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0. Background and disclaimer

The Greek government asked the European Commission (EC) for support in specific areas
(including the improvement of municipal waste managemeegulatory issues of the waste

sector, the management of specific waste categories) in order to raise the quality and quantity

of recycling, to improve data quality and to effectively use economic instruments. To achieve

the aforementioned goals, the De@sk S DSa St f aOKIFFd FNNI LydSNy!
DYO6 ! 0DL %0Techdd® @ubdiS for thie implementation of the National Waste
Management Plan (NWMP) of Greéce FNRY Hnanmy O 2tisfumdadbypthe¢ KS  LIN
European Union (EU) via the Structural Reform Support Programme (SRSP) and the German
Federal Ministry for Environment, Nature Conservation and Nuclear Safety (BMijintly
implemented by GIZ and the Hellenic Ministry of Environinend Energy (YPEN), in
cadlaborationwith the EC.

GlZ commissioned Dr Iraklis Panagiotakis (ENYRQE@MNronmental Protection Services) to

provide specific technical expertise to GIZ and YPEN from November 2020 to February 2021

by supporting the projecactivity3.24 L YLINE 3SR KIF T I NR2dza ¢l-adS Y
[ 2y 0FYAYLFGSR a2Aft YFyYylF3SYSyd FNIYSE2Nl£Dd ¢
methodological approach and sorpeeliminaryresults are presented.

Assignment IMPROVED HAZARDOUSASVE AND CONTMINATED SOI
MANAGEMENTN GREECE

Contract No. 81262364

Project Name Technical support for the implementation of the National Wal

Management Plan (NWMP) of Gred68.3045.9)

Client / Project 5 Sdzia OKS DSaSftftaoOKFTad FNNI LY
Executing Agency| (GIZ)
Project managerlrichLaumanng ulrich.laumanngdgizde)

Senior consultantiyh * * K A M ° @asilikipanaretou@gizde)
Senior consultant. b~ [ h * * @nariapisimisi@gizde)
Consultant DrIraklisPanagiotakis

Environmental Engineer
ENYDRORNEnNvironmental Protection Services
panagiotakis@enydron.comvww.enydron.com

Contract term 18.11.2020 28.02.2021

Disclaimer
ENYDRON has taken due care in the preparation of this report to ensure that all facts and
analysis presented are as accurate as possible within the scope of the stoahgver, no


https://www.giz.de/en/worldwide/75350.html
https://www.giz.de/en/worldwide/75350.html
https://www.giz.de/en/worldwide/75350.html
https://www.giz.de/en/worldwide/75350.html
mailto:ulrich.laumanns@giz.de
mailto:vasiliki.panaretou@giz.de
mailto:maria.pisimisi@giz.de
mailto:panagiotakis@enydron.com
http://www.enydron.com/

guarantee is provided regarding the information presented herein@nidakis Panagiotakis
(ENYDRON) bears no responsibility for decisions or measures taken based on the content of
this report.

This document was produced with the financial assistance of the European Union. The views
expressed herein can in no way be taken tdeefthe official opinion of the European Union.

Reproduction is authorized provided the source is acknowledged.
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1. Executivesummary

Soil contamination is an old problem dating back to Industrial Revolution. However, this
crucial environmental problem failed to receive prompt attention. Contaminated soil
managementis one of the most rapidly developing environmental protection subjects.
However, the high cost that soil remediation requires along with the complexity of the
problem render contaminated soimanagementa real challenge for environmental
professionals ath society altogether. Unlike most EU countries, Greece does not have a robust
Soil Strategy and as a result a Contaminated Soil Management Framework (CSMF) yet. The
legislation is incomplete and fragmentary, and no guidelines are provided for demanding
technical subjects, such a#te assessment angbil and groundwater sampling and chemical
analysis. Currentlyin Greece, thecontaminated soil is part of the hazardous waste
management framework, a problematic practice for consultants, industries and pettine
authorities. On the otherhand, hazardous waste management (HWM) in Greece requires
significant improvementto catch up the advanced EU countries. Among the most significant
HWM problemssthe historichazardous waste deposits, which obviously isalloeelated to
contaminated soil management in the country.

The purpose for this assignment is to provide specific technical expertise to the GIZ team, by
supporting the Greek Ministry of Environment and Energy (YPEN) to build institutional
capacities, bycontributing to the examination of relevant experiences and best available
techniques (BAT) from other EU Member States and formulation of recommendatioas for
CSMF for Greece. In addition, in the context of this study, modification of the main hazardous
waste legislation is recommended as well as a roadmap for impréidlylin Greece.

In practice the approach was divided into three phad$agring phase 1 all the appropriate
baseline work required for the entire project was accomplished. In particularnttional
legislation was reviewed, key national stakeholders were identified, and online meetings
were carried out. During this phase, the needs and the gapse identified A similar
approach was also followed for thVM. During phase 2 all data ongHcU experience were
reviewed and the best practices, useful toolkits and lessons learned were recorded and
evaluated. In particular, during this phase a group of competent contaminated soil
international experts was created and a tailored made questiaenaas delivered to them.

For the improvement of hazardous waste management, the EU experience was studied by EU
documents and legislations. The third was the last phase of the assignment during which the
appropriate recommendations were gathered, and roaps for the CSMF and HWM were
created.

The methodology followedo draw the mainCSMF recommendations wasainly the data
gathering from the experienced EU countries, as resulted by the literature resmelva
guestionnaire survey with Greek and EU conitzaied soil experts and stakeholderBhese
countriesare Belgium (Flanders Region and Walloon Region), the Netherlands, France, United
Kingdom(UK) Germanyltaly, Spainand Portugalln addition, the framework applied in New



Improved hazardous wast contaminated soimanagement in Greece

Jersey NlJ,USA), a Statprobablywith the strictest environmental legislation framework in
USA,is also presented hereirlhe results of the study arcused on thebest practices
applied inthe participant countries with the main subjects be tlegislativeframework the
screening values application system atfie risk assessmenfor human health and
ecosystem

The first significant best practicéetectedis the single framework governing both soil and
groundwater policywhich is already the case for most EU countriée framework should

be neither complicated nor simplistic. Good example of such a framework is tBsigium

Flanders Germanyandthe Netherlands In addition, nost of the advanced countries in EU

and globally (e.g., USA) have instituted a soil screpwatue system. Onfranceoperates a

framework without such values (screening values were withdrawn in 2007), where decisions

are solely based on sigpecific risk assessment procedure. In some countries historical
contaminatedsites are treated diffemstly in termsof screening values and there a pure fisk

based approach is typically appligdA Yy OS G KS aYdzZ GAFdzy QliAzyl f | L
08 (KS foededh3iey SRBILINRIF OK Ay Y2aid 2F GKS 02dzi
contaminated soil manageent framework and the land planning framework becomes a very

crucial parameter and a growth lever for both financial development and environmental
sustainability. Therefore,screening values and remediation based on land uses major

parameter to be ioluded in aCSMF! & YSYUA 2y SR | 02@Ss (GKS aYdz
KFra 0SSy NBLIX | SR Soce ILBLINRA TOKG yAS/a ayz2ad 2F GKS
most countries to move from single Screening values to values based on the land use, using

risk assessment methodologynother best practicewhich has been identified durinthe

studyisthe soil screening values correction based on site specific soil charactergtict

have typically a important role in fate and transport of contaminants. This is a practice
followed by several countries suchldkandBelgiumFlandersandthe Netherlands A typical

best practicewhich is also very straightforward to be adopted by other countigeshat of

Germany where soil screening values for different land uses and different pathways (soil

human, sodgroundwater, sotplant) are providedA complete and informative technicahd
non-technicaframework (toolbox)s also a significafitestpractice. Since the technical issues

faced in contaminated sites are very complicated, a complete and informative technical
toolbox should be constructed and be publiavailable.On the other hangnon-technical

tools are also used for a more efficieptiblic consultationCurrently, this is the case for

several EU countries such Bsance UKand Netherlands where a technical documesgt

instruction videos etc. are available and understood not only by experts but by policymakers

and the public as well.

Although decentralization is a very important parameter in all advanced contaminated soil
management frameworks in Ethe pertinentauthority should have the appropriate capacity
building not only in terms of sufficient technological level or sufficieadr®mic resources,

but mainly in terms oknowledgeablehuman resources that understand the complicated

10
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nature of geeenvironment. A typical example of such an authority is OVANMB&algium
Flanders covering issues of waste and sustainable material managéenand soil
contamination. The national geological institutions can plalso an important role in
contaminated soil management frameworks since they typically have the national databases
and the appropriate expertise. A good example of such institutidR&M (The Bureau de
NEOKSNIOKSa 3IS2f 2 FhalicddB additbi, brovwifigids s NyBically a heyy
important environmental issue in most of the industrialized countries, including of course EU
countries andhe USAThe aspect of reusing bravfields for industrial or commercial purpose
instead of consuming precious natural or agricultural land plays an essential Tiode.
registration of contaminated sites is a standard practice in EU and worldwide. This is a strong
policymaking tool that printize the contaminated sites in order to ensure the remediation of
those posing high risk to environment and the soceatyl be used iseveralEU countries.

Therestriction of future land uses of a contaminated site is among the potential measures
that can be used as part of the remediation actions. Thus, for example if remediation targets
suitable for industrial use but not for residential use have been achieved, this site will be
restricted to be used only as industrial site. This is a practice applisgiveraEUcountries

and thethe USA Since contaminated site assessment and remediation are typically very
complicated projects an accreditation system of soil remediation expert exists in most of the
advance EU countries. A typical exampld@eilgiumFlanders where two types of experts
exist, type 1 and type A very efficient tool of contaminated soil managemenBielgium
Flandersis the soil certificate which is necessary &oryland transferaction. Soil certificates
have been instituted alsmiother countries such as France(Alur law 2014) in cases such as
change of land use and where remediation is requiteakt but not least in best practices, is
the management of diffuseontamination,which tends to be part of the Soil strategy of
advanced EU, countries suthe Netherlands but definitely should be a separate part of any
CSMF

Gonsidering all the above best practices collected from the most advanced EU countries and
the USA, it is shown thahe needof anew integrated CSMF as part af integrated Soil
Strategyin Greecasimperative The recommendations which will help to build tiew CSMF

are listed below.

General

1 A new clear, independent, practical and informative legislation should be created on
contaminated soil management, psart of a wider Soibtrategy By then, the existing
legislation (JIMB13588/2006 and 24944/2006) should be modified accordingly (i.e.,
new terms, phasedpproach, riskbased methodology).

1 The CSMF should behust & pragmatic not pretending to solaverything, but
should provide coherence, transparency, ease of understanding and be appropriate
for the needs of the different stakeholders.

11
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1 Begoverned bya) the polluter pays principle, b) the riblased approach, and c) the
BATNEEC principle (Best #adale techniques not entailing excessive cost).

1 Deal also with prevention of new contaminated sites and historic contaminated sites.

1 Contaminated Soil Management Framework in Greece will be developed in phases

LeqgislationAdministration& Professionals

1 Create a Committee, under the Ministry of Environment and Energy, where all
authorities involved will be represented and stakeholders and experienced academics
should participate.

1 Create a new pertinent administrative body (within an existing one or agpieddent
one) to be responsible for the Soil Strategy and the contaminated soil management
framework.

1 Build a pyramid network between the Committee and the authorities, with competent
staff.

1 Complete and update the digital contaminated site register ancidkewhat will be
the ultimate use and the access to it from stakeholders.

1 Enhance the capacity building of pertinent authorities, wherever it is necessary.
Private sectoprofessionals can be also used.

1 Create a strong technical toolbox to support theidgtive framework

o Guideline on environmental assessment of potentially contaminated sites
(phasedapproach) with suitable examples, including a list of potential
parameters that should be evaluated per activity/incident

0 Guideline on land use categorizati (especially for mixed land uses)

0 Use of an existing soil screening values list of another country with wide known
experience (e.g., Germany) until such a list will be prepared based on the
specific conditions of Greece

o Guideline on soil, groundwater ansbil gas sampling (including sampling
equipment, sampling methodology, QA/QC)

o0 Guideline on sample preeatment and preservation methodology

o Guideline on analytical methods per parameter

1 Create also a notechnical toolbox for public consultation

1 Create aseparate strategy to face brownfield management considering the new land
stewardship approach

1 Create a strategy for diffuse contamination which is a very important issue in Greece
due to nitrate and heavy metals (and maybe PAHS) contamination. Emerging
contaminants such as PFAShould be also included

1 Participating to EU regulatory bodies such as the Common Forum on contaminated
land and the Network for Industrial @wdinated Sustainable Land Management in
Europe (NICOLE)

12
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1 Soil certificate before landransfer, especially in case when the land that will be
transferred have previous environmental permit or where contamination is expected
due to accident or unauthorized waste disposal

1 Add soil & groundwater investigation (like the Baseline Report) apthe EIA of all
Al projects and workand to A2 & Bprojects that can cause significant soil and
groundwater contamination.

1 Create araccreditation procedure of contaminated site experts

Land uses

1 Adopt now a land use categorization similarawother EU country (e.g., Germany,
Italy).
1 Prepare a more sophisticated approach later (e.g., Belgium), if required, when
adequate experience will have been gairied:
0 Kkeep itas simple as possible, avoiding too many categories
o follow the general land pinning legislation, where possible
o have provision for mixed land uses
o take into account future land uses, particularly when a more sensitive use will
be established (e.g., development of a former industrial facility to a mall)

Screening values

1 Use now arexisting soil screening values list of a country with wide known experience
(e.g., Germany), until such a list will be prepared based on the specific conditions of
Greece

1 Determine soil natural background (geogenic) values across the country (GeoAtlas)

Create a new screening value list based on the Greek specific conditions

1 Create a risk assessment methodology based on the Greek specific conditions. This
can be used as a tool for calculating seecific screening values and remediation
targets

=
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2. Introduction

2.1 General

Soil is usually defined as the thrpbase system of the earth, including a solid, a gas and a
liquid phase, which might range from very soft organic deposits through less compressible
clays and sand to soft rock. Therefore, soil caomtation is by definition a very complex
problem to solve, since a thrgghase medium is contaminated by chemicals, commonly in
mixtures, which not only interact together but also with each phase of the soil concurrently.
As a result, the way in which thlegstem is changing both in place and in time depends on a
series of different and interacting parameters relating both to the soil and the contaminants

G/ 2y 0FYAYLFGSR az2Atéz aO02yial YAYFIGSR aAxiaSe Iyl
the same envbnmental problem, which we already encountemnillions ofsites across the
world. Soil becomes contaminated when a single or a mixture of contaminants reaches the
soil surface, the vadose zone or the aquifer. Soil is a limited and valuable naturaicessou
since it controls the element and energy cycles within the ecosystems, it is the habitat to
countless organisms and plants but, mainly, because it accommodates the groundwater,
which makes up 97% of global freshwater, and the most important sourderdfing water
across the worldHowever, at the same time, soll is the field that accommodates numerous
essential socioeconomic and inevitably contaminating human activities. As a result, the
extended production of a high number of chemicals and thveide use for domestic,
industrial and military reasons, combined with the common practice of its improper storage
and neglectful disposal, has resulted in millions of contaminated sites across the world
(Dermatas & Panagiotakis 20)L2

Soil contaminations an old problem dating back to Industrial Revolution. However, this
crucial environmental problem failed to receive prompt attention and it was only recognized
when incidents such as the Love Canal site in New York and the Lekkerkerk site in the
Netherlards were published in 1970s, increasing the public concern about this serious
environmental issue. The extend of the above environmental disorder is vividly portrayed if
one bears in mindhat potentially polluting activities have taken or are still takpigce on
approximately 2.8 million sites in the EU. At EU level, 650,000 of these sites have been
registered in national or regional inventories, while 65,500 contaminated sites already have
been remediated (Pereend Eugenio 2018)

Contaminated soil remeadtion is one of the most rapidly developing environmental
protection subjects. However, the high cost that soil remediation requires along with the
complexity of the problem render contaminated soil remediation a real challenge for
environmental professioals and society altogether.

14
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The EU Commission submitted an official proposal f@odFramework Directiveon 22
September 2006. The aim of the Soil Frameworkdive wasfirstly to prevent the further
deterioration of soil quality and to preserve soil functions. Secondly, damaged soils must be
treated with a view to restoring functionality and to cost containment. Although the EU
Parliament has approved the dtgiroposal, a blocking minority of five Member States has
prevented adoption of thd®irective.In 2014 the EU Commission has withdrawn the proposal.

In absence of a dedicated legislative framework, EU soil protection policy is shaped by the EU
Soil Themat Strategyand provisions in a number of other policy instruments, for instance,
the Industrial Emissions Directiyghe Environmental Liability Directiye¢he EU Biodiversity
Strategy, the EU forest strate§yand the Common Agricultural Polignd the Green DaF.
CurrentlyEU Soil Thematic Stratetgyunder consultatioh

Regarding international lawhére are three main treaties which contain relevant provisions
on soil protection: theJN Convention to Combat Desertification of 1994the Convention

on Biological Diversityf 1992 andthe Climate Framework Conventiofi19922. The main

aims of theDesertification Conventioare to combat desertif@tion and to mitigate the
effects of drought. The Convention on Biological Diversity focuses on the preservation and
sustainable use of biological diversity, including that in terrestrial ecosystems. The Climate
Framework Conventidf contains agreements omitigation and adaptation measuresr
greenhouse gases

Unlike most EU countries, Greece does not have a roBogt Strategy and as a result a
Gontaminated Soil ManagementFramework (CSMFYyet. The legislation is incomplete and
fragmentary, and no guidimes are provided for demanding technical subjects, such as soll
and groundwater sampling and chemical analysis. Currently contaminated soil is part of the
hazardous waste management framework, a problematic practice for consultants, industries
and pertirent authorities.

1 https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2006:0232:FIN:EN:PDF

2 https://ec.europa.eu/environment/soil/three_en.htm

3 https://ec.europa.eu/environment/industry/stationary/ied/legislation.htm

4 https://ec.europa.eu/environment/legal/liability/index.htm

5 https://ec.europa.eu/environment/strategy/biodiversity-strategy-2030_en

6 https://ec.europa.eu/environment/forests/index_en.htm

7 https://ec.europa.eu/info/food-farming-fisheries/key-policies/common-agricultural-policy/cap-
glance_en

8 https://ec.europa.eul/info/strategy/priorities-2019-2024/european-green-deal_en

9 https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/12634-New-EU-Soil-
Strategy-healthy-soil-for-a-healthy-life/public-consultation

10 https://www.unccd.int/convention/about-convention

11 https://www.cbd.int/youth/0003.shtml

12 https://unfccc.int/resource/docs/convkp/conveng.pdf

13 https://unfccc.int/process-and-meetings/the-convention/what-is-the-united-nations-framework-
convention-on-climate-change
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2.2 Scope

The purpose for this assignment is to provide specific technical expertise to the GIZ team, by
supporting the Greek Ministry of Environment and Energy (YPEN) to build institutional
capacities, by contributing to the examination ofleeant experiences and best available
techniques (BAT) from other EU Member States and formulation of recommendatiohs for
Contaminated Soil Management Framewad@SMFjor Greece. In addition, in the context of

this study, modification of the main hazands waste legislation are recommended as well as

a roadmap for improving hazardous waste management in Greece.

In particularthe scope of this assignmeintcludes

1 Specific proposals for the amendment of the JMD 13588/725/2006 (Government
Gazette 383 B)ral IMD 24944/1159/2006 (Government Gazette 791 B)

1 Recommendations for @SMFafter an overview on the best practices and legislation
of other EU countries

1 Provision of a roadmap of implementation of theSMF and hazardous waste
management in Greece

1 Reportng/dissemination

2.3  EXxperts Team
This report was prepared by:

ENYDRORNEnNvironmental Protection Services
1 Ipeirou str, 104 33 Athen&reece

T +30 210 8836555

Emailinfo@enydron.com

www.enydron.com

In particular the experts team comprises the following consultants:

1 Dr Iraklis Panagiotakis, Environmental Engir{Beoject Manager)
1 Mrs Eleni Strompoula, Physicist MSc
1 Mr Michalis Papamikroulis, Enenmental Engineer MSc

In addition:

Professor Dimitris Dermatas is also participating on behalf of the National Technical University
of Athens.

2.4  Report structure

The report consists of the following parts:

Chapter 1: Executive summary

Chapter2: Introduction

Chapter3: Methodological approach

Chapter4: Main hazardous waste legislation in Greece and modifications required

= =4 4 =2
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Chapter5: Existing contaminated soil management framework in Geeec

Chapter6: BU and international experience

Chapter7: Condusions on EU and internationexperience

Chapter8: Recommendationgor a Contaminated Soil Management Framework in
Greece

References

Annexes
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3. Methodological approach

3.1 General

In this Chapter the methodological approach used is describ&dle approachusedwas
designed based on the principlbslow:

1 be integrated and holistic in line with the EU legislation and regulations;
1 bring in good practices and lessdearned from other EU countriesand
1 develop solutions adjusted to the Greek context and pevbcal knowhow.

In practice the approach was divided into three (3) phases:

1 Phase 1 Background national data gathering: During this phase all the appropriate
baseline work required for the entire projeetas accomplished. In particular, the
national kgislationwas reviewed, key national stakeholdergere identified, and
online meetingswere carried out. During this phase, the needs and the gaps of the
existing contaminated soil framewonkere identified. A similar approach was also
followed for the haardous waste management.

1 Phase 2- EU experiencel/literature review: During this phase all data on the EU
experiencewere reviewed and the best practices, useful toolkits and lessons learned
were recorded and evaluated. In particular, during this phaggoaip of competent
contaminated soil international expertsvas created and a tailored made
guestionnairewas delivered to them.For the improvement of hazardous waste
managementthe EU experience was studied by EU documents and legigation

1 Phase 3 Roadmapg, reporting and dissemination: Thigas the last phase of the
assignment during which the appropriate recommendatiomere gathered, and
roadmaps for the CSMF and HWM were created

Each of these phases are described in detail below.

3.2 Phase I Backgound national data gathering

During this phase all the appropriate baselimerk wasaccomplished, mainly including the
yEGA2y It tS3ratlridrzy NBOASe FyR GKS (1Se@
breakdown structure of each task of Phase listed below:

1 National legislation review

1 Review of Greek data sourcgsee Reference Sectip

1 Interview key national stakeholdersincluding public authorities, institutions,
universities, industry, consultants.

The list of stakeholders and the questi@ire based on which thesartual meeting is taking
place are provided in the Annex.

Based on the conclusions of Phaséh# gaps and the needs famew applicableCSMF were
identified. This was also the case for th@zardous waste managemeissue.

18
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In particular forhazardous waste managemetite JMB were thoroughly studiedand the
articles were prioritized based on the review required. The best prasidentified from the
literature review and the consultation were incorporated in the correspogdrticles. Some
articles though did not need changes although other shouldlaished.

3.3 Phase 2 EU experiencel/literature review

During this phase all data on the EU experiewasreviewed and the best practices, useful
toolkits and lessons leardewere recorded and prioritized The detailed breakiown
structure of Phase 2 is listed below:

EU legislations, regulations and reports review

National regulations review

Preparation of a tailoregnade questionnaire (see annex)

Questionnaire survey, wher@ternational experts from The NetherlandsUnited
Kingdom France Belgium¢ Flandersregion Belgium¢ Walloon region Germany
Italy, Spain USAand the European Comrssion, NICOLE network, Common Forum
networkwhere participated.

= =4 -4

An important part ofthe research was to identify the appropriate experts. For this purpose,
the internationally recognized NICOLE and COMMON FORUM networks were mainly used,
through which the appropriate communication was made, in order to ensure the appropriate
number of exgrts for each country.

Based on the literature review the questionnaire was constructed to cover the following key
aspects:

1 General issues (e.g., date of issue of the framework, if it is standalone framework or
part of another one)
Administration (e.g., a@hority capacity, digital tool used)
Professional issues (e.g., if a specific professional certification is required, if
environmental site assessment is compulsory for selling or transferring real estate)
1 Sampling methods (e.qg., if there are specific slimgpguidelines, if analyses are made
in the bulk sample or to a fine fraction of it)
1 Screening values (e.qg., if there are different screening values for different land uses,
the meaning of these values)
1 Remediation targets (e.g., if remediation targets aqual to screening values, if
screening values are sispecific)
End of liability (e.g., if the liability ends, if restriction of future land uses is possible)
Other questions (e.g., to criticize the current national framework, to propose the main
best practices that should be included in the framework of Greece).

1
il

= =

The questionnaire prepared and delivered to the international experts is included in the
Annex.
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Based on the above information and the extensive literature review, a section was written fo
each country. This text was reviewed again after its completion, in order to avoid any
significantmistakes, by at least one international expert from that counBgsed on the
conclusions of Phase 2 the best practices applied iw&¥ determined andraluable points

of experienced expertsvere gained such a challenges and recommendatiolms case of
further communication was necessary this was typically conducted via online meeting or
emails

3.4 Phase 3 Roadmays, reporting and dissemination

This is thdast phase of the assignmedtiring whichthe appropriate recommendationsere
identified,and a roadmap was producédadr the new CSMFA roadmapvasalso provided for
the recommended actions for improvement of the HWM as well.

The recommendationwere generated based othe literature review, thanternational best
practicesand stakeholder consultation taking into account the Greek specditditions
(Figures 1,2).

These roadmaysinclude information on the further activities requirestakeholders involved,
recommended timeline, cost estimates, and potential funding sourges this reasonthe
available funding soursavere reviewedand for each recommendation the suitable funding
sources were suggested

During this phase and in ordér scalingup the effectsof the assignmenta workshopwith

the main stakeholders is planned to take place in order to present the main recommenslation
described hereirand take any feedback for further improvement.
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(NICOLE, Common Forum)

1. Advanced countries
s 2. Critical issues for the International Experts
guestionnaire

Greek

experts/stakeholders

Questionnaire survey pas

conditions

Figurel Diagram ofmethodologyusedfor CSMF

Literature review

Greek experts/

stakeholders

Greek specific :

Figure2 Diagram of methodology used for hazardous wastenagement
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4. Hazardous waste management Iin Greec& Required
modificationsof the legislation

4.1 Current situation

Based on the recerfational Waste Management Plan (NWMP 202ahe most important
hazardous waste stream generated in Greece is the industrial hazardous waste (IHW). It is
estimated that 99655 t of IHW are generated in the country in 2018, that is expected to be
increasedo 128215 t and 159.056 t in 2025 and 2030, respectively. A significant part of this
guantity, 35726 t (i.e., 36% of HIW production), aselids wastes fromgas treatment
containing hazardous substances from metal production facilities. In 2018 theatotlnt

of IHW that was management within Greece was,B88B t (including importeavastes) 75%

of which was recovered4% of was disposed ahd11%was managed witthe intermediate
recovery operations R12R13 The IHW part that was exported was eduab 86,832 tons
including stoed quantities (historical waste deposits)

Another important stream of hazardous waste include asbestos containing materials (ACM)
and packaging containing residues of or contaminatedhdgardous substances. Regarding
ACM it isestimated that an amount of , 403 t was generated in 2018, although this is
obviouslyunderestimated since only the waste exported for further treatment abroad was
considered.Similar figure, B65 t, was also estimated fowaste packagingcontaning
residues of or contaminated byazardous substance§he amount of PCB/PCT waste was
relativelysmaler (approx.26,3 t in 201§. Finally, healthcare waste is also a very important
HW stream, since 1770 t estimated to be generated in 2018 across ttountry. This is,
however, a stream governed by an almost totally independent legislation and therefore it is
not further discussed herein.

Hazardous waste management in Greece is still poor and far behind the EU general practices
applied. The operationf the electronic waste register (HMA&has significantlyimproved

waste management in Greece in the traceability of the produlsadardous wastebut it

needs improvements, such as in the matching of the produced quantities with those that end

up in dispaal / recovery works in Greece and abroad. Greece still lacks the necessary network

of adequate hazardous waste treatment facilities and a hazardous waste landfill, other than
smallhazardoudandfills within large industrial facilitiassed only for theipurposes This is

also the case for landfills that can accept ACM, that again do not operate at regional or
Y6IEGA2y Lt € S@St odzi FNBE LINAGFGS O20SNAy3 2yf
packagingontaining residues of or contaminated bgizaraus substanceall of themseems

14 https://www.elinyae.qgr/sites/default/files/2020-10/185a 2020.pdf
15 https://wrm.ypeka.qgr
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to end up in recovery operationg\s a results most hazardous waste streams including ACM
are potentially stored and finally exported for landfilling abroad

A very significant hazardous waste isstiesely related to comminated soimanagement,
which is discussed in detail in the following chaptéssthe historical waste deposits stored
within large industrial premises for yearm Greece The totalestimate of this wastes is
545.085 t{(NWMP 2020)Tablel presents the HW estimatgper EWC code remaining stored
in the country. This is coming from thMVMP (2020pbut camot be excluded that the actual
figures aremuch higher.

Tablel Historical deposits of hazardous waste in Greece

EWC code Remaining stored
guantity (t)

1 10 02 O7* 83.683,81
2 10 03 08* 58.115
3 11 01 09* 149.677
Total 291.475,81

4.2  Green deal and circular economy

Many countries around the globe have been working on sustainable waste management

plans includinghazardous wastemainly focusing on the reduction of the waste treatment

footprint for a while now, with the EU and the USA playing leading roles. However, from now

on, EU countries need to focus mostly on waste prevention and resources efficiency in order

G2 FdzZf FAf (GKS 9! Qa DNBSYy 5SIf @GAaA2yd ¢KAa
drcularEconomy (CE)

Based on the discussion in the previous section, it is obviousHWélin Greece requires
significant improvements mainly regardinggétment and disposal facilities to catch up the
EU countries. However, even if this is finally achieuedill not be enough to achieve the
YySgs RSOSE2LIVSYyd Y2RStQa 3A21fa FyR GKSNBF2NEB
of the new Green Deal arttle Circular Economy model are really imperative.

This CEmodel is predominately based on the primary and secondary economic sectors,
without displaying significant digital technology applicatisodar. Conversely, the COVID

crisis has clearly demonsated that digital technologies will play a central role in the future

of our society. However, potential digital tools and smart services that could support more
efficient access to information relating to availability, monitoring, data utilisaéitmy such

as electronic platforms and databasase not widely available yet. This concerns both the
private and public sectors, and it is easily ascertained that the degree of digital maturity of
the targetgroups is still extremely low, which of course reincks the needo implement
targeted training actions in this field to achieve thevisioned goals.

All the above is taking place in the changing world of theatedIndustry 4.0, an ongoing
revolution focusing on the creatioof innovative ideas andche transformation of business
modelsand processes for the benefit of technologically advanced industgs. result, it is
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expected that net profits will be increasedysiness costs will be reduced, services will be
optimised, customerelationships ad relationships with the consumer anddustry will be
strengthened and innovative goods will be createdmeet needs and improve daily life by
significantly reducing thenergy footprint created by the industrial revolution itself.

Overall, it is obviouthat waste managemenincluding hazardous wastieas alreadgntered
into a new era, where new unique opportunities (e.gew jobs and services) but also
challenges (e.guniversal digitalisationsocial inclusion) are waiting. During this fascinating
period,technological innovation and social policy tools should be concurrestg to make
CE viable, improving human life on earth.

4.3 Legislation framework

The main legislations governing hazardous waste in Greece are the JMD 13588/72%/2006
on general hazardous waste management and the JMD 24944/1159/2066technical
specifications for hazardous waste management.

The JMD/13588/725/2006 is probably the most important legislative tool regarding
hazardous waste management in Greece. It comeg¢erms, conditions and restrictions for
hazardous waste management in compliance with the provisions of the Directive
91/689/EEE, which is not in force anymore, though. The JMD contains 19 articles, which
ensure that hazardous waste is managed in su@hay as to ensure that human health is not
endangered, directly or indirectly, and that no procedures or methods are used that may
harm the environment. A significant part of this legislation has already been modified by the
Law 4042/201%, where hazardos waste management is part of the entire waste
management framework.

FaSR 2y GUKS LINBaSyid adagdzReQa O2yOfdzaAaAz2yaz wm
extensively in order to become clearer and to include references to updated legislation and
references, while best available techniques (BAT) employed have been added. In addition, in
six articles the recommended modifications are of minor importance and are mainly related
to new legislations as well as to correct nomenclature, updated names etc.yFitved
articles retain their content as they are today, while one article is proposed to be completely
removed.

One of the key articles that iscommended to be&xtensivelyamendedis the Article 2, which
deals with definitions, since some of them shoalé dzLJRIF § SR 6 So3I s aO2y il
YS6 RSTFAYAIGA2YyA adK2dzZ R 6S AyOf dzZRSR 6So3ads dalL

16 https://elinyae.gr/sites/default/files/2019-07/383b _06.1152697467738.pdf

17 https://www.elinyae.qgr/sites/default/files/2019-07/791b 06.1152699067304.pdf

18 https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:31991L0689&from=EN
19 https://www.elinyae.gr/sites/default/files/2019-07/24a 12.1329481379390.pdf
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clear that apart from hazardous waste other materjasch as fuels or raw materialsan
cause soil and groundwaterotamination. In addition, the definitions used in the Law
4042/2012 should be replace the corresponding terms of the JMD 13588/2006, accordingly.

Another very important issue is to make the appropriate changes (in Article 4) in order to
SYGdSNI (MG L#t 19l (LRSS OA L S¢ gAGKAY (GKA& fS3IAatl
Extensive modification is also required for the Article 7 on measures and conditions for the

management of hazardous waste, which is considered very important. The most important of
the recommended changeonside:

1 the permitting procedure of mobile hazardous waste treatment units
1 the specifications for hazardous waste management transport companies
1 the legislation for transboundary transportation of hazardous waste

Finally, an extensive modification of Artidi2 concerning remediation of contaminated sites

is required, regarding the role of administration, the risk assessment approach, insurance
contracts, and linkage with the new Law 4685/2020 where the liability of the owner of a
contaminated site is also digssed.

With the ratification of JIMD 24944/1159/2006, the general technical specifications for the
management of hazardous waste were approved, in order to ensure their environmentally
safe management and to achieve the prevention or reduction of theatreg effects on the
environment as well as any harm to human health.

It includes five articles, three of which are proposed to be amended extensively, while the
remaining two are expected to be retained. More specifically, for Articles 1 and 2 the
modification refers to references to legislation (National and European), which have been
amended or repealed. In addition, these articles are supplemented by the latest legislation
adopted after this IMD.

Major modification is made to Article 3 and concerns tlmatent of the general technical
specifications for the management of hazardous waste. This content includes 13 chapters,
two of which are completely abolished, while only one is maintained as is. The remaining 10
chapters are amended extensively.

In sumnary, the most notable notification concerns Chapter 1 on the collegbiackaging
labelingtransport of hazardous waste (including crdseder transport). More specifically,
for the collectionpackagingabeling of hazardous waste, the article is propogedbe
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updated based on Law 4042/2012 and the European Regulation 1013f2@@@rding the
transport of waste.

In addition, a significant modification is made in Chapter 2 regarding the storage of hazardous
waste, with emphasis on the technical characttcs of the building storage facilities as well

as the wasteacceptancen the treatment facilities. More specifically, it is suggested to follow

the techniques mentioned in the Best Available Techniques (BAT) of the Reference Document
for Waste Treatmen(2018¥! regarding the specifications of the storage buildings and areas.

In addition, information regarding hazardous waste storage tanks is proposed to be added
based on the specifications described by the Reference Document on Emissions from Storage
(2006Y2. Furthermore, procedures that are more specific are proposed to be followed when
receiving hazardous waste at the facility areas. For this purpose, the procedures mentioned
in the Best Available Techniques (BAT) of the Reference Document for Waatemdrre
(2018) are proposed.

Finally, the amendment of Chapter 5, regarding the technical specifications of the Hazardous
Waste Landfills, is considered importgbtit not covered herein).

44 Roadmap and way forward for the improvement of hazardous waste
management in Greece

In this Section a roadmap with the recommended actitarsimproving HWM in Greecis
presented. The actions are divided to those that can be applied in-$&on, midterm and
longterm. In addition, the stakeholder involved, the costissite and the potential funding
sources are provided-he most important actions recommended are as follows:

1 JMD13588/2006 & 24944/2006odifications accordintp the study

1 Encourage timely manner management of historical deposits

1 Investigation of alternave disposal methods for asbestosntained materials within
Greece (e.g., existing landfills)

1 Investigation of opportunities emerging for each industrial sector in the new Circular
Economy model and identification of potential symbiotic relationships

1 Stuwdy on how digitalization can improve the presence of industries within the Circular
Economy model

1 Encourage the construction of a hazardous waste managefaeilitiesin Greece, in
order to decrease higliost exports to other countries

1 Enhance buildingcapacity of the pertinent public authorities to increase
environmental audits

20 hitps://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32006R1013&from=EN

21 https://ec.europa.euljrc/en/publication/eur-scientific-and-technical-research-reports/best-available-
technigues-bat-reference-document-waste-treatment-industrial-emissions

22 hitps://eippcb.jrc.ec.europa.eu/reference/emissions-storage
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1 Technical guideline on classification and management of hazardous waste
management tanaintain clean recycling streams
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Table2 Roadmap for the improvement of hazardous waste management in Greece

Type of Involved Timeline Cost Potential
Recommendations . (indicative . funding Estimated achievable target
instrument stakeholders ' estimates
timescale) sources
JMD modifications accordingp the study Administrative 1 YPEN Shortterm | Low OoP A modified hazardous wast
1 Decentralised Environment | framework
administratiors of PP 2021¢
1 HSWMA 2027 or OP
Transport
Infrastructure,
Environment
and
Sustainable
Development
of PP 2014
2020
Encourage timely manner management of historic, Administrative 1 YPEN Mid-term - - Increase the rate that historicg
deposits 9 Industries deposits are moved from thg
1 Decentralised facilities and are properly
administrations managed
1 Prefectures
1 SEV
Investigation of alternative disposal methods fg Technical 1 YPEN Shortterm Medium OoP A network of existing landfill
asbestoscontained materials within Greece (e.g 1 Decentralised Environment | suitable for acceptingsbestos
existing landfills) administratiors of PP 2021¢ | contained material$n Greece
f Prefectures 2027 or OP
f  Industries Transport
 Haz Was Man Infrastructure,
companies Environment
1 HSWMA and

Sustainable
Development
of PP 2014
2020
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Recommendations

Type of
instrument

Involved
stakeholders

Timeline
(indicative
timescale)

Cost
estimates

Potential
funding
sources

Estimated achievable target

Investigation of opportunities emerging for each
industrial sector inthe new Circular Economy mode
and identification of potential symbiotic relationships

Technical

YPEN
MINEDEV
Industries
Universities
HSWMA

=A =4 =4 -4 =9

Mid-term

Medium

oP
Environment
of PP 2021¢
2027 or OP
Transport
Infrastructure,
Environment
and
Sustainable
Development
of PP 2014
2020

Potential symbiotic
relationships of industries tha|
can bestructured in Greece

Study on how digitalization cafimprove the presence|
of industries within the Circular Economy model

Technical

YPEN
Industries
HSWMA

=a =4 =9

Shortterm

Medium

oP
Environment
of PP 2021¢
2027 or OP
Digital
Transition of
PP 2021 -
2027 or OP
Transport
Infrastructure,
Environment
and
Sustainable
Development
of PP 2014
2020

A list of potential digitalization
measures to improve the
presence of industries in CE

Encourage the construction of a hazardous wasg
management facility in Greece, iorder to decrease
high-cost exports to other countries

Administrative

YPEN
Industries
HSWMA
SEV

=a =4 =8 =4

OoP
Environment
of PP 2021¢
2027 or OP
Transport

New hazardous wastg
management facilittes in
Greece
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Recommendations

Type of
instrument

Involved
stakeholders

Timeline
(indicative
timescale)

Cost
estimates

Potential
funding
sources

Estimated achievable target

Infrastructure,
Environment
and
Sustainable
Development
of PP 2014
2020

Enhance building capacity othe pertinent public
authorities to increase environmental audits

Administrative

YPEN
Decentralised
administratiors
1 Prefectures

= =

Longterm

High

OoP
Environment
of PP 2021¢
2027 or OP
Transport
Infrastructure,
Environment
and
Sustainable
Development
of PP 2014
2020

A more competent and well
staffedauthorities

Technical guideline on classification and manageme
of hazardous waste managementot maintain clean
recycling streams

Administrative/
Technical

YPEN
Industries
HSWMA

=a =4 =4

Mid-term

Medium

oP
Environment
of PP 2021¢
2027 or OP
Transport
Infrastructure,
Environment
and
Sustainable
Development
of PP 2014
2020

A technical guideline on
classification and managemer
of hazardous waste
management
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5. Existing contaminated soil management framework in Greece

5.1 Introduction

Greece is an EU country located in Southeast Eurdpe.national population reaches 11
million with a density of 84 inhabitants/kfn(one of the lowest densities in Europe). About
one third of Greek population concentrates along the coastliBeece shares land borders
with Albaniato the northwest,North MacedoniaandBulgariao the north, andTurkeyto the
northeast. Greece has a large number of islands

Greece is a unitary State organised on aem@lised basis; it comprises two levels of
governance, the centrat State governance and the local sgivernment. The former is
exercised centrally (Governmerlinistries) as well as at a decentralised level (Decentralised
Administration)while the latter is exercised at regional (Regions) and municipal level
(Municipalities¥?.

The surface area of Greece is approx. 130.008 R6%oof whichis distributed to its 3.000
islands, whereas, two thirds of the Greek territory is mountainous, makingdbetry one of

the most mountainous in Europe. Greece has the longest coastline in Europe with a total
length exceeding 15.000 kri%of whichbelongs to areas of unique ecological value.

Greece is dependent on groundwater resources for its water suppby.nfain aquifers are
within carbonate rocks (karstic aquifers) amdarsegrained Neogene and Quaternary
deposits (porous aquifers). The use of groundwater resources has become particularly
intensive in coastal areas during the last decades with the imtambanization, touristic
development and irrigated land expansion.

Thelong coastlindavourshydraulic communication between coastal aquifers and seawater,
also anon-homogeneoudistribution of rainfalls and water resources. Water resources are
characteized by high water requirements for agricultu(@86% of the total consumptior@nd
tourism during the dry period (Apt#Dctober) when water availability is low. Greece & Bl

top 50 countries with severe water stress. The irrigated land increasedgie last decades,

as indicated by théargenumber of boreholes.

Water needs are mainly covered by groundwater abstracted from the aquifers via numerous
wells and boreholes (approximately 300,C8¢ross the country As a result, a negative water
balance is established in the coastal aquifer systems triggering sea water intragimt has
negative consequences in the socioeconomic development of these areas.

23 hitps://portal.cor.europa.eu/divisionpowers/Pages/Greece.aspx
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0 7ﬁo 150 km

CORINE Land Cover types - 2012

I Artificial areas I Forested land I Wetlands
[ 1 Arable land & permanent crops [] Semi-natural vegetation [ ] Water bodies
Pastures & mosaics Open spaces/ bare soils

SourceEuropeanCommissior{2017a)
Figure3 Land uses in Greece

Many aquifer systems are reported to be affected by quality deteriorationtduerational
management’. The main form®f groundwatercontaminationGreece are:

1 Nitrate pollution from ovesfertilization of soil

24 https://easac.eu/fileadmin/PDF_s/reports_statements/Greece_Groundwater _country report.pdf
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i Saltvater intrusionin coastal zonedue to due to norsustainable pumping practices
1 Groundwatermollution due to industrial activity

Greece has designated 446 Natura 2000 sites, including 265 sites of Community importance
(SCIs) under the Habitats Directive and 207 Special Protection Areas (SPAs) under the Birds
Directive. These sites cover 27.4% of the naldand area of Greece (EU average 18.2%),
and a significant proportion of its marine area.

There is a lack of urban green space in Greece. The preservation of coastal and marine areas
is also a challenge. This is due to factors such as: (i) a high t@tioenof human activity

and land use; (ii) a lack of political will; (iii) no comprehensive planning for the preservation
and management of these areas; (iv) inadequate control mechanisms; and (v) a lack of
coordination between the relevant authoritiés

5.2 Legislation Administration & Professionals

The concept of contaminated site is initially introduced in the Greek legislation by the JMD
13588/725/2006and the JIMD 24944/1159/2006vhich transposed the EU hazardous policy

in the Greek lavand are the man legislations of hazardous waste management in Greece
However, in this legislation, only the sites contaminated by hazardous wastes are defined and
therefore other very important issues, such as contamination from fuels (e.g., underground
fuel tanks) oraw materials (e.g., chemical storage tanks) are omitted.

These issues are rather covered by the JMD 36060220h3at transposed the Industrial
Emission Directive (2010/75/EC) into the national legislation, but again with a no clear and
integraed way This legislatiomtroducesthe concept of Baseline Reppa monitoring tool

of soil and groundwater contaminatiofrom hazardous substances including also raw
materials, fuels etdn large installationsHowever, this report is prepared only when ane
permit is required as part of the Environmental Impact Assessment (EIA) procedure
(Panagiotakis & Dermatas P8). Based on the Commission Guidance (2014/C 136/68)
baseline report should include 8 stages, including identification of relevant hazardou
substances, sitgpecific conditions, site history, environmental setting, site characterization
and site investigation. In this approach the concepts of Conceptual Site Model and the phased
approach are foreseerdometimegrotocols such as ASTBL52713 and ISA4015are used

Shttps://ec.europa.eu/environment/eir/pdf/report el en.pdf
26 hitps://www.elinyae.gr/ethriki-nomothesia/ya360601155e1032018:k-145061462013
27 hitps://eur-lex.europa.eu/legatontent/EN/TXT/PDF/?uri=CELEX:52014XC0506(01)&from=EN
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for environmental site assessment, based on #iee needs which, however, are not

mentioned in legislation or guidance documentshasto be highlighted here, that the

CommissionGuidance has not been in any way transposed dopséed through an official
legislative procedure (Ministerial Decision or at least a Circular).

Another very important legislation tool for contaminated site management in Greece is the
EnvironmentalLiability Directive (ELD) 2004/35ACas it was as transposed into Greek
Legislation with théresidential DecredP) 148/200%° (amended by Law 4014/203%). The
purpose of this decree is to establish environmental liability based on the "the polluter pays
principle”, by defining measuressonditions and procedures so that each operator, whose
activity caused environmental damage or imminent threat of environmental damagéee

held primarily financially responsible fpreventing / restoringenvironmental damage. Based

on the same legislan the environmental damage is defined as the measurable adverse
impact to:

1 protected species and naturbhbitats
1 to water resources chemical, ecological and quantitative stand
1 tolandthat may pose a serious risk for human health

Il @SNE AYLERNIFYOd LI NFY¥YSGSNI 2F GKAA th&3Aatl i
should be verified betweerthe alleged polluter and the environmental damagédnoth
regardingpoint as alsaiffuse contamination sources.

Furthermore, certain proviens of waste legislation are also applicablew 4042/2012
transposing the Waste Framework Directive in the national legal prdspecially regarding
issues such as the prohibition of unauthorized dumping of waste. Finally, the recent Law
4685/202G* on modernization of environmental legislation mandates landowners to clean
up their properties from any hazardous wastes or asbestos containing materials.

Currently contaminatedite issues are managed by several different administrative letreds
main ofwhich areas follows:

1 Directorate of Waste Management of the Ministry of Environment and Energy (YPEN)
¢Responsible for coordinating waste and contaminadéd policy.

1 Environmental Damage Coordination Office (SYGAPEZ) of the Ministry of Environment
and Energy (YPENThis is the authority that is responsilite the implementationof
the PD 148/2009 on Environmental Liability.

28 hitps://eur-lex.europa.eu/legal-content/EL/TXT/PDF/?uri=CELEX:32004L0035&from=EN
29 https://www.elinyae.gr/sites/default/files/2019-07/190a 09.1254831742421.pdf

30 hitps://elinyae.gr/sites/default/files/2020-05/209a 2011.pdf

31 https://elinyae.gr/sites/default/files/2020-05/92a-2020.pdf
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1 Directorate of Environmental PermittindgdlPA)of the Ministry of Environment and
Energy (YPEN) This is the authority that is responsiblerfthe environmental
permitting of large works and project§Al) This is also the authority that typically
deals withmostIED baseline reports.

1 Directorate of Water Management- Decentralized Administrationg This is the
authority responsible for water management monitoring within each Region.

1 Directorate of Environmental Permittif@ EXO)Decentralized AdministrationsThis
is the authority responsiblfr environmental permittingvorks and project§A2)and
contaminated site remediation projectgithin each Region.

1 The Special Service of Environmental Inspectors, who, in cooperation with the
competent directorates of the Decentralised Administrationsl #me Prefectures are
competent for the drafting and enforcement of the Compliance Plans, imposed
against plans and activities which, upon inspection, are foundaoonpliant with the
terms and conditions of their environmental permit.

The existing contamated soil management in Greetefragmentary andomplicatedand
the authoritiesinvolvedare understaffed without the appropriatexpertise, in most of times.

The Greek inventory for contaminatedtes started a couple of years ago but was never
implemented. In 2009 a study was completed for the investigation, evaluation and
remediation of uncontrolled (illegalfontaminated sites with industrial and hazardous
wastes. In 2013 another study was initiated for recording and evaluation afdhiminated

sitesby industrialhazardous wastes in the region of Attica and the prefecture of Thessaloniki,
Viotia, Evia, Kozani, Achaia, Heraklion, Magnisia, Kavala and Chalkidiki (the areas that account
F2N) Y2ald 2F GKS O2 (rsompabidisieal 20¥6RTdE goMBf kthis studyO i A G A (
was the detection, recording and the initial characterisation of potent@lytaminatedsites
focusing on areas with heavy industrial activity, storage areas of industrial and hazardous
waste, wastemanagement areas, ming activities, shipyards etc. The study comprises the
following 6 deliverables: 1) methodology followed, 2) recording and initial characterisation,

3) final characterisation, 4) effect of the contaminated site on the catchment water reservoirs,

5) guide 6br locating, recording and risk assessmentcohtaminatedsites, 6) database
development conclusions.

All siteswere classifiednto two categoriesas controlled (legal)r uncontrolled (illegal) sites.

In particular 2029 potentialy contaminated s#s wereidentified and prioritized The 300

most important contaminated siteswere selected for further investigation through
guestionnaires and osite assessment. Of these, 18&re legal sites and 165 uncontrolled
(illegal) sites, which were further iastigated through field research, soil, sediment and water
sampling, and¢hemical analysed hese sites were classified into three groups: 1. High priority
group (urgent action) (HP); 2. Medium priority group (MP); 3. Low priority group (LP). After
the inwestigation, the controlled sites were classified as 69 HP, 64 MP, 2 LP; and the illegal
sites were classified as 82 HP, 82 MP and 1 LP. This pngscthe first approach and
indicates that more research is needed, including ecotoxicological studiestiraysaut of
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polluting parameters and thresholds, clarification of reference sampling and robust site
sampling andnonitoring (Tsompanidis et al 2016)

With regard to sites contaminated by illegal landfills, Greece has an analytical database.
According taofficial data reported to the European Commission in the context of the relevant
decision of the European Court of Justice imposing fines on Greece for the case of illegal
landfills, there were 293 illegal landfills in December 2014. By December 20hilithiger

had dropped to 44. The rest (149) have been rehabilitated. It should be noted that the number
of illegal landfills exceeded@O0 landfills in 2010 but, in the meantimepst of them have

been rehabilitated (t SNBT | yR )9dzZ3SyA2 HAamy

Therefore,based on the above it is obvious that the contaminated site in Greece is still
pending.

Regarding professionals, there aeecific certificationsn Greecdor studies and work#hat,
however, are quite general regarding geotechnical studies and investigaenvironmental
studies, geological, hydrogeological agebphysicastudies and investigation etelowever,

the specialized scientific staff in Greece is very limited with no experience on contaminated
sites most of times.

5.3  Screening values

A very imprtant drawback of the current contaminated seoilanagementframework in
Greece is the absence of screening valespecially forsoil, based on which a site can be
characterized as contaminated or uncontaminated and further actions could be decided. This
is the typical practice in most Eldember states and other countriesas wellwith long
experience in contaminated site management, such as the (9&A Chapte6). However,
Franceis an exemption since this list wagthdrawn in 200 and currently the contaminated

soil framework is based solely on s#pecific conditions (See Chap®r In Greece the only
legislation where soil screening values are provided is the JIMD 80568/422571@®ich is
about wastewater sludge reuse in agiicwe (see Annex).

wS3FNRAY3I 3INRBdzyRglF G4SN AaONBSY Ay = a@mnddifies &y> G KS
the JIMD 182314/1241/20%86 which lays down measures for the protection of groundwater

32 hitps://elinyae.qgr/sites/default/files/2019-07/641b 91.1149837816400.pdf
33 https://elinyae.gr/sites/default/files/2019-07/2075b 09.1343380385484.pdf
34 https://www.elinyae.gr/sites/default/files/2019-07/2888B 2016.1473750580533.pdf
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against pollution and deterioration, in compliance with Direcsiv&006/118/E€ and
2014/80/EC®, and the Ministerial Decree (MD) 1811/201{see Annex)which establishes
threshold values of certaicontaminantsn groundwater, at national level, for good chemical
status, regardlesknd uses, are typically used. HoweMhe list of values is vefymited. For

those parameters that are natovered by the aforementioned legislation, the JMm 6 + 0 K mJ[
Tt ¢ dc 1 o*ton quality of water intended for human consumption, that transposed the
Directives 98/83/E€ and 2015/1787ECY, is typically used

Based on the discussion above it is obvious that the aforementioned complicated legislation
creates an unclear and negustainable regime, where both authorities and industries are
facing numerous problems from legislation interpgBon and sampling protocols
implementation to data evaluation. In addition, due to the lack of soil screening values, most
of times both authorities and consultantse legislative tools from other EU countries, such
as the new Dutch list of the Netherlds and the Federal Soil Protection and Contaminated
Sites Ordinance of Germaf@hapter 6)despite the fact that these do not possess any direct
legal effect Additionally, although these are definitely very important decisieeking tools,

they do not reflect the Greek complicated natural background (e.g., geogenic hexavalent
chromium in soil and groundwater). The existing situation is further perplexedeblati of

land uses regulations imanyparts of the countryand the common mixed land use regime.

5.4 Remediation

The concept of remediation of contaminated sites is initially introduced in the Greek
legislation by the JMD 13588/725/2006 (Articles 9 & t)Je a detailed table of contents of

the Remediation Study required (for sites contaminated with hazardous waste) is provided by
the JMD 24944/1159/2006 (Article 3, Chapter 7). However, the approach is inadequate and
significant amendments are imperativesince key well established concepts of the
international practice such as the Conceptual Site Model and the Phased Approach are not
taken into account.

Another tool, is theBaseline Repotthat has been introduced into the Greek legislation with
the JMD 8060/2013 that transposed the Industrial Emission Dirediz®)2010/75/EC) into
the national legislationas described abovection 5.2)TheBaseline Report, however, is
only requiredfor a limited number of projects and activities (usudédlgge irdustrial sites as
provided by the IEDand do not cover the entire spectrum of contaminated site needs

35 https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32006L0118&from=EN
36 https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32014L0080&from=EL
37 https://elinyae.gr/sites/default/files/2019-07/3322b 11.1329140721046.pdf

38 https://elinyae.gr/sites/default/files/2019-07/3282b 2017.1528374178932.pdf

39 https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:31998L0083&from=EN
40 hitps://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32015L1787&from=EL
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are involved, site assessment tools such as that of ASfEMyically used to cover this need.
Regarding soil and groundwater sampling, there are no specific guidelines for significant
parameters such as sampling depth, equipment required, appropriate containers, QA/QC
practicesetc. As a resultthe reliability of assessment is rather limitegeneraing many

problems for consultants, chemical laboratories and authorities that should decide remedial
targets, select proper remediation technologies, charge fines etc.

Regarding chemical analyses, chemical laborasom Greece generally follow w&hown
international standards for water and soil analysis (e.g., EN, ISO, BS, ASTM). The laboratories
in Greece are accredited by the Hellenic Accreditation System (ESM®yever, ypical
problems that mainhare facedduring a site assessment include

1 No standard prereatment proceduresised across the laboratories
T No standard containers usdzhsed on theeJl NJ Y Sharddwkisiics
T QA/QGCmethods during sampling are generally of limited use

The general practice used in Greece is the measurement of total concentrations
contaminantsin soil and groundwater samples. Most of times sampling protocols focus on

heavy metals€.g.,Cu, Pb, Hg, O&d, N), while organic parameter&.g.,TPH, PCB,OChre

less commonEmerging contaminants such Ber and polyfluoroalkyl substances (PFA&)

very rarely, if ever, included in the sampling protocols in Gre€he last decad€r(VI) has

been detected in groundwater of several sites in Greecegeeitls result of anthropogenic
contamination oras natural constituent of groundwater in areas with ultrabasic geological
background(Dermatas et al. 2015, Panagiotakis et al. 20T%erefore, Cr(VI) has been

typically included in groundwater sampling poobls in Greecealthough no such screening
valueexistt YR (0 KS GKNBaK2ftR 2F GKS (241t HKRNR YA dzYy

Apart from the conventional chemical analyses of soil samples, leaching tests according to the
Decision 2003/33/E€ edablishing criteria and procedures for the acceptance of waste at
landfills is also a typical practice in Greeddowever, the implementation of these
measurementss controversial, since neexcavated soil is not considered waste

In Greece, remediatiotargets are typically identical to the natural background values, which
are determined by background samples taken during the sampling campaign, since there are
not available background geochemical data that could be used. This, however, requires
personnelwith great experience and deep knowledge of the local geology and hydrogeology

41 http://www.esyd.gr/portal/p/esyd/en/index.jsp
42 hitps://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32003D0033&from=EN
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to ensure a reliable sampling and data evaluation, which is not always the case, a practice
creating significant problems during data evaluation and remedial targets detenmmat

5.5  Liability

As regards the liability on contaminated sites, it is governed by the general provisions of the
Greek Civil Code, in combination with the harmonized provisions of the Environmental
Liability Directive (ELD) 2004/35/EC, as it was as trandpiaose Greek Legislatiotinrough

PD 148/2009 (amended by Law 4014/2011). Furthermore, certain provisions of waste
legislation are also applicable (Law 4042/2012), especially regarding issues such as the
prohibition of unauthorized dumping of waste. Finally, the recent Law 4685/2020 on
modernization of environmental legislation mandates landowners to clean up their
properties from any hazardous wastegludingasbestos containing materials.

Potential contamination of a land property usually follows the actual owner, whether a
natural or alegal person. In case that a property has been bought by a new owner, the
competent authorities shall turn against him for the restoration of the land, in case of
historical contamination. Of course, according to the general provisions of the Civil Gede, t
new owner can subsequently turn against the previous owner, in case that the new owner
was not aware of the relevant fact or fault.

In general, until today a rather limited number of cases of environmental damage have been
addressed in the framework @he environmental liability legislation and even fewer have
reached a full restoration on the cost of the polluter. This is mainly due to inadequate
administrative infrastructure, lack of access to specialised services and excessive length of
both administative as also judicial procedures.
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6. EU and international experience

6.1 Introduction

As mentioned abovéSection 2.1)in absence of a dedicated legislative framework, EU soil
protection policy is shaped by tHeU Soil Strategywhich currently is under constdtion,

and provisions in a number of other policy instrumehhe most important of the EU tools
are as follows:

1 EnvironmentalLiability Directive (2004/35/EGstablihes a framework based on the
polluter pays principle to prevent and remedy environmental damage. Besides a
common framework on remediation of damage to water or natural habitatslso
setsthe most appropriatemeasureso remediateland damage(e.g, to ensure that
relevant contaminants are managed in a way that the contaminated land no longer
poses any significant risk of adversely affecting human health).

1 Industrial Emission Directive (IED) (2010/75/E8})he main EU instrument regulating
pollutant emissions from industrial installations. It aims to achieve a high level of
protection of human health and the environment taken as a whole by reducing
harmful industrial emissions across the EU. It provides an integrated approach to
prevention and contrbof emissions into air, water and soil, to waste management, to
energy efficiency and to accident prevention, and as wm$luringthat the operation
of an installation does not lead to a deterioration of the quality of soiland
groundwater.An importanttool specified in this directive is the Baseline Report on
the assessment of the condition of soil and groundwater in industrial facilities covered
by this directive.

1 Environmental Impact Assessment Directive (85/337/EEHEIA Directivels in force
since1985 and has been amended three times1897 in2003and in2009 This
Directive shall apply to the assessment of the environmental effects of those public
and private projects which are likely to have significanteel on the
environment.The EIA will identify, describe and assess in an appropriate manner the
direct and indirect effects of a project on the following factors: human beings, fauna
and flora,soil, water, air, climate and the landscape, material asssts,

1 Sewage Sludge Directive (86/278/EE€})couragesthe use of sewagesludgein
agricultureandto regulateits usein sucha way asto preventharmful effectson soil,
vegetation, animals and peopl€heuseof sewagesludgemustnot impairthe quality
of the soil and of agriculturalproducts.To this end, it prohibits the use of untreated
sludge on agricultural land unless it is injected or incorporated into the soil. Treated
sludge is defined as having undergone biological, chemical or heat treatfoagt,
term storage or any other appropriate process so as significantly to reduce its
fermentability and the health hazards resulting from its use.

f Regulation on fertilisers (2019/10093 S & 2dzi (GKS f&ismyy A (A 2y
LINE RdzOG & Q I yskn rhakidydhenRe®aiiable ot rBarket. Among others,
it also defines thresholds for contaminants presence in fertilising products, notably
cadmium (C¥l to minimize soil pollution.
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Mercury Regulation (2017/852)overs the full life cycle of Hg. It establishes measures
and conditions concerning the use, storage and tradeH@ its compounds and
mixtures, the manufacture and use of, and trade in-ddiged products, and the
management of Hg waste.
Land use, land se change and forestry Regulation (2018/84%ets a binding
commitment for each Member State to ensure that accoungedassions from land
use are entirely compensatemié |y SljdzA g £ Syid NBY2@0Ft 2F .
through action in the sector.
CommonAgriculture Policy:The Common Agricultural Policy (CAP) is an important
economic driver for farming decisions across the EU and has the potential to advance
a2Af LINRGSOGA2Yy Ay 020K | INROdzZ GdzNB | YR
Y y I 3SNAE QtatidnoLis ®eaSires and associated obligatid®sil is one of
the basic resources for agriculture and forestry productibime CAP objective of
sustainable management of natural resources and climate action are clearly relevant
to the soil protectionand improvement.
The European Green Dedh December 2019 the European Commission presented
the European Green Deabhich resets the/ 2 YYAdaA2yQa O2YYAGYSy
climate and environmentalelated challenges. The European Green Deal is a response
to these challenges through a new growth strategy that aims to transform the EU into
a fair and prosperous society, with a modern, resaefficient and competitive
economy where there are no net emissions of greenhouse gases in 2050 and where
economic growth is decoupled from resource use. It also aims to protect, conserve
and enhance the EU's natural capital, and protect the health andheélly of citizens
from environment-related risks and impacts. The EU Green Deal has been confirmed
also at the core of the recovery plan from the Cel#lcrisis.
New EU Biodiversity Strategy for 2030n line with the EU Green Deal, the
Commission adopted in May 2020 the new Bladivesity Strategy for 2030, a
comprehensive and ambitious lostgrm plan for protecting nature and reversing the
degradation of ecosystem3he strategy contains specific commitments and actions
to be delivered by 2030

o Establishing a larg&tUwide network d protected areas on land and at sea

0 Launching aEU nature restoration plan

0 Introducing measures tenable the necessary transformative change

o Introducing measures to tackle tlggobal biodiversity challenge

Part of the EU biodiversity strategy for 208@ new Soil Strategfhealthy soilsill update

OdZNNBy G adNIFdS3e (2 | RRNBaa az2Aaf RS 3N

RS3ANJI RI (A 2 yHealthg dailsMie fedsen@alda eet climate and biodiversity goals
under the European Green De&he goals are to:

1 protect soil fertility

reduce erosion and sealing
increase organic matter
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T identify contaminated sites
restore degraded soils
1 define what constitutesgood ecological stat@$or soils.

=

Many Member States have developed overarchingtruments such as national plans,
frameworks and codesvhich implement at the same time multiple EU directives in order to
facilitate the applications of thesmeasures These national regulations generally include
procedures and national plans to preutenew soil and groundwater contamination. The
responsibility for identification and remediation varies within countries, as well as between
states, as does the funding regim&he main EU and national legislation regarding
contaminated soil managementlisted inTable3 (non-exhaustive list)

Table3 Main national policies and Elégislations regardingontaminated soilmanagement

EU legislation Year Nationallegislation
Sewagesludge directive 1986
1987 Netherlandsg Soil Protection Act

United Kingdomg Environmental Protection
1990 Act

Nitrates directive

Hazardous waste directive deedl

Belgium (Flandersy Decree on soil

1995 remediation and soil protection

Belgium (Wallonia); Soil remediation decree
1997 Italy ¢ Legislative decree no.22

1998 Germanyc Federal soil protection Act

Italy ¢ Regulation laying down criteria,
procedures and methods for the safety,

The landfill directive 1999 . . 4
reclamation and restoration of contaminated
sites
Francec Environmental code

Water framework directive 2000 United Kingdomg Contaminatedand regime
(Part 2A of environmentaprotection act,
1990)

SEA directive 2001
Belgium (Wallonia); Decree on the

2004 )
management of soils
2005 Spaing Decree on defining soil polluting

activities and criteria
Thematic strategy for soil protection Italy ¢ Environmental code

Wastemanagement extractive
industries directive
Groundwater directive

2006 Belgium (Flandersy Decree for soil
remediation and soil protection

Franceg Classified installations for the

2007 protection of the environment (ICPE)
Waste framework directive (WFD) 2008 Belgium (Wallonl_a); SO.'I decree
Netherlandsg Soil quality decree
Pesticides directive 2009
Industrial emissions directive (IED) 2010
EIA Directive 2011 Spain¢ Law on waste and contaminated soils
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EU legislation Year Nationallegislation
Biodiversity strategy
Mercury regulation 2017
Green Deal 2019
Biodiversitystrategy 2020

The scope of this chapter is to present tG8MFapplied inmost advanced and experienced
EU countries, as resulted by the literature reviemd the questionnaire survey where a series
of international experts participatedhese are

1 Belgium(Flanders Region and Walloon Region)
9 the Netherlands, France

1 United Kingdom,

1 Germany

1 ltaly

In addition,the framework applied in New JerséySA, a Stateprobablywith the strictest
environmental legislation framework in USK,also presented hereinMoreover, in the
guestionnairesurveySpainand Portugalwere alsoadded for comparison reasons, sintdgey

are not generally included in those countries with advance contaminated soil management
framework.

As mentioned in Chapter 3, the information presented herein comes from an extensive
literature review anda questionnairesurvey wherea large number oexpertsfrom those
countries participated.The CSMFapplied typically involve complicated legislation and
decisionmaking procedures andommonly they aranot straightforward processes that can

be simplyreplicated to other countries, since polioyaking parameters, including public
consultation and authorities competent, are strongly affect the final outcome.

Nevertheless, the research carried out in the present study is of particular importance as,
despite any differences identified between countries, important informati@st practices

and lessonslearned from the multiannual implementation of respectiv€SMrsin these
countries, that can be applied countries with limited experien¢gesuch as Greecafter of
course the appropriate adjustments

Each of the sections is divided into ssictions that deal with:

1 general data of each country (population, aréend uses, geomorphology, geology,
water resources, protected areas)

legislation, administration & professionals

land usegategorisationn the context of contaminated soil management
screeningvalues

sampling &monitoring

risk assessment methodology

envronmentalliability

= =2 4 4 5 2
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6.2 Belgium

6.2.1 Introduction

The Kingdom of Belgiuis a country inNestern Europelt is bordered by thé&letherlandso

the north, Germanyto the east,Luxembourgo the southeastfranceto the southwest, and

the North Seao the northwest Belgium covers an area 80.689 kmand has a population

of approx. 11.5 millioff. The territory of the country is divided into three Regions, the Flemish
Region, the Walloon Region and Brussels Capital Region. The first two Regions are divided
further into five provinces eachThe three Regions in Belgium has generally different
environmental policy and legislation.

The country lies in the basins of two rivers, the Scheldt and the Meuse. Belgium has great
variation in topography, notwithstanding is consideredpredominantlya flat land (JRC
2009.

¢KS NAOGSNE I 002dzyd F2NJ Fo2dzi num: 27Fthe. St I A dz
precipitationcoversthe rest. The major aquifers are in Wallonia, which supplies 55% of the
O2dzy i NBE Q& ¢ GSNE RSaLIAGS 2yfeée K2dzaAy3d o1 21
highly dependent on water flows from Wallonia (40% of water in Flanders and 98% in
BrusselsCapital). St 3AdzyQa f I yR I NBIF A& |62dzi pm: RSRA
forests (22%) and residential (16%) areas the next largestuaedypes. This allocation of

flyR dzaS A& KAIKEE adroftSsy ¢gAGK . St JtxhdzyQa |y
lowest in Europe

Groundwater meets approximately twd KA NRa 2F . St 3AdzyQa RNAY ]/
Industry is the largest user of freshwater resources, accounting for around 85% of total use.
Belgium has a comparatively high level of developmentjndustrialized and urbanized
country,shown by its level of GDP percapéao ¢ Sonn Ay Cfl yYRSNAI eHpX

The protected areas Belgiumare divided in special areas conservation (Natura 2000%,

nature reserves, designated areas ofernational importanceother areas with ecological
importanceand National and Natural parkshere are both marine and terrestrial protected
areas. The Belgium is a heavily industrializedntry, and the biodiversity is under great
threat. For that reason, Belgium has developed a National Biodiversity Strategy and Action
Plan (NBSAP) in line with European commitments. The NBSAP will be updated under the
Global Biodiversity Framework and Europeardi®&ersity Strategy to 2030

43 https://statbel.fgov.be/nl/themas/bevolking/structuur-van-de-bevolking
44https://ec.europa.eu/growth/tools-databases/regional-innovation-monitor/base-
profile/flanders#:~:text=Within%20Belgian%20reqions%2C%20in%202018,as%20a%20whole%2011
7%25

45 http://bch-cbd.naturalsciences.be/belgium/biodiversity/natura2000/natura2000.htm
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(Lavrysenret al. 2017). EachRegionhas developed a customizeRiver Basin Management
Plan

6.2.2 Legislation, Administration & Professionals

6.2.2.1 Flanders Region
Legislation

In Flemish Region the first Decree on Soil Remediation set out on 1995, to establish legally
the framework of contaminated land and soil remediatj@rder of the Flemish Government

of 5 March 1996 establishing the Flemish Regulations concerning Soil Réare(Vlarebo)],

which was further amended by the Decree for Soil remediation and Soil proteesla since
2008%. Both Decrees focus on two major aspects:

46 https://navigator.emis.vito.be/mijn-navigator?wold=23006
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1 the identification of highrisk activities that could cause satbntamination in
combination wth the compulsory environmentaite assessment before land transfer
(there is an extensive list of potentially contaminating activities) and

1 the soil investigation by the Public Waste Agency of Flanders (OVAM), which is the
authorized body.

CSMFs a staneblone framework; different than that of the waste management framework.
The Vlarebo 1996 and the updated versiarg the basic Flemish Regulation framework for
soil remediation dealing with the land usavolvement samplingprotocols and scresning
values guidelines.

Soil remediatiormanagemenis OVAM2 i@sponsibility while soil protection is responsibility
of the land and soil protection service (ALBQMider the Environment Departmeri. The
main duties of ALBON include soil erosion, arganatter loss, loss of basic soil function and
landslidesBoth authorities are responsible for applying the contaminated soil framework in
regional level.

Digital tools

¢KS h+! aQa NBO2NRSR RIGF Aa NBIAAGSESoR Ay
Decree). This inventory includes every known contaminatedsiggs, soil certifications etc.)

and it is publicly accessible as an information tabich isbased on a soil investigation

methodology.The official digital tools are linked with theaste management framework via
the reuse of excavated soil

Historical vs. newontaminatedsites

The distinction between the new and the historical contaminated sites established in 1995
under the Soil Remediation DecreEhe historical contamination praiple refers only on
continuous and serious hazards (Art. 30, 1995 Soil Remediation Decree; Art. 2(5), 2006 Soil
Decree) and it is far more lenient. The remediation in this case is taking @tgef the
operator of ths type ofland has been ordered b®VAM to carry out the action of
remediation. If the operator or user of this land has not caused the pollution and/or at the
time he/she became the operator, he/she has not been aware of the pollution, he/she is not
obliged to remediate the historical patied site. On the other handn new contaminated
sites, when soil screening valuae exceeded, the remediation is obligatory and according
to the legislation the cleamp actions last as far as the contaminatiomptiesentand can be
detected on the si (JRC2009. In this case the land usese the most important aspedior

the site management.

47 https://navigator.emis.vito.be/mijn-navigator?wold=23755
48 hitps://omgeving.vlaanderen.be/departement-omgeving
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Land transfer

For the land transfeiin Flandersthere are some significambligationswhich have to be met,
such as the soil certificationf the sitg the soilinvestigation actions by risk activities and the
soil remediation actionswvhich are requestedbefore the land transferAll these obligations

are the optimal protection of the new owner of the site (OVAM, 2007). In case of risk
activities, the obligtions for soil survey are conducted in two situations: a) in case of land
transfer and b) in case of closure of the site and have to be in periodically scale.

6.2.2.2 Walloon Region
Legislation

In Walloon Region the soil framework was firstly introduced in71®8&h the frameworks for
rehabilitation of brownfields and coalroduction sites. In 1998, the stand-alone framework

for contaminated sites was established (Soil Remediation Decree, 1995)ofmApril 2004

the contaminated land.aw wasublishedand in 200&he Law revisedvith the Soil Decree

also covered soil and groundwatprotection (Soil Decree 2008). The Wagecree of 1985
includes only the rehabilitation of the contaminated sites and not the soil remediation
framework. The current regial legislation is updatefbr third time in 2018 and introduced

the new Soib SONBES 05SONBG NBfIFIGAT £ € 3J@hchis2y Si
currently used and focuses on the land stewardship. The basic objectives of this Decree are:
a) the prevention of soitontamination b) the identification of the potential contaminated
sitesand c) the determination of the organization which is responsible for soil investigations
and cleanup actions.Today, he corresponding authoiigs are unde the Administration of

the Environment

Analysing further the Soil Decree in Walloon Region, the legislation is baslked fmilowing
principles(Annex I, Soil Decree):

1 Identification of the activities that, potentially, may cause land pollution
Mapping the background values of contaminants

Establishment of the threshold values based on the land;uses
Mapping the potential polluted sites by the authorized boglies
Adopting theYpdluter payf@@inciple

Determining the soil investigation proceswd;

= =4 4 4 2

49 http://environnement.wallonie.be/legis/solsoussol/sol002.htm
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91 Determining the criteria for the soil control certificatipn

In Wallonia, there are twamajor bodies involved in the contaminated site rehabilitation.
These bodies are:

1 TheDepartment of Land Planning, Housing and Cultural Her@@ATLP, which is
responsible for the slightlgontaminatedsites; and

1 The Public Company for Environmental Quality Assistance (SPAQuEich is
responsible for theYdb¥pham sktes and for the sites needed emerge remediation
because they considered as highkkrsources for the public health.

Digital tools

The Walloon soil condition database (BDES) is a tool which provides lypudlidhe
information for contaminated soil and sites based on #wailabledata?.

Historical vs. newontaminatedsites

In Wallania the historical contamination is specified as that occurring before 30 April 2007
and arisk-based approach is used to remove serious thréas the historical contaminated
sites New contamination refers to a contamination due to an incident thatdwasirred since

30" of April2007, the date corresponds to the Environmental Liability Directive. For historical
contamination sites the methodology is based on the-hiaked approach, while in case of
new contaminatioritis based on thecreeningvaluessystem(seeSction6.2.4.1).

6.2.3 Land usecategorization

6.2.3.1 Flanders Region
For the CSMF purposeshitanders Regigitand usesare divided into five classes:

1 Nature

1 Agriculture
9 Residences
1 Recreation
1 Industry

In Flanders it is paid special attention to thewnfields. Based on the developmeiain of
brownfields, Flemish government introduced a new framework in 2007, Biosvnfields
Decreé?. On this referred thatri case of brownfield@emediation, if the owner has obtained

50 http://lampspw.wallonie.be/dgo4/site_amenagement/

51 https://spaque.be/

52 https://sol.environnement.wallonie.be/bdes.html

53 http://www.zerobrownfields.eu/HombreTrainingGallery/06 Miseur.pdf
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the UYitHocent ownefgiatus, then the OVAM is responsible to supervise and remediate the
site.

6.2.3.2 Walloon Region
For the CSMF purposésWalloon Regionhie types of land uses are five:

9 Natural

1 Agricultural

1 Residential

1 Recreationalcommercial
9 Industrial

6.2.4 Screening values

6.2.4.1 Flanders Region
Soil screening values

In Flanders the screening valuesed for soil management and remedial actions are divided
in two types(Carlon 2007)

1 Background values: The background values correspond the chemical
concentrations in uncontamated soils. These values represent the 90% of the
YSIF&adz2NBR (G2LJA2AfQa O2yOSYUNIGA2YZT F2NJ Y
contaminants, the background values are equal to the limit of detectiothdrcase
of diffusecontamination background valuesedarethe 90% of the measured values;

1 Soil clearup standards: The soil cleap standardshave been calculatedsingthe
risk assessment approach. If the measured concentration of contaminants is above
the cleanup standirds, the risk estimation, including soil characteristics and soll
function, is considered notable and that it could cause irreversible effects in both
ecosystems and human health.

During soil investigation, in order to be decided further actions sibelremediation, the
cleanrup standards are used as the lowest requirement level. The background values serve as
naturally occurred limits and remediatigguide. Thestandardsare derived from thehuman

health risk assessmeniMoreover, the phytotoxicity isncluded on an adhoc basisCarlon

2007). For exampleSRiskassessment model is used to derive soil remediation standards

In Vlarebo 2008 there is a structural derivation of different Annexes for the different types of
values. There are the backgrounghlues (Annexll) for metals, metalloids, organic
O2YL}RdzyRA O6AYy Y3Ak]13I 2F RNE az2iafto |yR GKS 3
Moreover, the AnnexMfor soil clearup standardgslivided in five differentypesof land uses

and more specificsub-groups in order to cover all the potential land use affected by the

54 https://navigator.emis.vito.be/mijn-navigator?wold=23676
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contamination Except the screening values for contaminated soil there are values for
excavated soil as part of structural soil use and leachability values (AhNé&and VII).

When cleanup standardsire exceedegfurther investigations requiredconsidering the land
uses.Thederivation of the values for the historical sites is based on thesggzific approach
and for the newcontaminatedsites the soil remediation standardsfihe the clearup
actions

Ste-specific screening valueare created according to Vligdumaan model, similar to
bSGKSNI I yRQa Y2 RSihsof ABEP an0Iil INreoyed thaZBRiskiZS a
usedmainly for human health risk assessment

Groundwaterscreeningralues
The groundwater screening values in Flanders are divided in two types:

1 Background values: Which are derived from uncontaminated groundwaie;
1 Cleanup standards: Which follow a ridlased approach

In Flanders, there is ndirect connection between the cleamp values in groundwater and
soil Carlon 2007). Thapplication of background values for groundwater referred to natural
levels in groundwater, specifically for metals and metalloids and the limits of detection for
organic compounds. The methodology in case of groundwater mostly refers to only one
receptor. The model used for assessing the groundwater risks is-t@cF’. There is no
specific approach for surface water receptors.

6.2.4.2 Walloon Region
Soil screening values

The derivation of the screening values is a whole region system, although in some cases the
background values slightly differ sitg-site. The derivation of the screening values is based
either on the generic human health risk assessment or omtbthodologies according to the

WW2 | £ f 22y DdzA R S%8faraoNand@dumiwateN OG A OS&aQQ

The Walloon Region established a systemoné type of screening value for soil and
groundwater, whichs the Trigger ValiegValeur SeulVS; the Referenc&/alues Yaleurs de
NB T S NWRyaauSntervention Valuex(l f S dzNE R QIV)yisedioNa® $sgdibit Aoy
anymore TheTriggerValues are rislbased standards and calculated according to the risk

55 http://www.risc-site.nl/index.html?riscmainFrame=sw_vlier nl.htm

56 https://www.s-risk.be/

57 https://www.ovam.be/bepaling-risicos-door-uitloging-en-beschrijving-evolutie-bodemkwaliteit

58 https://sol.environnement.wallonie.be/home/sols/sols-pollues/code-wallon-de-bonnes-pratiques--

cwbp-.html
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level. If these values are exceeded furtlirrestigation is requiredalso, these values are in
principle the minimum value between the:

1 human risk calculated value (WS
1 leaching risk calculated value (M8VSin Figure % and
1 ecosystem risk calculated value /S

Analysing the applicatiorutes of the screening levels, it seems that below trigger values the
soil(including groundwater) isonsidered as uncontaminated, while, above the trigger value,

a detailedinvestigation is necessarycluding in principle aisk assessment procedure.dh
actions could be remediation actions, soil treatment application or risk management plans
(Carlon 2007)As in Flanders, so in Walloon Region,\ilag/screening valueare usedliffers
depending on whethethe contamination is qualified asew or historical. In case of new
contaminated site, if the trigger values are exceeded, themmediationis compulsory. For
historical contamination the remediation is compulsory only if the risk is characterized as
heavy threat (Annex |, Soil Decreeflso, in WalloonRegion the TriggeWValues are
distinguishedaccording tahe land usetypesand land use mapping datmnd used as quality
criteria fordeciding on the possibility sEusing excavated sdgee Figre 5).

Concentration
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w i 1
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SourceHenry Haler{2021)

Figure5 Soil screening values and risk assessment standards for Walloon Region

The Soil Decree provides trigger valuegii@anychemical substances (metals, BTEX, PAH, TPH
and chlorinated solvents)The Soil Decree requests two lpic institutes (ISSeP1 and
SPAQUE?) to be the responsible parties of deriving soil and groundwater screening values for
these compoundswhena chemical substance is quantified but not lis(E8ISER019.

Groundwater screening values

Groundwateris included in the national contaminated soilanagement policyand trigger
values have been established, aligned with the idea of potential drinking \gtdadards
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These values are mainly for heavy metals, metalloids, organic and inorganic contaminants and
calculated based on:

1 National limits for drinking water

1 TheWHO limits for wateguality;

1 The European Directivan drinking waterand
1 TheWHO procdure for genotoxis.

Thequality criteriain groundwater are the values adopted in order to protect human health
from contaminants transport mainly visater pathways.

6.2.5 Sampling and analytical protocol

6.2.5.1 Flanders Region

In Flanders theuse of sampling andanalysis protocol is compulsory fail soil and
groundwater investigationscludingland transfe?®. The framework of sampling protocols is

included on the soil contaminated framework and determinecage-specific approachAll

the approvals, the labed G 2 NA S& LINR (202t ax SELISNIaQ Ol G53;
and inspections bodies referred on tiecree of the Flemish Government establishing the

Flemish regulations on environmental approvdls AREL 2010)

The chemical analysis is basatthe bulk soil sample and the pteeatment procedure and
analysis is instituted. For that reason, all the authorized laboratoriesirarieided ina
regulated list®t. According tothe Flemish Act on soil remediation and protection, the
maximum detectableconcentrations are converted to the clay, organic mattpHKCI
content, during theanalyticalprocedure.On 15 January 2021 the CMA (Compendium for
sampling and analysisf waste and sojlapplied in the context of Flemish environmental
legislation.This guidanceincludes the sampling protocols for soil, groundwater, sediments,
soil gas and methods of inorganic, organic analysissantplepre-treatment guicklines$2.

6.2.5.2 Walloon Region

The Walloon Sampling and Analysis Methods (CWEA) is a recently updatedhich

combines the methods for taking and peating samples with the analytical procedures for
RSGSNXVAYAY3I GKS fS@Sta 2F O2y il YAYlyGdaQ 0O2yC
framework of the soil decree. This tool includes tieéerene sampling method for the soll

or groundwatef3. Currently, there are no instituted natural background concentration values

FYR Yy FTRRAGAZ2YIE dadzyO2y il YAYyIlI{iSRE &l YL S

59 https://www.ovam.be/standaardprocedures

60 https://navigator.emis.vito.be/mijn-navigator?wold=38542

61 https://omgeving.vlaanderen.be/erkende-personen-bedrijven-en-opleidingscentra-zoeken
62 https://emis.vito.be/nl/erkende-laboratoria/bodem-en-afvalstoffen-ovam/compendium-cma
83https://sol.environnement.wallonie.be/files/Document/ CWEA/CWEA%20-
%20version%20du%204%20dec%202018.pdf
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background of each siteAlthough, the lackgroum concentration maps are foreseen
according to the law. Their recognition as a stgatdetool is a further step to be achieved

6.2.6 Risk Assessment

6.2.6.1 Flanders Region

In the conceptuasite model of risk assessment many factors play a major role in oaleet
identified the fate& transportand all the exposure pathways leading to end up point, which
is the human being and ecosystems. The most important factors are: leaching to
groundwater, volatilization to indoor and outdoor air, transfer of ghikt, uptake by plants,
dermal adsorption fom soildust, inhalation of particles and vapours, consumption of
vegetables and dairy produotsc. Each factor is under examination according to the lasé
relevance Carlon 2007).The sitespecific risk assessment follows the soil remediation
standads adopting the screening values methodology. The external dose refers to the human
exposure calculation for each contaminant and the absorbed dose refers to the dermal
contact calculation. In case of n@arcinogenic effects, all these conduct to the irsdkex (RI)
which is the ratio between the total exposure for each compound and the tolerable daily
intake (TDI). For neoarcinogenic pollutants in soil contamination, the background values are
not enough if the source is still active. In this case tk& assessment considering all the
possible exposure pathways, is forced and delimits the measures neAttethatively, for
carcinogenic effects, calculated the ratio of the total lifetime exposure and risk cancer index
of 10° exposed personsJarlon 20@). The ecological soil cleamp standards are not available
and only the phytotoxicity is included and based onhad processes. In Flanders region
ecological screening values is not implemented by the current legislation.

6.2.6.2 Walloon Region

The risk assess@nt approach is used mainly during the characterization stagykamine the

need or not of the remediation actions. The first step is the mandatory study of the site
included the site characterization (as historical or new), conceptual models etc. Adteift

the risk of contamination is high for human health and ecosystem, the application of the
threshold values is necessary. In case of low or no risk, a soil control certificate is assessed.
The main factors and technical approaches using for theagskssment are: the land uses,

the matrix analysis (for soil and water) and the receptors sensitivity factor for both human
beings (child or adults according to land uses) and ecosygi€arton, 2007)

The application of screening values based on a sk assessment approach and used
according to the combination of the toxicological, ecotoxicological risk assessment and the
groundwater contamination factor. The final values used are the minimum value among the
above considering the land us¢8arlon, 200). Moreover, the drinking watestandards
determined by WHO, are also considered, especially in case of drinking water exposure route

The exposure scenario is based on the land usestyphich specifies the receptor and the
exposure routes. For naturand residential land uses the sensitive receptors considered
children and for industrial uses the adults. The exposure routes are the outdoor/indoor air
inhalation, the inhalation of soil and vapours, the ingestion of soil, agricultural products and
drinking water and dermal contact with soil and water (via shower). Except the route of
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exposure, the time (in days) that person spend on the site, is considering as well with
differentiations according to land uses.

6.2.7 Remediation targets and monitoring

6.2.7.1 FlandersRegion

The three main pillars in the remediation management procedure are: a) the division between
new and historical contaminated sites, b) the soil remediation standards used and c) the site
specific risk assessment approach. The soil remediation guveen Flanders Regiondsite
specific approachlivided in different phased.he phases are:

1 Phase }the descriptive investigation;
1 Phase Hlf the soil remediation projeciand
1 Phase I the remediation actions

The execution and monitoring officially accredited by the corresponding ministry after
h+! aQad LINE OSRdzNE ¢ invdstijation dadISemiddiatioh 2aytivities Fis
responsibility of the qualified expert$he experts involved in the execution and sup&on

of the site remediation are two types: tije experts responsible for thavestigationactivities

and b)the experts responsible for theemediation activities QVAM, 2007)The sampling
method is analysed in Soil Remediation and ProtediieareeIn 2020, OVAM publishetew
guidelines for the preliminary soil investigation and the descriptive soil investigation

Nowadays, it seems that the-situ treatment is used €.g.,soil vapor extraction)while the
exsitutechniquege.g.,pump & tread are not usedanymore The soil remediation standards

are designed based on the specific remedial targets and is-as#gfic approachAlthough,

the determination of this approach is based on a multicriteria analysis according to land uses,
for metal andmetalloids (taking into account the clay, organic matter andK content)

and the natural backgroundalues (Art. 1 and 2 of the Decree of the Flemish Government).
The soil remediation standardsr heavy metals in the solid part of the earthpisblished in

an updated report by OVAM (Tabl¥3In case of naturethe soil remediation standards are

set equal to those for agriculture (Carlon 200he remediation goal is to reach the target
value for the soil quality using the best practices fmediation or, if this is not possible, to
reach as better soil quality as possible based on remediation standards. The BATNEEC
principle (Best Available Technology Not Entailing Excessive Cost) is the guide to the final
decision of the remediatiotechniques used. Soil remediation is activated only if the clean

up values areexceeded and only in case of new contamination. In case of historical

64 https://www.ovam.be/standaardprocedures
65 https://www.ovam.be/sites/default/files/atoms/files/Methodologie%20DAEB%20en%20risico-
evaluatie%20-%20Code%20van%20goede%20praktijk _2.pdf
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contamination, the cleaup standards create a base for further investigation of the risk apply
on thesite (Carla 2007).

6.2.7.2 Walloon Region

The basic goal of the soil remediation is to reduce, in a considerable level, the soil
contamination. This level consideredtas reference valuegor soil quality leveél takinginto
account all the factors (land uses, matrix ais&8, background concentration etc.). The soil
targets are based on the regional Environmental Plan for Sustainable Development of 1995.
The three main aspects ara) the prevention of the soil contaminatiorn) the criteria of
rehabilitationespeciallyn agriculture, waste, industrial, infrastructure and transport sectors
and c) the improvement of soil qualitynonitoring (JRC, 2009)he remediation actions are
different between the new and historical contaminatiancording tahe Soil Decree

In Wallmn, the technical soil management guidelines are prodilem the Walloon Code of

Good Practices (CWBP)Some of the basic tools are thReference Guide for Orientation

Study (GREOQIReference Guide for the Characterization Study (GRs@3rence Guidéor

Risk Assessment (GRER), Reference Guide for the Sanitation Project (GRPA) and the Reference
Guide for Final Assessment (GREF)

The basic tool for the site characterization is the Reference Guide for the Characterization
study (GREC), which explaittee methodology of the characterization. The proposed
methodology is conducted in three phasesaccordance with the Soil Decree:

1 Phase I|: Preparatory study

1 Phase II: Characterization

1 Phase llla: Results of interpretation (and if applicable, follows$tieese I11b)
1 Phase llIb: Risk study

1 Phase llic: Operational conclusions

In Phase Il, the characterization of the site as historical or new contaminated is significant. In
case of new pollution or historical pollution constituting a serious threat to husramthe
environment, a project of sanitation is needed. While in case of historical pollution not
constituting a serious threat, a soil control certificagecompulsory

66 https://sol.environnement.wallonie.be/home/sols/sols-pollues/code-wallon-de-bonnes-pratiques--
cwbp-
.html#:~:text=Le%20CWBP%20%3A%20qu'est%2D,en%20gestion%20des%20s0ls%20pollu%C3%A
9s
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6.2.8 Liability

6.2.8.1 Flanders Region

In Flanders the 2006 Degree on soil protection and miatéon distinguishes clearly the chain

of liability. Firstly, the operator of the installations present on the site is liable, where the
pollution is originated, secondlthe liability is uponthe land user and thirdly on the
landowner of the site. Thesdhree individualsor companiesare considered as different
obligators. The site closure procedure has abiaked approach which includes the obligation
of a soil investigation before it is completed. Finally, the liability on remediation is completed,
only if the duty of remediation is vanished and the remediation criteria are fulfilled. Although,
the liability, mainly for the cost of remediation, can be made up even 30 years after the
integration and until the liable sides have met the financial requaetaaccording to the
Belgian Civil Code (Belgian Civil Code, Art £3&B4).

It is possible that the owner of contaminated land has not caused the pollution. If no other
financially solvent party can be identified for the liability of the contaminattbe owner will

0SIFENJ GKS f2aaSad C2NJ iKAAa NBlLazys> GKS CfSYAa
The owner or operator of the site is not obliged to carry out the clepractions if he can

prove that he did not cause the pollution himseficathat when acquiring the property, he

ga y20 0SSYy 6l NB 2F (KS S@Sydd C2NJ KAAG2NR
the cleanup actions is broader as the owner is not obliged to carry out the remediation
actions if he can prove that he dimbt cause the contamination himself and he was not been

aware of theevent. Finally, the owner is not obliged to carry out the remediation actions if

he can prove that the contaminated site was acquired prior to 1993 and since then was
exclusively used foa nonprofessional use (Dries et al. 2014).

6.2.8.2 Walloon Region

In liability chain for contaminated land, the polluter is the first responsible person or body for
the remediationmanagement actions. If the polluter is absent, then the occupier (in case that
polluter and occupier are different persons or bodies) takes the responsibility and lastly the
landowneris the person in the chain of liability, who is responsible for the actions required.
Jhe liability is considered completed only if all the proceduned actions have been done by
the law. If the cleaning actions are pending, then the liability ends once the actions are
completed. Moreover, it has to be mentioned that the soil control certification, which
indicates that all the needed actions have beakéen by the liable individual, is issued by the
corresponding authorityFor groundwater the monitoring plan is a duty in case that risk
uncertainties remain after the end of remediation actions

6.3 TheNetherlands

6.3.1 Introduction

TheKingdom of theNetherlands is a European country located in Western Europe and partly

in the Caribbean, forming the largest constituent country of the Kingdom of the Netherlands.

In European area, neighbours with Germany, Belgium and through the North Sea, with the
United Kingdom and consisting of twelve provincdéaropean Netherlands occigsan area

2T oy®dnnn 1Yy YR Aa 2yS 2F GKS g2NI RQa Yz2a
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approx. 7.5 milliorf’. The biggest part of the west and north Netherlarisl lowlying with
approximately 20% of its area below the sea level and the east and south part of it, composed
of higher lands. The Netherlands has three main rivers, the Rihi@&)aas (Meuse), anthe
Scheld®. The Netherlands is one of the strongest econontitthe Western Europe, partly
because it ighighly industrialized countf§. The Netherlands is one of the EU member states
with the highest level of pe© | LIA G D5t ontXnnde F2NI HampOd =
is expected tdoe slightly below the B median. The high urbanisation rate of 91% is expected
to climb even higher to 96% by 2050, representing an increased urban and total population.
The coverage and compliance performance of water supply and sanitation is the best in the
EU, reflecting a bh level of expenditure per capita. Exposure to riverine and coastal flood
risks is distinctively high. Situated in the delta of four international rivers, with a quarter of its
territory below sea level, flood risk management has been central to Dutcherwat
management for centuries.

The Netherlands is a heavily industrialised country whereas the agricultural use of soils is one
of the most intense in the world. Because of the wide use of fertiliser there are great problems
of groundwater pollution in widereas, especially sandy regions, about 42% of the whole
country. In urbanised regions hundreds of thousands local pollution sources ¢anrtaand
therefore groundwater quality is often endangerekh more than 90% the country
groundwater level is lesshiin 4 m below the surface levéligure6 shows land uses in the
Netherlands.

The Netherlands has a number of protected areas categorized them in National Parks,
National Landscapes, Protection woodland, Protection Wadden sea and Protection North Sea.
Accading to ther categorytheyare part of the National Ecological Network (NEN), the Nature
Conservation Act, Ramsar Convention, Natura 2860°

67 https://www.eea.europa.eu/publications/92-9167-032-4/page013.html

68 https://www.nationsonline.org/oneworld/map/netherlands _map.htm

69 https://www.britannica.com/place/Netherlands/Economy

0 hitps://www.government.nl/topics/natureand-biodiversity/protectednature-areas
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SourceEuropean Commissid2017c)
Figure6 Land uses in the Netherlands

6.3.2 Legislation, Administration & Professionals
Legislation

The Netherlands has developed a strong soil protection framework including a system of
screening values arglte-specificrisk assessment procedures. The soil protection framework

was established in987 with the Soil Protection Act (Wet Bodembeschermihg 1994, the

first series of screening values and procedures forgitecific risk assessment were launched.

In 2008the soil protection frameworkvas extended wititMaximal Values for specifland

uses in the Soil Quality Decre&his Decree tries to balance between the human health and
SO02ae2aidSY LINRPGSOGA2Y yR (GKS NBdzaS 2F (KS wy
¢CKS o0FaA0 LINAYOALX S&a 2EINKAKDA LD SONEE QONENE SA
(Ministry of VROM, 2009Y.0 prevent soil pollution a National Guideline on Soil protection

has been introduced in 1997, risk based and with provisions and measures to prevent leaching

and spilling. This guidelifas been revised in 201Phe provincial authorities are responsible
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developed giving to local authorities the flexibility of the decismaking. This is a strong

point in Dutch framework meaning thabcal authoritiescould create their own soil policy.

The assignments and tasks for local administrations (provinces and municipalitieS)tate (

2017):

1 Prevention and minimization of the health risk;

9 Safety of soil usee(g.,for agriculture and soil reuse (i.e., in building activities);
9 Remediation decisions; and

1 Spatial planning optimization.

The main principles of the Dutch framework are:

1 The prevention approach
1 The land usebased managemenand
1 Priority setting 6r remediation based orriskassessment.

The Soil Quality Decree also regulates how to control and use excavated soil. To stimulate
circularity by reuse of excavated soil, landfilling of soil is only allowed when-gfear
polluted soil is not technichifeasibleor within reasonable cosiS here is a special procedure

to determine whether this is the case. Slightly contaminated soil can be reused based on their
composition and quality on sites with the same or a worse soil quality. To facilitatelhis,
municipalities have their own soil quality mdps

The Circular for Soil Remediation (Circulaire bodemsanering 2009, Staatscourant 67, 2009),
as updated in 2013 and the Regulation on Soil and Groundwater Q{Rdiggeling en Besluit
bodemkwaliteit) valid from 9 of June 202%, analyse the adopted criteria for soil and
groundwaterscreening valueand both currently used by the experts and authoritiéhe

policy for contaminated soil and groundwater is based on the following points:

1 Soil ProtectiorAct and Circular for Soil Remediation;

1 Human health risk assessment, ecological risk assessment, risk on spreading;

1 Intervention Values as the first trigger for the authorities;

i Sitespecific risk assessmentTrer 2 and Tier 3 for the determination dfe priority
of remediation;

"1 https://lwww.bodemrichtlijn.nl/Bibliotheek/grondstromen/grondstromen-wettelijke-kaders
72 https://wetten.overheid.nl/BWBR0023085/2020-06-09#Hoofdstuk?2
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1 Background Values and Maximal Values for the reuse of soil material,
1 Background Values and Maximal Values as remediation targets {gtegoals)

The whole legislation includes, on the top of the pyramid, the Soil ProtectignoAdche
second layer, the Soil Quality Decree, after that the next layer contains the Circular of Soll
Remediationwhich is a technical and practical guide and finally all the documentation and
accreditation schemeswhich are not directly published byhe government but are
maintained by the national institutesichasthe Netherlands Standardisation Institute (NEN),
the Foundation Infrastructure for Quality Assurance of Soil Management (SIKB) and the
Rijkwaterstaat an executive Agency of the Ministryof Infrastructure and Water
Management®.

The main authority bodies and actors of risk assessment framework for soil protection are the
National Institutefor Public Health and Environment (RIVM) and the Dutch Ministry of
Infrastructure and Water Managemeflin lenW) (formerly VROMJFor data management
and mapping theceologicalSurvey of the Netherlandd'NO) is also involvetNERIS 2033

For contaminated soil managemenhd instruments used arescreening valuesrisk
assessment tools and the techniaalidelines Qtte, 2017. Also, there are more parties
involved in the identification and remediation of contaminated sites. These are the owner of
the contaminatedsite, the consultants, the authorized laboratory, the competent authority
and the contractos. Practically the consultants are in charge afl practical work and
consequently they beaa large part of theesponsibility. This iecognised in the Soil Quality
Decree inwhich quality assurance is an integral géart

The last 10 years a special effort has been made to identify all sites with historical
contamination, which cause a risk for human health, ecology or spreddowadaysthese

sites are either remediated, controlled or under site investigation. This hesnbe able by
profound agreements between the Ministry, the provinces, the municipalities and the water
authorities. Other contaminated sites, not causing risk, will only be considered in case of land
use change activities.

Digital tools

The exposure modethich assistshte processof risk assessmerg CSOIEcreated by RIVIM

latest version is fron2020.Using thisdigital tool, the actual exposure to the contaminated

soil using the sitespecific datasets calculatedIn addition, there are many cases oeded

with volatile contaminants and for that reason the VOLASOIL model (Bakker et al. 2008) is

also used to assess the actual risk of volatile contaminants evaporating mainly in indoor
SYGANRYYSylad ¢KS GelLIS 2F O2ydilteistgs ahd 4> (K

73 https://rwsenvironment.eu/subjects/soil/publications/
74 https://rwsenvironment.eu/subjects/soil/publications/
75 https://www.rivm.nl/bibliotheek/rapporten/2020-0165.pdf
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groundwater depth are some of the basic input data required. VOLASOIL calculates the crawl
space air and indoor air concentrations from the concentration in soil or groundwater, via
convection, diffusion and dilution. Important input paramets are the @pth of
contamination the depth of the groundwater tables and the building characteristics.

The VOLASOIL consists of

1 four successive compartmentfrom the bottom to the top: saturated zone
(groundwater), capillary fringe, vadose zone (soil and/or floor), indoor air (here in the
crawl space, basement, or first floor);

1 three flux mechanisms: diffusion in the soil water of the capillary fringe and of the
vadose zone; diffusiom the soil air of the capillary fringe and of the vadose zone;
convection in the soil air of the vadose zone

Besides, the multiphase equilibrium between soil air, soil water, and soil, is considered to take
place. The different fluxes are not independenit is the same soil air (or soil water in
equilibrium with the soil air)which is simultaneously submitted to the different mechanisms,
and the total pollutant flux is constant (steady state model and mass conservation)

Historical vsNew contaminatd sites

The benchmark between the new and the historical contaminated sites is 2&3for new
soil contamination, the principaluty of careis applied (bring back to the original situation)
However this is not the caséor soil that wasontaminated pior to 1987 wherethe concept

of a multifunctional soihas beerabandoned. In view of experiences oygevious years, it
was evident that thelemands of the multifunctional sadd 2 Yy OS LI F2 NJ WKA & 2 NR C
often cannot be metTherefore,if the measured soil concentration exceeds the intervention
value (see section 63.4.1) and the contamination dated before 198%ite specific risk
assessmenis requiredto determine the priority of remediatiorFor immobile contaminants
the aim was tcestablish a soil quality that f#to its future land use. The new function of the
soil, therefore, determines the extent to whiclmemediation is necessary. For mobile
contaminants the remediation measursebhould be determined by cost effectivenesgjich
might imply the treatment otontamination over a longer period rath#ran trying to solve
the problem within &dew weeks or months.

76 https://www.ineris.fr/sites/ineris.fr/files/contribution/Documents/INERIS consoil-
2005 volasoil multilayer.pdf
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However, exceeding the Intervention val(see Section 6.3.4.1lpes not imply an immediate
remediation. It meant that theurgency of remediatiorhas to be determined. In practice,
remediationtakes place for urgent cases of smhtamination in particularn cases that are
urgent on the basis of human health riskSther sites with serious soil contamination
generally carbe remediated at a conveniemhoment in time, for example, whehuilding
activities or other soitelatedactivities take place at the sit@®utch Soils 2014}

On the other hand, if the soil concentration exceetie intermediate valué® and the
contaminaton is dated after 1987, further investigation (e.g., delineation, investigation to
identify the severity of soil and groundwater contaminaticaryd probably remediations
needed

For soil contamination occurring aftet987 the polluter hasexclusivelythe liability.
Furthermore, die to the early entry into force of the Dutch soil legislatiork Srphdiisite Q
affected by historical contamination are not very common, but when it occurs, the competent
authoritiesare responsible for the remediatiqdRC, 2018).

6.3.3 Land usecategorization
For the CSMF purposes in the Netherlands, land asedivided intosevenclasses:

1 Residential with garden

Places where children play

Residential with vegetable/kitchen garden

Agriculture

Nature

Green with nature vale, sports, recreation and city parks
Other greens, buildings, infrastructure and industry

= =42 =4 4 4 2

Also, the concept of buffer zones is another approashkd to protect the soil and water
guality by minimising the negative impacts of anthropogenic activities turea

6.3.4 Screening values
The Dutch screening value system is regulatatational level Qurrently it is under revision
in order to include alsdiffuse contamination anémergingcontaminantgi.e., PFAShat are

7 https://rwsenvironment.eu/subjects/soil/publications/

8t is the average between background value and intervention value (soil) or between target value and
intervention valuer (groundwater). The meaning was that when the intermediate, but not the intervention
value, is exceeded further research is required. At the latest update of the investigation standard
NEN5740 in 2009, the concept of intermediate value was not included, however, still it used in some
cased for practical reasons.
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not listed in the existingramework Accading to the Circular on Soil Remediation of 2013,
which is a supplement of Soil Protection Act, tkeil and groundwater measured
concentrations are compared with the soil quality standg$QSs) (Swartjes et al. 2012). The
system of SQSsbased orrisk assessmentelated to human health and the ecosystem

6.3.4.1 Soil Screening values

Theformer Ministry of Housing, Spatial Planning aheé Environment (VROM) developed a
system of screening values according to protecttdrhuman health and the ecosystesm
According to that, the soil quality is assessedwy types of screening valueMinistry of
VROM 2009Gorg 2010:

1 Target values (for groundwater onlyjlues(based orecological risksepresent the
level above which theoil is considered aontaminated

1 Intervention values: valuefhased onhuman health and ecological risksepresent
the level above which the functional properties of the soil are seriously impaired, and
threaten human health, as well as plant and animal life. Also, they serggtason
for cases oferiouscontamination, workers safety measures and for soil reuse

1 Background valuegfor soil only) values indicate the level below which there is
sustainable soil quality

¢CKS NBadzZ i 2F GKAa O2YLI NRaz2Yy Fift28SR  Of I 3
O2y Ul YAYII USSR az2Afé 2NJ GaSNA2dafeseriddL goil I YA Y I
contamination is defined as a volume of soil (unsaturated upper soil layer) ofsitAban?

showing concentrations above the Intervention Value (Swartjes et al. 2012). A serious case of
groundwater contamination is defined as a volume of groundwater (saturated zone) of at

least 100 mthat is contaminated at levels exceeding the Intertien Value (Swartjes et al.

2012; INERIS 2013).

L/ no further :m:f sustainable soil /zm___,f’ determination of pa—
7 action / /  management / / urgency of remediation
L st - i

Total soil concentration

0 Background Value/ Intervention Value
Target Value’
clean (slightly) serfously
contaminated contaminated

Source: Carlon (2007)

b2GSY . FO13INRdzyR @It dzS& I NB dzZaSR F2NJ GKS dzyal dzNI G SF
groundwater.

Figure7 Soil screening valueis the Netherlands
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