMENT OF CONTAMINATED SITES 
 
There is no special law on soil protection in the Republic of Serbia and the administrative capacities for the 
enforcement of existing laws and by-laws in this area are inadequate (Vidojevic, D., 2012). Soil management is 
accomplished by planning the sustainable use and conservation of soil quality and diversity, in accordance with 
environmental protection requirements and measures established by the Law on Environmental Protection, Law 
on Strategic Environmental Assessment, Law on Environmental Impact Assessment, Law on Integrated 
Pollution Prevention and Control (Official Gazette of RS, No. 135/04, 2004), and the Law on Amendments to 
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the Law on Environmental Protection (Official Gazette of RS, No. 36/2009, Art. 22, No. 36/2009- other law 
72/2009 - other law). The Law on Environmental Protection regulates soil protection and its sustainable use. Soil 
protection is accomplished by systematic monitoring of soil quality, monitoring of soil degradation risk 
assessment indicators and implementing programmes for the remediation of the consequences of soil 
contamination and degradation, whether natural or human-induced. Pursuant to the Law on Amendments to the 
Law on Environmental Protection (Article 16), legal and natural entities responsible for degrading the 
environment are obliged to remediate or otherwise restore the degraded environment, by means of restoration 
and remediation projects. Pursuant to the Law on Environmental Protection, in 2010 the Government of the 
Republic of Serbia adopted a Regulation on the programme for the systematic monitoring of soil quality, soil 
degradation risk assessment indicators and methodology for the development of remediation programmes. The 
Regulation is harmonized with the recommendations given in the Proposal for a European Soil Framework 
Directive �± COM (2006) 232. 
The adoption of this Regulation has provided the tools to ensure soil protection based on prevention of 
degradation - through identification of soil degradation risk areas, whether such degradation is natural or human-
induced. The Regulation provides the basis for identification and management of contaminated sites in the 
territory of the Republic of Serbia. The level of chemical contamination of soil is assessed on the basis of limit 
�Y�D�O�X�H�V�� �R�I�� �F�R�Q�W�D�P�L�Q�D�Q�W�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�� �O�L�V�W�H�G�� �L�Q�� �W�K�H�� �5�H�J�X�O�D�W�L�R�Q�¶�V�� �$�Q�Q�H�[���� �,�Q�� �R�U�G�H�U�� �W�R�� �G�H�V�L�J�Q�� �F�R�Q�W�D�P�L�Q�D�W�H�G�� �V�R�Ll 
remediation projects, additional studies to assess the level of soil contamination at the identified contaminated 
sites are carried out. According to the Regulation, the inventory of contaminated sites is an integral part of the 
environmental protection information system administered by the Environmental Protection Agency. Restoration 
and remediation priorities are identified on the basis of the Regulation which establishes criteria for the 
assessment of the status of highly threatened environment, the status of threatened environment and establishes 
criteria for the identification of restoration and remediation priorities (Official Gazette of RS, No.22/10, 2010). 
The National Sustainable Development Strategy of the Republic of Serbia, the National Environmental 
Protection Program and the Spatial Development Strategy of the Republic of Serbia, represent the strategic 
background for soil protection in the Republic of Serbia. The strategic objectives of sustainable land use are 
given in the National Sustainable Development Strategy of the Republic of Serbia. The objectives include: 
1. Harmonization of legislative acts related to land use and soil protection with EU legislation; 
2. Prevention of further soil loss, especially due to industrial, mining, energy, communication and other 
activities, and conservation and enhancement of soil quality; 
3. Prevention of soil degradation, changes of land use and development and management of agricultural soil. 
In the framework of goals set up in the National Environmental Protection Program of the Republic of Serbia 
(2010), the goals related to the management of contaminated sites include rehabilitation of trash dumps - which 
are the greatest risk for environment - remediation of contaminated soils in industrial complexes and remediation 
and recultivation of areas degraded by mining activities. For the waste management planning, the Waste 
Management Strategy for the Period 2010�±2019 was adopted in May 2010. This norm represents the basic 
document that provides conditions for rational and sustainable waste management in the Republic of Serbia, 
estimates the progress in waste management, lays down short-term and long-term objectives and provides 
conditions for rational and sustainable waste management. 
 
CONCLUSION 
 
According to the data on Inventory of contaminated sites collected by the Environmental Protection Agency, it 
can be concluded that: 

1. Preliminary studies are conducted at most of the identified potentially contaminated sites in Serbia.  
2. The greatest number of registered sources of localized soil pollution are related to municipal waste 

disposal sites, oil extraction and production sites and industrial and commercial activities.  
3. However the data collected so far are not at the same level of quality at different locations, therefore it 

is not possible to estimate a comparable level of pollution at different potentially contaminated and 
contaminated sites.  

4. The new legislation enacted in 2010 established the definition of contaminated sites together with 
reference values and provided a legal background for future prioritization studies and  detailed 
investigations. 

5. Additional and more detailed surveys are needed in order to update the inventory of all sites. 
6. Resulting from these surveys, a National priority list for restoration and remediation of most polluted 

localities will be created. 
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ABSTRACT 
 
Trial inventory of contaminated sites was carried out in three pilot areas of the Czech republic to test 
methodology and tools for intended national inventory of the whole country. 
Inventory results from pilot areas enable some extrapolations concerning countrywide extent of this problem. 
Altogether, about 9 thousand of contaminated or potentially contaminated sites may be expected to issue as a 
result of the national inventory. Results of some sound pollution sampling will be available for not more than 
20% of all sites.  
For 80% of localities, there will be none or limited information on real character and extent of contamination. 
Their identification will be based primarily on site-use history information. Proposed and tested classification 
system will sort these sites with respect to their potential risk to public health and/or environmental protection 
interests. According to results from pilot areas, only about 12% of potentially contaminated (suspected) sites is 
supposed to be classified as representing eminent risk from this point of view. Thus, an effective allocation of 
effort and financial means for preferential investigation of these priority sites will be enabled. 
The article deals also with question of securing finance for investigation of polluted sites in the present 
legislation and socio-economical situation of the country. 
 
INTRODUCTION 
 
A database of polluted sites is prerequisite for effective management of soil and groundwater pollution 
abatement, for protection of environmental and public health interests, for city planning. It is also important as 
an information source for public, for real estate transfers, etc.  
To be reliable information source for all the purposes specified above, such a database must ideally originate 
from a countrywide and time-concentrated inventory campaign. Afterwards, the database must be continuously 
updated to keep its value. 
 
PRESENT KNOWLEDGE ON POLLUTED SITES IN THE CZECH REPUBLIC 
 
The SEKM database administrated by the Czech Ministry of Environment is presently the most extensive 
information source on polluted sites in the Czech Republic. It contains data on circa 7000 sites, but nevertheless, 
it is still far from giving a complete picture on the extent of the problem in the country. 
New entries to the database come mainly from investigation and remediation companies that are obliged to 
submit data and results from their projects. 
A systematic inventory of polluted sites covering the whole Czech Republic is still only in preparation 
(Suchanek, 2012). 
 
PREPARATION OF THE NATIONAL INVENTORY OF POLLUTED SITES 
 
So far, only development of methodology and tools for the national inventory campaign were completed as its 
introductory stage. 
Developed methodology and tools underwent exhaustive testing. Trial inventory campaign was carried out in 
three pilot squares with the size 50 x 50 km each. 
 
CLASSIFICATION OF POLLUTED SITES 
 
Classification of all sites shall be an integral and important element (component) of the national inventory. The 
classification system officially issued by the Ministry of Environment was incorporated into inventory software 
tools (MoE, 2011).    
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The system sorts all sites into few basic categories according to the explicitly stipulated general type of further 
action that may be required or desirable with respect to character of the actual or potential pollution impact to 
public health, environment and/or to other interests (Tylcer et al., 2007).  
For sufficiently investigated sites, a corresponding principle of necessary or desirable action for mitigation of 
site pollution impacts is derived from conclusions of investigation or risk analysis. An urgency of measure is 
also classified. 
An investigation is the only logical further step for sites where existing information is not enough to make a final 
decision. For many sites, no information on contamination is available at all, but a suspicion issuing from a site 
use history must be taken into account. A simple and highly automatic scoring system classifies urgency for 
investigation of sites with lacking or insufficient information on pollution. The scoring is based on an assessment 
of: (1) character of presumed pollution, (2) site migration potential and (3) environmental sensitivity 
(vulnerability) of the site and its surroundings (Tylcer et al., 2007).  
 
RESULTS FROM TRIAL INVENTORY AND THEIR GENERALIZATION 
 
Total area of pilot squares for trial inventory represented one tenth of the whole Czech Republic expanse. The 
squares themselves were delineated by comparatively complex methodology to represent a certain "average" 
segment of the whole country with respect to natural conditions, population density and extent of industrial and 
agriculture activities.  
 
Thus, it has been possible to exploit trial inventory results for deducting some extrapolation conclusions 
concerning the whole country (Marek and Szurmanova, 2011, Tylcer 2012). 
 
There were altogether 897 sites identified in trial areas. Accordingly, circa 9 thousand of polluted or potentially 
polluted sites may be expected to exist in the Czech Republic.  
 
Results of sufficient investigation enabling to evaluate pollution and its impacts were available for 18% of all 
sites only. On 79% of sites there was no sampling at all. 
 
It means that at the end of the national inventory, about 80% of all sites will have still a status of a suspected 
locality only. Usage history will be the only reason to classify such sites as potentially polluted and put them into 
the database.  
 
Without further investigation, we cannot know if there is really some pollution at all, what are its impacts and 
what mitigation measures would be adequate. 
 
With respect to budget and other constrains, an investigation of all suspected sites within a short time is 
unrealistic. Costs for their appropriate investigation are estimated somewhere on the level of few billions Czech 
Crowns (more than 100 million Euros). Czech legislation does not enable to assign such investigation to an 
owner of suspected site in case he is not the polluter or his legal assessor that is a common case of sites with 
pollution from the past. 
 
But as follows from trial inventory results, it may be expected that only about one tenth of all suspected sites will 
be classified as requiring investigation urgently (see fig.1).  
 
This has an important practical impact. The countrywide inventory campaign with site classification will enable 
an effective identification of investigation priorities as a precondition for preferential allocation of effort and 
money for these sites.  
 
About 6% of all sites are those for which a pollution mitigation measure is necessary or desirable.  As could be 
expected, these sites single out themselves primarily from the group of sufficiently investigated sites (18% of all 
sites). One half of them have the highest classification as for the urgency of necessary mitigation measure.  See 
fig. 1 for illustration. 
 
Most of these sites are industrial plants or old landfills threatening groundwater public supply sources.  
Remediation is already under way on many of them.  
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Extrapolating results from testing areas to the whole country, we may expect there at least about 450 sites 
requiring some remedial action that will single out themselves from the minority group of sufficiently 
investigated sites.  Another sites requiring some remediation will arise from the majority group of sites with 
lacking or insufficient data after their investigation is accomplished. It is difficult to estimate their number. It 
may be supposed that most of them will come from the group of sites with the highest classification as for the 
urgency of investigation.  
 
As for the type of polluted sites, old municipal landfills highly prevail (57% of all sites). The second place 
belongs to industrial plants and various machinery or repair workshops including those in agricultural enterprises 
(13%). Significant portions hold sites with storage and handling of petroleum products (7%) and sites with 
storage of biological waste in agriculture (7%). See fig. 2 for illustration.  
 
It looks that as for quantity of polluted or potentially polluted sites, the agriculture is comparable with industry. 
But presumably, majority of sites with the most severe pollution will belong to industry. 
 
Results of trial inventory enabled also an assessment of importance of various information sources that could 
contribute to identification of polluted and potentially polluted sites. 
 
OFFICIAL STATUS OF THE DATABASE OF POLLUTED SITES 
 
As was told above, circa 80% of all sites are estimated to have a status of a suspected i.e. potentially polluted 
locality at the end of the national inventory campaign.  
 A "suspected site" might be perceived as a very sensitive term when private real estates are to be labelled in this 
sense in the public database.  
To avoid any disputes, there must be very precise and juridically proof definition of the term "potentially 
polluted site" at the database home page. It must be explicitly specified that until a proper investigation is carried 
out to verify (for veryfying) real situation, the site history was the only reason to put the site into the database. 
On the other hand, without such an investigation, the site cannot be taken off it. 
Then it would be on a site owner and in his own interest to commission the site investigation and to bear its costs 
to avoid problems in case he intends to go to a real estate market with his "suspected" site.  
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Thus, it is not necessary for the database to support its official status by some legal regulation. It could be 
enough the database is administrated by the Ministry of Environment and accessible through its official web 
page.   
It could be a sufficient precondition for developing certain pressure on owners of suspected sites to investigate 
them without forcing them to do so by some new legislation. It is also a question if similar regulation forcing 
some private subjects to new duties and new expenditures would be passable for implementation in present 
Czech social atmosphere.  
Present experience confirms it might work this way. From time to time, Czech Ministry of Environment faces to 
complaints and even legal action threats from owners of some sites that are in its present database of polluted 
sites. It confirms that a database is known to interested public and has its respect as a useful information source 
without having any official status. 
Of course, the Ministry must not retreat to similar pressures from owners of suspected sites. In case it would do 
so, it could face to complaints from an opposite side - from subjects that would buy a property having been 
known to the Ministry as a suspected site but it had kept that information from public. Potential pollution might 
represent potential health risk for site users and the Ministry must not resign from its role of the guardian of 
public interests especially in case when human health could be in threatened.  
 
CONCLUSIONS 
 
So far, there has been not comprehensive information on polluted and potentially polluted sites in the Czech 
Republic. 
According to results from trial testing of methodology and tools for a natinal invetory campaign, circa 9 
thousand sites with pollution or potential pollution from the past may be expected in the whole country. For 80% 
of all sites, there will be none or unsufficent data on their real pollution. Their usage history will be the only 
reason to classify them as potentially polluted and put them into the database. Classification of these sites with 
respekt to their potential impact to surrounding environment will enable to identify priorities for prefferential 
investigation. Estimated costs for investigation of these high priority sites are about 15 million Euros while 
investigation of all sites with lacking data woud require much more than 100 million Euros.  
Precise and juridically proof definition of the term "potentially polluted site" ought to prevent disputes from 
owners of these sites and to exert pressure on them to investigate their sites on their own costs in case they would 
intent to sell them.  
Experience shows that there is a potential for the database to have a respect as a valuable information source for 
practice and for public without supporting its importance by some special legislation. 
Of course, some official declaration of the database as the only and official information source on polluted sites 
could help (at least for several special purposes). But it would be risky to do so before the national inventory is 
carried out becasuse of possible disputes on responsibility of its (in)completeness. 
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ABSTRACT 
 

Risk assessment is considered a very useful tool in environmental policy because it promises a rational and 
objective basis for priority setting and decision making. A risk-�E�D�V�H�G���G�H�I�L�Q�L�W�L�R�Q���R�I���³�F�R�Q�W�D�P�L�Q�D�W�H�G���V�L�W�H�´���K�D�V���E�H�H�Q��
adopted in the proposal of the EU Soil Framework Directive, together with the provision of sites prioritization 
criteria in  national remediation strategies based on  risk evaluation. In the preparation of potentially 
contaminated sites and/or contaminated sites registers, risk assessment may help in setting priorities for 
environmental and human health protection in an objective and scientific way. Political and other management 
objectives  may be considered separately. Absolute risk assessment, aimed at quantifying human health and or 
environmental risks associated to environmental contamination, is widely used as a supporting tool for 
contaminated land management, according to site-specific land uses. An increasing technical and research effort 
�U�H�J�D�U�G�V���W�K�H���D�S�S�O�L�F�D�W�L�R�Q���R�I���³�V�L�P�S�O�L�I�L�H�G�´���D�Q�G���³�D�E�V�R�O�X�W�H�´���U�L�V�N���D�V�V�H�V�V�P�H�Q�W���S�U�R�F�H�G�X�U�H�V as support to the management 
of large contaminated areas and megasites. In this paper the results of two projects involving risk assessment 
application at large contaminated areas are briefly presented.  
 
INTRODUCTION 
 
The pollution of soil and groundwater caused by abandoned waste disposal sites and contaminated industrial 
areas is a complex environmental problem in all industrialized countries. Risk assessment is considered a very 
useful tool in environmental policy because it promises a rational and objective basis for priority setting and 
decision making. A risk-�E�D�V�H�G���G�H�I�L�Q�L�W�L�R�Q���R�I���³�F�R�Q�W�D�P�L�Q�D�W�H�G���V�L�W�H�´���K�D�V���E�H�H�Q���D�G�R�S�W�H�G���L�Q���W�K�H���S�U�R�S�R�V�D�O���R�I���W�K�H���(�8���6�R�L�O��
Framework Directive, together with risk based site prioritization criteria f within national remediation strategies. 
In an environmental context risk assessment is generally defined as the characterization of potential adverse 
effects of exposure of human and/or environmental receptors to hazards. It includes estimates of uncertainties in 
measurements, analytical techniques, and interpretative models (NRC, 1983). In contaminated land 
management, hazard is caused  by the presence of contaminants in environmental media such as soil and/or 
groundwater. All risk assessment methodologies are based on the definition and parameterization of a 
Conceptual Site Model (CSM) on the basis of the source-pathways-receptor scheme. In the definition of 
potentially contaminated sites and/or contaminated sites registers risk assessment may help in setting priorities 
for environmental protection in an objective and scientific way. Political and other management objectives (e.g. 
economy) may be considered separately (Ferguson et al, 2001). To �W�K�L�V���S�X�U�S�R�V�H�����D���³�V�L�P�S�O�L�I�L�H�G�´���R�U���³�U�H�O�D�W�L�Y�H�´���U�L�V�N��
assessment procedure is generally adopted not aimed at quantifying risks associated to site contamination, but 
rather at comparing sites on the basis of a risk scoring system. Risk scores assigned to sites allow for site 
ranking, in order to decide about resources allocation and priorities of action in terms of detailed site 
investigation at potentially contaminated sites or remedial/safety measures at already identified contaminated 
sites. Absolute risk assessment, aimed at quantifying human health and/or environmental risks associated to 
environmental contamination, is widely used as a supporting tool to contaminated land management, according 
to site-specific land uses. Risk assessment  procedures usually start when, after a preliminary study, a confirmed 
presence of  pollutants has been identified in  soil or groundwater. A further investigation may be carried out, 
and contamination levels are compared with soil and groundwater risk-based criteria (e.g. screening levels). 
These criteria may be generic, based on general and conservative assumption in CSM parameterization , or may 
be derived from site-specific data and models used to predict adverse effects of pollution and the need for 
remediation. 
An increasing technical and research effort regards the application of �³�V�L�P�S�O�L�I�L�H�G�´�� �D�Q�G�� �³�D�E�V�R�O�X�W�H�´��risk 
assessment procedures within the management of large contaminated areas and megasites. These areas are 
generally characterized by a wide extension, multiple and differentiated sources, different land uses and may 
need a large amount of information to identify real pollution problems and remediation needs. Both �³�V�L�P�S�O�L�I�L�H�G�´��
�D�Q�G�� �³�D�E�V�R�O�X�W�H�´ risk assessment procedures  , may ,at different levels, support the focusing of actions (further 
�L�Q�Y�H�V�W�L�J�D�W�L�R�Q���D�Q�G���R�U���U�H�P�H�G�L�D�O���D�F�W�L�R�Q�V�����R�Q���³�F�U�L�W�L�F�D�O���D�U�H�D�V�´�� In this paper the results of two projects involving risk 
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assessment application at large contaminated areas are briefly presented: 1) the project �³Towards an EEA 
Europe-wide assessment of areas under risk for soil contamination� ,́ aimed at the identification of problem areas 
�I�R�U�� �V�R�L�O�� �F�R�Q�W�D�P�L�Q�D�W�L�R�Q�� �L�Q�� �(�X�U�R�S�H�� �D�Q�G�� �L�Q�F�O�X�G�L�Q�J�� �W�K�H���3�5�$���0�6�� �³�V�L�P�S�O�L�I�L�H�G�´�� �U�L�V�N�� �D�V�V�H�V�V�P�H�Q�W�� �P�R�G�H�O���� ������ �W�K�H��
preliminary application of �³�D�E�V�R�O�X�W�H�´�� �U�L�V�N�� �D�V�V�H�V�V�P�H�Q�W��to the wide potentially contaminated area of Portoscuso 
municipality in south-west Sardinia. 
 
THE EEA PROJECT FOR THE IDENTIFICATION OF PROBLEM AREAS  
 
From 2004 to 2006 the EEA (European Environment Agency) �K�D�V�� �G�H�Y�H�O�R�S�H�G�� �W�K�H�� �S�U�R�M�H�F�W�� �³�7�R�Z�D�U�G�V�� �D�Q�� �(�(�$��
Europe-�Z�L�G�H���D�V�V�H�V�V�P�H�Q�W���R�I���D�U�H�D�V���X�Q�G�H�U���U�L�V�N���I�R�U���V�R�L�O���F�R�Q�W�D�P�L�Q�D�W�L�R�Q�´����The main objectives of the activity were to 
assess location and extent of potential problem areas of suspected/contaminated sites in Europe and to 
characterize/classify these areas according to their complexity, sources, receptors and contaminants. The results 
supported a broad assessment of the state of soils in Europe. In fact problem areas may be candidates for 
detailed monitoring at the European level (EC, 2004). For the scope of the project, a working definition of 
problem areas was adopted, based on preliminary risk assessment criteria. More specifically, problem areas for 
soil contamination are defined as:  
�³Areas where soil contamination is considered to pose significant risks to human health and/or ecosystems with 
impacts beyond the local environment and where the assessment and reporting of pressures, state, impacts and 
remediation activities is of relevance at the European level. In particular, these are areas where: 

�‡ potential soil polluting activities are currently located or have been located in the past. This activities 
are included in a pre-defined list; 

�‡ the size of the site is above certain thresholds in terms of emission and waste volumes, site area, 
volume of operations and so on; 

�‡ the estimated risks to human health and/or ecosystems, resulting from the application of a preliminary 
risk assessment model, are above certain thresholds.�  ́

The project included the following activities: 
a) Review and analysis of available methodologies for the prioritisation and identification of 

contaminated sites, which use a preliminary risk assessment approach. The results of the review are 
�L�Q�F�O�X�G�H�G�� �L�Q�� �W�K�H�� �W�H�F�K�Q�L�F�D�O�� �U�H�S�R�U�W�� �µ�5�H�Y�L�H�Z�� �D�Q�G�� �D�Q�D�O�\�V�L�V�� �R�I�� �H�[�L�V�W�L�Q�J�� �P�H�W�K�R�G�R�O�R�J�L�H�V�� �I�R�U�� �S�U�H�O�L�P�L�Q�D�U�\�� �U�L�V�N��
�D�V�V�H�V�V�P�H�Q�W�¶�����(�(�$������������a). 

b) Analysis and selection of available data on potential problem areas at the EU level. 
c) Analysis and selection of geo-referenced environmental data available at the EU level relevant to the 

risk-based identification of problem areas. 
d) Development of a tiered preliminary risk assessment model (PRA.MS) (EEA, 2005b). 
e) Application of the tiered model to selected sites, using available data (EEA, 2005c). 
f) Proposal of a methodology for the identification of potential problem areas and for the presentation of 

the results of the assessment. 
g) Development of the assessment and graphic presentation of the results, including uncertainties. 

The PRA.MS (Preliminary Risk Assessment Model for the identification and assessment of problem areas for 
Soil contamination in Europe) model consists of two tiers, Tier 1 and Tier 2, that can be applied in sequence or 
alternatively. Both tiers lead to an assessment and classification of sites using risk scores (Figure 1). 
�7�K�H�� �D�S�S�O�L�F�D�W�L�R�Q�� �R�I�� �7�L�H�U�� ���� �O�H�D�G�V�� �W�R�� �D�� �µ�V�X�J�J�H�V�W�L�R�Q�¶�� �R�I�� �S�R�W�H�Q�W�L�D�O�� �S�U�R�E�O�H�P�� �D�U�H�D�V���� �W�R�� �E�H�� �F�R�Q�I�L�U�P�H�G�� �E�\�� �I�X�U�W�K�H�U�� �G�D�W�D��
collection and Tier 2 assessment. Tier 1 is less accurate than Tier 2, since it can be run with low resolution and 
very generic data when detailed data are unavailable. In addition, a Tier 0 has been included for pre-selecting 
sites from available and relevant European databases, in order to reduce the number of sites to be processed and 
to screen out those sites that, according to specific criteria, are not of EU concern and not relevant to the project. 
�7�L�H�U�������L�V���E�D�V�H�G���H�[�F�O�X�V�L�Y�H�O�\���R�Q���µ�V�L�W�H-�V�S�H�F�L�I�L�F�¶���F�U�L�W�H�U�L�D�� 

Tier 0
Pre-selection of 
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Low -quality
Data

missing relevant 
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Good-quality 
Data
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Tier 1
risk-based

Get more data
Suggestion of 
Problem Areas
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risk-based

Identification of 
Problem Areas  

Fig. 1. PRA.MS tiered approach for the identification of Problem Areas 
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For the development of the PRA.MS model a review and analysis of 27 existing and documented international 
methodologies used  in member countries and overseas (at national, state or regional level) for the prioritization 
and planning of soil remediation and protection programs. The scheme adopted in the analysis follows the 
�F�R�Q�F�H�S�W�X�D�O�� �D�S�S�U�R�D�F�K�� �³�6�R�X�U�F�H-Pathway-�5�H�F�H�S�W�R�U�´�� �W�K�D�W�� �J�H�Q�H�U�D�O�O�\�� �F�K�D�U�D�F�W�H�U�L�]�H�V�� �D�Q�\��contaminated sites risk 
assessment procedure . In this context, parameters used by each methodology have been listed under the S-P-R 
main risk assessment elements. The human health risk scenario and generic conceptual model include four 
exposure routes to potential human receptors to soil contaminants: Groundwater (GW), Surface water (SW), Air 
(AIR), Direct contact (DC). Groundwater and surface water are considered here as pathways and exposure 
routes of soil  contaminants to human receptors. The ecological risk scenario includes two potential receptors of 
soil contamination: Surface water (SW) and Protected Areas (PA). Surface water is considered here as an 
ecological receptor. PRA.MS then adopts a mixed additive and multiplicative algorithm for the calculation of 
the overall site risk score: 

�‡ parameters are aggregated or represented by factors and the factors are scored on the basis of parameter 
quantitative or qualitative values; 

�‡ factors, in turn, are grouped by Source-Pathway-Receptor indicators and weighted depending on the 
relative importance in describing the indicator; factor scores are added up in order to score each 
Source-Pathway-Receptor indicator; 

�‡ S-P-R indicator scores are then multiplied for each of the four exposure routes (GW, SW, AIR, DC) in 
human health risk assessment and for each ecological receptor (SW, PA) for ecological risk 
assessment; 

�‡ exposure route/ecological receptor scores are calculated; 
�‡ overall risk score is given by the root mean square of all exposure routes/ecological receptors scores.  

Parameters have been chosen through the analysis, comparison and harmonisation of the most common 
parameters used in the examined methodologies and existing databases at EU level. The parameters considered 
in the Tier 1 model are a subset of parameters taken into account in the Tier 2 model. Both assessment levels 
envisage the use of site-specific data �R�U���� �Z�K�H�Q�� �W�K�H�V�H�� �D�U�H�� �Q�R�W�� �D�Y�D�L�O�D�E�O�H���� �D�J�J�U�H�J�D�W�H�G�� �*�,�6�� �G�D�W�D�� �R�U�� �µ�S�U�R�[�\�¶�� �G�D�W�D����
When input data are not available, a reasonably conservative estimate of the factor score is envisaged. This 
feature, as well as well as the use of proxy and low-resolution GIS data, is taken into account in the uncertainty 
assessment. The approach adopted for dealing with uncertainties leads to conservative assumptions - large site 
scores - in case of low quality information. This condition is identified by high uncertainty score values that are 
calculated separately from risk scores. The system design is such that sites analyzed under Tier 1 assessment 
should result in higher uncertainties than sites analyzed in Tier 2. 
The PRA.MS approach has been tested by application to a selection of mining and industrial sites for which 
data were available at EU level. The part of the model dealing with ecological risks was not considered due to 
lack of data and time resources. Site-specific data available on mining sites included in the DECHMINUE 
database (BRGM, 2001) were processed according to Tier 2 of procedure, while site data from the European 
Pollutant Emission Register of emissions from industrial facilities (EPER; European Commission, 2000) 
database were processed according to Tier 1 model procedure. Information on climate, soil, slope, rivers and 
lakes, land use and natural/protected  areas from which proxy data were derived was extracted from other 
European databases, such as CORINE Land Cover 2000 and the Soil map of Europe 1:1000000. The results of 
the assessment on a selection of mining sites showed that no regional trends on health risks were observed. In 
fact the majority of high-risk scores sites were closed or abandoned mines where rehabilitation had not yet taken 
place. In these sites, release of contaminants to surface water and air had often been observed and documented 
(Figure 2). The nature of most hazardous (or most toxic) chemicals present at mining sites has a strong 
influence on overall risk score. Leaching of contaminants through the soil to groundwater bodies and drinking 
of contaminated groundwater represent the most relevant exposure route, because it contributes more than 
others to the overall risk associated to each site. Secondary routes include surface water, direct contact and air. 
Uncertainty is high in assessing the contribution of groundwater and surface water exposures routes to the 
overall site risks, mainly due to data gaps. This implies that good basic information on these routes is required at 
the European scale.  
Tier 1 assessment on EPER industrial facilities showed that the greater risk to human health seems to be related 
to contamination through surface water, although it only represented a limited number of sites (1%). 
Installations for the production of biocides and explosives presented the highest risk. On the other hand, waste 
disposal sites had the lowest risks, which can be related to the more stringent National and European legislation 
regulating this specific activity (Figure 3). A peer review process suggested to improve the methodology by 
including: a pre-screening level in order to better focus the assessment and limit data collection requirements; an 
assessment of multiple risks and multiple sources; a sensitivity analysis of the required parameters; availability 
of data sources of better quality and resolution, finalization of ecological risks assessment, application of the 
methodology to a selection of sites using data provided by national experts and covering a wider range of sites 
of EU relevance. In particular the need of a pre-screening step for the identification by each MS of candidate 
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areas for PRA.MS application, derived from the difficulty of setting a �³�F�R�P�P�R�Q�´���D�Q�G���³�J�H�Q�H�U�D�O�L�V�H�G�´���F�U�L�W�H�U�L�D and 
procedure to be applied in the context of different national contaminated land management procedures. 

  

 
Fig. 2. Results of PRA.MS application to a selection of mining sites (Note: The assessment shown in this map refers to a 
selection of sites, chosen on the basis of data availability. Therefore, it should be considered as preliminary) processed by 
APAT/ETCTE - �‹���(�(�$���������� 
 

 
Fig. 3. PRA.MS overall Tier 1 risk scores (Vtot) by facility according to IPPC classification. Bar shows mean + SD. 
Homogenous groups are represented in different colours (p = 0.01, n = 7803) processed by APAT/ETCTE - �‹���(�(�$����������. 
 
APPLICATION OF SITE SPECIFIC RISK ASSESSMENT TO PORTOSCUSO MUNICIPALITY  
 
The potentially contaminated area of Portoscuso Municipality (South-West Sardinia, Italy) has been included in 
�W�K�H�� �1�D�W�L�R�Q�D�O�� �3�U�L�R�U�L�W�\�� �/�L�V�W�� �6�L�W�H�� �³�6�X�O�F�L�V�� �,�J�O�H�V�L�H�Q�W�H�� �*�X�V�S�L�Q�H�V�H�´�� �I�R�U�� �W�K�H�� �S�U�H�V�H�Q�F�H�� �R�I�� �D��large metallurgic industry 
district, the Portovesme industrial area, including also a coal and fuel oil combustion power plant and some 
waste disposal sites (big disposal area of red muds resulting from bauxite refining process; metallurgic waste 
disposals; disposal of ashes from the combustion plant). The surrounding areas are mainly used for agricultural 
purposes (production of vegetables and vineyards)and two residential agglomerates (Portoscuso and Paringianu) 
and a nature valuable area (Boi-Cerbus Lagoon) are also present. The conceptual model of soil contamination 
indicates a diffuse passive contamination mainly caused by emissions from the industrial district and 
contaminated soil may be the primary source of groundwater pollution up gradient the Portovesme area (APAT, 
2008). However, the geological and hydrogeological context indicates also a natural geochemical contribution 
to the diffuse presence of inorganic substances (metals, metalloids and other inorganics) in soil and, to a minor 
extent, in groundwater. The whole municipal territory outside the industrial area (30 km2) has been investigated 
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from July 2009 to March 2010 with the collection of 308 top soil (0-0,1 m) samples (TS), 371 surface (0-1 m) 
and deep soil samples (>1m) (SS and DS) and 78 groundwater samples from monitoring points. Results of the 
investigation in the areas surrounding the industrial district confirmed a diffuse presence in soil of heavy metals 
(As, Cd, Hg, Pb, Sn, Zn) above the screening values all over the investigated area. Limited presence in few 
samples for Cu and V has been recorded. For some of the diffuse elements (Zn, Pb and Cd), the contamination 
pattern is characterized by an impressive trend decreasing with sampling depth. This is indicative of a surface 
soil contamination mainly due to fallout from the industrial district, while in deep soil the presence of 
contaminants may be correlated to natural background. For As the diffuse presence in soil seems to be 
originated from background (Figure 4). For Hg, Cu and V it is not possible to define a clear origin. 
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Fig. 4. Portoscuso vertical contamination pattern of Pb and As. The significant decreasing of Pb concentration with depth is 
emphasized. The depth-non sensitive pattern is reported for As whose origin is not related to fall out from industrial district. 
 

According to the Italian legislation on contaminated sites management (Legislative Decree 152/06), a site-
specific human health risk assessment has to be carried out in order to assess the need for remediation also 
outside the industrial district. The major problem in the application of risk assessment to a diffusely polluted 
large area, is to account simultaneously for the spatial distribution of soil contamination and for the land use. In 
case of a diffuse presence of contaminants in soil, point data may be associated  to a wider area identified with 
Thiessen polygons on the basis of the sampling strategy. Within each Thiessen polygon it is reasonable to 
consider a uniform chemical concentration in each homogeneous soil layer (top soil, surface soil, deep soil). 
Given this conservative assumption on contamination spatial distribution, the differences in human exposure 
depend only on land use. For the assessment of risks to groundwater resources associated to soil contamination, 
the geological variability within each Thiessen polygon should be accounted for (Figure 5). These assumptions 
are generally the basis for the appl�L�F�D�W�L�R�Q���R�I���³�S�U�H�O�L�P�L�Q�D�U�\�´���U�L�V�N���D�V�V�H�V�V�P�H�Q�W���P�H�W�K�R�G�R�O�R�J�L�H�V�� On the basis of land 
use within the Thiessen polygon, different sub-areas for human exposure evaluation are defined, while for the 
evaluation of soil-to-�J�U�R�X�Q�G�Z�D�W�H�U�� �O�H�D�F�K�L�Q�J�� �S�D�W�K�Z�D�\�� �D�Q�� �³�D�Y�H�U�D�J�H�´�� �J�H�R�O�Rgical setting is defined taking into 
account the properties of the different lithologies weighted on the surface of the emerging layers. The 
conceptual model adopted on the basis of land use is indicated in Table 1. 
 
Tab. 1. Conceptual model for human health risk assessment and for groundwater protection 
 

Scenario according to land use Pathways Receptors 
Residential 
Residential + Agricultural 
activities 

Direct contact (for TS only) 
Outdoor vapor and powders inhalation (for SS and DS) 
Indoor vapor inhalation (for Hg in SS and DS only) 

Adults and Children 

Industrial Commercial 
Agricultural activities 

Direct contact (for TS only) 
Outdoor vapor and powders inhalation (for SS and DS) 
Indoor vapor inhalation (for Hg in SS and DS only) 

Workers 

Naturalistic (recreational) 
Direct contact (for TS only) 
Outdoor vapor and powders inhalation (for SS and DS) 

Adults and Children (exposure frequency 
reduced to 1,5 hr/day) 

Pasture activities Direct contact (for TS only) 
Outdoor vapor and powders inhalation (for SS and DS) 

Adults and Children (exposure frequency 
reduced to 1,5 hr/day) 

Groundwater protection Soil to groundwater leaching form surface  Compliance with GW target values 
 

Therefore the proposed approach adopted a parameterization of source geometry and exposure scenarios more 
conservative than the traditional risk assessment, that is generally limited to the scale of a single area defined by 
property boundaries. This methodology is more �V�L�P�L�O�D�U���W�R���D���³�J�H�Q�H�U�L�F�´���D�Q�G���³�V�L�P�S�O�L�I�L�H�G�´���U�L�V�N���D�V�V�H�V�V�P�H�Q�W�����H�Y�H�Q���L�I��
many parameters (organic carbon content, soil/water partition coefficient, hydraulic conductivity, soil texture) 
have been derived from site specific measurements (ISPRA, 2010).  The results of risk assessment identified 
large portion of the studied area as not contaminated (i.e. no longer posing significant risks to human health 
and/or the environment). However in some residential areas, or areas where the agricultural scenario has been 
integrated with the residential one, the Risk Threshold Concentrations (RTCs, derived from the site-specific risk 
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assessment, indicating non acceptable risks) of Pb, Cd, and As were exceeded. For Pb, Cd, and As critical 
pathways are direct contact with TS and soil to groundwater leaching for SS and DS. For Hg critical pathways 
are indoor and outdoor air inhalation. 

 
Fig. 5. Methodology for the evaluation of spatial soil contamination together with land use (human exposure) and geological 
setting (groundwater protection) at Portoscuso site. 
 

A detailed investigation in critical sub-areas (sub-areas where RTCs are exceeded) identified in the first stage of 
risk assessment is planned in order to  better investigate within each critical sub-areas on:  distribution of 
contamination especially for areas where no soil sample is available, exposure conditions (e.g. real residential 
use also in agricultural areas, presence or planning of buildings), presence of volatilization  and leaching 
transport pathways with leaching tests, soil gas and flux chambers sampling. A second stage of risk assessment 
will be applied on the basis of the detailed investigations.  
 
CONCLUSIONS 
 
In the management of contaminated sites risk assessment has proven to be a very useful tool for identification of 
contamination and planning soil reme�G�L�D�W�L�R�Q���� �7�K�H�� �U�H�V�X�O�W�V�� �R�I�� �D�S�S�O�L�F�D�W�L�R�Q�� �R�I�� �³�V�L�P�S�O�L�I�L�H�G�´���D�Q�G�� �³�G�H�W�D�L�O�H�G�´�� �U�L�V�N��
�D�V�V�H�V�V�P�H�Q�W�� �W�R�� �O�D�U�J�H�� �F�R�Q�W�D�P�L�Q�D�W�H�G�� �D�U�H�D�V�� �P�D�\�� �K�H�O�S�� �L�Q�� �R�U�L�H�Q�W�L�Q�J�� �D�F�W�L�R�Q�V�� �W�R�� �³�F�U�L�W�L�F�D�O�´�� �R�U�� �³�S�U�R�E�O�H�P�´�� �D�U�H�D�V����The  
�³�K�D�U�P�R�Q�L�]�D�W�L�R�Q�´�� �R�I�� �U�L�V�N�� �D�V�V�H�V�V�P�H�Q�W��methodologies envisaged by the Soil Thematic Strategy and the proposed 
Soil Framework directive is still a critical issue due to the difficulty to �V�H�W���D���³�F�R�P�P�R�Q�´���S�U�R�F�H�G�X�U�H especially for 
large areas/megasites management. A flexible proposal of a �³�W�R�R�O�E�R�[�´�� �R�I�� �G�L�I�I�H�U�H�Q�W��risk assessment 
methodologies clearly describing the applicability, the advantages and the limitation of each tool, may be a good 
compromise. 
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ABSTRACT 
 

Land contamination with crude oil presents a serious environmental problem for oil-producing regions in Russia. 
Crude oil and petroleum products are ubiquitous soil and groundwater pollutants resulting from spillage from 
producing wells, storage tanks and damaged pipelines. Our research is directed to provide the site-specific risk 
assessment and to improve response actions to terrestrial oil spills, including biological clean-up technologies. A 
conceptual model for the land oil-spillage from a disrupted pipeline was applied in the source-pathway-receptor 
risk assessment to characterize the fate and transport of petroleum hydrocarbons under various climatic, soil, and 
hydrological scenarios. Based on risk assessment results, target crude constituent concentrations in soil were 
determined to be achieved during remediation actions. Selected bioremediation strategies were tested at pilot 
scale, including bioaugmentation with hydrocarbon-oxidizing bacterial cultures immobilized onto 
hydrophobized sawdust and amendment with a biosurfactant for the ex-situ site treatment, which resulted in 
efficient oil degradation and reduction of soil ecotoxicity. 

 

1. INTRODUCTION  
 
Crude oil and petroleum products are widespread soil and groundwater pollutants resulting from spillage from 
the storage tanks and damaged pipelines. There are thousands of sites that have been seriously contaminated by 
petroleum products in oil-producing regions around the world [1]. For Russia and the former Soviet Union, 
reliable data are difficult to find. In 2003, the World Bank published a report on pipeline failures in the countries 
of the former Soviet Union. The data search identified 113 major crude oil spill accidents during the period 
1986�±96 (inclusive). Just under 90% of these occurred in Russia. Whilst corrosion was still a major cause, there 
were double the number of spills caused by mechanical failure and illegal pipe distruction. According to the 
Russian Federation State Environment Report, in 2003 losses of Russian oil and gas companies were 
approximately 3% from the product transported [2]. Oil spillage from disrupted pipelines is a major threat in 
large oil producing regions, e.g. Urals and Siberia, which are characterized by seasonal weather extremes and 
especially cold winters. Crude oil is a complex mixture that contains many toxic and carcinogenic compounds 
such as benzene and polycyclic aromatic hydrocarbons. They are toxic to most forms of life and can also have 
serious consequences for human health. Many existing remedial technol�R�J�L�H�V���D�U�H���L�Q�D�S�S�U�R�S�U�L�D�W�H���W�R���5�X�V�V�L�D�¶�V���V�L�]�H��
and cold climate and energy-intensive technologies like incineration are not feasible for such large territories. 
Alternatively, biological remediation methods for oil-contaminated soils have gained increasing popularity due 
to their sustainability, relative cost-efficiency and environmental safety. The present paper describes a risk based 
approach to the management and bioremediation of crude oil contaminated site under cold climate conditions in 
the Ural region of Russia. 

Harmful effects of oil spills on natural environments have been extensively studied. However, only few 
studies so far have focused on the effect of oil exposure on human health [3]. This supports the need for 
appropriate risk assessment methodology for human populations exposed to spilled oils, including the workers 
involved in the cleanup, in order to evaluate not only possible immediate consequences for their health but also 
the medium- and long-term effects, and the effectiveness of the protective devices used. Risk assessment is a 
widely accepted strategy for contaminated land management. The rising contamination problem, cost of 
remediation, and scientific questions about the real threat posed by crude oil contaminated land to human health 
have driven the development of risk-based environmental assessment criteria for soils and groundwater. The shift 
to risk assessment approach and suitability for use criteria decreases the cost burdens, and has also been a factor 
in the development of new remedial technologies, including bioremediation. Many countries have developed or 
are currently developing procedures and guidelines for assessing the risks posed by contaminated sites. It should 
also be noted that for petrochemical- and crude oil-contaminated sites, quantitative risk assessment is made more 
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challenging by the complexity of the contaminant mixture [4] and the effects of weathering on the bioavailability 
of risk-critical compounds. It is common for high heterogeneity to exist in the distribution of hydrocarbon 
contaminants, which impacts risk assessment results and the success of further remediation actions. For heavier 
fraction hydrocarbons such as paraffines and polycyclic aromatic compounds, losses due to biotic and abiotic 
weathering processes may result in compounds with increased hydrophobicity and recalcitrance [5]. These 
compositional changes dramatically affect the bioavailability and bioaccessibility of risk-critical compounds.  

In this paper, a conceptual model (Fig. 1) for the terrestrial oil-spillage from a disrupted pipeline occurring 
near a river was used in the source-pathway-receptor risk assessments. It is widely accepted that modelling is a 
powerful tool for integrating various elements in risk assessment such as site characterization, contaminant fate 
and transport, exposure assessment and risk calculation. However, such models are abstract and simplified 
representations of complex systems and are based on numerous assumptions and approximations. It is therefore 
important that models are validated and tested in real-life situations, either as part of oil-contaminated land risk 
assessments or in remediation projects. At present, about 20 human health risk assessment models are developed 
worldwide [6]. Many of the models have comparable approaches to assess health hazards arising from polluted 
soils, and most programs apply similar EPA algorithms to calculate carcinogenic and non-carcinogenic risks [7]. 
However, the input parameters and scenarios considered in various models are different [8]. Moreover, national 
risk and remedial standards vary significantly through the world. Results obtained with different risk assessment 
methods are therefore often not comparable [9]. Actually, land management and remediation organizations in 
different countries usually utilize the models developed in particular country using national language and 
national environmental standards. This is particularly true for Russia, where two program systems, EHIPS 
(Environmental Health Information Processing System) developed in the Space Research Institute, Moscow and 
�³�(�F�R�O�R�J�´�� ���8�Q�L�I�L�H�G�� �3�U�R�J�U�D�P�� �I�R�U�� �$�L�U�� �&�R�Q�W�D�P�L�Q�D�W�L�R�Q�� �&�D�O�F�X�O�D�W�L�R�Q���� �G�H�Y�H�O�R�S�H�G�� �E�\�� �,�Q�W�H�J�U�D�O���� �6�W��-Petersburg were 
designed for the assessment of human health risks from air contaminations. Both risk assessment systems 
function in Russian, so they are available to a wide range of national environmental managers. We have 
�G�H�Y�H�O�R�S�H�G�� �D�� �U�L�V�N�� �D�V�V�H�V�V�P�H�Q�W�� �V�\�V�W�H�P�� �³�(�F�R-�5�L�V�N�´�� �I�R�U�� �F�U�X�G�H�� �R�L�O�� �D�Q�G�� �R�W�K�H�U�� �K�\�G�U�R�F�D�U�E�R�Q�� �F�R�Q�W�D�P�L�Q�D�W�L�R�Q�� ���5�)�� �6�W�D�W�H��
Registration No. 2011611923), which realizes multimedia, multipathway and multireceptor approach and can be 
used for the land management and remediation purposes. 
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Fig. 1. Risk assessment model for crude oil spillage from a disrupted pipeline. 
 
2. RESULTS 
 

�7�K�H�� �³�(�F�R-�5�L�V�N�´ program has been developed for estimating human health risks from petroleum hydrocarbon 
(PH) contamination, which has following steps (Fig. 2) and functions (Fig. 3): 

�x database maintenance for PHs; 
�x calculation physical quantities related to the spread of PHs on the ground; 
�x convenient presentation of results; 
�x calculation of human health risk; 
�x calculation of probable PH concentrations based on hazard index and carcinogenic index. 

Step. 1. Choose chemicals 
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PHs of concern can be selected from the database, which by default contains 79 chemicals and can be expanded. 
New chemicals can be added to the database as well as some chemicals can be deleted from it. For each chemical 
stored, 28 parameters used to calculate the fate and transport models and health risk.  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig. 2. Flow diagram of health risk assessment 
 
Step 2. Select contaminated media, F&T model and pathways 
 
The model developed involves 5 media: 

1. Soil 
2. Indoor air 
3. Outdoor air 
4. Groundwater 
5. Surface water 

There are 9 fate and transport models used: 
1. Vapor model from groundwater 
2. Johnson & Ettinger model 
3. Dominant Layer model 
4. Vadose zone soil to groundwater 
5. Saturated zone soil to groundwater 
6. River mixed with groundwater vadose zone model 
7. River mixed with groundwater saturated zone model 
8. Lake mixed with groundwater vadose zone model 
9. Lake mixed with groundwater saturated zone model 

There are 14 pathways: 
1. Ingestion of contaminated soil 
2. Dermal contact with soil 
3. Ingestion of vegetables grown in contaminated soil 
4. Ingestion of groundwater used for indoor 
5. Dermal contact with groundwater used indoor 
6. Inhalation in the shower 
7. Ingestion of groundwater used for irrigation 
8. Inhalation of volatiles from irrigation groundwater 
9. Dermal contact with water spray 
10. Ingestion of vegetables irrigated with groundwater 
11. Ingestion of surface water  
12. Dermal contact with surface water 
13. Inhalation of indoor air 
14. Inhalation of outdoor air 

 

Step 3. Determine receptor point concentration 

There are two methods for determining receptor point concentration: (i) enter receptor point concentration or (ii) 
enter concentration in the source and use F&T model to calculate receptor point concentration. 
There are two ways to enter the concentration: (1) single value or (2) sample database. 
1. Single value is used when a point value is known. In this case you need to enter one value for each selected 

chemical. 
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2. Sample database is used to summarize site data and calculate means as input for model. The program 
supports four methods for averaging: arithmetic, geometric, 95th Upper Confidence Level Normal, weight 
factors. When F&T model is used, it requires entering site-specific parameters, a set which depends on the 
model. In several cases it is also required to enter specific values of chemical parameters, such as 
degradability or degradation rate 

Step 4. Describe the receptors 

Four types of receptors are incorporated in the model: Adult, Child, Worker and Trespasser. Default set of 
parameters developed for Reasonable Maximum Exposure (RME) and typical exposure, which can be changed 
for every case. 

Step 5. Risk calculation 

The program calculates carcinogenic risk and non- carcinogenic hazard index using the equations proposed by 
US EPA. First step of risk calculation is estimating intake rate for each chemical from exposure route. For non-
carcinogenic chemicals, the intake rate is calculated by time-averaging the intake over the period of exposure. 
The result is Chronic Average Daily Dose (CADD) which is used to estimate the hazard quotient by comparing 
with a safe reference dose. For carcinogenic chemicals, the intake rate is calculated by time-averaging the 
cumulative dose over a 70 year lifetime. The Lifetime Averaged Daily Dose (LADD) is used to estimate the 
Incremental Excess Lifetime Cancer Risk (IELCR). 
 
The program developed was used to estimate human health risk for a terrestrial site accidently contaminated with 
a crude oil spilled from the disrupted oil pipeline (see Fig. 1). As a result of the accident, leaked crude oil 
penetrated through soil and represented a potential thread of soil, air, groundwater and surface water 
contamination. An average crude oil concentration in 10-cm soil layer after 3 hours from the accident was 150 
g/kg. Concentrations of PHs of concern are shown in Tab. 1. Using the Eco-Risk program, a potential risk for the 
oil-spill response personnel from the �³�3�U�L�U�R�G�D-�3�H�U�P�´�����3�O�F����working on the site and preventing oil penetration into 
the river was calculated (Tab. 2). Model contaminated media were soil and outdoor air. Exposure pathways were 
ingestion of contaminated soil, dermal contact with soil and inhalation of outdoor air. To calculate contaminant 
concentrations in air at the receptor point, the Johnson and Ettinger model for soil was used. Estimated values for 
carcinogenic risk and hazard index were 1.8 x 10-4 and 0.4 correspondingly, which did not exceed maximal 
�D�O�O�R�Z�D�E�O�H���U�L�V�N���O�H�Y�H�O�V�����”����-4 �I�R�U���F�D�U�F�L�Q�R�J�H�Q�L�F���D�Q�G���”�����I�R�U���Q�R�Q- carcinogenic compounds), thus suggesting the lack 
of immediate threat for the workers from contaminated soil. 

Tab. 1. Oil composition and PH concentrations      Tab. 2. Risk assessment results for oil-spill response workers 

PHs Concentration in soil 
(mg/kg) 

 PHs Carcinogenic 
risk 

Hazard 
index 

Acenaphthene 2.1  Acenaphthene 0 1.2e-04 
Acenaphthylene 0.3  Acenaphthylene 0 0 
Antracene 2.1  Antracene 0 2.5E-05 
Benz(a)anthracene 8.7  Benz(a)anthracene 8e-06 0 
Benzo(a)pyrene 14.1  Benzo(a)pyrene 1.3e-04 0 
Benzo(b)fluoranthene 15.6  Benzo(b)fluoranthene 1.4e-05 0 
Benzo(g,h,i)perylene 14.4  Benzo(g,h,i)perylene 0 0 
Benzo(k)fluoranthene 17.1  Benzo(k)fluoranthene 1.6e-06 0 
Chrysene 10.5  Chrysene 9.7e-08 0 
Dibenz(a,h)anthracene 2.4  Dibenz(a,h)anthracene 2.2e-05 0 
Fluoranthene 17.4  Fluoranthene 0 1.5e-03 
Fluorene 0.6  Fluorene 0 5.3e-05 
Naphthalene 12.3  Naphthalene 0 2.2e-03 
Pyrene 18.3  Pyrene 0 2.2e-03 
TPH Aliphatic C10-12 1890  TPH Aliphatic C10-12 0 1.7e-01 
TPH Aliphatic C16-35 126900  TPH Aliphatic C16-35 0 2.2e-01 
Total  128925.9  Total  1.8e-04 4.0e-01 
 
After the site localization, the most suitable remediation method was chosen based on cleanup levels calculated 
(Fig. 4). Selected bioremediation strategies [10] were tested at pilot scale, including bioaugmentation with 
hydrocarbon-oxidizing bacterial cultures immobilized onto hydrophobized sawdust and amendment with a 
biosurfactant for the ex-situ site treatment.  
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Fig. 4. Flow diagram of risk based management of crude oil-contaminated site. 

 
Two biopiles (5.0 x 3.0 x 0.5 m) were constructed using the crude oil-contaminated soil (Fig. 5). The first biopile 
received the sawdust-immobilized biocatalyst and Rhodococcus biosurfactant, and the second biopile without 
any addition served as a control. Polyethylene drainage pipes (70 cm length, 8 cm diameter) were placed into the 
biopiles to improve aeration. Over the course of bioremediation, the biopiles were tilled (after removal of 
drainage pipes) and watered weekly to maintain soil moisture levels of 20%, and inorganic NPK fertilizer was 
added. When the air temperature was below 10oC, the cells were covered with a non-woven polymeric fabric 
covering. The temperature, pH of soil and soil moisture content were monitored weekly. Samples for 
microbiological and chemical analyses were taken every two weeks. Main agrochemical soil parameters, i.e. pH, 
soil structure and density, organic carbon, inorganic salts (nitrate, nitrite, phosphate and ammonia), KOIk and 
heavy metals were monitored. 
 

   
 

 
Fig. 5. Biopile construction at crude oil-contaminated site. 
 
Results of the field trial after first 3 months of bioremediation confirmed the effectiveness of augmenting a 
biopile with the sawdust-immobilized biocatalyst and biosurfactant. In this biopile, the oil biodegradation had 
occurred more rapidly and to a greater extend compared to the control biopile. Removal of TPH aliphatics (C10-
C30) representing the major part (90%, w/w) of oil contamination was efficient, reaching 82% for middle-chain 
(C10-C16) and 63% for long-chain (C17-C30) n-alkanes. As a result of biopile treatment, significant reduction 
(from 90% to 30%) of soil phytotoxicity was obtained thus indicating a great reduction in the ecological risk 
presented from the soil during bioremediation. 
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ABSTRACT 
 
Risk assessment is a useful and widely applied tool for the management of contaminated sites, since it provides a 
rational and objective starting point for priority setting and decision making. Its application in most advanced 
countries has been prompted by the application of the Risk-Based Corrective Action (RBCA) framework, based 
on the corresponding ASTM standards. The main strength of the RBCA procedure relies in its capacity of 
evaluating risks to human health through relatively simple fate and transport and exposure models. However, the 
experience and the increasing knowledge of the different natural processes taking place in the subsurface, gained 
over the years, have highlighted some critical issues of the RBCA application to contaminated sites. In 
particular, it is well known, that the ASTM fate and transport models result in many cases too simplified since 
they neglect several attenuation processes occurring in the subsurface that several experimental and field studies 
in the last decades have shown to be particularly relevant. These processes, acting without human intervention, 
can in fact lead to a significant reduction of the mass, toxicity, mobility, volume and concentrations of 
contaminants. This paper briefly summarizes the relevance of the different key natural attenuation processes 
usually taking place in the subsurface and highlights for which contamination scenarios their inclusion as a 
standard feature for derivation of the site-specific clean up goals could provide a more realistic risk assessment. 
 
INTRODUCTION 
 
The most acknowledged technical and scientific references for the risk-assessment approach are the ASTM Risk-
Based Corrective Action (RBCA) standards for evaluating petroleum sites (E 1739-95) and chemical release 
sites (E 2081-00). The procedure outlined in these documents is based on the information collected during 
contaminated site investigation to evaluate the potential effects on human health of exposed receptors and on the 
environment, allowing to assess whether a particular site requires remedial action and eventually the specific 
risk-based remediation goals. Namely the risk is defined by using site-specific data concerning receptors, 
exposure potential, site hydrogeology and the type, amount, and toxicity of the chemicals of concern.  The 
ASTM RBCA procedure is based on a "tiered" approach to risk and exposure assessment, where each tier refers 
to a different level of complexity. In Italy the risk analysis procedure is typically performed using the Tier 2 
conditions, that represent a reasonable compromise between the need for a detailed site assessment and the 
advantage of handling a rather simple and easy-to-use management tool.  
The main strength of the Tier 2 RBCA procedure relies in its capacity of evaluating risks to human health 
through relatively simple fate and transport and exposure models. However, such models are usually too 
simplified as they neglect several natural attenuation processes occurring in the subsurface. Natural Attenuation 
refers to naturally-occurring processes in soil and groundwater environments that act without human intervention 
(U.S.EPA, 1999) and that can be particularly effective in reducing the mass, toxicity, mobility, volume and 
concentrations of contaminants. These natural processes include biological degradation, volatilization, 
dispersion, dilution, and sorption of the contaminant onto the organic matter and clay minerals in the soil 
(Mulligan and Yong, 2004). In the last decades, several studies have demonstrated the occurrence of natural 
attenuation by studying the attenuation in the unsaturated zone (Lundegard and Johnson 2006; Johnson et al. 
2006; Kastanek et al. 1999), the evolution of the plume length (Shih et al. 2004; Newell and Connor, 1998; 
Prommer et al. 2002, Kao and Prosser, 2001), the mass reduction (Christensen et al. 2000), the geochemical 
processes (Cozzarelli et al. 2001) and the vertical vapors profiles (Hers et al. 2000; Roggemans et al. 2000; 
Hohener et al. 2003). 
As a results, the application of the ASTM procedure, neglecting almost all the processes described above, can 
lead in many cases to a significant overestimation of constituent concentrations at the point of exposure (i.e. 
conservative predictions of constituent migration and attenuation) and consequently of the actual risks. 
This paper briefly summarizes the relevance of the different key natural attenuation processes during the vapor 
intrusion of volatile organic compounds (VOC) from contaminated soil and groundwater into indoor 
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environments the transport and natural attenuation of contaminants in groundwater and the leaching of 
contaminants to groundwater from dissolved plumes located in the unsaturated zone.  
 
VAPOR INTRUSION INTO INDOOR ENVIRONMENTS 
 
Natural attenuation can significantly influence the potential impact of petroleum hydrocarbon releases, by 
reducing, mainly through biodegradation processes, the mass, mobility and concentration of contaminants. These 
processes can be particularly effective in attenuating petroleum hydrocarbon vapors, either from groundwater or 
unsaturated soil sources. Nevertheless, most risk assessment procedures do not include vapor degradation as a 
standard feature for developing clean-up levels (e.g. ASTM, 2000). This assumption can lead to an 
overestimation of the overall human health risk, since vapor intrusion to indoor air is one of the most important 
exposure pathways at many contaminated sites impacted by volatile compounds (Hers et al., 2003). 
Consequently the significance of this pathway is the subject of intense debate (Johnson et al., 1998) and in the 
last years this issue has been the focus of a number of studies. Actually this topic has been addressed since the 
1980s, initially with the emphasis placed on assessing impacts of naturally occurring radon intrusion (e.g. 
Nazaroff et al., 1997; Robinson et al., 1997; Garbesi and Sextro, 1989). In this framework, Johnson and Ettinger 
(1991) developed an analytical model which is still now the most widely used algorithm for assessing the vapors 
intrusion to enclosed spaces (Tillman and Weaver, 2006).  However several field investigations have shown that 
the J&E model often overpredicts the indoor concentration of contaminants at sites impacted by petroleum 
hydrocarbon compounds (Johnson et al., 2002; Provoost et al., 2007). This is especially related to the fact that 
the J&E algorithm does not include biodegradation, which the field studies have shown to be particularly 
effective in attenuating vapors (Roggemans et al., 2001; Luo et al., 2009; Lahvis et al., 1999; Dawson and 
McAlary, 2009).  
A range of numerical (e.g. Abreu and Johnson, 2006; Hers et al., 2000; Bozkurt et al., 2009; Yu et al., 2009) and 
analytical (e.g. Johnson et al.; 1998; DeVaull, 2007; Davis et al. 2009; Parker, 2003; McHugh et al. 2006; 
Verginelli et al., 2010; Mills et al., 2007) models including aerobic biodegradation were developed to overcome 
this limitation. These models differ by the underlying assumptions and the conditions at which they can be 
applied. For instance, some models describe the transient behavior of the vapor intrusion process (e.g. Mills et 
al., 2007; McHugh et al., 2006), other the spatial variability (Abreu and Johnson, 2006), the non-homogeneous 
soil conditions (Bozkurt et al., 2009), the oxygen-limited biodegradation (e.g. DeVaull, 2007; Verginelli et al., 
2010) or the volatilization from soil contaminated by NAPL (Parker, 2003). All these models account just for the 
aerobic reaction whereas anaerobic biodegradation is always neglected. However, as reported by Foght (2008) 
and Haeseler et al. (2010), in the last decades several studies have demonstrated that many aromatic 
hydrocarbons such as benzene, toluene, ethylbenzene and xylene (BTEX) and some polycyclic aromatic 
hydrocarbons (PAHs) can be completely degraded under anaerobic conditions. In fact these experimental and 
field studies have shown that, under oxygen deficiency, anaerobic bacteria can use nitrate, sulfate, iron, 
manganese and carbon dioxide as their electron acceptors and break down organic chemicals into smaller 
compounds even though with usually much slower rates than the aerobic reaction (Schreiber et al., 2004). 
Besides, anaerobic biodegradation can potentially take place near the vapor source zone where the oxygen 
concentration may result below the minimum one required to sustain aerobic biodegradation (Boopathy, 2004; 
Dou et al., 2008; Lee et al., 2001; Johnson et al., 2006; Molins et al., 2010; Bekins et al., 2005; Gray et al., 2010; 
Salminen et al., 2004). This is somehow confirmed by the frequent methane detection at sites where petroleum 
hydrocarbons have been released into the subsurface (e.g. Lundegard et al., 2006; Lundegard et al., 2008; Hers et 
al., 2000), indicative of anaerobic biotransformation under methanogenic conditions (Bekins et al., 2005; Gray et 
al., 2010). 
To assess how anaerobic biodegradation might influence the attenuation of vapors in the sub-soil, a 1-D vapor 
intrusion model including both aerobic and anaerobic biodegradation was recently developed (Verginelli and 
Baciocchi, 2011). The model accounts for the different oxygen demand in the subsurface required to sustain the 
aerobic biodegradation of the compound(s) of concern and for the baseline soil oxygen respiration. In the case of 
anaerobic reaction under methanogenic conditions, the model accounts for the generation of methane which 
leads to a further oxygen demand, due to methane oxidation, in the aerobic zone. The model was solved 
analytically and applied, using representative parameter ranges and values, to identify under which site 
conditions the attenuation of hydrocarbons migrating into indoor environments is likely to be significant (see 
Verginelli and Baciocchi, 2011). The obtained results suggest that for many scenarios, aerobic biodegradation is 
expected to be the main attenuation mechanism, leading to a significant attenuation of vapors concentration with 
a reduction of the attenuation factor of several orders of magnitude with respect to the Johnson & Ettinger model 
(J&E). In cases where aerobic biodegradation results limited by the oxygen availability (e.g. for high source 
concentrations) anaerobic biodegradation may contribute significantly with increased attenuation up to one order 
of magnitude. The simulations have also shown that the attenuation due to biodegradation is strongly influenced 
by site-specific conditions (Verginelli and Baciocchi, 2011). The main parameters investigated, which showed a 
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strong influence on transport and consumption of vapors and oxygen in the subsurface, are the biodegradation 
constants, the source concentration, the cracks fraction of the building, the building area, the building pressure 
gradient, the source depth and the presence of more biodegradable substances in the subsoil. 
 
EXPOSURE DURATION TO CONTAMINATED GROUNDWATER 
 
Among the different simplifying assumption of Tier 2 ASTM-RBCA models, a key one consists in considering a 
constant concentration value for the contamination source throughout the entire exposure period of a generic 
receptor. This approach is somehow mitigated in the case of vapor volatilization from soil, by introducing a limit 
on the maximum amount of contaminant that can be generated by the contamination source, whereas no mention 
to this issue is given in the ASTM-RBCA guidelines for contamination source in groundwater, neither for 
volatilization, nor for migration in the saturated zone. This assumption may lead, for some types of constituents 
and soils, to extremely conservative results in terms of risk as the source reduction due to the various attenuation 
processes may occur and have a significant influence on contaminant concentrations (Baciocchi et al. 2010). 
Recent studies have demonstrated the occurrence of natural attenuation in groundwater by studying the evolution 
of the plume length (Shih et al. 2004; Newell and Connor, 1998; Prommer et al. 2002) and the mass reduction 
(Christensen et al. 2000), the geochemical processes (Cozzarelli et al. 2001). Various commercial packages are 
available for simulating these processes. The analytical models BIOSCREEN (U.S.EPA, 1996) and BIOCHLOR 
(U.S.EPA, 2000) allow to simulate the NA for petroleum fuel and chlorinated solvents, respectively. The 
Domenico analytical transport model (Domenico, 1987) is the basis for these models and includes the 
assumption that the source concentration does not change with time. On the other hand, the RBCA ToolKit 
(Connor et al. 2007) and the RISC4 (Spence and Walden, 2001) packages account for the decrease in exposure 
concentration due to volatilization, biodegradation and leaching for contaminated soil and due to dissolution and 
biodegradation in the case of groundwater source. In addition numerical models such as BIOPLUME III 2-D 
(Rifai et al. 2000), MODFLOW (Harbaugh et al. 2000) coupled with RT3D (Clement, 1997) and FEFLOW 
allow to simulate this process. 
A model to overcome the limitation of the ASTM-RBCA one, but keeping its original simplicity (Tier 2 
framework), was recently developed (Baciocchi et al. 2010). This model (Exposure-Duration Model) accounts 
for source attenuation, through a simple material balance, identifying the time required for depletion and 
consequently the effective exposure duration. The only source attenuation mechanism included in this model 
relies on run-off by groundwater flow, which is assumed to be dominant with respect to volatilization. Although 
biodegradation may sometimes contribute significantly to source depletion, it is not considered in this model, 
since it would require a level of characterization, that is usually not available when performing a Tier 2 risk 
analysis. The results provided by the proposed model were compared with those obtained through the traditional 
ASTM-RBCA approach, a model based on the source depletion algorithm of the RBCA ToolKit software and a 
commercial numerical model (FEFLOW), allowing to assess its feasibility for inclusion in risk analysis 
procedures. The obtained results show that for permeable soil (e.g. Sand) the ASTM-RBCA approach provides 
more conservative risk values up to two orders of magnitude higher than those obtained applying the Exposure-
Duration model. On the contrary the results of the Exposure-Duration model are similar to those provided by the 
Source-Depletion model and slightly more conservative than those given by the FEFLOW simulations. These 
results suggest that this modeling approach may represent a simple but meaningful integration of the ASTM-
RBCA one, since it keeps its original simplicity, but allows to overcome its limitations in correctly managing 
risk for specific site conditions 
 
LEACHING OF DISSOLVED PLUMES TO GROUNDWATER 
 
Contamination of soils by petroleum products due to leaking underground storage tanks, accidental spills or 
improper surface applications is a widespread environmental problem (Karapanagioti et al. 2003). When the 
volume of spilled product is small, the hydrocarbon may be retained in an immobile condition in the unsaturated 
zone by capillary forces (Andre et al. 2009). In this case, source zones generating a dissolved-phase, may lead to 
a long term risk to groundwater since plume in the vadose zone can gradually leach by infiltrating water. 
Whereas a significant volume spill of Nonaqueous Phase Liquids (DNAPL or LNAPL) may take hours to days 
to reach a water table, a dissolved plume leached from a shallow source may require years to decades (Rivett et 
al. 2011). In this time framework if natural attenuation processes are significant, leached plumes may never 
reach groundwater, or else be substantially delayed with reduced concentrations (Rivett et al. 2011). As a matter 
of fact, in the last decades several studies have demonstrated the occurrence of natural attenuation in the 
unsaturated zone (Lundegard and Johnson 2006; Johnson et al. 2006; Kastanek et al. 1999; Hers et al. 2000; 
Roggemans et al. 2000). Hence, accounting for these processes is a crucial issue in order to properly assess the 
risk for groundwater contamination from point sources (Troldborg et al. 2009). However, in most screening tools 
for risk assessment, the description of transport through the unsaturated zone is very simplified. For instance, the 
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leachate ASTM model (ASTM, 2000) accounts just for dissolution of contaminants into infiltrating water and 
dilution within the underlying groundwater, whereas no attenuation pathways are considered. These assumptions 
may lead in some cases to an overestimation of the concentrations expected in the underlying aquifer. 
In this view, in order to evaluate the expected significance of the different attenuation pathways, an analytical 
model accounting for the transport and attenuation by multiple mechanisms in the unsaturated zone and in the 
source, was very recently developed and applied (Verginelli and Baciocchi, 2013). Namely, this model accounts 
for the key processes affecting the contaminants leaching scenario such as advection due to infiltrating water, 
dispersion and diffusion, sorption, first-order degradation in the water phase and source depletion due to 
biodegradation and dissolution. The model was solved analytically and applied, using representative parameter 
ranges and values, to identify the dependence and the expected relevance of natural attenuation and depletion 
timeframes on soil conditions, site geometry and compounds properties (see Verginelli and Baciocchi, 2013).   
The obtained results suggest that BTEX are likely to be attenuated in the source due to their ready 
biodegradation (assuming biodegradation constant rates in the order of 0.01 - 1 d-1) and mobility, whereas a 
minor relevance of the attenuation is expected to occur during transport, as these compounds generally migrate 
quite rapidly and consequently the time available for biodegradation to take place before reaching the aquifer is 
generally low. On the contrary, heavier compounds such as PAHs, that are more persistent in the vadose zone, 
can be attenuated during transport since the residence time in the subsurface can reach in some cases up to 
thousands of years. In this time framework, even with relatively slow biodegradation (e.g. in the order of 0.0001 
�± 0.001 d-1), attenuation can result significant. These results suggest that the ASTM model used in the risk 
assessment procedure, which neglects both these processes, can lead to an overall overestimation of the 
concentration reaching the groundwater and consequently of the risk calculated for the downstream receptor. 
 
CONCLUSIONS 
 
The main strength of the RBCA procedure relies in its capacity of evaluating risks to human health through 
relatively simple fate and transport and exposure models. However, such models are usually based on very 
simplified assumptions which can lead�����W�R�J�H�W�K�H�U���Z�L�W�K���W�K�H���X�V�H���R�I���³�U�H�D�V�R�Q�D�E�O�\���Z�R�U�V�W���F�D�V�H�´���H�[�S�R�V�X�U�H���V�F�H�Q�D�U�L�R�V�� to 
unreasonably low clean-up goals, thus making the whole remediation economically unsustainable. Among these, 
a key one consists in neglecting natural attenuation processes taking place in the subsurface. Several 
experimental and field studies in the last decades have shown that these processes are particularly relevant, 
acting without human intervention and can in fact lead to a significant reduction of the mass, toxicity, mobility, 
volume and concentrations of contaminants, that are not accounted for in the RBCA risk procedure. 
In this view, several approaches were proposed in order to integrate the results of RBCA �± ASTM risk 
assessment in order to properly take into account the site-specific processes influencing the fate and transport of 
contaminants at a site. 
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ABSTRACT 
 
In this work a new software (Risk-net), designed to complete all calculations required for the Tier 1 and Tier 2 
ASTM-RBCA planning process, is presented. Risk-net was developed by the Department of Civil Engineering 
of the University of Rome "Tor Vergata" and validated by the Italian Network on the Management and 
Remediation of Contaminated Sites (Reconnet). The software allows to apply the risk assessment procedure 
both in forward and backward mode, thus evaluating the risks or the clean-up levels for a contaminated site, 
respectively. The program uses a simple and user-friendly graphical interface through which the user can simply 
define the different input parameters. To accelerate the compiling process, according to the conceptual model 
defined by the user, only the data actually used in the calculation are required. Some controls also allow to 
manage the presence of conceptual and numerical errors. The results are returned in terms of risk (for human 
health and groundwater resources) and clean-up levels. Intermediate outputs are also displayed allowing the 
user, to evaluate more critically the obtained results. The main features of Risk-net concern the possibility to use 
the program to perform analysis for the evaluation of the mobility of free product in the subsoil, the 
identification and visualization of contaminants distribution in the different phases of the soil (saturated and 
unsaturated), the presence of different receptors within (on-site) or near the site (off-site), the temporal and 
spatial evolution of the contamination in the aquifer and the calculation of clean-up levels for hydrocarbons (C 
<12, C> 12 and Total Hydrocarbons) as a function of the different classes MADEP identified by the user.  
Risk-net is a freeware software which can be downloaded from the website of the Reconnet network: 
www.reconnet.net. 
 
INTRODUCTION 
 
In the last decades soil and groundwater contamination caused by abandoned waste disposal sites and industrial 
activities has become a key environmental issue in most of advanced countries. Risks for human health, as a 
result of toxic chemicals introduced into the environment, are in fact a matter of main concern to modern society 
and the effective management of environmental contamination problems has become an important 
environmental priority of both national and European policies (Kofi Asante-Duah, 1998). In this framework, the 
management of contaminated sites often relies on a risk-based corrective action (RBCA) approach, where the 
actual pollution of the site is evaluated depending on the effective risk posed to the human health or 
environment. For instance, this is the case of the Italian regulatory approach, where the guidelines for risk 
assessment application developed by the national environmental agency (ISPRA) are based on the ASTM 
RBCA procedure. The ASTM RBCA is based on a three-tiered approach to risk and exposure assessment, 
where each tier refers to a different level of complexity. Namely in the RBCA Tier 1, aimed to the definition of 
the contamination screening values, only on-site receptors are considered. Transport of contaminants is 
described through simple analytical models and conservative default values are used for all hydro-geological, 
geometrical and exposure data, without requiring any site characterization. In Tier 2, aimed to evaluate site-
specific target levels, off-site receptors are included in the conceptual model, all input data should possibly be 
site-specific, whereas model�V�� �X�V�H�G�� �W�R�� �G�H�V�F�U�L�E�H�� �F�R�Q�W�D�P�L�Q�D�Q�W�V�¶�� �W�U�D�Q�V�S�R�U�W�� �D�U�H�� �V�W�L�O�O�� �D�Q�D�O�\�W�L�F�D�O���� �8�V�X�D�O�O�\���� �W�K�H�� �U�L�V�N��
analysis procedure is performed using the Tier 2 conditions, that represent a reasonable compromise between 
the need for a detailed site assessment and the advantage of handling a rather simple and easy-to-use 
management tool (Baciocchi et al. 2010). Therefore, only in very specific situations, where a more detailed 
description of the contaminant transport through numerical models is required, risk analysis is performed 
following the Tier 3 approach (Verginelli and Baciocchi 2013). 
For the calculation of the Tier 1 and Tier 2 RBCA several software packages are available. The most commonly 
used in Italy, which have been validated in the ISPRA guidelines (2008), are: RBCA Tool Kit, BP-RISC and 
Giuditta. However, as highlighted in the ISPRA document (2008), these softwares do not allow the full 
implementation of the risk analysis procedure defined in these guidelines and by the Italian law. 
In this work a new software (called Risk-net), designed to complete all calculations required for the ISPRA 
(2008) planning process, is presented. 
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Risk-net was developed by the Department of Civil Engineering of the University of Rome "Tor Vergata" and 
validated by the Reconnet network. The software is available for free on the website of the Reconnet network: 
www.reconnet.net. 
 
DESCRIPTION OF THE DEVELOPED SOFTWARE 
 
The Risk-net software has been developed within the Reconnet network by the Department of Civil Engineering 
of the University of Ro�P�H�� �³�7�R�U�� �9�H�U�J�D�W�D�´���� �Z�L�W�K�� �W�K�H�� �D�L�P�� �R�I�� �S�U�R�Y�L�G�L�Q�J�� �D�� �W�R�R�O�� �E�D�V�H�G�� �R�Q�� �W�K�H�� �,�6�3�5�$�� �1�D�W�L�R�Q�D�O��
guidelines for risk analysis application to contaminated sites.  
The software allows to apply the risk assessment procedure both in forward and backward mode, thus 
evaluating the risks or the clean-up  levels for a contaminated site, respectively.  
Namely for each exposure pathway activated by the user, Risk-net calculates, through the Fate and Transport 
(F&T) models described in the ISPRA guidelines (2008), the maximum steady-state concentrations expected at 
the point of exposure. Afterward, on the basis of exposure parameters defined by the user, the daily dose 
assumed by each receptor considered is calculated. These doses combined with the corresponding toxicological 
parameters are used for the calculation of risk and clean-up levels (CSR) for each contaminant and active route. 
Finally the effects related to the presence of multiple routes of exposure and multi-component contamination is 
calculated. 
The key features of Risk-net include: 

- Baseline Risks and Risk-Based Clean-up Level Calculations: Risk-net was designed to complete the 
calculations required for Tier 1 and Tier 2 RBCA evaluations according to the ISPRA Italian 
guidelines for risk analysis application to contaminated sites.  

- Fate and Transport Models: simple analytical models for air, groundwater and soil exposure pathways, 
including all models used in the ISPRA (2008) standard. 

- Chemical and Toxicological Database: Pre-loaded toxicological and chemical parameter library (ISS-
ISPESL Database). The database is customizable by the user.  

- User-Friendly Interface: User-friendly graphical interface with on-line help, unit conversion and 
Load/Save capability. 

 
MAIN SCREEN 
 
The main screen is automatically opened at startup (Fig. 1). On this screen the user can enter the project 
information (e.g. Site Location, Date, Compiled By) select the type of analysis and risk-based calculations to be 
performed (i.e. Forward or Backward mode) and progressively access to the different input and output screens. 
 

 
Fig. 1. Main Screen of Risk-net.INPUT 
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This section reports a brief summary of the main features of the Risk-net software. 

Exposure Pathways. In Risk-net the following exposure pathways can be activated: 
Surface Soil 
- Dermal contact 
- Soil ingestion 
- Outdoor air inhalation 
- Indoor air inhalation 
- Outdoor particulate inhalation 
- Indoor particulate inhalation 
- Leaching to groundwater 
Subsurface Soil 
- Outdoor air inhalation 
- Indoor air inhalation 
- Leaching to groundwater 
Groundwater 
- Outdoor vapor inhalation 
- Indoor vapor inhalation 
- Affected groundwater 

 
Moreover the user can specify if the exposure occurs on-site (receptor located at the source zone) or off-site 
(receptor at any point away from the source zone).  
 
Receptors. After defining potential source media, transport models and exposure pathways, the user can select 
the types of soil use and the receptors. Namely the types of soil use and receptors are differentiated into: 

Residential or Recreational use 
- Child: Children (default age 6), with a low body weight. 
- Adult: Adult with a full grown body weight. 
- �$�G�M�X�V�W�H�G�� ���&�K�L�O�G�� ���� �$�G�X�O�W������ �)�R�U�� �W�K�H�� �U�H�V�L�G�H�Q�W�L�D�O�� �H�[�S�R�V�X�U�H�� �V�F�H�Q�D�U�L�R���� �W�K�H�� �³Adjusted�´�� �R�S�W�L�R�Q�� �F�D�O�F�X�O�D�W�H�V�� �D�Q��

average exposure values among the child and adult. Age adjustment is applied for carcinogenic 
contaminants only, where carcinogenic exposures are assumed to be chronic over the lifetime of the 
receptor. 

Commercial or Industrial use 
- Adult: Adult working at a full-time job.  

 

Chemicals of concern. The Risk-net software includes a Chemical Toxicity database pre-loaded with the 
Database of ISS-ISPESL (2009). The chemicals of concern may be chosen from this database or new chemicals 
may be added or modified to the database and then chosen as a chemical of concern. The values modified by the 
user change color to red and the chemical name is indicated with an asterisk. 
 
Source Concentration. If baseline risks are to be calculated, the user must define the representative 
concentrations in the source of the different chemicals of concern. Namely the user can define, for each 
chemicals of concern, the total concentration in soil (or in groundwater) or specify the soil gas concentration as 
the source term. In addition, in the case of hydrocarbons contamination, the user can enter the concentration 
values for the different hydrocarbons fractions. Namely the user can choose between the Total Petroleum 
Hydrocarbon Criteria Working Group (TPHCWG) and the Massachusetts Department of Environmental 
Protection (MADEP) classification. The software calculates the total concentration for C>12 and C<12 macro 
fractions. 
 
Exposure Parameters. On this screen, the user must define the exposure factors for each complete pathway. 
Initially, this section contains the default values corresponding to ISPRA guidelines (2008). There are different 
exposure factor columns representing the different types of receptors that can be modeled with the software. 
These receptor types allow the user to calculate the baseline risks and the cleanup levels based on different 
physical (e.g., skin area, body weight, etc.) and exposure-related (e.g., soil ingestion rate, inhalation rate, etc.) 
parameters. 
 
Site-Specific Parameters. In this section the user can define the site-specific parameters required for the 
application of the fate and transport models selected. Initially, this section contains the default values 
corresponding to ISPRA guidelines (2008). 
Namely the user must enter the following parameters: 
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- Vadose zone: source and soil geometry, soil properties, rainfall infiltration rate, fraction of organic 
carbon, pH, etc. 

- Groundwater zone: source and groundwater geometry, physical characteristics, fraction of organic 
carbon and other transport properties. 

- Outdoor air zone: source geometry, wind speed, dispersion in air, particulate emissions, etc. 
- Indoor air zone: building geometry and properties, air exchange rate, indoor/outdoor differential 

pressure, etc. 
 

OUTPUT 
 
This section reports a brief summary of the main output provided by Risk-net. 

Input Parameters Summary. In this screen a summary of all input parameters and option calculation used in 
the software is reported. The values modified by the user are highlighted. In addition the software shows the 
parameters not required for the specific calculation. 
 
Exposure Pathway Flowchart. The Exposure pathway flowchart shows all selected source media, transport 
mechanisms, exposure media and receptors. This screen allows the user to check the problem setup and, if 
necessary, revise the exposure pathway selections. 
 
Chemical and toxicological data for the selected contaminants. This output screen reports the chemical and 
toxicological data used for the selected contaminants. The values modified by the user are highlighted. 
 
Fate & Transport models. the software reports the fate and transport (F&T) factors calculated for the selected 
contaminants. 
 
Partition behavior of the selected contaminants. In this screen the user can assess the different partition 
behavior of the selected contaminants. This screen also reports the different concentrations at the point of 
exposure (Cpoe) that are also calculated. 
 
Intake Rates. This screen reports the intake rates calculated for the different exposure pathways for each 
receptor activated by the user. 
 
Transient Domenico Analysis. In this screen the user can evaluate the transient groundwater modeling results 
for the different selected contaminants. This evaluation is not used for the risk and clean up levels calculation 
but can be useful for a risk management decision for example to assess when an exposure limit might be 
exceeded. 
 
Green Ampt Analysis. In this screen the user can evaluate the leaching modeling results with the Green & 
Ampt (1911) equation for the different contaminants selected. This evaluation is not used for the risk and clean 
up levels calculation but can be useful for a risk management decision for example to assess the leaching 
velocity and the expected role of biodegradation in attenuating the selected contaminant. 
 
Baseline Risk. For each media of interest (surface soils, subsurface soils and groundwater) the software reports 
the baseline risk calculations for each complete exposure pathway (outdoor air, indoor air, soil, etc) and the 
associated receptors (on-site or off-site). Namely the software calculate the human health risks associated with 
exposure to the contaminant on the basis of average daily intake rates and the corresponding toxicological 
parameters for carcinogenic and non-carcinogenic effects. In addition the software calculates the risk for the 
groundwater resource (Rgw) by comparing the groundwater concentrations calculated at the point of compliance 
(POC) with the values defined by the Italian law (CSC). For each complete pathway, the software provides both 
individual and additive constituent results for carcinogens (R) and non-carcinogens (HI).  
Besides the user can also visualize for each individual contaminant a summary of the different risks calculated 
and of the different fate and transport factors used for their derivation. 
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