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“

Essentially,
all life depends
upon the soil...
there can be no life
without soil and no
soil without life;
they have evolved
together .

”

Charles Kellogg 1938
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Foreword

I

ndustrialization over the past 200 years has created much wealth and opportunities
for human beings. We have seen how the overall quality of life has risen as has the
improved transport of goods, facilitated communications, and increased the productivity
of agriculture. However, this progress has been accompanied by numerous side effects
that society is only beginning to notice today. These include releases of hazardous
chemicals that are polluting the air, water and soil, noise from the various means of
transport, and impacts on the planet’s climate due to greenhouse gases emissions.
There are many more examples. Future life on Earth will rely on the ability of human
beings to protect its natural resources. A significant threat comes from soil pollution
arising either from industrial contamination or from inappropriate land management
practices. This concern is reflected by recent developments associated with the
Sustainable Development Goals, which includes targets for tackling the issue of soil
pollution on human health. A reinforcement of the SDG aims was also evident during
the G7 Presidency Summit in Taormina (Italy) on 26-27 May 2017, where a major
recommendation of the Summit in relation to global trade governance, was to give
priority to remediate contaminated sites. The final declaration of the meeting declared
that the Group aims to “allow business to deploy its full potential in polluted site
remediation”. By managing polluted site remediation, business would actively pursue
resource efficiency objectives and preserve natural assets. We call on the G7 to
incentivize on-site remediation technologies that are more economically efficient and
more environmentally effective.” This general concern about soil contamination will also
be addressed by a Global Symposium on Soil Contamination and Pollution, which will be
organized by the Global Soil Partnership in April 2018.

Dr. Giovanni De Santi
Director
European Commission,
DG Joint Research
Centre (JRC)
Directorate for
Sustainable Resources

However, the recently published “Inventory of Soil Protection Policy Instruments in EU
Member States”1 reports a high variability among national legislation and a knowledge
gap in methodologies to manage contaminated land. Industrialised countries such as
The Netherlands, Germany, France, Belgium, Italy and United Kingdom, have more than
25 years experience in looking for ways to restore polluted soils, with legislation in place
and a strong technical expertise in decontamination activities. In many other countries,
this, and with comprehensive inventories, is lacking.
It is in this context that this monograph aims to highlight inspirational examples of
brownfield redevelopment that supports the trend towards the objective of ‘no net
land take’. These include the 2012 London Olympic Park, the new residential area of
Penttilänranta in Finland which is constructed after the restoration of a former industrial
site that was active over a period of 100 years, the restoration of the heavily polluted
industrial area in Bilbao into the Guggenheim Museum and green areas for the citizens.
These examples represent valuable achievements in soil remediation and brownfield
redevelopment, and how to manage contaminated sites that originated from industrial
plants, urbanization or by accidents. The cases here demonstrate progress in research
and innovative technologies, novel approaches to soil remediation management, the
beneficial integration of stakeholders in decision-making and fruitful progress in raising
public awareness and citizen science.
The engagement of each one of us is vital for the protection of our limited natural
resources like the soil, by doing simple daily actions we can contribute to ending
extreme poverty, fighting inequality and injustice and fixing climate change with a result
of creating a better world for the future generations.
1.
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E xecutive summary
		

		

Over 200 years of industrialisation have
caused soil contamination to be widespread in
Europe. Decision makers, scientists, businesses
and individual citizens generally accept and
understand the impacts of air and water
pollution on human health and environment,
but the impacts of soil contamination have a
much lower profile. Soil contamination is very
often perceived as a burden for policy makers
and public administration and as a potential
threat for citizens’ health and environment.
From the 1980s until today Europe has developed
numerous laws to reduce and remediate the
adverse effects of soil pollution. Each country
has gathered very valuable information and
published their own work in the national language
(normally not accessible and not known by other
countries), on how to manage contaminated
sites that were originated from industrial
settlements, urbanization or by accidents.
This document and its predecessor,
The Remediated sites and brownfields. Success
stories in Europe, were published at the initiative
of EIONET NRC Soil, which established in 2015 an
ad-hoc working group on contaminated sites and
brownfields in Europe. The objective was to collect
cases and European achievements of remediated
sites and brownfields, harmonise and facilitate
exchanges of information on contaminated
soils and soil remediation between the Eionet
contributing countries. These cases aims to raise

awareness about the huge efforts already made in
this ambitious endeavour. as well as to contribute
to a better understanding of the remediation of
contaminated sites and brownfields rehabilitation
while sharing best practices and new techniques
in soil remediation and management.
This document presents examples of success
stories of remediation of contaminated soils
in various contexts and different European
countries. It is not meant to provide an exhaustive
inventory of remediated sites in all countries
Eight countries present a total of 17 cases which
illustrate how soil and brownfields remediation
along with sustainable land management
have become essential for reversing the
trend of soil degradation and ensuring the
provision of ecosystem services by soil.
The cases show progress in research and
innovative technologies of soil remediation, new
outstanding approaches to soil remediation
management, beneficial integration of
stakeholders in decision-making and fruitful
progress in raising public awareness and citizen
science. These stories have also achieved
the restoration, safeguarding and longterm
ensurance of some of the most widely recognized
functions of soils, such as support for water
regulation and purification, provision of new
habitat for organisms, food, fibre and fuel,
promotion of cultural and recreation areas
and foundation for human infrastructure.

European achievements in soil remediation and brownfield redevelopment
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Terminology
Percentage
Degrees celsius
Degrees fahrenheit
Microgram (10-6 g)
The French Environment and Energy Management Agency
Acid mine drainage
Environmental Protection Agency of the Umbria region
Environmental Protection and Energy Agency of Emilia Romagna region
Air sparging
American Society for Testing Materials
Billion Euros
Benzene, Toluene, Ethylbenzene and Xylenes
Benzene, Toluene, Ethylbenzene, Xilene
Chief Executive Officer
Centimeter
Square centimeter
Organic halogen compounds
Public Land Establishment of Lorraine
Ecological Risk Assessment
European Regional Development Fund
Gram
Gram per litre
Granulated Activated Carbon
Hectare
National Institute for Insurance against Accidents at Work
Italian National Institute for Environmental Protection and Research
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KAC
Kárinfo
KEOP
kg
KIOP
KKA
km
km2
l
m
M€
m2
m3
mg
mm
NGR
O&M
OKKP
OVAM
P&T
PAH
POPs
RBCA
ROI
SME
SVE
t

Environmental Protection Fund Appropriation
Remediation Information Subsystem
Environment and Energy Operative Programme
Kilogram (103 g)
Environmental Protection and Infrastructure Operative Programme
Central Environmental Fund
Kilometer
Square kilometer
Liter
Meter
Million Euros
Square meters
Cubic meters
Milligrams (10-3 g)
Millimeter (10-3 m)
Generic Reference Level
Operation and Maintenance
National Environmental Remediation Programme
Public Waste Agency of Flanders
Pump and Treat
Polycyclic Aromatic Hydrocarbon
Persistent Organic Pollutants
Risk-Based Corrective Actions
Radius of Influence
Small and Medium-sized Enterprise
Soil Vapour Extraction
Tonnes (106 g)
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I ntroduction: background
on S oil C ontamination

and r emediation in

E urope

		

About Eionet NRC Soil

Eionet NRC are individuals or groups
with relevant expertise in a national
environmental organisation nominated and
funded by the country to work with the EEA and
relevant ETCs. NRC are located in organisations
which are regular collectors or suppliers of
environmental data at the national level and/
or possess relevant knowledge regarding
various environmental issues, monitoring or
modelling. NRC are organised around specific
environmental areas - for example soil.
The overall NRC structure, including the
identification of relevant environmental themes,
varies in accordance with the requirements
and priorities of the EEA multi-annual work
programme. Through Eionet, the EEA brings
together environmental information from
individual countries concentrating on the delivery

Database/EEA /2012

The European Environment Information and
Observation Network’s (Eionet) is a partnership
liaison of the EEA and its member and
cooperating countries. It consists of the EEA
itself, a number of European Topic Centres
(ETCs) and a network of around 1 500 experts
from 39 countries in up to 400 national bodies
dealing with environmental information. These
experts are designated as National Focal Points
(NFPs) and National Reference Centres (NRC).

Eionet member countries and cooperating countries.
More information at EEA brochure

“ T hrought the European
Soil Data Center, the JRC is

interacting with the Eionet NRC
for Soil for the management of
soil data and infor mation.

”

of timely, nationally validated, high-qualiy data.
This knowledge is made available through the
EEA website and forms the basis of both thematic
and integrated environmental assessments. The
European Commission, the European Parliament,
national and regional authorities in the Eionet

European achievements in soil remediation and brownfield redevelopment
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Database/EEA/2012

Cooperation between National Focal Points (NFPs), The European Environment Agency (EEA)
and European Topic Centres (ETCs). Eionet Connects. Sharing environmental information in
Europe.

countries, the scientific world and a wide range of
non-governmentalorganisations among
the regular users of the databases
and information products.
In the area of soil, the European Commission’s
Joint Research Centre (JRC) has the
responsibility for the European Soil Data
Centre, the thematic centre for soil-related
data in Europe. In that capacity JRC is
interacting with the Eionet NRC for Soil for the
management of soil data and information.
For a full picture of the role of Eionet,
please consult this EEA brochure.
Soil policy context
In September 2006 the Commission adopted a
Soil Thematic Strategy1 including a proposal for
a Soil Framework Directive2. This was originated
from the need to ensure a sustainable use of soils
and protect their function in a comprehensive
manner in a context of increasing pressure
and degradation of soils across the EU.
Taking note that the proposal has been pending
for almost eight years without a qualified majority

in the Council in its favour, the Commission
decided to withdraw the proposal, opening the
way for an alternative initiative in the next
mandate3. In withdrawing the proposal for a Soil
Framework Directive, the Commission indicated
that “The Commission remains committed to
the objective of the protection of soil and will
examine options on how to best achieve this.
Any further initiative in this respect will however
have to be considered by the next college4v.”
The commitment to sustainable soil use is in line
with the Seventh Environment Action Programme
(7th EAP)5 which provides that by 2020 “land
is managed sustainably in the Union, soil is
adequately protected and the remediation of
contaminated sites is well underway” and commits
the EU and its Member States to “increasing
efforts to reduce soil erosion and increase organic
matter, to remediate contaminated sites and
to enhance the integration of land use aspects
into coordinated decision-making, involving all
relevant levels of government, supported by the
adoption of targets on soil and of objectives
land as a resource and land planning”. It also
states that “The Union and its Member States

1 COM(2006)231.

5 Decision N° 1386/3013/EU of the European Parliament and of the Council of 20 November

2 COM(2006)232.

2013 on a General Union Environment Action Programme to 2020 “Living well, within the

3 OJ C 163, 21.5.2014, p. 4.

limit of our planet” (OJ L 354, 28.12.2013, p. 171-200).

4 OJ C 163, 28.5.2014, p. 15.

16

European achievements in soil remediation and brownfield redevelopment

should also reflect as soon as possible on
how soil quality issues could be addressed
using a targeted and proportionate risk-based
approach within a binding legal framework”.

2015)8 underlines that “soil stores, filters and
transforms a range of substances including
nutrients, contaminants and water. In parallel, this
function in itself implies potential trade-offs: a
high capacity to store contaminants may prevent
groundwater contamination, but this retention
of contaminants may be harmful for biota. The
issue of contamination is crucial for this function
as both diffuse and point source pollution can
impact human health and ecosystem services,
thus affecting a soil’s capacity to “regenerate”.

The 2012 Commission reports on the
implementation of the Soil Thematic Strategy
and ongoing activities6 and on the State of
Soil in Europe7 highlighting the continuous
degradation of soils in Europe. The European
environment- state and outlook 2015 (SOER

6 COM(2012) 46.

8 http://www.eea.europa.eu/soer-2015/europe/soil

7 The State of Soil in Europe, EUR 25186 EN.

“ Soil

Framework
Dir ective is needed to
ensur e a sustainable
use and pr otection of
soils in a context of
incr easing pr essur e and
degradation of soils
acr oss the

EU ”

Database/Authors

European legislation and policy instruments related to
the protection of the soil environment

To date, soil is not subject to a comprehensive
and coherent set of rules in the Union. The
protection and sustainable use of soil9 is scattered
in different Community policies contributing in
various degrees to mainly indirect protection
of soil, for example through environmental
policies on waste, water, chemicals, industrial
pollution prevention, nature protection and
biodiversity, nitrates and pesticides, sewage
9

As mentioned in the Soil Thematic Strategy as overall objective

sludge, forestry strategy, climate change
adaptation and mitigation, and biofuels.
For soil contamination 13 different pieces
of EU legislation apply, for example:
Directive 1999/31/EC on the landfill of
waste10 addresses the presence of toxic
substances resulting from a land-filling
operation, on the condition that it had not been
10 OJ L 182, 16.07.1999, p. 1
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closed and covered before 16 July 1999.
Directive 2004/35/EC on environmental liability11
requests liable operators to undertake the
necessary preventive and remedial action for
a range of polluting activities, provided that
serious pollution was caused after April 2007
Directive 2010/75/EU on Industrial Emissions12
aims to ensure that the operation of an industrial
installation does not lead to the deterioration
in the quality of soil (and groundwater), and
requires establishing, through baseline reports,
the state of soil and groundwater contamination.
However, a large number of installations do
not fall under the scope of the directive.
The EU Cohesion Policy plays a role for the
rehabilitation of certain industrial sites and
contaminated land: in the period 2007-2013,
3.1 B € have been allocated to eligible regions
(mostly in Hungary, Czech Republic and Germany).
The Cohesion Funds and the European Regional
Development Fund (ERDF) continue to support
the regeneration of brownfield sites under the
current programming period 2014-2020.
Within Regional Policy Investment priorities
relating to the environment (Art.5(6) ERDF
and Art. 3(c) CF the following is included:
a) Protecting and restoring
biodiversity, soil protection and restoration
and promoting ecosystem services including
NATURA 2000 and green infrastructures.
b) Action to improve the urban environment,
revitalisation of cities, […] regeneration and
decontamination of brownfield sites (including
conversion areas), reduction of air pollution
and promotion of
noise-reduction measures.
c) Limiting land take on greenfields and
recycling of land, including remediation of
contaminated sites. Complementary state aids
for the remediation of soil
contamination can be granted under the
Environmental Aid Guidelines provided that the
‘polluter pay principle’ is respected.

At national level the situation varies a lot from
one Member State to the other; only a few
Member States have specific and comprehensive
legislation on soil protection, very often national
soil legislation is limited to soil contamination
and soil sealing. The others rely on provisions on
soil protection in the environmental legal acquis.
At national level the situation varies a lot from
one Member State to the other. Only a few
Member States have specific and comprehensive
legislation on soil protection, very often national
soil legislation is limited to soil contamination
and soil sealing. The others rely on provisions on
soil protection in the environmental legal acquis.
A range of EU policy documents indirectly
addresses soil contamination, but due to
the lack of a European legal framework that
encompasses all regulations, countries operate
along national policies. That legal vacuum is
evidenced by the permanence of 215 national
and/or regional legal tools explicitly addressing
this issue, many of them not linked with any
EU policy (go on see Graph 1 in page 17). Other
85 national legal instruments address soil
contamination in an indirect way. About 44%
of Member States’ legal tools are addressing
industrial and point source contamination
of land (Frelih-Larsen, et al., 2016)1.
On the basis of non-harmonised national
inventories, local soil contamination in the
EEA-33 plus the 6 cooperating countries has
recently been estimated at 2.5 million potentially
contaminated sites. About one third of an
estimated total of 342 000 contaminated sites
in the EEA-33 plus the 6 cooperating countries
have already been identified and about 15% of
these have been remediated. It is still insufficient
but the remediation market is growing.
Nowadays, every European Member State has a
national policy that includes the “polluters pay
principle”, either a specific one or regulations
included in a more generalist environmental
code. They also include contamination-related definitions, threshold values, risk reduction
1 Frelih-Larsen, A., Bowyer, C., Albrecht, S., Keenleyside, C., Kemper, M., Nanni, S., . . . Vidaurre,

11 OJ L 143, 30.4.2004, p. 56

R. (2016). Updated Inventory and Assessment of Soil Protection Policy Instruments in EU

12 OJ L 334, 17.12.2010, p. 17

Member States. Final Report to DG Environment. Berlin: Ecologic Institute.
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measures and guidelines to site identification.
Generally, all these regulations aim to
prevent harmful changes in the soil and the
rehabilitation of contaminated soils and
groundwater, which is in many cases considered
as part of the soil system or to be intimately
related to it. In some cases, preventing air
contamination by emissions is also considered
under specific legislation on soil contamination
(Paya Perez & Rodriguez Eugenio, 2017)2.

Monitoring the management
of contaminated sites
In the area of soil contamination, the Soil
Thematic Strategy (COM(2006) 231) proposed
that Member States draw up a list of sites
polluted by dangerous substances with
concentration levels posing a significant risk to
human health and the environment, and of sites
where potentially polluting activities have been
carried out (landfills, airports, ports, military sites,
petrol and filling stations, etc.). The proposal
for a Soil Framework Directive (COM(2006)
232) lists such potentially polluting activities.
The indicator Progress in management of
contaminated sites (LSI 003), which is part of

the thematic cluster of land and soil indicators
(LSIs) of the EEA, has been agreed by the Eionet
NRC Soil more than a decade ago. It is used
to track progress in the management of local
soil contamination in Europe, and is also used
for reporting on the State of the Environment
(SOER). Six data collection exercises have been
completed since 2001 to support reporting
by the EEA of the indicator CSI015 Progress
in the management of contaminated sites.
The Progress in the management of Contaminated
Sites in Europe (2014) report, produced by the
JRC in collaboration with the EEA and its 39
member and cooperating countries, presented
the state of knowledge about such progress
(based on data collected in 2011-2012).
However, differences between countries remained
considerable because of lack of consensus
in defining potentially polluting activities and
the absences of political support to develop
systematic analysis and inventories. On year 2015
the Ad-hoc Working Group on Contaminated Sites
and Brownfields underT EIONET NRCs Soil initiated
a revision of the indicator on “the progress in
the management of contaminated sites”. Thus,
a new Land and Soil Indicator (LSI003) was
proposed and refers to a thematic cluster of

2 Paya Perez, A.B. & Rodriguez Eugenio, N. (2017) Status of local soil contamination in Europe.
JRC Technical Report JRC107508

Member State Intruments Impact on soil contamination

Database/Paya Perez, A.B. & Rodriguez Eugenio, N. (2017)

Graph 1. Number of national policies that explicitly or indirectly address contamination industrial
point source (CIPS) by country (based on information provided in the Soil-Wiki platform).
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land and soil indicators (under development).
In the 2016 data collection exercise2, LSI003
is based in site status, depending on its
management step. Six-site status area considered:
• Status 1 – sites where polluting activities took
place
• Status 2 - sites in need of investigation/still to
be investigated or under investigation where
there is a clear suspicion of contamination
• Status 3 – sites that have been investigated,
but no remediation needed
• Status 4 – sites that need or might need
remediation or risk-reduction measures (RRM),
including natural attenuation
• Status 5 - sites under/with on-going
remediation or RRMs
• Status 6 – site remediation or RRMs
completed or sites under after-care measures.
The LSI003 indicator aims to present the progress
made in the management of contaminated
sites, including available policy tools, by each
Member State and cooperating countries.
According to the new JRC report (JRC107508,
2017)2, a tentative extrapolation to the
whole of Europe (39 countries), considering
the average density of contaminated sites
depending on the surveyed countries’
population, produces an estimate of 3.3 million
sites where polluting activities took place.
However, whether extrapolations are made
based on countries artificial surface extension
(km2), an estimate of 2.7 million sites where
polluting activities took place is obtained.
Until end of year 2016 significant progress
has been achieved regarding identification
of sites where polluting activities took place,
since circa 45% (627 251 sites) of estimated
sites where polluting activities took place are
already identified and registered in national and/
or regional inventories. Of them, more than
263 695 sites are in need of detailed
investigation in order to define whether pollution
is creating a significant risk to human health and
environment (Site Status 2). Of the 23 countries
who responded to this question, 30% said they
have 1 000 or more sites are still requiring
detailed inspection and the other 30% have more
than 10 000 sites that need further investigation.
20

Around 8% of registered sites need or might
need remediation or risk-reduction measures
(RRM), including natural attenuation (Site status
4). Nevertheless, a significant effort is been made
to reduce or remediate these polluted sites with
more than 14 360 sites under remediation or
risk-reduction measures (Site status 5) across
surveyed countries2. Regarding those sites where
there were a suspicion of soil contamination but
after the accomplishment of detailed investigation
risk reduction measures or remediation are
not needed, 21 of 27 countries that return the
questionnaire have reported 82 798 sites in
Status 3, but an estimate of circa 140 000 sites
in the whole Europe might be in this situation2.

The research and development
The EU Research and innovation programmes,
such as Horizon 2020 and LIFE+ projects18, are
contributing to improving the knowledge base on
soils and soil protection measures, along with the
JRC which hosts the European Soil Data Centre.
The publication LIFE and Soil protection (2014)
provides information on 23 LIFE projects on
soil contamination. In these projects diverse
pollution activities like landfills and waste
treatment plants, industrial pollution –
mainly heavy metals and mineral oil- mining,
quarrying and military use are addressed.
The Research Framework Programme FP7 has
financed 7 projects for a total budget of
28 460 484 M €. In 2014-2015, two calls
for proposals were launched under the
Horizon 2020 “Societal Challenges 5 on
Climate Action, Environment, Resource
Efficiency and Raw Materials”:
1. SC5-8-2014: Preparing and promoting
innovation procurement for soil
decontamination (2 M €)
2. SC5-10-2014/2015: Coordinating and
supporting research and innovation for the
management of natural resources (9 M €).
More recently the H2020-SCC-2016-2017
Research Framework Programme is financing
projects for “demonstrating innovative
nature-based solutions in cities” and on
the call for Societal Challenge 5 ‘Climate

European achievements in soil remediation and brownfield redevelopment

action, environment, resource efficiency and
raw materials’, specifically the action on
SC5-26-2017: Pre-commercial procurement
on soil decontamination (5 M €) aims to find
common innovative and sustainable solutions
for soil decontamination/remediation, avoiding
‘dig and dump’. The proposal is expected to
bring radical and innovative improvements
to the quality and efficiency of public soil
decontamination services, processes and products.
Considering the important role soils play on
human health and environmental preservation,
nowadays, public and private organizations are
producing more evidence of the current and
long-term impacts on human health and the
environment from exposure to contaminants
from soil and groundwater. This is very relevant
at the local level, around contaminated sites, but
has also implications at regional and national
level. Following the initiative of the WHO meeting
in Syracuse (2011) and Catania (2012) a COST
Action of Industrially Contaminated Sites and
Health Network (ICSHNet) was launched in May
2015 aiming to identify the knowledge gaps

and research priorities, and propose harmonized
methodologies and guidance on the environmental
health issues related to industrially contaminated
sites in Europe. The Action is focusing on
four main Tasks, strictly interconnected to
each other, and 4 Working Groups (WGs) will
perform these tasks and will contribute to
the completion of the Action objectives:
WG1: Environment and health data Identification of needs and priorities to
guide the collection and organization of
environment and health data concerning
industrially contaminated sites;
WG2: Methods and tools for exposure
assessment - Identification of needs and
priorities on the design of strategies to
evaluate exposures to environmental
contaminants in populations residing in
industrial contaminated sites;
WG3: Methods and tools for health risk and
health impact assessment - Identification
and evaluation of methods and tools
to guide health risk and health impact
assessment in industrially contaminated
sites;
WG4: Risk management and communication
- Development of guidance on risk
management and risk communication on
environmental health risks in industrially
contaminated sites.
In all these areas (industrial contamination,
landfilling, innovative restoration technologies,
education, and others…) there is a need to
improve or update the knowledge base through
a continuous dialogue with stakeholders using
existing platforms (NICOLE, Common Forum,
CLAIRE, EUGRIS, Eionet NRC Soil, etc.) and
Research Institutions (Agencies, Research
Councils and Universities) across Europe.

WHO (2013) report of two Workshops on Contaminated Sites and Health: Syracuse (Italy) 2011 and
Catania (Italy) 2012. www.euro.who.int
EC (2013) – In depth report “ Soil Contamination: Impacts on Human Health”, Science for Environmental Policy, September 2013 Issue 5. http://ec.europa.eu/science-environment-policy
Van Liedekerke M. (2014) – Progress in the management of contaminated sites in Europe, 70 pp.

Environmental and Public Health, article ID 158764.
EEA (2014) - Environmental Indicator Report 2014 Environmental Impacts of Production Consumption Systems in Europe.
http://www.eea.europa.eu/publications/environmental-indicator-report-2014
EEA (2015) - SOER 2015 - The European environment - state and outlook 2015:
http://www.eea.europa.eu/soer

EUR 26376 EN
Paganos P., Van Liedekerke M., Yigini Y., and Montanarella L. (2013) - Contaminated sites in Europe:

ESDAC – European Soil Data Centre: http://esdac.jrc.ec.europa.eu/

Review of the current situation based on data collected through a European Network. J. of
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“ The word Homo, the genus that comprises the specie
Homo sapiens, is derived from the Latin humus, meaning of the soil. ”
Arwyn Jones, 2015.

S ummaries
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FINLAND
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HUNGARY
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SPAIN
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Newton SME Park in Anderlecht.

Penttilänranta area during works, Joensuu, Finland.
© courtesy of authors/Photostock

BELGIUM

FINLAND

Clean-up of soil contamination is essential, because it
allows many abandoned sites in Brussels to be rehabilitated, giving them a second chance by repurposing
them for new economic, residential and recreational activities. Consider the example of the new
Newton SME (Small and Medium Enterprise) Park in
Anderlecht, which in 2006 was found to be affected by
significant soil and groundwater pollution by chlorinated solvents. It was then that the idea of building an
SME park on this site took shape. This type of example
therefore proves that a contaminated parcel of land
can be turned into an opportunity for the installation
and development of new projects that have a positive
impact on the region. The Flemish soil remediation
policy features very strict and enforceable investigation and remediation obligations, it also offers
room for flexibility and margin for negotiation when
necessary. In this regard they describe two flexible
instruments: the company-specific agreement which
allows better planning and scheduling of soil investigations and remediation in line with the company’s
priorities and possibilities; and the acquisition of
contaminated blackfields for one symbolic euro
from bankrupt companies according to the protocol
agreement between OVAM and the Flemish Bar
Council. Finally, it is also briefly described the clean-up
of the Carcoke site, which still is the most expensive
remediation in Flanders ever.

SME park stands as an example of a
“contaminated
parcel of land tur ned into
an opportunity for the installation and
development of new pr ojects that have a
positive impact on the r egion.
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There have been two major national remediation
programmes for oil-polluted sites in Finland. The
first was SOILI 1997-2015 and the second is JASKA
2012-today. More than 1 200 sites have been investigated and about 800 sites have been remediated
during these national programmes. Project funding
comes from the Finnish Oil Pollution Compensation
Fund, which is administered by the Ministry of the
Environment. The primary aim of the Finnish national
remediation programmes is to eliminate environmental
and health hazards by utilising cost-effective and
high-quality methods. All of the programmes’ remediation contracts and other services are put out to bid.
The contract format, which has been used for in situ
remediation is so called a turnkey contract, where the
contractor is committed to reaching the target values
within a fixed price. Moreover, there is also a condition
in the bidding documents which states that, before
the contract agreement, the chosen contractor shall
conduct their own investigation of the site to confirm
the applicability of the offered in situ method and the
required extent of the remediation. Total cost savings
from the 72 sites remediated by in situ methods have
been approximately 40% (savings of about 3.2 M €,
VAT 0) over conventional ‘dig and dump’ treatment.
The clean-up cases of Lintuvaara, Halikko, Jalasjarvi
and Penttilanranta are presented. The restoration of
Penttilanranta area has been converted into a new
high quality residential zone with about 3 000 inhabitants and new industrial locations with expected investments of 400 M € during the period of 2010-2040.

“ The primar y aim of

the Finnish national
r emediation pr ogrammes is to eliminate
envir onmental and health hazards by utilising
cost-effective and high-quality methods.
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In situ biosensors (Remwatch R&D project).

Cleaning works in Budafok, Hungary.
© Florian Philippon

FRANCE

© Courtesy of authorss/Photostock

HUNGARY

Preventing risks of any kind arising from a plant
classified for the protection of the environment is the
responsibility of the site’s operator in France. Should
it remain unidentified (disappearance) or insolvent,
would the site be considered as orphan, or site
defaulting responsible. The SUTE site located in the
centre of Pont-à-Mousson, nearby the most visited
tourist site in the Lorraine region the so called “Abbaye
des Prémontrés” abbey, is classified as cultural heritage
building. That’s why the SUTE site was entrusted to
the French Environment and Energy Management
Agency (ADEME), which ensured the management of
setting health and environmental safety. As part of the
main principles of the management of contaminated
sites approach set up in France, ADEME implemented
a management plan after the diagnosis step carried
out in close connection with EPFL (Public Land
Establishment of Lorraine). The management plan
had identified the need to treat the sources. The land
reclamation project is now finished, and the municipality is assessing several reuse options, of which a
formal parking area and some green space. The JEC
site remediation located in Quincieux, in the Rhône
County faced several constraints. The groundwater
table directly below the site is at least 8 meters thick.
JEC Industries Company used to manufacture metal
office furniture from cold rolled sheets since the end
50’s on this site. By now, several treatment options are
recommended by combining excavation or thermal
treatment of soil located above the aquifer with
an in situ biological treatment or zero valent Iron.
Costs are estimated between 1 and 1.5 M €.

After the withdrawal of the Soviet military troops,
Hungary started an environmental remediation
programme called National Environmental Remediation Programme (OKKP). The number of potentially
contaminated sites requiring investigation was
estimated at 35 000, with remediation tasks set to
last 50-60 years at a cost of HUF 1 000 billion. The
leader of the ministry responsible for the environment
controls the OKKP and coordinates its subprograms.
As national recording progressed, the number of areas
needed remediation reduced to 2 000. So far, intervention of State responsibilities has occurred in 580 cases,
and there are 2 000 areas needing future actions.
The data collected from these projects are added to a
database, available for general public. The programme
was financed by governmental sources, but following
Hungary’s European Union accession EU sources are
also used. In the framework of the National Environmental Protection and Remediation Programme
1996-1997 in Budapest, the remediation of cave
homes polluted by disposal of the gas cleaning paste
has been implemented. There were four sources in
Budatétény and two more in Budafok. The hazardous
materials have been found in two different phases. The
amount of previously disposed of harvested solid gas
paste was 77 344 t of liquid phase, 559 t leachate
and 3 000 t of dilute sludge. The real estates on the
remediated area are built-up, inhabited or non-built-up
with weekend houses and gardens, or industrial
estates or public areas and roads with public utilities.
The target of the technical intervention was the
thorough decontamination of the area.

The r eclaimed ar ea is r eady to be used
“either
as a gr een ar ea or as a parking
space. ”

The technical inter ventions r esulted in
“a healthy
envir onment r eady to be used as
agricultural lands. ”

European achievements in soil remediation and brownfield redevelopment

25

Ritorto creek, Tuscany, Italy. High concentration of Iron
causes the reddish colouring of waters.

Barren smelter wasteland in Piekary before the reclamation.

© courtesy of authors/Photostock

© courtesy of authors/Photostock

POLAND

ITALY
Confindustria, the lead organization representing
the manufacturing, construction, energy, transportation, ITC, tourism and services industries in Italy
presents a working paper providing an assessment
of the environmental policy for land remediation in
Italy from the regulatory/procedural standpoint, as
well as from the technological and economic point of
view, identifying, a number of key factors to foster
remediation and to re-launch economic and industrial
activities. The second case presented, Reconnet, the
Italian network for the management and remediation
of contaminated sites is the main multi stakeholder
network operating in Italy in the field of contaminated
sites, counting around 60 members among universities, scientific institutes, research centres, consultants,
regional environmental agencies, trade associations
and large private companies. It is shown, as third
article, the case of Cava Pirata, where the intervention
was to achieve the site remediation of all the matrixes
involved: bioremediation (bio-pile) for soils, soil vapour
extraction for soil gases, air sparring for groundwater.
The last one is Torrente Ritorto in Colline Metallifere
(Tuscany) with constructed wetlands for remediation
of acid mine drainage.

the Italian network for
“theReconnet,
management and r emediation of

The study case presents the decommissioned Zinc
and Lead ore smelting plant located in Piekary Slaskie,
Poland. The wasteland had wastes from two different
smelting processes — Welz and Doerschel. Both
wastes contained extremely high loads of Zinc (up to
128 g kg-1), Lead (up to 40.6 g kg-1), Cadmium (up to
3.46 g kg-1) and Arsenic (0.76 g kg-1). The pilot reclamation of smelter waste sites was performed within the
framework of the Silesia project. The project was a
joint effort by local government, industry and national
or international research institutions and agencies:
the US Environmental Protection Agency (USEPA), the
Centre for Research and Control of the Environment
(OBIKS), Virginia Polytechnic Institute, USDA-ARS in
Beltsville and the Institute of Soil Science and Plant
Cultivation (IUNG). The main objective of the Silesia
project was the development of guidelines for the
effective and safe use of bio-solids for the reclamation
of degraded lands and waste sites.

“ Silesia pr oject which joins effort by

local gover ment, industr y and national
or inter national r esearch institutions
and agencies pursues the development
of guidelines for the r eclamation of
degraded lands and waste sites.

contaminated sites is the main multi
stakeholder network operating in Italy
in the field of contaminated sites.
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Aerial view of The Guggenheim Museum Bilbao, along the
Nervión River in central Bilbao after the remediation works.

© courtesy of authors/Photostock

SPAIN

Contamination in the Queen Elizabeth Olympic Park before
remediation works.

© courtesy of authors/Photostock

UNITED KINDGOM

In Europe the brownfields phenomenon has a clear
aim in the creation of initiatives of revitalisation and
redevelopment for contaminated/abandoned/derelict
areas. A qualitative comparison between three cases
of brownfields in Spain, looking for the identification
of factors of success in the process of redevelopment
of the affected areas is presented. One of the articles
focuses in four lines of analysis: the current general
situation of the brownfields phenomenon in Spain;
the explanation and justification of the figures of
the factors of success; the possible convergences
and divergences that may exist between brownfield
cases with different status of redevelopment; and
finally how the potential findings can influence future
perspectives of the phenomenon across the Spanish
territory. The Autonomous Community of the Basque
Country provides an overview of what they consider
to be the key points of their policy, the inspiration for
which comes from those earlier policies in the task
of protecting the land, in the hope that others may
likewise benefit from their experience. A study case
describes two performances made in Andalusia for
the remediation of soils contaminated by hydrocarbons in industrial locations, employing two different
techniques.

of br ownfields in Spain
“thatThraimee cases
for the identification of factors

When London won the right to host the 2012 Olympic
and Paralympic Games, it provided a catalyst to
regenerate a former industrial area covering approximately 250 ha in Stratford, East London. The Olympic
Delivery Authority (ODA) was established to manage
the creation of the Olympic Park, which later became
the Queen Elizabeth Olympic Park (QEOP). The creation
of the Queen Elizabeth Olympic Park (QEOP) set a
challenge to remediate a large, derelict site with a long
industrial heritage close to central London. The study
case tells the geo-environmental story of the Enabling
Works project, which was responsible for the design
and implementation of the earthworks and remediation package. Site teams embraced a sustainable
remediation approach, which focused on the treatment
and re-use of site won materials to minimise
off-site disposal of soils to landfill. In doing so, they
demonstrated that achieving high re-use targets can
also provide the most cost effective solution.

“ The cr eation of

the Queen Elizabeth
Olympic Park (QEOP) set a challenge to
r emediate a lar ge, der elict site with a long
industrial heritage applying the most cost
effective solution.

”

of success in the pr ocess of r edevelopment
of contaminated, abandoned or der elict
ar eas.

”
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1.

Hungary: the Hungarian National 				
Environmental Remediation Programme

2.

Spain: making a virtue of necessity. The case of
a small region: the Basque Country

3.

Italy: from remediation to re-industrialization:
State of play in Italy, problems and proposals
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1.

The hungarian national environmental remediation programme
(OKKP)

LOCATION
POLLUTANT

Halogenated volatile organic compounds (HVOC)

SOURCE

Carcass pit, pesticides and poisons warehouses, industiral waste
sites, spoil-bank, fly-ash and slurry dump, militiary and mining sites

GENERAL CLEAN
UP OBJECTIVES

Protection of human health, drinking water and soil, water reservoir
and enviroment, remediation of contaminated areas

REMEDIATION
ACTIONS

Unspecified

SITE/END USE

Industrial, commercial, reisdential

SOCIAL-LEGAL
ISSUES
KEY LEARNING/
EXPERIENCE
TO SHARE
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Various, Hungary

Various national decrees
Development of a register with public access to the data sheets
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A uthor’s profile
Norbert Baross is an environmental expert at the Herman
Ottó Institute Nonprofit Ltd. with a post gradual master course in
Environmental Engineering in 2010 at Szent István University. He
started his work as an engineer assistant at the National Institute for
Environment. He was in charge for surface water management tasks
of the Budapest Regional Branch, for three years. In 2014, he got
into the environmental remediation workgroup. He has considerable
experience with GIS programs. He used to attend training courses and
conferences regularly. He has participated in a numberof international
projects and also in publication of professional articles.

Miklós Hollósy is a professional leader of environmental remediation

at ÉMI Non-Profit Llc. He received a Ph.D. in Chemical Engineering
at the Technical University of Budapest. He began his professional
environmental work in 1982, working in the field of hazardous waste
management. His main interest focus on remediation technologies.
He has worked for different companies as an environmental expert.
He has significant laboratory practice, experience in controlling and
proficiency in implementation of projects. He has good organizational
and leadership skills. He has published about 20 papers to journals and
conference proceedings.
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The Hungarian National Environmental
Remediation Programme (OKKP)

Norbert Baross, Environmental Protection Consultant, Herman Ottó Institute Nonprofit Ltd., baross.norbert@hoi.hu
Miklós Hollósy, Technical Regulatory Expert, ÉMI Non-Profit Llc., mhollosy@EMI.hu
After the withdrawal of the Soviet military troops, Hungary started an environmental remediation programme called
OKKP. The number of potentially contaminated sites requiring investigation was estimated at 35 000, with remediation tasks set to last 50-60 years at a cost of HUF 1 000 billion. The leader of the ministry responsible for the
environment controls the OKKP and coordinates its subprograms. As national recording progressed, the number of
areas needed remediation reduced to 2 000. So far, intervention of State responsibilities has occurred in 580 cases,
and there are 2 000 areas needing future actions. The data collected from these projects are added to a database,
which has an interface for the general public. At the start the programme was financed by governmental sources, but
following Hungary’s European Union accession EU sources are also used.
Keywords: Contamination, remediation, database, environmental protection, legislation, remediation programme.

Introduction
The beginning of the OKKP was closely related to
the withdrawal of the Soviet military troops that
had been stationed in the country since the end
of World War II. After they left the government
developed a short- and a middle-term
environmental programme, including the
main tasks relating to the contaminated sites
left behind. During this period the draft of the
general rules for environmental protection was
formulated and codified. Legislation on the
definition and restoration of environmental
damage and an environmental quality limit
system did not exist in Hungarian law at that time.
Hungary first began an environmental remediation
programme in the Middle European region.
The package of measures was adopted by the
government in 1996. The developers of the
programme pointed to the damaging risks to
human health by the contaminated areas, the
effects of damage to the environment and the
risk to drinking water and the land use restriction
that prevent economic development. The number
36

of potentially contaminated sites requiring
investigation was estimated at 35 000, with
remediation tasks set to last 50-60 years at a
cost of HUF 1 000 B € (approximatly 3 234 M €).
During preparation, using the then-available
databases and records, all solid and liquid
waste disposal, carcass pit, pesticide and
poison warehouses, industrial waste sites,
spoil banks, fly ash and slurry dumps, as
well as potentially contaminated industrial,
military and mining objects were featured.
OKKP priorities.
1. Protection of human health.
2. Protection of drinking water, water
reservoirs.
3. Protection of soil, water and the living
environment.
4. Remediation of contaminated areas.
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• Ensuring continuous development
of legal and technical regulations.
• International relations.
• Harmonisation with EU regulations.
• Data collection, registration and ranking of
contaminated sites independent
of responsibilities.
• The provision of domestic and
international data services based on the
register.
• The supply and coordination of monitoring
of the remediated contaminated sites.
• R&D and innovation activities
providing professional development.

• Helping social awareness and
access to information.
• The creation and operation of
coordinating organisations.
• Professional control and development of the
functioning of OKKP.

The Strategy
Legal Bases
The liability issues related to environmental
damage and the government remediation
related tasks set by the LIII Act on
Protection of the Environment in 1995.
219/2004 (VII.21.) government decree
on the protection of groundwater
comprises the rules of the remediation
processes and the tasks of the OKKP.
The environmental quality limit values are

Source: Modified from KÁRINFO

in the 6/2009 decree on limit values and the
measurement of pollutants to protect geological
formations and groundwater from pollution.
The 14/2005 decree contains the rules for the
screening of remediation site investigations.
The 18/2008 decree on the provision of data
for the groundwater and geological medium
environmental registration system set the rules for

the data collection and record-keeping processes
for contaminated sites and remediation tasks.
The number of areas needing remediation
As national recording progressed, the previously
estimated figure (35 000 sites) halved thanks to
on-site surveys by authorities and fact-finding
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Historical achievements

The leader of the ministry responsible for
the environment controls the OKKP and
coordinates its subprogrammes. This includes
the national, general and specific tasks
of the operation of the OKKP, such as:

Historical achievements

Distribution of contaminated sites

“ So far,

intervention of State
responsibilities has
occurred in 580
cases, and there are
2 000 areas needing
future actions.

Remediated areas
Source: Modified from KÁRINFO

Areas waiting for
remediatainon

inspections carried out within the framework of
the OKKP. Some 15 000 potentially contaminated
and contaminated areas have been registered in
the Kárinfo database created by the first phase of
a national accounting process. During additional
monitoring and review the number of registered
contaminated sites decreased to 1 100 by 2005.
In 2007 the renewed Kárinfo received new
data sheets from new areas. At present
nearly 2 000 contaminated and potentially
contaminated sites are registered that
require some level of remedial work.
Remediation tasks undertaken so far on the
responsibility of the government (580), and the
present state of knowledge of the proportion of
areas requiring further remediation tasks (2 000)
are illustrated in the diagram below, which is
based on data recorded in the Kárinfo database.
The national census of contaminated areas,
pollution sources and areas needing remediation
started with the involvement of environmental
inspectorates and regional research centres
after the start of the OKKP. For the national
recording, inventory and ranking of the
areas needed to remediation, the National
Environmental Information System (OKIR) has
an information subsystem, called Kárinfo.
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The 6/2009 government decree on protection
of the groundwater provides that each section
of the remediation requires data reporting.
The reporting must contain data prescribed
by the 18/2007 decree on data provision
of groundwater and geological medium.
The decree’s:
• 4th Annex specifies the data content of the
‘Datasheet of data before investigation’ (B1
datasheet)
• 5th Annex specifies the data content of the
‘Datasheet of data after investigation’ (B2
datasheet)
• 6th Annex specifies the data content of
the ‘Datasheet of data after technological
intervention’ (B3 datasheet).
Public access to the datasheets and the
data contained in the register is via the
website of the OKIR, under the subtitle
‘Protection of groundwater and geological
formation’ in the data query menu.
The contaminated areas can be grouped
by further categories, such as:
• Extension of the contaminated area (from 0.1
ha to hundreds of has).
• Main pollutants (heavy metals, oil products,
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organic solvents, pesticides, etc.).
• Type of pollution source (mining, metallurgy,
metal processing, chemical industry,
pharmaceutical industry, etc.).
• Risk to human health.
• Hazardous impact to water and degree of risk
(e.g. water resources).
• Protected areas, species, habitats.

Further readings
Relevant websites
http://web.okir.hu/hu/tart/index/43/Adatok_
lekerdezese
http://www.kvvm.hu/szakmai/karmentes/
kiadvanyok/remediation2002/index.htm

Financial sources
When it started, part of the funding for the
programme came from privatising state
properties and corporations, then from the
Central Environmental Fund (KKA) and the
Environmental Protection Fund Appropriation
(KAC). After the latter merged into the central
budget, it was decided that the ministry
responsible for the environment would have
targeted financial resources for implementing
the targets of the OKKP. This was deleted
from the budget in 2011, and in the absence
of resources for the implementation of
tasks, the OKKP’s progress has stalled.
At the same time as the accession to the
European Union, the ministry responsible for the
environment take the lead for using Cohesion
Funds in remediation duties. In the first financial
period (2004-2006), under the KIOP , six projects
and a major priority project (Üröm-Csókavár)
were launched. In the 2007-2013 financial
period 23 remediation interventions were
carried out, to the value of HUF 39.3 billion.
HUF 22.8 billion is available for the third period
of KEOP (2014-2020) for remediation -tasks
under governmental responsibility, which
only take place within narrow limits: essential
conditions enforce the polluter-pays principle
and the implementation of the government’s
role in statutory and regulatory decisions, as
well as the proper preparation of the project,
the spatial delineation of the contamination,
the cost-effective feasibility of the intervention
and the social usefulness of the results.
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2.

Making a virtue of necessity — the case of a small region:
the Basque Country

LOCATION
POLLUTANT
SOURCE
GENERAL CLEAN
UP OBJECTIVES

Unspecified
Industrial waste
Reduge groundwater and soil contamination

REMEDIATION
ACTIONS

Excavation, catalitic dechlorination plant, in situ confinement

SITE/END USE

Commercial, industrial activities, residential zones, community
spaces, exploratory study

SOCIAL-LEGAL
ISSUES
KEY LEARNING/
EXPERIENCE
TO SHARE
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Bilbao river estuary, Basque Country, Spain

A new policy: the Prevention and Correction
of Land Contamination Act
Private sector engagement, investigation and advanced remediation
techniques, new legislation on contaminated land
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A uthor’s profile

Ihobe is the public agency of environment, belonging to the
Department of the Environment, Territorial Planning and
Housing of the Basque Government. Ihobe’s mission is to
support the Basque Government in developing environmental
policy and spreading the culture of environmental
sustainability in the Basque Country.
After 30 years of experience in the field, the public agency
Ihobe has consolidated its position in the field of environmental
management and protection. Although it was initially created
to promote environmental infrastructures, nowadays it is
the Basque Country’s official environment agency and a
crucial instrument of the Basque Government’s Department
of the Environment and Territorial Policy, collaborating with
the different units of the Environment Office to implement
environmental policy in the fields of soil and air quality,
waste, natural environment and public-private partnerships.
It also assists the Environment Office in developing
strategic projects involving different organisations, such as
the Udalsarea 21 network of municipalities and the EcoEfficiency Programme, and in projects related to ecodesign,
environmental planning, climate change, international
cooperation and responsible procurement.
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Making a virtue of necessity - the case of a
small region: the Basque Country

Ministry Office of the Environment, Department of the Environment and Territorial Policy, Basque government
C/Donostia-San Sebastián, 1 01010 Vitoria-Gasteiz, Spain, info@ihobe.eus
The Autonomous Community of the Basque Country is a small region in the north of Spain with a significant industrial
legacy in the form of contaminated land. Ever since the first serious case was detected, numerous sites have been
investigated and remediated and whose problems could be described as part of this document. Nonetheless, we have
opted to try to provide an overview of what we consider to be the key points of our policy, the inspiration for which
comes from those earlier policies in the task of protecting the land, in the hope that others may likewise benefit from
our experience.
Keywords: Basque Country, Bilbao River Estuary, contaminated sites policy, industrial estates, lindane.

Introduction
With a surface area of 7 235 km2 and just over
2 million inhabitants, the Basque Country can
be considered as an example in how to manage
contaminated land at regional level. That
management is based on a policy that emerged
out of the need for revival and for reinvention
after a deep economic crisis that during the
1980s led to the dismantling of much of the
industry, particularly the heavy industry, on which
the economy had been based up until then.
We were only able to see the tip of the iceberg
at that time, but the very nature of our country
allowed us to sense that this issue could be
sufficiently large to require a specific policy.
Early industrialisation based on metallurgy, a
lack of environmental awareness up until then,
mountainous terrain that leaves little space
for uses to be developed and disorderly urban
planning resulted in a land degradation scenario
that could have hindered the economic upturn.
The Basque Country’s industrial past and present
has left a negative legacy of 12 351 potentially
contaminated sites that cover 9 337 ha, i.e.
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1.1% of the total surface area and 67% of
the land occupied by economic activities
Twenty-five years later, we can now claim that
the miracle of regenerating the main degraded
zones has been successful, although there are
still challenges that need to be addressed. Not
a single one of the envisaged measures has
come to a standstill due to a lack of viable
solutions. Many of them would be worthy of
special mention. However, if there is something
that we can share it is not the way measures
have been taken at specific sites, but rather
what we consider to be the keys to the success
of an environmental policy that has not been
straightforward to implement. We have sought to
classify our problems in sufficient detail, extract
their specifics, look around in search of solutions,
adapt them to our situation and design flexible
solutions. We have not invented anything — we
do not have huge resources to do so — but we
have managed to make some progress, often
with the help of other countries and regions that
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of which are considered briefly below, could
encourage others to address the
challenge of protecting the land and
the services that it provides us.

The results
Legislation endorsed by experience
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The Basque Country’s industrial past and present has
left a negative legacy of 12 351 potentially contaminated
sites that cover 9 337 ha

are ahead of us in this task to protect our main
asset, the land. Our thanks go to all of them.

The strategy
The fundamental points/best practices of
the contaminated land managemnt policy in
Basque Country
Twenty-five years of work, from when the
first serious case of what we now call ‘land
contamination’ was identified, has taken
the Basque Country to a point where highly
important events have come together for the
future of the policy to protect and efficiently
use this resource. First of all, a new Prevention
and Correction of Land Contamination Act was
passed on 25 June 2015, 10 years after the
enactment of the first specific Basque legislation
in this area. Second, we have embarked on the
preparation of a new plan on a timeline for 2020
and 2030. Finally, there is the government’s
mandate to prepare a strategy to protect,
conserve and restore the natural functions and
use of the land. These may be considered as
modest advances. Nonetheless, reflection on
the key issues that have brought the Basque
Country to this scenario, and some examples

We needed 10 years to produce a comprehensive
legal text that could be submitted to the
parliament for its approval. For a long time, the
interventions on contaminated land and the
routine work led to contributions that seemed
as if they were never going to enable us to
fulfil the goal of producing legislation that was
eternally at the draft stage. Requiring intervention
at potentially contaminated sites without the
support of legislation is hard and sometimes
disheartening work. However, the specific
characteristics of this setting and, specifically, the
fact of being the only environmental compartment
subject to private property, permit something that
is unthinkable in other areas of the
environment: progress in a scenario outside
the law exclusively using market dynamics.
The 10-year perspective after the passing of the
first Basque legislation in this area has enabled us
to understand that legislation would have been
of little use without the guarantee of experience
and reflection that requires solutions to be found
for problems that are so different and varied
that it is difficult to systematise them. Just as
it would not have been of use without many
other management, economic and technical
instruments where the different stakeholders and,
above all, those that had the expertise, provided
input for their preparation right from the start.
Solution adapted to the essence of each set
of problems
There are clearly many ways in which to
classify the problems and, according to those
ways, the strategies and tools developed
will also be different. The three classic
dimensions are proving to be lacking to
describe a system where numerous variables
come into play. An attempt could be made
to design a set of tools as complex as the
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problem. However, in the case of the Basque
Country, the decision was made for an initial, very
simple classification, but one which has proved to be
very useful at least in the medium term. On the one
hand, the aim is to address in a different fashion those
sites earmarked for urban development purposes,
where the introduction of new uses will allow the
investigation and remediation work to be financed,
and, on the other hand, to deal with those other
non-market sites where only the intervention of the
public authorities may lead to their remediation.
In the first of the cases, its success lies in
the introducing in the legislation of required
automatic mechanisms at the start of the
land declaration procedure (investigation).
The change of use, the intention to expandor

in rural settings that are not of interest for
urban development, mainly illegal landfills that
are currently abandoned, the solution requires
a more systematic and gradual approach
supported by the authorities. In short, this
approach has included the following aspects:
• The legal status of the abandoned former
landfills as contaminated land, which thus
allows the application of more flexible tools
than those laid down by landfill legislation,
such as risk analysis or remediation
techniques.
• The classification of the landfills according
to a multicriteria prioritisation system in two
independent lists according to the type of
property, whether it is public or private.

BEFORE AND AFTER THE PASSING OF THE ACT
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“ So far,

is the government’s
mandate to prepare
a strategy to protect,
conserve and restore
the natural functions
and use of the land.

1990				

2005		

		

establish a new activity, earth movement/
excavation or the end of the potentially
contaminating activities are some of the cases
where the mechanism is triggered without the
intervention of the environmental authority
being necessary. This mechanism, linked to the
local councils being prohibited from issuing the
relevant planning permission if the declaration
has not been submitted, led at the very time of
passing the legislation to an exponential increase
in the sites investigated and remediated.
When the potentially contaminated sites are
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”

2015

• The research and design of risk reduction
measures (if necessary) for the public landfills
that are the priority for the environmental
authority. Subsidies have been set up for the
local authorities owning those landfills to
guarantee the adoption of the measures.
• The implementation of monitoring and control
campaigns for the private priority landfills by
the environmental authority in order to obtain
data in order to demand responsibility from
polluters and owners.
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Despite the progress regarding the policy
to manage contaminated land in recent
years, including integration of areas with
track record and deployment, it is still
needed a better integration an cost-effective
mechanisms.Special mention should be

made of the following examples.
This way of working involves great coordination
in order to move past a single approach to
land protection from the environmental
perspective towards a multiple approach
involving numerous agents from different
spheres, such as health, water protection, food
safety, urban development, etc. The path for
cooperation is slow and not without difficulties,

INTEGRAL SOLUTION SUMMARY

“ Multiple
approach

involving numerous
agents from
different spheres,
such as health,
water protection,
food safety, urban
development, etc.

”
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but the results more than compensate for them.
The key is to initially identify common goals
without imposing a unilateral approach.
Integral solutions for problems with
shared common characteristics
Even though a significant part of the interventions
on potentially contaminated land have been
carried out on an individualised basis, problems
requiring integral/global solutions have emerged
throughout the history of the contaminated-land
policy of the Basque Country. The design of

these solutions has involved a greater degree
of reflection and involvement in a process from
which lessons learnt have been extracted that
could be extrapolated to other situations. Some
examples that they share are mentioned below.
A geographical location: Bilbao river estuary.
The industrial crisis of the 1980s left Bilbao,
and specifically along its river estuary and
in its metropolitan area, with the highest
concentration of potentially contaminated
sites in the Basque Country. The plans
©Cortesy of authors/Photostock
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Land protection criteria integrated
in other policies

Historical achievements
©Cortesy of authors/Photostock

Bilbao river estuary at the height of its industrial activity

designed at that time to become the drivers
of the urban and economic regeneration of
the Gran Bilbao greater metropolitan district
clashed with this circumstance when major
economic initiatives exposed a problem that
had been largely ignored up until then.
The construction of the Guggenheim Museum,
the new Conference Centre and Music Hall, the
expansion of the airport, shopping centres and
new industrial areas dedicated to technological
activities or the then new compact steelworks,
among other initiatives, required measures
that would ensure that the land was able to
host the new uses. Yet what were the key
points that made that measure possible?
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The current economic crisis has slowed down city
construction and therefore the remediation of
the contaminated sites. The action time has been
extended in zones where there are still interesting
initiatives such as Zorrozaurre, with a master plan
after which the design of the architect Zaha Hadid
was chosen, with 30 ha in which approximately
70 potentially contaminated plots were located.
Current economic circumstances have given us
time, something that was scarce at other times
of hectic urban development. This is time that

©Cortesy of authors/Photostock

• The political impetus emerged out of the need
that led to broad and efficient interinstitutional cooperation (Basque government, provincial
councils, local councils, publicly owned
companies, etc.).
• The setting-up of an organisation dedicated to
regenerating the zone that aligned interests,
but that also identified the opportunities and
resources that the different parties, both
public and private, involved could contribute to
the success of the project.
• A combination of ‘productive’ uses in order
to obtain funds to finance the environmental
regeneration and other community uses of

services that revealed the possibility of using
urban development as a source of funding.
• Large-scale showcasing of the benefits of
environmental intervention.

Area showing waste industrial material.
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A major type of contamination; waste from
the production of the pesticide lindane
Two plants used to produce the pesticide
lindane for over 40 years were responsible for
generating over 80 000 t of waste, which, except
for the 5 000 t in its pure state discovered in
one of the plants after it closed, was dumped
haphazardly at an indefinite number of sites.
The identification of this as a key problem to
protect the environment of the Basque Country
resulted in the preparation of a global work
strategy that included the following tasks:
• An exhaustive inventory of the possible
dumping points that detected 33 very
different hotspots.
• Detailed characterisation of each and every
one of the sites.
• Research and development to look for the
best solutions.
• Designing, constructing and commissioning of
a basic catalytic dechlorination plant to treat
5 000 t of waste in its pure form.
• The construction of two safety cells that
house the waste mixed with soil and other
types of waste from three sites in one of
them and from four in the other. In situ
confinement was carried out in five cases,
while monitoring and control plans were
designed for the remaining 11 once it was
established that there were no unacceptable
risks.
• Defining a financing strategy that included
obtaining funds from different sources
(polluters, owners of the land, the EU and
the Basque government) by means of
mechanisms that were innovative at the time
in some cases, such as deferred payments by
means of capital gains for those owners of
sites where productive use is not foreseen in
the short-term but is foreseen in the future.
This mechanism meant involving the local
councils that had not tried it out up until then.
• A participation and communication strategy

for the stakeholders, including the general
public.
A management problem; industrial estates
The disappearance of heavy industry after the
economic crisis in the 1980s caused a significant
change to the structure of the Basque industrial
fabric. To understand this change, it should be
remembered that 95% of companies overall
can be classified as micro-companies (0-9
workers). Industrial land that was home to heavy
industry in the past and even some landfills
located in peri-urban areas have been replaced
by industrial estates which are home to many
of these small and medium-sized companies.
The legal obligation to obtain a soil-quality
declaration at the start of the activity, failing
which the relevant planning permission will
not be granted, led to the discovery and in
some cases the remediation of small plots
within those industrial estates. It could soon
be seen that the environmental improvement
of these actions was irrelevant for most of the
potentially contaminated area, as well as being
a disproportionate economic burden for the
owners, most of whom were not the polluters.
Given this situation, the Basque government
designed and funded an investigation programme
for industrial estates built before the Prevention
and Correction of Land Contamination Act
1/2005 came into force, which has led to
the streamlining of the formalities to set
up new industrial activities once the quality
of their land has been declared on 32 of
those estates deemed to be priority.
An approach based on protecting
sensitive areas
The urban regeneration policy that is followed
sometimes produces a feeling that other sites
—located in eminently natural areas with the
potential to affect priority protection targets
such as consumption of water or protected
natural area ecosystems — are being abandoned.
This is a perspective that requires greater
intervention by the administration and that
has slowed down in the Basque Country due
to the economic crisis, but that nonetheless
remains as one of the priority approaches for

European achievements in soil remediation and brownfield redevelopment

47

Historical achievements

has to be used to look for new solutions; in
this case, to consider innovative procurement
strategies seeking the agreement of the largest
number of stakeholders involved in this case.

Historical achievements

Area of intervention before remediation works, Bilbao
river stuary.

Area of intervention after remediation works, Bilbao
river stuary.

©Cortesy of authors/Photostock

the planning of new land protection measures.
Nonetheless, several sites have so far been
returned to the natural environment once
decontaminated. One such example is a large
hydrocarbon storage area that has recovered
its saltmarsh status, with the ensuing recovery
of the local ecosystem from prior to the
implementation of the industrial activity.

The conclusions
Despite the limitations and the key areas
for improvement in the sphere of managing
contaminated land, the policy implemented in
the Basque Country has driven the intervention in
2 072 sites, leading to 855 ha being authorised
for new uses, 75% of that area being for new
commercial and industrial activities, 12%
for residential zones and 7% for community
spaces. Some 53% of land found to be
suitable for a use is based on an exploratory
study (1 098 investigations) and 47% on a
detailed investigation (998 investigations), and
remediation work has been necessary in 35%
of the cases (722 sites). In addition, 27% of the
sites where action has taken place are located
in areas of hydrogeological interest. Regarding
artificialised land, even though there has been
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a relative growth of 30% in this period, land
reuse has enabled this growth to be cut by 5%.
Beyond the exclusively environmental results,
the activity in this area has allowed a sector
to be established that has created 365 direct
and 450 indirect jobs in the Basque Country,
fundamentally by means of the investigation
and remediation of contaminated land. New
instruments, mainly legislation, have led to a
new scheme for expense sharing in which the
private sector assumes a very high percentage
of the investigation and remediation costs.
These are only modest numbers, but they are
part of the Basque environmental policy for more
ambitious targets that go beyond managing
contaminated land. The efficient use of land as
a resource, its integral management and the
consideration of the services of the ecosystems
in relation to other policies will undoubtedly be
the basic concepts underpinning our next steps.

Further readings
Relevant websites:
http://www.ingurumena.ejgv.euskadi.eus/r49-579/
es
https://www.ihobe.eus

European achievements in soil remediation and brownfield redevelopment

Historical achievements

H istorical achievements

		

3.

From remediation to re-industrialization: state of play in Italy,
problems and proposals

LOCATION
POLLUTANT
SOURCE
GENERAL CLEAN
UP OBJECTIVES

Unspecified
Industrial waste
Reduce soil contamination

REMEDIATION
ACTIONS

Biopile, ECRT, phytoremediation, TPE, inerting, ISCO, MPE, soil
vapor extraction, soil flushing, thermal desorbtion, bioventing
land farming, soil washing, biosparging, excavation and disposal

SITE/END USE

Industrial activities, exploratory study, research, supporting
legislation

SOCIAL-LEGAL
ISSUES
KEY LEARNING/
EXPERIENCE
TO SHARE
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Italy

Land remediation, relaunch economic and industrial activities
Private sector engagement, investigation and advanced
remediation techniques, cost-effective remediation solutions
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From remediation to re-industrialization:
state of play in Italy, problems and
proposals
Massimo Beccarello, University of Milano-Bicocca, Piazza Ateneo Nuovo 1, 20126 Milan, massimo.beccarello@unimib.it
Giulio Molinaro, Viale dell’astronomia 30, 00144 Rome, g.molinaro@confindustria.it
Confindustria published in September 2016 a working paper providing an assessment of the environmental policy
for land remediation in Italy from the regulatory/procedural standpoint (Chapter 1), as well as from the technological
and economic point of view (Chapter 2 and 3), identifying, in the final Chapter 4, a number of key factors to foster
remediation and to relaunch economic and industrial activities.
Keywords: remediation, technology, Italy, impact assessment, Site of National Interest (SIN), Site of Regional Interest
(SIR).

Introduction

The strategy

Since 2009 Confindustria, the main Italian
business Association, has carried out studies
in order to give its contribution to overcome
the critical issues that have prevented the
progress of land remediation in Italy and,
as a consequence, the achievement of a
good level of environmental protection and
citizens’ health as well as the activity and the
development of the Italian industrial system.
More recently, Confindustria has published in
September 2016 a new working paper providing
an assessment of the environmental policy for
land remediation in Italy from the regulatory/
procedural standpoint, even with respect to
the proposals made at the time (Chapter 1).
Furthermore, this new positioning paper is
distinguished by a new “multi-disciplinary”
approach that aims at broadening the analysis
also to the technological and economic / financial
aspects (Chapter 2 and Chapter 3) to better
value, in new regulatory/procedural proposals
(Chapter 4), the opportunities for industrial
development and innovation resulting from
the remediation policies of polluted sites.

Regulatory framework on land
remediation in Italy
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In Chapter 1, the paper analyzes the
latest regulatory framework concerning
land remediation which, in line with the
proposals made by Confindustria, pursues
the objective of revitalizing the processes
of remediation and re-industrialization, in
coherence with the concept of sustainability.
The regulatory measures introduced up
to now in Italy in terms of simplification
and compatibility between production and
remediation activities have begun the
regulatory framework reform process, which,
however, cannot be said to be completed.
Therefore, this document defines some legislative
proposals, with the hope to give a useful
contribution to the identification of the critical
issues faced by operators and the relative
proposals in order to overcome such issues.
State of play technologies
In Chapter 2, the document briefly analyzes
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Percentage of different remediation activities in the reference sample

the state of play of the dissemination of
technologies used in Italy for the remediation
of the Sites of National Interest (SIN), in order
to provide evidence of the Italian industrial
system positioning in the technological
innovation road-map and in the practical
application of the know-how that has been
achieved in this field (Paragraph 2.1).
Within a national context where the progress
of remediation procedures in the SINs
appears to be diversified, but mostly to be
implemented (paragraph 2.2), Confindustria
has made a survey of the kind of actions
undertaken in these sites with the contribution
of its associations and enterprises.
According to the reference sample (about 11%
of the total area within the industrial SIN)
more than 50% of the remediation activities
is located ex situ, mainly through excavation
and disposal (see piechart page 49 and 50): a
choice that is ineffective from an environmental
perspective and inefficient from an economic
point of view, but which is currently widespread
due to some of its benefits such as, above all,
a reduced implementation time with regard to,
for example, in situ technologies (Section 2.2.2
and Section 2.4 – See graph above page 51).
Hence, the hope is that, thanks to this first
analysis, Confindustria will be able to contribute
in promoting effective technologies having less

impact and minor costs in comparison with
the use of disposal operations, relying on the
high weight of made in Italy in the chain of
remediation activities (see Table page 53).
Economic impact assessment of
investments in remediation
The objective of this analysis is to highlight
the net social cost of remediation investments
considering the positive effects in terms of
increase of output growth and added value,
impact on employment and the benefits in
terms of public revenue from direct and
indirect taxes and social contributions.
Net social cost is a monetary measure of
social well-being to which benefits deriving
from the recovery of contaminated areas,
re-use for economic and social purposes,
and health benefits must be added.
This theoretical exercise proposes an estimation
of the net social cost for the remediation of
almost all SINs (Chapter 3, Paragraph 3.1).
In order to estimate this net social cost, the
study starts from an estimation of the total
cost of remediation investments for all the
considered industrial areas (about 6.6 B € for
about 31 000 ha) and public areas (a total cost
of about 3.1 B € for approximately 15 000 ha).
Over the next 5 years, according to Confindustria
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Percentage of different kind of remediation activities (in situ, ex situ (onsite), ex situ (off site))in the reference sample

the last five years (-1.27% and -0.6% understood
as average annual changes), a widespread
revival of remediation investment could provide
a definitely positive economic impact.
Furthermore, the effects in terms of revenue
for the government were considered.
In the period taken into account, the financial
impact in terms of overall revenue could be
estimated in more than 1.6 B € in terms of
direct taxes and about 1.7 B € in terms of
indirect taxation, plus a total increase of more

© Modified from authors/Confindustria

Years

Economic research Department, this investment
could generate an increase of the output of over
20 B € and an increase of the overall added
value of about 10 B €. In addition, the model
estimates an increase of about 200 000 standard
work units. These macroeconomic effects can
be translated in an annual average variation
around 0.13% for the production and 0.136%
for the added value. Taking into account that the
average growth of Italian industrial production
and of added value were roughly negative over

Average implementation time (end of remediation procedure) for each remediation activities in the
reference sample (years).
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Qualitative examination of the chain of reclamation in the
reference sample.

than 1.4 B € in terms of social contributions.
Therefore, a social cost for remediation
investments of about 10 B € could generate
approximately 5 B € of public revenues.
If we consider that this investment is made
by the government, we estimated that the
actual net cost to the community almost
halved is equal to about 5 B €. In other words,
for every euro of investment in clean-up
activities, the public sector will obtain a
value of about 0.50 € (see table above).
For sake of clarity, it is important to underline
that this analysis does not take in account
social benefits arising from the environmental
recovery of the contaminated areas and the
potential for further economic development
that would result in terms of redevelopment,
industrial reconversion and reindustrialization.

At the same time, this study is focused on
collecting useful data to provide economic
evidence for approximately 1 B € about
the will of the industry to boost industrial
or economic activity (Section 3.2).
Furthermore, the study contains an overview
about some public financial instruments (European
as well as national) put in place in order to
support remediation and relaunch of economic/
industrial activities (paragraph 3.3): it highlights
the need of an afterthought in the public-private
relations to target the resources needed.
Indeed, in addition to being characterized by
some limiting factors from a procedural point
of view (summarized in Chapter 4), these tools
should be more proportionate to the necessary
resources which, for the single phase of the
SIN remediation (without taking into account
sites of regional competence - SIR), are
estimated, as already seen, at about 10 B €.
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Private/public economic evidence related to the investment in remediation.

Conclusions
In the conclusion chapter (Chapter 4), the
study identifies a number of key factors
to foster remediation and to relaunch
economic and industrial activities, that is:
1. Taking into account the supply of financial
resources, thinking of incentive mechanisms
that the government could make available to
the private sector for the phase of remediation
and relaunch of economic/industrial activities
production (Section 4.1).
2. Take action on the demand of financial
resources, through proposals that make
recovery easier in order to reuse the
contaminated areas (section 4.2).
3. Proposals for rationalization and
simplification of remediation and reindustrialization procedures (section 4.3).
4. Proposals to promote the use of in situ and
innovative technologies other than excavation
and disposal (section 4.4).

Further reading

Relevant websites
http://www.bonifiche.minambiente.it/
decisorie_2012_.html
https://frtr.gov/matrix2/section3/table3_2.pdf
http://www.bonifiche.minambiente.it/contenuti/Iter/
Presentazione_2016_W_30_062016.pdf
http://www.bonifiche.minambiente.it/page_adp_
SIN.html
http://www.claire.co.uk/projects-and-initiatives/
surf-uk
http://www.confindustria.it/wps/wcm/myconnect/
http://www.confindustria.it
http://ec.europa.eu/eurostat/en/web/productsdatasets/-/ENV_AC_EXP2
http://www.invitalia.it/site/new/home/cosafacciamo/rilanciamo-le-aree-di-crisi-industriale.
html
http://www.isprambiente.gov.it/files/temi/matricetecnologie-ispra-rev050908.pdf
http://www.istat.it/it/archivio/108705
http://www.nicole.org
http://www.surfitaly.it/
http://www.sustainableremediation.org/
http://www.umweltbundesamt.at/eurodemo

• Relazione sugli interventi di sostegno alle
attività economiche e produttive - Ministero
dello Sviluppo Economico - Direzione
generale per gli incentivi alle imprese – DGIAI
(settembre 2015).
SuRF Italy (2015), Libro Bianco “Sostenibilità
nelle Bonifiche in Italia”:			

http://www.surfitaly.it/documenti/SuRF_Italy_Libro_
Bianco_rev_Ottobre2015.pdf
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BROWNFIELDS

		

1.

Belgium: paepsem Newton - Park.

2.

Belgium: from one euro to the most expensive 		
remediation case in Flanders ever

3.

Finland: restoration of Penttilänranta area, 		
Joensuu, methods in national programs

4.

France: securing a polluted site by removing 		
and treating the source of pollution, in the 		
town centre of Pont-à-Mousson

5.

Spain: remediation technologies of 				
contaminated soils, developed in Andalusia

6.

United Kingdom: sustainable remediation 			
building the London Olympic Park
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1.

Belgium: Paepsem Newton - Park

LOCATION

Anderlecht, Belgium

POLLUTANT

Chlorinated solvents

SOURCE
GENERAL CLEAN
UP OBJECTIVES
REMEDIATION
ACTIONS
SITE/END USE
SOCIAL-LEGAL
ISSUES
KEY LEARNING/
EXPERIENCE
TO SHARE
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Industrial battery production facilities
Reduge groundwater and soil contamination

Non specified

Enterprise park for SME and offices supply, cultural and recreational activities
Polluters unknown, bankrupt or otherwise unable to clean
Successful formula where project sponsors receive subsidies for
vv
depolluting the land as well as integrated business support
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Paepsem - Newton Park, Belgium

Grégory Van Roy, Avenue du Port/Havenlaan 86/C, 1000 Brussel, Belgique, gvanroy@environnement.brussels
José Mendes Cardoso, Avenue du Port/Havenlaan 86/C, 1000 Brussel, Belgique, jmendes@environnement.brussels
Saïd El Fadil, Avenue du Port/Havenlaan 86/C, 1000 Brussel, Belgique, selfadili@environnement.brussels
Clean-up of soil contamination is essential, because it allows many abandoned sites in Brussels to be rehabilitated,
giving them a second chance by repurposing them for new economic, residential and recreational activities.
Consider the example of the new Newton SME Park in Anderlecht, which in 2006 was found to be affected by
significant soil and groundwater pollution by chlorinated solvents.
It was then that the idea of building an SME park on this site took shape, and Citydev.brussels wasted no time in
initiating the process that would make this project a reality.
This type of example therefore proves that a contaminated parcel of land can be turned into an opportunity for the
installation and development of new projects that have a positive impact on the region.
Keywords: Contaminated soils, economic development, social development, remediation, pollution, Brussels,
environmental performance, brownfields, ERDF.
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We all know that soil contamination currently
constitutes a significant problem, particularly
within the Brussels Capital Region. Indeed,
the industrial era in Brussels resulted in a
considerable number of contaminated parcels of
land. The soil inventory carried out by Brussels
Environment at the end of 2015 recorded 14 193
parcels of land, 9 091 of which are potentially
contaminated, 2 870 contaminated, 1 193 mildly
contaminated and 1 039 uncontaminated.
This situation sometimes leads to the delay or
hindrance of real estate transactions or economic
projects, thereby impeding the region’s social and
economic development. This is why the clean-up
of soil contamination is essential, because it
allows many abandoned sites in Brussels to be
rehabilitated, giving them a second chance by
repurposing them for new economic, residential
and recreational activities. Consider the example
of the new Newton SME Park in Anderlecht, which
in 2006 was found to be affected by significant
soil and groundwater pollution by chlorinated

Inside area of a battery production facility.
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Industrial wasteland before the Paepsem development

solvents. At the time, the site was an industrial
brownfield owned by the Public Social Welfare
Centre of Brussels and rented by Citydev.
brussels. It measured just under 38 000 m² and
had been used as a battery production facility.
It was then that the idea of building an SME
park on this site took shape, and Citydev.
brussels wasted no time in initiating the process
that would make this project a reality. The
region and Europe (by means of ERDF grants)

contributed to funding the project, both for
construction and for soil remediation. When
construction was finished, the Newton SME Park
was inaugurated on 14 February 2014. Its
5 540 m² in single-storey workshops divided over
two buildings provides room for 16 workshops
that are adaptable from 250 m² to 500 m² each.
This project corresponds to several specific
objectives, because it encourages economic
stakeholders already present in the area to remain

©Cortesy of authors/Photostock

Newton SME Park
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in place, all while supporting plans to bring back
activities that had previously migrated elsewhere.
Through the businesses that take up residence
there, the Newton SME Park aims to create
jobs that correspond to the socioeconomic
profile of those living in the priority intervention
zone. Furthermore, the ERDF funding

granted to the project also aims to create
low-skilled employment in the areas receiving
support. The Newton SME Park should in
time allow 220 new jobs to be created.
Lastly, it should be noted that a significant degree
of environmental performance was attained, with
the goal being to reduce the project’s carbon
footprint, save energy, reduce the environmental
impact and make it a good aesthetic fit within
its environment. In this way the area’s economic
activity can receive a boost, while respecting and
improving the quality of life in the neighbourhood.
This type of example therefore proves that
a contaminated parcel of land can be turned
into an opportunity for the installation and
development of new projects that have a positive
impact on the region. The contaminated-soil
policy implemented and defended by Brussels
Environment is therefore essential to obtaining
sustainable development that takes into account
all of the environmental, social and economic
factors that drive the Brussels Capital Region.

Further readings
http://ec.europa.eu/regional_policy/en/funding/erdf/
http://www.citydev.brussels/FR/main.asp
http://www.environnement.brussels/thematiques/
sols-0
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Entrance of Newton SME Park

Buildings of Newton SME Park
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Belgium: from one euro to the most expensive remediation case 		
in Flanders ever

LOCATION
POLLUTANT
SOURCE
GENERAL CLEAN
UP OBJECTIVES

Heavy metals, ar, oil, PAH, BTEX, cyanides and asbestos
Industrial and military sites, storage, transhipment and coke factory
Reduce groundwater and soil contamination

REMEDIATION
ACTIONS

Legal instruments, sale for one symbolic euro

SITE/END USE

On site thermal and biological soil remediation

SOCIAL-LEGAL
ISSUES
KEY LEARNING/
EXPERIENCE
TO SHARE
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Bekaert, Dendermonde and Zeebrugge, Belgium

On site thermal and biological soil remediation
Protocol agreement providing solutions to ensure the start up of soil
vv
investigation and remediation
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A uthor’s profile
Eddy Van Dyck Head of Department OVAM Graduate as
(hydro)geologist at the University of Ghent in 1979. Worked
1979-1987 as research assistant at the Chair for Engineering
Geology and Hydrogeology of the University of Ghent on:
groundwater production and groundwater contamination
and vulnerability maps. Employed at OVAM, since 1987,
initially as geologist and now as Head of Department
(director). He is member of the Management Committee of
OVAM.

Johan Ceenaeme staff advisor soil remediation policy
and expert for policy and legislation on soil and sediment
contamination at OVAM. He has an educational background
as agricultural and environmental remediation engineer. In
1991, he worked as environmental editor on environmental
policy. From 1995 to 2000 he joined OVAM, first as
responsible of soil investigations and later as head of the
service. In 2009 he became acting administrative judge
for the Council of environmental enforcement. Nowadays
he works as policy coordinator and advisor for the two soil
departments of the OVAM.

Tim Caers project manager and policy officer at OVAM
(Public Waste Agency of Flanders). Graduated in 2002 as a
bio-engineer, specialised environmental technology and
soil conservation. He started his career as a case officer in
soil investigation at the OVAM, the competent authority for
waste, material and soil management in Flanders, Belgium.
Tim’s currently main focus is unlocking redevelopment of
brownfields and blackfields by developing customised
solutions for the soil contamination on a project and policy
level.
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A uthor’s profile
Youri Mertens, project manager at OVAM, graduated in 1988 as
chemical engineer. He started as nucleaire technologie professor
at the Industriële Hogeschool Hasselt. In 1991 he joined OVAM, the
competent authority for waste, material and soil management in
Flanders, Belgium as a case officer in soil remediation. He stood
at the cradle of Flemish soil remediation policy and started up
some of the first soil remediation actions by the Flemish authority.
Youri’s currently main focus is unlocking redevelopment of
contaminated sites by developing customised solutions for the soil
contamination on a project level.

An Eijkelenburg, project manager and policy officer at OVAM,
graduated in 2001 as engineer-architect and in 2003 as a
master in water resources management. In 2001, she started
as a researcher at the Katholieke Universiteit Leuven. Between
2005-2010 she worked in the Belgian development cooperation
as an expert in water. She joined OVAM in 2010 supporting internal
analysis and studies. Since 2015, she focus on redevelopment of
brownfields and blackfields by developing customised solutions
for the soil contamination, seeking opportunities to integrate
sustainable development and the circular economy in pilot projects.
Katleen Jansen, case officer at OVAM, graduated in 1995
as a bio-engineer, specialised soil science. As a researcher at
the Department of Applied Geology at the University of Hasselt
(Belgium) she worked on questions of soil and groundwater
contamination from 1995 until 1997. Since 1997 she works
as a case officer for OVAM, the competent authority for waste,
material and soil management in Flanders, Belgium. Katleen has
experience in complex land contamination issues and she is an
expert in company-specific agreements.

Bavo Peeters, works as an international policy officer for
OVAM and acts as its representative in the EU expert group
on soil protection and in the Common Forum on Contaminated
Land.
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From one euro to the most expensive
remediation case in Flanders ever, Belgium

Eddy Van Dyck, OVAM Stationsstraat 110, 2800 Mechelen, Belgium, eddy.van.dyck@ovam.be
Johan Ceenaeme, OVAM Stationsstraat 110, 2800 Mechelen, Belgium, johan.ceenaeme@ovam.be
Tim Caers, OVAM Stationsstraat 110, 2800 Mechelen, Belgium,, tim.caers@ovam.be
Youri Mertens, OVAM Stationsstraat 110, 2800 Mechelen, Belgium, youri.mertens@ovam.be
An Eijkelenburg, OVAM Stationsstraat 110, 2800 Mechelen, Belgium, an.eijkelenburg@ovam.be
Katleen Jansen, OVAM Stationsstraat 110, 2800 Mechelen, Belgium, katleen.jansen@ovam.be
Bavo Peeters, OVAM Stationsstraat 110, 2800 Mechelen, Belgium, bavo.peeters@ovam.be
Although the Flemish soil remediation policy features very strict and enforceable investigation and remediation
obligations, it also offers room for flexibility and margin for negotiation when necessary. In this regard we describe
two flexible instruments: the company-specific agreement which allows better planning and scheduling of soil
investigations and remediations in line with the company’s priorities and possibilities; and the acquisition of
contaminated blackfields for one symbolic euro from bankrupt companies according to the protocol agreement
between OVAM and the Flemish Bar Council. Finally, we also briefly describe the clean-up of the Carcoke site, which
still is the most expensive remediation in Flanders ever.
Keywords: agreements, bankruptcy, Belgium, Carcoke, contamination, Flanders, instruments, investigation, OVAM,
redevelopment, remediation, soil.

Introduction
Flanders is a small region of about
13 500 km² with 6.5 million inhabitants in
the northern part of Belgium. Thanks to its
strategic position in western Europe, trade and
industry brought prosperity and welfare to
this densely populated area, but sometimes
with severe environmental consequences.
In the 1980s, new waste legislation was used
to tackle soil contamination problems. It soon
became clear that large-scale soil contamination
caused decades ago needed different legal
approaches than those used to deal with a
small illegal waste dump. So, in 1995, the
Soil Remediation Decree was adopted, which
contained a number of new legal instruments to
encourage soil investigation and remediation.
• ‘New’ soil contamination asks for a stricter
approach than ‘historical’ soil contamination:

anybody not paying enough attention to
pollution prevention after 1995 would have
to bear the remediation costs, while on the
other hand enough flexibility was guaranteed
to treat the old problems of the past in a
reasonable way;
• In many countries it proved difficult to force
a party (e.g. a company) to pay for soil
investigation and remediation. By linking the
information on soil quality (mandatory soil
certificate) and the obligation to investigate
sites with potentially contaminating risk
activities to the transfer of land, the owner
of risk-entailing land became responsible
for the soil investigation and remediation, or
otherwise he could not sell his property. This
way new owners were legally protected and
soil quality has become an important element
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Bekaert site, industrial site.

of real estate prices in Flanders.
• A distinction was made between the
obligation to remediate and the liability.
Discussions on liability always end up in
court, may take years and cost a lot of money
to be paid for lawyers. When a law clearly
states who has the obligation to remediate a
contaminated site, it is useless to go to court.
• All investigations have to be carried out by soil
remediation experts who are certified by the
government. This creates a basic quality level
and facilitates OVAM’s (Public Waste Agency
of Flanders) duty to control and evaluate
investigation and remediation reports. When
the soil remediation experts underperform and
their quality of work is poor, the government
can cancel the certification.
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The problem
Talilor-made soil management for
companies: company-specific agreements.
Although since 1995 more than 37 000
exploratory soil investigations have been carried
out and more than 4 600 soil remediations have
been started, some companies still struggle with
legal compliance because they own a lot of land
with potentially contaminating risk activities.
All these sites should be investigated and could
require soil remediation, resulting in high costs
in a very short time frame. Strict enforcement of
these investigation and remediation obligations
by OVAM could lead to financial difficulties or
even bankruptcy, which is not a solution because
the land would then remain contaminated.
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which contained a number
of new legal instruments to
encourage soil investigation
and remediation.

”

The solution

contaminated locations and sites subject to
reconversion plans needed to be addressed first.
With the recent signing of a new agreement,
additional locations were added to the
schedule and strict timings were imposed
on the execution of the descriptive soil
investigations (within 4 years after the signing
of the agreement), the preparation of soil
remediation projects (within 6 years) and the
start of the remediation (within 10 years).
Case: Belgian defense

Companies owning a lot of sites with risk activities
can negotiate a company-specific agreement
with OVAM to better spread and plan their soil
investigations and remediations in time according
to a priority list, without prejudice to the provisions
of the Soil Decree. Priority criteria can be, for
example, the human, ecological and spreading risk
of the contamination, or planned construction and
infrastructure works. Each year OVAM evaluates
the priority list and the progress in consultation
with the company. A company-specific agreement
makes soil investigation and remediation
obligations manageable and financially viable for
the company, while OVAM gets clear commitments
bound to a strict time frame signed by the CEO.
In past years, OVAM closed agreements with
Umicore, Electrabel, the Manufactured Gas Plant
sites, Bekaert, the national railway company
NMBS, Tessenderlo Chemie, the Flemish public
transport company De Lijn, Belgian Defense, the
Roads and Traffic Agency and the Port of Antwerp.

The study cases
The case of Bekaert
Bekaert owns several industrial sites with
potentially contaminating risk activities in
Flanders. Soil investigation and remediation
operations on these sites are mostly complex.
To plan and schedule all these efforts and
costs in line with the company’s priorities and
possibilities, a company-specific agreement
between OVAM and Bekaert was signed in 2000
covering a period of 10 years. Before the signing
of the agreement, the severity of the different
contaminations was first evaluated. Severely

Many Belgian Defense sites are contaminated by
the storage and transport of fuels and products
used for the maintenance of weapons. Also
incidents, activities of foreign armies during and
after the two world wars and military training
exercises (fire, demining, shooting, etc.) have
left their marks. Belgian Defense owns several
sites of more than 100 ha where the surface
of the risk installation is often extremely small
in comparison to the total area of the site.
Nevertheless, due to the risk activities the
execution of exploratory soil investigations
on all these sites is legally obligated but
organisationally and budgetary unfeasible.
Therefore, OVAM and Belgian Defense signed
a first agreement which stated that all military
sites with potentially contaminating risk activities
first had to be mapped, and that the execution
of the exploratory soil investigations could be
spread over a reasonable period of time. A cost
estimate to address the pollution was asked to
assess the required budgets. In 2012 a second
agreement was signed which scheduled the
execution of all descriptive soil examinations
on the military sites. A third agreement on the
remediation planning will soon be negotiated.
Acquisition of contaminated sites
from bankrupt companies
One of the key instruments of the Flemish soil
remediation policy is the soil certificate. Whenever
land is transferred in Flanders the seller is
obligated to consult the Land Information Register,
which is managed by OVAM, and has to hand
over a mandatory soil certificate to the buyer.
This document provides the buyer information on
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Decree was adopted,
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A company“specific
agreement
makes soil
investigation
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and remediation
obligations
manageable and
financially viable

for the company

”

Industrial site in Scheldefuel in Dendermonde.

the soil quality of the land that he plans to buy.
On sites with (former) potentially contaminating
risk activities, a soil investigation has to be
carried out before the land can be transferred
to the next owner. If soil contamination
is detected for which further actions are
required, the transfer of the land cannot take
place before certain conditions are met:
-- a soil remediation project has to be prepared;
-- a financial guarantee has to be deposited;
-- an engagement that the remediation will be
carried out has to be signed.
The situation becomes more complicated when a
company that performed risk activities is declared
bankrupt. In that case the bankruptcy court will

“ The soil
cer tificate provides

the buyer information on
the soil quality of the land.
On sites with (former)
potentially contaminating risk
activities, a soil investigation
has to be carried out.
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appoint an insolvency administrator to settle the
bankruptcy, who will liquidate all assets and seek
the maximum reimbursement of the company’s
debts. When the bankrupt company performed
risk activities, an exploratory soil investigation is
needed and, if the site is contaminated, the land
can only be transferred when the conditions of
the Flemish soil legislation are met (cf. the three
conditions cited above). Since bankrupt companies
have limited financial resources, meeting
these legal conditions is extremely difficult.
In particular, in cases where the remediation
costs outweigh the value of the land, settling
the bankruptcy becomes impossible. Such sites
mostly end up as abandoned blackfields.
OVAM is well aware of these difficulties,
and in order to unlock these unmarketable
blackfields it concluded a protocol agreement
with the Flemish Bar Council in 2007, which
was updated in 2009 and expanded in 2016, to
create instruments for the support of insolvency
administrators confronted with contaminated
real estate. The protocol agreement provides
solutions to ensure that all necessary actions
can be taken to start up soil investigation and
remediation and to avoid unmanaged soil
contamination and abandoned sites in the
very densely populated region of Flanders.
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-- a procedure for the conducting and prefunding
of soil investigations by OVAM on sites owned
by bankrupt companies;
-- the possibility to transfer unmarketable
contaminated land from bankrupt companies
to OVAM for one symbolic euro. In these cases
OVAM takes over the obligation to remediate
the site.
Prefunding soil investigations
When an insolvency administrator wants to
sell land with potentially contaminating risk
activities, he has to conduct an exploratory and
possibly also a descriptive soil investigation.
Preferably, he will use the remaining assets
of the bankrupt company to finance the cost
of these investigations. If the resources are
insufficient he can request that creditors or an
interested buyer prefund the soil investigations.
If none of these parties are able or willing to
do this, the protocol agreement states that
the insolvency administrator can ask OVAM to
prefund the soil investigations. Some guarantees
were incorporated in the protocol agreement
to ensure that the prefunded costs are paid
back to OVAM as soon as the land is sold, but
in some cases the revenue generated from the
sale will be insufficient to reimburse the costs.
This is a calculated financial risk that OVAM

“ OVAM

Brownfields

The main provisions of the agreement are:

pays one

symbolic euro for the land,
but finances and carries out
the soil investigation, the
soil remediation and all other

expenses related to the land.

”

is willing to take to ensure that contaminated
sites don’t become abandoned blackfields.
Sale for one symbolic euro
Sometimes the estimated remediation cost
exceeds the value of the land, which means
that the revenue of the sale of the property
is insufficient to finance the remediation. In
that case an insolvency administrator has
the possibility to sell the contaminated land
to OVAM for one symbolic euro. In order not
to disturb the free market it is required that
certain conditions be met before OVAM can buy
contaminated land from a bankrupt company.
1. The estimated remediation costs must
exceed the value of the (uncontaminated)
land.
2. The insolvency administrator has to
prove that no brownfield developer, real
estate company or other possible buyer
is interested in purchasing the land. This

©Cortesy of authors/Photostock

Simulated scenario of the area after the reclamaition works, Scheldefuel in Dendermonde.
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indicates that there is a market failure
and that the site can be considered as a
blackfield.
OVAM pays one symbolic euro for the land, but
finances and carries out the soil investigation, the
soil remediation and all other expenses related
to the land. Since 2009 OVAM has acquired 13
sites from bankrupt companies. From a purely
financial point of view, the balance of these
acquisitions is negative for OVAM and thus
for the taxpayer. However, the bigger picture
is that OVAM can at least recover part of the
remediation costs by reselling the remediated
site. The alternative would be worse: if the site
becomes an abandoned blackfield, according to
the ex officio procedure, OVAM would sooner or
later have to remediate the site because of the
risks of the contamination. In that case, OVAM
would try to recover the remediation costs from
the polluter in court, but since that company has
gone bankrupt OVAM would not stand a chance.
Although the financial balance is negative,
there are some interesting opportunities when
buying a site that has to be remediated.
-- As owner and manager of the property, OVAM
can take all necessary decisions to enable a
more thorough remediation, such as a (partial)
demolition of the buildings.
-- Innovative (green) techniques can be tested.
-- By selling the land at the right time and under
certain contractual terms and conditions, the
remediation can be better integrated into the
redevelopment of the site. This results in a
greener and more sustainable remediation,
which sometimes is less expensive.
-- By negotiating certain terms and conditions
with the buyer of the remediated site, other
ambitions of OVAM regarding the circular
economy or sustainable building can be
realised.
Case: Scheldefuel in Dendermonde
In Dendermonde, on the banks of the river
Scheldt, an installation for the storage and
transshipment of oil was in operation until 1999.
The site has a surface area of 9.30 ha. In the late
1990s soil investigations identified very severe
soil and groundwater contamination with oil and
76

aromatic hydrocarbons, which had spread to a
nearby ditch and some neighbouring gardens
In 2001 the operating company went bankrupt,
and an insolvency administrator was appointed
to settle the bankruptcy. In order to refund the
creditors the insolvency administrator tried
to sell the land. At that time, however, the
estimated remediation cost was 5.5 M €, while
the approximate value of the site was only
190 000 € (not taking the contamination into
account). Obviously there were no interested
buyers. The insolvency administrator had no
financial means at his disposal to remediate the
contamination. Moreover, since remediation was
not in the interest of the creditors, he didn’t even
have authority to conduct the remediation.
There was no solution and the site degraded to
a totally abandoned and neglected blackfield.
When the protocol agreement between OVAM
and the Flemish Bar Council came into force, a
new opportunity arose. In 2011 OVAM bought
the terrain for one symbolic euro. After more
than 10 years the insolvency administrator
was finally able to close the bankruptcy. On
top of the one euro OVAM paid all selling and
transaction costs and a limited fee for the
insolvency administrator. The creditors agreed
with the settlement as they acknowledged that
there was no other way out of this deadlock.
After the purchase, OVAM immediately demolished
the building, enabling a more effective and
cheaper remediation, and started the remediation
of the site in 2013. At the same time, a call for
buyers was launched. The selling price was not
the only thing taken into account to evaluate the
offers; the possibility to integrate remediation
with construction activities, the sustainability of
the redevelopment project and the integration
in its surroundings were also considered.
Among the three proposals that OVAM received,
the project put forward by the intermunicipal
association DDS was evaluated as being the
most valuable, so the site was sold to them.
The plan is to develop an area for starting
entrepreneurs and microenterprises, as this
target group has difficulties finding an affordable
location for their business. The strong points of
the proposal were the involvement and support
of the city of Dendermonde and the innovative
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solutions offered to the starting entrepreneurs.
The building will be constructed very consciously,
with respect for the principles of sustainability
(including material sustainability), and will be
adaptable to changing use(rs). The contrast
between the ‘before’ picture and the proposal
by DDS shows how an instrument such as the
acquisition of land for one symbolic euro can turn
hopelessly abandoned and polluted sites into
positive catalysts for the entire Flemish society.
Carcoke: turning a brownfield into a port
The former coke factory Carcoke was active
in Zeebrugge from 1910 until 1996. During
this period its buildings, soil and groundwater
were severely contaminated with tar, oil, PAH,
BTEX, cyanides, metals and asbestos. In 1996
Carcoke was liquidated, leaving behind one of
the worst brownfield sites Flanders had ever
seen. Due to this legacy and its related high
costs no one was interested in buying the site.
The liquidator reached an agreement with the
three Belgian regions, which all had similar
contaminated Carcoke factories on their territory.
In Flanders OVAM received the ownership of
the site in Zeebrugge, together with financial
compensation from the liquidated company to
finance the clean-up. In 2002 OVAM started the
remediation operation in close cooperation with
environmental consultants and contractors.
OVAM started with the selective demolition of the
old coke factory, the buildings and installations.
Solid preparation ensured that waste was
reduced to a minimum and building materials
were recovered and recycled to a maximum.

Some key figures:
• > 6 000 t of hazardous waste was removed;
• > 70 000 t of building material and 15 000 t
of fireproof stone was recovered and recycled;
• > 10 500 t of asbestos material was
removed;
• > 20 km of pipes were cleaned;
• > 400 000 t of contaminated soil was
recovered;
• > 3 km of waterways were dredged;
• > 45 000 l of contaminated groundwater was
cleaned per hour.
The demolition and remediation of the
Carcoke site has cost about 55 B €, which
makes it the most expensive remediation in
Flanders. Thanks to the extensive integration
of remediation and redevelopment, 12 ha of
strategic and well-located harbour area will
soon be available for new economic activities.

Further reading
• Soil Remediation Decree: Flemish Decree of
22 February 1995 on Soil Remediation
• Soil Decree: Flemish Decree of 27 October
2006 on Soil Remediation and Soil Protection
• New soil contamination: soil contamination
which originated after 28 October 1995
• Historical soil contamination: soil contamination which originated before 28 October 1995.
Relevant websites
http://www.ovam.be
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Signing a company-specific agreement makes soil remediation manageable.

Along the way a lot of challenges were dealt
with, like dynamiting chimneys or handling
asbestos and bombs from the two world wars.
Where possible, innovative and sustainable
solutions were implemented, for example on-site
thermal and biological soil remediation, use of
a tractor with an airtight cabin and purifying
equipment or using local solar panels and a
windmill to produce green energy for the site
offices and the water treatment installation. These
experiences were later exploited and implemented
in remediation projects all over Flanders.

Brownfields

BBROWNFIELDS
rownfields
		

3.

Restoration of Penttilänranta area, Joensuu. Finland methods
in national programs

LOCATION
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SOURCE
GENERAL CLEAN
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REMEDIATION
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Joensuu, Finland
Heavy metals: Arsenic, Copper and Chrome. Furans and dioxins, oil
compunds creosote and PAHs
Industrial and military sites, storage, transhipment and coke factory
Industrial activities

Reduce river and soil contamination

New small boat harbour, new apartments buildings, residential
and new industrial sites
The City Council of Joensuu bought the area for one Euro and
committed to take responsability for retoration of the area
Restoration activities carried out under severe winter conditions,
vv
-30 °C
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A uthor’s profile

Vesa Isokauppila acts as a works manager and project
manager in the field of sludge handling, waste water
treatment and environmental technology. Isokauppila has
solid experience in waterway remediation, both industrial
and municipal sludge handling and industrial waste water
treatment
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Restoration of Penttilänranta area, Joensuu.
Finland methods in national programs

Vesa Isokauppila, Sito Rakennuttajat Oy Tuulikuja 2 FI-02100 Espoo, Finland, vesa.isokauppila@sito.fi

In 2008 the city of Joensuu purchased an old sawmill area located next to the city centre by the river Pielisjoki. The
size of the Penttilänranta area is about 40 ha. Before the purchase the site saw industrial activity over a period of
about 100 years. Thus the soil and river sediments were quite contaminated, containing for example a lot of heavy
metals and dioxins. The area was turned into a new high-quality residential area with about 3 000 inhabitants and
new industrial sites.
Keywords: area development, contaminated sediments, contaminated soil, dredging, Finland, Geotubes, industry,
landfill, restoration, sludge dewatering.

Introduction
Joensuu is the second largest city in eastern
Finland, with about 76 000 inhabitants, of whom
about 53 000 live in the main city area. It was
founded by Czar Nicholas I of Russia in 1848, and
has grown to become the regional capital of North
Karelia. During the 19th century Joensuu was a city
of manufacturing and commerce. Starting in 1860
local sawmills started to grow and prosper as the
city received commercial rights and restrictions
against industrial activities were lifted. The
population has grown steadily, and with changing
age structure, university, etc. the city is expected
to have a need for more apartments in the future.
The Penttilä area started to develop during the
late 19th century when a new sawmill was built.
After some fires and other hard times a major
decision was made after the First World War
when it was decided to close other sawmills
in the area and to centralise all this activity in
Penttilä. After this the sawmill area became an
82

important part of the city and the sawmill itself
was at that time the biggest sawmill in the
Nordic countries. Company also employed several
hundreds of workers thus playing a big part of the
economy, development and growth of the city.

The study case
The area consisted of a sawmill and impregnation
area, landfill area, workers’ apartments and
a log pond used to store the logs in Pielisjoki,
via which the lumber material was mainly
delivered. Finally, after more than 100 years
of activity the sawmill finally reached the end
of its working life in 1988, when competition
made its operation unprofitable. The area was
considered to be of historically significant value
and was considered to be protected. However,
this discussion ended when the sawmill was
once again destroyed by fire in 1996.
The decision to carry out this major development
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“ The
restoration
of Penttilänranta
project was one of the
biggest ever done in
Finland with a total
budget of 21.2 M €.

”

©Cortesy of authors/Photostock

Penttilänranta area during its past industrial activity.

project was made in 2000 by the city council of
Joensuu. The city bought the area for the price of
1 € and thus committed to take responsibility for
the restoration of the area. Project Penttilänranta
was carried out with a target of best possible
outcome because of the area’s central position
next to river Pielisjoki and the centre of city of
Joensuu. Thus it was possible to carry out such
extensive restoration by offering new quality
living and office spaces close to the city centre.
The city itself welcomed the possibility to
cover the costs of land-repair and investment
with the profits from the real estate deals. The
restoration project was calculated to be the
most expensive contaminated-area development
project in Finland outside the capital region.
Sito Rakennuttajat Oy was the project
management consultant responsible for
the restoration of the contaminated soil
and sediments at Penttilänranta.

The problem
Key figures
•
•
•
•
•
•

Total surface area: approx. 40 ha.
Contaminated sawmill area: approx. 26 ha.
Old log basin: approximately 3 ha.
Old landfill: approx. 7 ha.
Contaminated soil: 280 000 m3.
Contaminated sediment: 35 000 m3.

Main sources of contamination
in different areas
• KY-5, used to prevent wood turning blue,
contained dioxins and furans.
• The soil in two impregnation areas contained
heavy metals, arsenic, copper, chrome, etc.
• The log pond sediment was contaminated
with heavy metals, dioxins and furans, PAH
and oil compounds.
• The old landfill was heavily contaminated with
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Aerial wiew of Penttilänranta area on the course of restoration works.

heavy metals, dioxins and furans and PAH
compounds.
Restoration phases

The restoration project was carried out observing
the responsibilities of the environmental projects
regarding quality. There were regulations from
five different environmental licenses that were
monitored to be followed throughout the
84
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Both the soil and the sediments in the area were
heavily contaminated, mainly because of wood
impregnation substances such as creosote.
The Penttilänranta area was divided into three
parts based on the earlier and future uses. An
old log pond with a size of 3 ha and containing
contaminated sediments was suction dredged
for future use as a boat harbour. Geotubes®
were used for sediment sludge handling and
dewatering. An old landfill with a size of 7 ha
was restored to a landscape hill and industrial
plots with encapsulation. The 26 ha area that
had acted as sawmill and impregnation area
was turned into a residential area and offices.

Brownfields

“ The
savings

©Cortesy of authors/Photostock

made by recycling
the large portion
of contaminated
masses were the
main reason for
achieving the
economic success
of the restoration
project.

”

Restoration area in Penttilänranta, division based on the future land use.

project. All together about 1 million tonnes
of sediments contaminated and clean soils
were moved. About 95% of the contaminated
masses were sent for recycling. The remediation
took place in 2009-2011 and was partly carried
out in the harsh winter conditions of eastern
Finland, with temperatures below -30 °C.
This restoration project was one of the biggest
ever in Finland, with a total budget 21.2 M €.

This was, however, a significant underspend,
despite the larger amounts of contaminated
soil and, especially, sediment than had been
predicted. The savings made by recycling
the large portion of contaminated masses
were the main reason for achieving the
economic success of the restoration project.

“ In the
end there

3 000 inhabitants.

©Cortesy of authors/Photostock

will be about
1 000-1 500
apartments with
a capacity of

”
Future residential use after remediation.
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The conclusions
Current situation
The aim of the project was reached and the
Penttilänranta area has now been restored
for further use, including about 400 M € in
expected investments during the 2010 -2040
period. The expenses of the city of Joensuu were
calculated to be about 35 M €, consisting of the
restoration and new infrastructure, including
for example a new bicycle and pedestrian
traffic bridge connecting the old city centre to
Penttilänranta and a small boat harbour.
With this new area the city of Joensuu has
made it possible for the city centre to grow
within its most beautiful surroundings. The
first new apartment buildings were completed
in 2013. In the end there will be about
1 000 -1 500 apartments with a capacity of

3 000 inhabitants. The continuing development
of the area is also expected to keep on
creating various direct and indirect positive
impacts on local employment levels.

Further readings
http://www.joensuu.fi/en/penttilanranta
http://www.sito.fi/en/
http://www.sito.fi/en/works/restoring-of-the-oldsawmill-site-at-penttila-in-joensuu-finland/
http://www.tencate.com/emea/geosynthetics/
markets/water-environment/dewateringtechnology/default.aspx

The soil putridness at the sawmill area compared to the 2007 PIMA-regulation

©Cortesy of authors/Photostock

Spatial distribution of heavy metal contaminants in Penttilänranta.
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4.

Securing a polluted site by removing and treating the source of
pollution, in the town centre of Pont-à-Mousson, France

LOCATION
POLLUTANT

Chlorinated solvents, mainly perchloroethylene

SOURCE

Former plastic plate and tube machining factory

GENERAL CLEAN
UP OBJECTIVES

Securing the site by removing and soil treatment

REMEDIATION
ACTIONS
SITE/END USE
SOCIAL-LEGAL
ISSUES
KEY LEARNING/
EXPERIENCE
TO SHARE
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Pont-à-Mousson, Lorraine region, France

Tent containment, soil excavation, air and water treatment
by activated carbon, reuse of treated material, soil liming

Possibly parking and square construction
Land reclamation
vv of a successful site remediation in a town centre
Story
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A uthor’s profile

Benjamin Roqueplan Project manager — Brownfield and
Contaminated Sites Department — Sustainable Cities and
Territories Directorate — ADEME.
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Securing a polluted site by removing and
treating the source of pollution, in the town
centre of Pont-à-Mousson, France
Benjamin Roqueplan, French Environment and Energy Management Agency — ADEME Direction villes et territoires durables
(DVTD) Service friches urbaines et sites pollués (SFUSP) 20 avenue du Grésillé, BP 90406, 49004 Angers cedex 01, France.
benjamin.roqueplan@ademe.fr
Véronique Antoni, Ministry of Ecological and Solidarity Transition— MTES Commissariat général au développement durable
(CGDD) Service de l’Observation et des Statistiques (SOeS) 5 route d’Olivet, CS 16105, 45061 Orléans cedex 2, France.
veronique.antoni@developpement-durable.gouv.fr
Located in the town centre of Pont-à-Mousson, a brownfield was used as informal parking area for years. Following
the discovery of pollution by chlorinated solvents and given its orphan contaminated-site status, the brownfield has
been secured thanks to ADEME’s action. The land reclamation project is now finished, and the municipality is
currently assessing several reuse options.
Keywords: activated carbon, brownfield, chlorinated solvents, cofferdam, environmental monitoring, land planning,
orphan contaminated site, perchloroethylene, reuse, remediation, soil excavation, tent containment, urban context,
vapours.

Introduction
The study case

© Patrick A.Martin/Photostock

The site to be restored is located in the centre of
Pont-à-Mousson, near the most-visited tourist
site in the Lorraine region. It corresponds to
a former electricity tube machining factory
called ‘SUTE’, active until 1972. It was acquired
by the municipality in 2003 with a view to
building a central kitchen as an annex to
the nearby high school. However, pollution
of the groundwater table and the subsoil
was found during the demolition works.
The construction project being frozen, the site
became an informal parking area over the years.

General overview of the site.
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“ Pollution
© Patrick A.Martin/Photostock

of the groundwater
table and the subsoil
was found during the

demolition works.

”

Excavation works under the confined tent.

The problem
The main constraints
This site remediation faced four main constraints.
Firstly, the site is located in an urban area:
within the town centre, located 10 m from
dwellings, close to middle and high schools
and near the most-visited tourist site in the
region, the so called Abbaye des Prémontrés,
classified as cultural heritage building. Secondly,
hazardous substances were located in the
saturated zone. Thirdly, the excavation work
planned for the land reclamation had to be
performed during the school summer holidays.
Finally, the remediation work had to be carried
out on a particularly confined site (8 500 m²).

soil within the depressurised tent was screened
and limed. The excavations were backfilled, with
full on-site reuse of the treated material (100%).
At the end, the site was restored by reshaping the

The strategy
The depollution steps

© Patrick A.Martin/Photostock

A cofferdam with secant piles of 1 320 m² was
initially set up. Afterwards, a containment tent
of 2 250 m² was installed and depressurised
by a 80 000 m3/h extraction unit in order to
treat the ambient air with activated carbon. In
parallel, the groundwater table was lowered inside
the cofferdam and the water was treated with
activated carbon as well. The polluted materials
were covered by soil excavation and the use of
slide rail shoring. Excavation to a depth of 2-6 m
and the release of buried materials followed. The

Soil excavation and the use of slide rail shoring.
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subsoil. Environmental monitoring was carried out
for the entire remediation works period and after.

The results
Thanks to financial help from the French state
and the technical help of the French Environment
and Energy Management Agency (ADEME),
this land reclamation project in the centre of
Pont-à-Mousson succeeded. ADEME assisted the
municipality in several fields, including diagnosis
steps, provision of information to officials and
residents and specification drafting, but also
after the remediation works, with site monitoring
being carried out over several years. The land
reclamation project is now finished, and the
municipality is assessing several reuse options,
including a formal parking area and a green space.

Further readings
• Hirtzmann J.-M. and Lemoine H. (2016),.
‘Histoire d’un chantier réussi’, Ademe & Vous
— Le Mag No 95, May 2016, p. 9. Available at:
http://www.ademe.fr/sites/default/files/assets/
documents/ademe-eth-vous-95-dossier.pdf

(2010), ‘Pont-à-Mousson, site de la SUTE’, in
EPFL (eds), D’hier à aujourd’hu préservons
l’avenir, Centre et Sud 54, July 2010, p 35.
Available at:
http://www.epfl.fr/PDF/Fascicule_Centre_Sud.pdf

Relevant websites
http://basol.developpement-durable.gouv.fr/fiche.
php?index_sp=54.0102
http://basol.developpement-durable.gouv.fr/

Recherche > Lieu > Request like: ‘Site = Sute’
http://www.lorraine.developpement-durable.
gouv.fr/site-pollue-de-la-sute-a-pont-amousson-a5157.html
http://www.lorraine.developpement-durable.
gouv.fr/ Accueil > Prévention des risques

> Risques et impacts industriels > Impacts
environnementaux de l’activité industrielle >
Sites et Sols Pollués > Site pollué de la SUTE
à Pont-à-Mousson — Présentation des travaux
aux riverains — Réunion publique du 19
décembre 2013

http://www.ville-pont-a-mousson.fr/fr/
information/65715/depollution-terrain-anciennesute
http://www.ville-pont-a-mousson.fr/ Vie

quotidienne > Grands Projets > Dépollution du
terrain de l’ancienne SUTE

• Etablissement Public Foncier de Lorraine

© Patrick A.Martin/Photostock

The confined tent.

92

European achievements in soil remediation and brownfield redevelopment

Brownfields

BBROWNFIELDS
rownfields
		

5.

Remediation technologies of contaminated soils, developed in
Andalusia, Spain

LOCATION
POLLUTANT
SOURCE
GENERAL CLEAN
UP OBJECTIVES
REMEDIATION
ACTIONS
SITE/END USE
SOCIAL-LEGAL
ISSUES
KEY LEARNING/
EXPERIENCE
TO SHARE
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Andalusia, Spain
Hydrocarbons: PAH (mostly pyrene), TPH (mostly benzo)
Cleaning and degassing tanks and leak of hydrocarbons from tanks
Reduce groundwater and soil contamination
Biological treatment in biopiles and thermal
desorption with a mobile plant installed in situ

Artificial surface
Land reclamation
New implementation of biological treatment in biopiles tecniques
vv
and thermaldesorption.
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A uthor’s profile

Reyes García Falantes, graduated as industrial engineer.
by University of Seville (Spain). Since 2003, she works
providing technical assistance to the Regional Governance
of the Environment on contaminated soil. She has
extensive experience in the study of contaminated sites
and subsequent decontamination, collaborating also in
the development of technical documents and regional
regulations on contaminated soils.
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Remediation technologies of contaminated
soils, developed in Andalusia, Spain

Reyes García Falantes, Environment Assesstment Technician, Water and Enviromental Agency — Junta de Andalusia.
c/Johan Gutenberg s/n Isla de la Cartuja, Sevilla, Spain, rgarciaf@agenciamedioambienteyagua.es
The present report describes two actions of remediation made in Andalusia in order to achieve the remediation of
soils contaminated by hydrocarbons in industrial sites, employing two different techniques.
The first site developed the activity of cleaning and degassing tanks over 37 years. A prior study estimated a volume
of 27 000 m3 of soil affected by TPH (Total Petroleum Hydrocarbons), which eventually amounted to 29 000 m3 of soil
treated by thermal desorption with a mobile plant installed at the site.
The second site suffered the consequences of a leak of hydrocarbons from tanks located on an attached parcel
of land, determining a volume of 24 928 m3 of contaminated soil. A reduction in TPH concentration was achieved
through biological treatment with biopiles.
Keywords: Hydrocarbons; thermal desorption; biopiles.

Introduction

The problem

Remediation by thermal desorption from
soils contaminated by hydrocarbons

Investigation study

Description of the site
The site is located in an area reclaimed by
the dredging of the seabed in the Bay of
Cadiz. The activity began in 1969, focusing on
cleaning and degassing of tanks coming from
oil tankers trucks, with tanks for the storage
of the oily water. The contribution of oil has
been decreasing since the 1980s, and oily
waters come mainly from tanker trucks.
Later on, a concrete raft was constructed
in order to deposit the solid waste
coming from the cellars and oil tanks.
In addition, the plant had two lagoons for the
settling of sludge contained within the waters.
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The work aimed at finding out the status of
the soils and groundwater was developed
in several phases. The first studied the
deposit area, the raft of sludge, the reception
area and the old waste area. After that,
the decanting lagoons were studied.
A total of 38 soil-sampling points (six deep
drilling, 24 pits and eight light drilling) with the
installation of six piezometers were located.
Finally, 35 soil samples, six water samples
and four sludge samples were taken. The
parameters analysed were: TPH, PAH, EOX and
metals (As, Cd, Cr, Cu, Hg, ni, Pb and Zn).
The results of the studies determined a
condition generalised by TPH and various PAH
compounds in former waste storage areas,
storage of hydrocarbon deposits nearby and in
the land located between the pond of sludge ,
and the entry area of polluted water. In total it
was determined that there was a volume of
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“ The

©Emgrisa /Photostock

investigation study
determined that in
totat there was a
volume of 27 000 m 3
of contaminated
soil, reaching
concentrations of
100 000 mg/kg TPH
at some points.

”

Aerial view of the plant before the remediation works.

27 000 m3 of contaminated soil, reaching
concentrations of 100 000 mg/kg TPH at some
points. Unacceptable risks due to the presence
of TPH (Total Petroleum Hydrocarbons), As and
benzo(a)pyrene were detected in lagoon 2.

The strategy
Remediation
The remediation of the soil was addressed using
two different strategies. The risks generated by
direct exposure to contaminated soil in lagoon
2 were eliminated through the interposition of
barriers that prevented contact. It was filled with
a clean, previously analysed material 2 m thick.
The lagoon was previously partially emptied by
constructing dykes that allowed the transfer
of the water while filling the emptied areas.
The second part of the treatment strategy
was based on decreasing the concentrations
of organic compounds in soils using thermal
desorption in mobile plant. This technique
involves the application of heat to the
excavated soil to evaporate and oxidise the
pollutants. The warming occurs in two phases,
the first by indirect contact with hot gases
in a rotary kiln, reaching a temperature of
110°C, and the second by direct contact with
a flame, arriving at the optimal temperature
of 450°C. After that, the soil is cooled down.

Evaporation and combustion gases go
through a bag filter prior to its entry
into the thermal oxidation furnace.
After 29 000 m3 of soil treatment, the analysis
returned results below the level of 50 mg/Kg
TPH at most points, with the exception of some
samples that exceeded that value, the highest
concentration being 480 mg/kg. However,
after conducting a risk analysis, the absence
of an unacceptable risk caused by these levels
of pollutants was found. Despite this, in areas
where the target levels of decontamination were
not achieved, the affected soil was removed,
transported and managed in a landfill.
Remediation through biopiles of soils
contaminated by hydrocarbons
Description of the site
Within the framework of the management
entrustment agreement between the
General Administration of the State (Ministry
of Environment) and the Company for the
Management of Industrial Waste (Emgrisa),
related to the investigation of contaminated
soils under state owned (Decision of 25 July
2006, published in the Official Gazette BOE of
Thursday 10 August 2006), the study of two sites
located in the Port of Seville was undertaken.
Initially the study focused on a site with an
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Contaminated area

©Google Earth 2012/Photostock
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Stages of filling of lagoon 2 by the interposition of
dykes

area of 35 227 m2. In later phases of the work,
the study area was expanded to an adjoining
plot, reaching a total area of about 50 090 m2.
Although these plots had not been known
to be used for anthropic activities, soil and
groundwater were affected by the existing
activities on an adjoining site intended for the
storage of large deposits of petroleum products.
Investigation study
Sampling was conducted in two phases.
As there are no facilities on the site, the
sampling was carried out in a systematic way,
with seven pits and 10 probes in the first
98

Aerial view of the study plots

plot that covered the whole of the area, and
another seven pits and three probes in the
adjoining plot. All probes were installed as
piezometers for the sampling of groundwater.
A total of 34 soil samples at different depths
and 10 samples of groundwater were taken
in the first plot. The sampling was completed
in the adjoining plot with two samples of soil
and three water samples. The parameters
analysed were TPH, PAH, BTEX and heavy
metals in the initial sampling and TPH, PAH
and BTEX in the large adjoining plot.
The condition in the soil was detected by
the presence of TPH in 30% of the samples,
reaching a maximum value of 7 900 mg/kg.
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of 5 300 m2, conditioned and waterproofed with
high-density polyethylene and geotextile blade.
They are provided with the following functional
units: internal irrigation, an internal system
of collection and treatment of leachate
external system, an internal system of gas
extraction and external treatment of gases,
an internal system of air injection and outdoor
insulation in some periods of treatment.
Waters were stabilised through a dual-phase
extraction high vacuum system, with
a total of eight pumping wells.
After the treatment period, 20 285 m3 of soil
(34 485 t) was finally decontaminated, reaching
concentrations of 505 mg/kg TPH in the first
biopile and 210 mg/kg in the second one,
both of them being below the objective, set
at 1 400 mg/kg, given the use of the site. The
treated land was move back to fill the holes.

Remediation
For the treatment of soil, two biopiles were
made at the same time, each with a biological
treatment capacity of 18 000 t, over a period of
5 months. The biopiles were located in an area

©Emgrisa 2008/Photostock

©Emgrisa 2008/Photostock

Thermal desorption treatment

©Emgrisa 2008/Photostock

©Emgrisa 2008/Photostock

Biopile diagram
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In general, the condition was present at a deep
level, and it was not detected at the surface
level. In four of the analysed samples, Pb and Zn
were detected in two of them. PAH and BTEX
were not detected above the NGR (Generic
levels of reference). In relation to water, in
eight of the 13 samples the results indicated
the presence of TPH with a maximum value
of 240 000 µg/l. Two samples exceed the level
of intervention of the Dutch rules for BTEX.
Also, these values are exceeded for several
PAHs in two water samples. In total, it was
estimated that a soil volume of 24 928 m3 was
affected, as well as 1 413 m3 of groundwater.
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6.

Sustainable remediation: building the London 2012 Olympic park,
United Kingdom

LOCATION
POLLUTANT
SOURCE
GENERAL CLEAN
UP OBJECTIVES
REMEDIATION
ACTIONS
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London, UK.
Organic: Benzene, toluene, ethylbenzene, xylenes, Polycyclic
Aromatic, PAH, TPH, chlorinated solvents. Inorganic: Metals,
cyanides
Historical land uses: chemical works, railway sidings, land fill, vehicle
breakers yards. Leaking of PAH from tanks and site activities
Improve soil and groundwater quality to meet site specific assessment criteria protective of future users and the environment,
including design and implementation, bulk earthworks, infrastructure
Ex situ soil remediation: primary screening, crushing, soil
washing, bioremediation, chemical stabilisation, geotechnical
stabilisation, complex sorting. Groundwater: hydraulic
containment, chemical treatment, in-ground barriers

SITE/END USE

Mixed-use residential development, landscape and public realm,
stadia/venues, commercial, Queen Elizabeth Olympic Park (QEOP)

SOCIAL-LEGAL
ISSUES

Land regeneration

KEY LEARNING/
EXPERIENCE
TO SHARE

vv
Innovative
and robust risk assessment, combined with on-site soil
treatment and re-use of site won materials are likely to provide
both the most sustainable and the most cost effective approach to
large-scale remediation schemes
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A uthor’s profile

Nick Ketchell, is a Chartered Environmental Manager
(C.WEM), Chartered Scientist (C.Sci) and Chartered
Environmentalist (C.Env) with 13 years experience in
environmental assessment and Brownfield regeneration. He
played a key role in the development of the Queen Elizabeth
Olympic Park (QEOP), first as Remediation Supervisor within
the Atkins Enabling Works team from 2006, followed by a
secondment to the Olympic Delivery Authority’s Delivery
Partner. His involvement continued post Games as Remediation
Manager working with the current land owner, the London
Legacy Development Corporation. Ten years on, Nick has
maintained his involvement in the QEOP via a consulting
role with LLDC, as well as providing remediation focussed
Technical Lead roles for several other major infrastructure
projects within Atkins’ portfolio. He strongly believes that
the sustainable remediation approach adopted during the
Enabling Works should be the norm for remediation schemes
and strives to impose these high standards on other sites
wherever possible.
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Sustainable remediation: building the London
2012 Olympic Park, United Kingdom

Nick Ketchell, Euston Tower 286 Euston Road, London, NW1 3AT. nick.ketchell@atkinsglobal.com

The creation of the Queen Elizabeth Olympic Park (QEOP) set a challenge to remediate a large, derelict site with a
long industrial heritage close to central London. This paper tells the geo-environmental story of the Enabling Works
project, which was responsible for the design and implementation of the earthworks and remediation package. Site
teams embraced a sustainable remediation approach, which focused on innovative risk assessment, the treatment
and re-use of site won materials to minimise off-site disposal of soils to landfill. In doing so, they demonstrated that
full and robust risk assessment with the most appropiate re-use targets can also provide the most cost effective
solution.
Keywords: bioremediation, brownfield, development, groundwater, groundwater treatment, London, London 2012,
olympics, regeneration, remediation, soil treatment, soil washing, stabilisation.

Introduction
When London won the right to host the 2012
Olympic and Paralympic Games, it provided a
catalyst to regenerate a former industrial area
covering approximately 250 ha in Stratford,
East London. The Olympic Delivery Authority
(ODA) was established to manage the creation
of the Olympic Park, which later became the
Queen Elizabeth Olympic Park (QEOP). This
process started with the Enabling Works project,
which provided the development platform
upon which the London 2012 Olympic Games
and its associated venues and infrastructure
would sit, but also to establish the basis for
one of Europe’s biggest urban parks as part
of the Games’ legacy. The Enabling Works
scope therefore included demolition and site
clearance, soil and groundwater remediation
design and implementation, bulk earthworks,
and infrastructure such as utilities, temporary
and permanent bridges and roads.
This case study focuses on the geotechnical
and geoenvironmental aspects of the Enabling
102

Works, whilst considering the sustainable
approach to the remediation works upon which
the redevelopment of the Olympic Park was
based, the planning regime that operated and
details of the key quantities. Further information
on the other aspects of the Enabling Works, and
on-going site development post Enabling Works
can be found in the Further Reading section.
Site history
The site had a historical legacy of mixed industrial
land use dating back over 150 years, much of
which had the potential to generate contamination
in soil and groundwater. In addition, owing to
the location of the site in the Lower Lea Valley,
significant importation of fill material had been
carried out over several phases to reclaim the
original marsh land, largely during the mid to late
period of the Industrial Revolution. Further land
raise was generated by the addition of demolition
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remediation
works in

Olympic Park
were based on
geotechnical and
geo-environmental
aspects and
sustainable
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approach.
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Industrial area on the Queen Elizabeth Olympic Park (QEOP) taken during the
early 20th century.

material from the clearance of damaged buildings
in central and eastern London during World War
II, as well as licensed and unlicensed landfill
activities during the nineteenth and twentieth
centuries. The area was also known to have
been in economic decline since the 1970s.
The ODA took possession of the site in 2007
following completion of land assembly by the
London Development Agency (LDA), which
included the successful relocation of existing
businesses and residents on the site. Land uses
at that time included offices and warehouses,
car breakers, chemical works, food processing
facilities, concrete plants, bus depots, railway
sidings and a small area of residential properties,
amongst many more. In addition, derelict areas
and some surface waters were contaminated
with extensive fly-tipped waste including several
thousand illegally dumped tyres (go on see picture
of waste tyres in and adacent to surface waters).

Geology
The geological profile of the site was key
to developing the remediation strategy and
understanding the hydrogeological regime of
the site. Two groundwater bodies are present
in the form of a shallow groundwater table
within the River Terrace Deposits, separated
from a deeper groundwater table in the Chalk
and Thanet Sand by the Lambeth Group.
Typical geological conditions were as follows:
• Made ground – site wide and varies in
thickness 1-2 m to over 15 m
• Alluvium – 1-3 m thick consisting of soft silty
clay
• River Terrace Deposits, around 3-5 m thick
deposits of sands and gravels
• Lambeth Group deposits, generally around
20-30 m thick, made up of interbedded clays,
silts and sands

European achievements in soil remediation and brownfield redevelopment

103

Brownfields
©Courtesy of authors/Photostock

©Courtesy of authors/Photostock

Aquatics site Enabling Works later.

Aquatics site Enabling Works early.

• Thanet Sand, 10-20 m thickness of very
dense, very silty fine sand
• Chalk, thickness >150 m.

The strategy
Remediation strategy
The two fundamental principles of the remediation
strategy were to protect future human occupiers
of the site (human health) against potential
risks from contamination once construction was
complete, and to ensure that no unacceptable
risks remained to environmental receptors
(surface water features and the Chalk aquifer).
Quantitative assessment of the risks posed by
contaminants to these receptors was undertaken
for the whole site, which identified where
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Enabling works aerial.

On-site contamination.

contamination was present at unacceptable
concentrations below the earthworks formation
level in identified ‘hotspot’ areas. These materials
were then excavated where necessary and
replaced with alternative materials that complied
with derived site specific re-use criteria.
The main method for the protection of human
health was to establish a ‘separation layer’,
a thickness of suitable quality material at
surface based on the proposed use of the
site, to isolate occupants from any residual
below-ground contamination. Proposed uses
were set by the most conservative land use
identified in the Olympic and Legacy masterplans,
ensuring that areas intended for residential
use post-Olympic Games would be remediated
to this standard, even if a less stringent land
use was proposed during the Games phase.
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Soil treatment plant, also known as “soil hospital”

Programme was clearly a significant driver
for the completion of the Enabling Works
as the remediated development platforms
unlocked the next phases of venue and
infrastructure development. However,
sustainability was also high on the ODA’s
agenda; the Sustainable Development Strategy
for the Enabling Works set above industry
standards for the re-use or recycling of
demolition, site clearance and soil arisings.
With this in mind, the over-arching objective
of the Enabling Works was to maximise
the re-use of site derived soils via on-site
treatment to reduce contaminant loading, whilst
minimising the volume of soil leaving site for
off-site disposal. This was achieved using the
processes identified earlier, including; detailed
quantitative risk assessment to derive appropriate
remediation target values and re-use criteria,
soil profiling (such as the use of separation layer

materials), extensive use of on-site treatment
technologies to render site won soils suitable
for re-use on the site, and close liaison with
waste regulators to ensure appropriate licenses
were in place to allow materials to be re-used.
Implementation
The site was naturally split in to northern
and southern sections by an existing railway
line. Separate contractors were therefore
commissioned to complete remediation works
in these two separate areas. In addition, the
site was divided into a series of construction
zones for the control and implementation of
the remediation works, based on geographical
boundaries such as the network of surface
water features that crossed the site.
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Earthworks for the main Olympic
Stadium

The remediation works included:
• Site investigation, demolition and site
clearance.
• Design and implementation of bulk
earthworks.
• Soil treatment.
• Groundwater treatment.
Site investigation and clearance
Initial site investigation commenced in late
2006, where access allowed, in advance of
the site clearance and demolition works.
This comprised combined geotechnical and
environmental investigation to delineate the
chemical and physical properties of the soil and
groundwater beneath the site. By July 2007
the ODA had taken possession of more than
450 land packages within the QEOP, which
allowed site clearance and investigation works
to run in parallel wherever space allowed.
The principles of the site investigation were
established early on with the planning decisions
team to ensure that the information provided
would be appropriate and sufficient to support
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Waste tyres in and adjacent to surface
waters.

Groundwater treatment.works

the design and implementation works. Following
the initial desk study and site investigation
design phase, over 3 500 exploratory locations
comprising a combination of boreholes, trial
pits and windows samples were undertaken
across the site at approximately 25 m centres.
The demolition methodology and process was
developed which took account of health and
safety, sustainability, programme constraints,
budget, storage space, and lack of existing
buildings designed for deconstruction. The ODA’s
target for 90% re-use or recycling of arising
materials was exceeded with a final figure of
98.5%. On-site processing included approximately
445 000 tonnes of concrete, brick and masonry
turned into aggregates, which saved over
20 000 lorry movements and significantly reduced
impact on the local community, as well as CO2
emissions and other environmental factors.
Specific achievements of these works included:
• Maximising the reuse of materials from the
over 200 demolished buildings, bridges and
roads.
• Dismantling of eight steel-framed buildings
for re-use elsewhere.
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Design and bulk earthworks
The findings of the site investigation were
used to inform the Earthworks Design and the
Site Specific Remediation Strategies (SSRSs),
which were produced for each construction
zone, as well as providing geotechnical data
for venue and infrastructure designers. The
SSRSs provided a detailed remediation design
with associated chemical compliance criteria
to identify ‘hotspots’ of soil and groundwater
contamination that were present beneath the site
in line with the prevailing guidance (Defra; 2004).
The design and implementation documentation,
in the form of a Remediation Method Statement
(RMS) produced by the earthworks and
remediation contractor, fell in line with the site
specific planning conditions for the works. A
dedicated Planning Authority was established for
the site as part of the London Olympic Games
and Paralympic Games Act 2006, which bought
together regulators from the local authorities
involved in the games as well as various specialist
third parties. This enabled on-going regulatory
involvement with the works and prevented delays
occurring in the planning process. In addition,
the Environment Agency (EA) was involved in
the remediation design and implementation
from the outset, providing a dedicated,
site-based, co-located team to work closely
with the designers and contractors. Monthly
coordination meetings were undertaken with all
client, regulators, consultants and contractors to
ensure attendees were kept informed of progress
and issues that required early resolution.
The bulk earthworks design was focused on
maximising material re-use on-site. As such,
only material that was geotechnically and/
or chemically unsuitable, and which could not
be rendered or treated suitable for re-use, was
disposed off-site to landfill. This was combined
with a complete re-profiling of the site to enable

the Games and Legacy phase masterplans, but
was also designed to provide an earthworks cut
and fill balance. To that end, approximately
2.2 million m3 of cut and over 2 million m3 of fill
materials were managed in the bulk earthworks
operations, with over 80% of the soil arisings
re-used in the works. This phase of the site
development also sought to reduce potential
below-ground constraints on future development
by removing hard obstructions present on-site to
2 m below the proposed
construction platform level.
Separation layer
The SSRSs also sought to balance the protection
of future site users with maximising the re-use
of materials on-site, which led to the use of a
‘clean’ cover system, which was installed across
the QEOP. On other schemes, this cover system
would be in excess of 1 m thickness, however,
work by the Building Research Establishment (BRE;
2004) confirmed that 600 mm of soil cover was
the optimal thickness required for a cover layer
given the proposed uses across the Olympic Park.
Based on the BRE guidance, it was decided that
the Human Health Separation Layer (separation
layer) utilised on the Olympic Park should be
no less than 0.6 m thick and more typically
0.8 m to allow a 0.2 m construction tolerance.
This separation layer provided a barrier to
prevent future site occupants from coming into
direct physical contact with either the underlying
general fill materials or existing undisturbed
ground. It was demarcated from the underlying
General Fill or existing undisturbed ground by
the presence of a brightly coloured geotextile or
geogrid, which was known as the Marker Layer.
The presence of the separation layer allowed
less conservative chemical criteria to be utilised
for the General Fill, which formed the bulk of
the soil to be re-used on-site. As a result, a
greater proportion of either site won treated
soils or directly excavated soils could be
re-used below the Marker Layer. The design
profile is illustrated in the soil profile graph. The
separation layer was constructed in two stages.
The first stage was installed by the Enabling
Works contractor and the second stage during

European achievements in soil remediation and brownfield redevelopment

107

Brownfields

• 12 roof trusses reclaimed for re-use.
• 500 t of yellow stock bricks were reclaimed.
• 1.3 million m2 site clearance undertaken,
including reclamation of items such as granite
sets, cobbles and railway track for reuse on
the Olympic Park or off-site.

Brownfields
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Typical soil profile.

follow-on works by the venues, structures and
public realm contractors. This was considered
to be an effective use of the final finishes.
Generally, made ground from the on-site
earthworks was not of sufficient chemical
quality, even after treatment, to be used
in the separation layer. The materials
that were used therefore included:
• Thanet Sand derived from tunneling works
beneath the site to take the power lines that
formerly crossed the site underground (Twine
et al., 2011).
• Crushed hard materials derived from the
demolition works.
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• Imported virgin quarried materials.
Soil treatment
The most common approach used to remediate
sites prior to the Enabling Works was to identify
and excavate all contaminated materials,
export these from site for disposal to landfill
and replace them with imported clean soil.
As a result of the potential quantum of lorry
movements and the associated sustainability
implications, as well as the likely impact on
landfill capacity from such a large earthworks
scheme, this traditional process was the option
of last resort during the QEOP development.
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All excavated materials from the bulk
earthworks operations were in the first instance
sampled and tested using an on-site testing
laboratory to classify them for direct re-use
elsewhere on the site, disposal or treatment
as appropriate. Sub-grade level sampling
and testing confirmed the suitability of soils
to remain in situ and, if required, further
excavation was carried out. Approximately
80% of the material to be remediated on-site
was made ground, which varied considerably
in soil and contaminant types and required
a wide range of treatment technologies.
Those selected for use on-site included:
•
•
•
•
•
•
•

Primary screening.
Crushing.
Soil washing.
Bioremediation.
Chemical stabilisation.
Geotechnical stabilisation.
Complex sorting.

Soils classified as requiring treatment were
transported to one of two on-site treatment
centres, known as ‘soil hospitals’ where
materials would be assessed and allocated
to one or more treatment chains. Soil
hospital operations commenced with a single
soil-washing plant in July 2007, but as more
of the site became available for development,
these facilities expanded to match demand.
Soil washing
Soil washing is a physico-chemical process
that uses water and additives to separate input
materials in to different particle sizes. This

helps to remove a wide range of contaminants
including organics such as total petroleum and
polyaromatic hydrocarbons and inorganics
such as heavy metals and cyanides from the
larger grained materials with the majority of
the contaminants sorbing to the fine grained
silt and clay particles. Soil washing plant on the
QEOP generated four distinct output materials:
• Sands, >2 mm diameter, generally around
40% of output materials.
• Gravels, <50 mm diameter, generally 40-50 %
of output materials.
• Filter cake, fine silts and clays
(generally 15-18%).
• Coarse organic matter, ash and coke materials
(generally 2-5%).
Sands and gravels were able to be re-blended
following treatment to produce engineering
fill with defined chemical and geotechnical
specifications (Highways Agency: 1998) that
could be re-used on the QEOP. Filter cake and
other by-products were removed from site
to appropriately licensed landfill facilities.
At the peak of the earthworks programme,
five soil washing plants were in operation,
treating up to 10 000 m3 soil arisings per
week, with a total of over 700 000 m3 treated
over the duration of the Enabling Works.
Soil washing worked very well for granular
made ground soils, but as the proportion of
fine grained material in the input materials
increased, this technology became less cost
effective, as a greater volume of filter cake
would be produced requiring off-site disposal.
Finer grained soils were therefore scheduled
for soil stabilisation or bioremediation,
depending on their contaminant profiles.
Chemical/geotechnical stabilisation
Fine grained soils with leachable contaminants
(heavy metals and PAHs in particular) were
chemically stabilised using proprietary and
specialised reagents to immobilise contaminants
and bind them into the soil matrix. This was
carried out ex-situ in a pugmill in a dedicated
area within the soil hospital. Achieving regulatory
approvals for the technology required significant
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The ODA adopted an on-site treatment approach
to maximise the quantity of excavated material
that could be rendered suitable for use as fill. This
provided a much more sustainable solution and as
a result of the steady supply of feed stocks and
the demand for fill materials as works progressed,
it was also the most cost effective. It also ensured
usable products were readily available for use in
establishing the development platform, minimising
the amount of both virgin and recycled aggregate
materials that would need to be imported.

Brownfields

negotiations with regulator and landowner, with
aggressive leachate tests used to assess the
long term suitability of the treatment methods,
and demonstrate that contaminants would
not re-mobilise at a later date. Soils that had
been chemically stabilised maintained their
physical properties, which meant that treated
materials still behaved like soils and not
monolithic blocks. Approximately 50 000 m3
of soil were processed using this technique.
Material strength properties for materials
such as river silts and soft alluvium were
enhanced using geotechnical stabilisation
with lime using a Wirtgen soil rig or a mixing
Trommel. Up to 210 000 m3 of made ground
soils were geotechnically stabilised, as well
as 157 000 m3 of Thanet Sand arisings from
the power lines undergrounding project, which
were predominantly used as permanent
separation layer fill materials as noted earlier.
Bioremediation
Soft alluvium or cohesive materials with
principally hydrocarbon (organic) contaminants
were placed in specially designed bioremediation
beds, with conditions closely managed
to maximise the activity of indigenous
micro-organisms. These used contaminants as
a feed stock, which resulted in the degradation
of organic contaminants via metabolisation,
converting them to innocuous end-products.
Temperature was controlled by running hot/cold
water through pipes embedded in the biopile
with hot water returning back to the heating
system to be reheated and recirculated. Soil
hospital contractors were also able to control
the degradation of contaminants by adding
nutrients (C:N:P) at a ratio of 100:10:1, and
managing moisture and oxygen contents.
This technique was used to treat a relatively small
volume of material, as a result of the nature of
the arisings generated during the earthworks
but also because the biopiles required a large
surface area and each batch took 6 to 8 weeks
to process at a time when space and time were
at a premium. Approximately 30 000 m3 of
soil were bioremediated over a period of 19
months and successfully reused as general fill.
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Complex sorting
The materials excavated from the nineteenth
and twentieth century landfill depositories in
the northern part of the site required sorting
prior to any other treatment to render them
suitable for re-use. Soils were initially sorted via
vibratory screening to separate soil from general
landfill materials. The soil was treated using
electromagnets to remove metal fragments and
then processed using a manual picking zone for
final removal of deleterious items. The finer soil
fraction was typically reused directly on-site or
scheduled for secondary treatment within the soil
hospital, with the coarser fraction re-processed
via crushing or screening. Approximately
82 000 m3 of material were
treated using this process.
Direct re-use
In addition to the extensive use of treatment
technologies on the site, approximately
880 000 m3 were directly re-used on-site
without the need for further treatment. This
material was either generated as part of the
site re-profiling and did not require treatment,
or exceeded remedial targets in a sensitive area
of the site and were available to be reused in
less sensitive areas with higher re-use criteria.
Programme management
The performance of the two Enabling Works
contractors was constantly monitored with
contractual weekly targets set in terms of cut,
fill and treatment volumes. If targets were not
achieved, the project management team worked
to identify potential problems and assist the
contractors to bring work back on programme.
This was achieved by, for example, providing
more plant or extending working hours. The bulk
earthworks programme was also maintained
throughout the winter months, involving careful
stock-piling to keep excavated soil dry, with
occasional lime stabilisation to enable wet
material to be re-used, to maintain the cut-and-fill
balance. In total, over 1.4 million m3 materials
were treated using the methods described
above to allow re-use within the scheme.
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Soil treatment plant, also known as “soil hospital”

Groundwater treatment
The industrial heritage of the site also resulted
in dissolved phase contamination and the
presence of free phase hydrocarbon products
in groundwater, particularly within the shallow
river terrace deposits aquifer. Three main
techniques were utilised during the Enabling
Works to address this contamination:
• Hydraulic containment.
• Chemical treatment.
• In-ground barriers.
Containment
Following excavations to provide the bowl for
the Olympic Stadium, there was a requirement
for the excavation of a further 200 000 m3 of
soils for the protection of controlled waters.
However, given the programme and cost
constraints involved with such an operation,
alternative options were considered. A hydraulic
capture system provided the most flexible
solution particularly given that construction could
commence during the installation of the system.

A network of abstraction boreholes was therefore
installed in the River Terrace Deposits around
the perimeter of the Olympic Stadium site,
with pumping rates tested to provide a local
reversal of groundwater flow direction, thereby
preventing migration of contaminants beyond
the site boundary. A purpose built treatment
plant was also constructed, with the majority
of the effluent being discharged to sewer. The
development platform for the Olympic Stadium
was handed over to the venue contractor, with
the hydraulic containment system in place, 10
months ahead of schedule in April 2008.
A similar network was installed to the south
of the Olympic Stadium although, due to
the organic nature of the contaminants,
the treatment included stripping towers,
skimming tanks and activated carbon
filters (Groundwater treatment picture).
Chemical treatment
Gross hydrocarbon contamination was identified
in two areas on the site, which required a
combination of earthworks and groundwater
treatment. BTEX and TPH contamination was
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encountered in the river terrace deposits
to the south of the Aquatics Centre, and a
combination of chlorinated ethenes and ethanes,
TPH and PAH were encountered to the south
of the Olympic Stadium. Made ground soils
and contaminated gravels were excavated
in both locations to reduce the mass loading
of contaminants in the aquifer, with arisings
scheduled for soil washing at the soil hospital.
At the Aquatics site, a proprietary oxygen release
substrate was injected in to the groundwater
to create an oxygen-rich environment within
the aquifer to encourage naturally occurring
aerobic microbes to break down contaminants
into inert by-products. Chemical oxidation was
utilised to the south of the Olympic Stadium, with
potassium permanganate and Fenton’s reagent
(iron-catalysed hydrogen peroxide) injected in
to the aquifer via a network of 110 injection
boreholes individually linked to a batching
area. This resulted in long-term reductions in
certain key organic contaminants by 90-99%.
In each case, the injection was specifically tailored
to the concentration and type of contaminant
present. In addition, where free products in
the form of non-aqueous phase-separated liquids were present, their removal by
skimming of lighter and heavier products from
the surface of the aquifer and the top of the
underlying strata respectively was undertaken.
In-ground b33399arriers
In an area adjacent to the main river in the
northern part of the QEOP, destructive treatment
of dissolved phase contamination was not viable.
A sheet-pile wall was therefore installed to cut
off the flow of contaminated perched water
between the made ground and the river. This
was designed in such a way that any increase
in the level of the contaminated perched water
behind the wall was collected and pumped to
a treatment plant where it was treated and
discharged to foul sewer. The nature of the
remediation in the unsaturated made ground
prevented any further leaching of contaminants
into the perched water and the treatment system
was able to be decommissioned post Games.
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Validation and regulatory approval
The final part of the remediation process was the
production of validation reports. These followed
the requirements of the planning conditions for
the site and provided the formal basis for the
contractors and project management team to
satisfy the planning authority that the remediation
had been completed and the requirements set
out in the SSRS and RMS documentation had
been achieved. Planning conditions relating
to ground contamination and its subsequent
remediation were subsequently discharged.
The ODA regularly consulted with a number
of expert regulators and stakeholders. These
included the Environment Agency (EA), Canal and
River Trust, environmental health officers from the
London Boroughs of Newham, Waltham Forest,
Hackney and Tower Hamlets, and independent
and specialist technical and legal consultants
acting on behalf of the planning authority.
Follow–on works
Following the phased completion of the
Enabling Works project, development platforms
were handed over to follow-on contractors to
commence the ‘Big Build’ construction phase
to create the venues and infrastructure for the
Games. However, given the nature of these
works with up to 60 Principal Contractors
working concurrently across the QEOP, it was
recognised that the site would be split down into
much smaller land parcels (PTP split map). As
a consequence of this subdivision of the site,
Principal Contractors would have neither the
space nor the capability to stockpile or treat
soils, and verify that they were compliant with
re-use criteria. The soil hospital was therefore
centralised within the scheme and tasked with
managing the excavation arisings, stockpiling,
testing and blending of soils to produce
earthworks materials with defined chemical and
geotechnical specifications (Highways Agency:
1998) that could be re-used on the QEOP.
In combination with the soil hospital, the Permit
to Proceed (PtP) protocol was developed in
order to protect the remediation works that had
already been constructed. The PtP team was
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Conclusions
The Enabling Works was the first major project
on the QEOP and was vital in establishing high
standards for protecting health, safety and the
environment, maximising quality and sustainability
and achieving programme targets, which could be
taken forwards as an example during follow-on
works. It also provided an industry leading
example of collaboration between the ODA, their
delivery partner, the contractors and the Atkins
design and project management teams. With a
great amount of respect, trust and co-operation
between these parties, contractors were able to
receive clear instructions as and when required,
who would then take immediate action, with over
9 000 instructions issued throughout the works.
The Enabling Works project started in October
2006 and was substantially completed, on
programme, in September 2009, whereas
best practice at the time indicated that such a
large-scale remediation scheme would typically
take 10 to 15 years to complete. It has enabled
the delivery of an Olympic Park that is safe for
use, meets the prevailing legislation and planning
conditions and satisfies the requirements set by
both the Olympic and Legacy use masterplans.

The project also demonstrates the benefits of
developing remediation technologies to maximise
on-site soil treatment, thereby minimising the
requirement to transport contaminated material
to landfill and reduce the subsequent volume of
imported clean fill material. It also confirmed that
high levels of material treatment and re-use do
not just provide the most sustainable approach,
but can also be the most cost-effective.
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established to support and engage with the main
infrastructure and venue contractors to ensure
that all previously installed site remediation
measures were incorporated and maintained
within the subsequent project works, including cut
off walls, groundwater treatment networks and
the hard and soft cover systems detailed earlier.
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6.

Cava Pirata: technology train to address a complex contamination

LOCATION
POLLUTANT
SOURCE
GENERAL CLEAN
UP OBJECTIVES
REMEDIATION
ACTIONS
SITE/END USE
SOCIAL-LEGAL
ISSUES
KEY LEARNING/
EXPERIENCE
TO SHARE
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Mantova, Italy.
Benzene, toluene, xylene and aromatic amines
Illegal dumping
Reduce soil and groundwater contamination
Intervention techniques, bioremediation, soil vapour
extraction (SVE) and air sparging (AS)

Natural area
Land reclamation and complex contamination
Materials that could interfere with the selected techniques, they
vv
should be managed separately
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Cava Pirata: technology train to address a
complex contamination

Alessandro Teani, Via Cassanese, 45, 20090 Segrate, Italy. alessandro.teani@greenholding.it
The case of Cava Pirata in Castiglione delle Stiviere (MN) involves the application of multiple and synergic
technologies. The intervention is characterised by high environmental sustainability, in addition to the achievement of
remediation objectives within a reasonable time. The targeted design of interventions has allowed the identification of
intervention techniques, bioremediation, soil vapour extraction (SVE) and air sparging (AS) who have proven optimal
as technology train for the treatment of soils of this site.
Keywords: technology train, air sparging, soil vapour extraction, bioremediation, biopile, sustainability, BTEX (Benzene, Toluene, Ethylbenzene, and Xylenes).

Introduction
The objective of the intervention was to
achieve the site remediation of all the
matrixes involved: bioremediation (biopile)
for soils, soil vapour extraction for soil
gases, air sparging for groundwater.
The technology consisted of injecting pressurised
air into the groundwater, the gaseous flow
allowing the stripping of contaminants, which
are transported in the vapour phase into the
unsaturated zone. The system consists of one
or more injection points and a compressed
air injection system at sufficient pressure to
overcome the hydrostatic load. The intervention
of air sparging (AS) was associated with
a soil vapour extraction (SVE) system for
the recovery of the stripped contaminants
from groundwater that have migrated into
the unsaturated zone and also for stripping
contaminants already present in the soil.
Air sparging (AS) provides direct intervention
on the source of contamination, as opposed
to pump-and-treat (P&T) implementation,
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which would have provided only a barrier
to downgradient contaminant migration.
The SVE-AS system allowed the treatment
of aquifers contaminated by volatile organic
substances, reaching the remediation targets.
On the basis of past experience, the grain size is
crucial to the success of this kind of treatment.
This system showed a faster deadline and lower
costs compared to an intervention with P&T.

The problem
Contaminants of concern and concentration
The contamination had been caused by
previous unidentified activities of illegal
dumping (picture waste present on-site mixed
with contaminated soil) and is characterised
mainly by mono-ring hydrocarbons such as
benzene, toluene, xylene and aromatic amines
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Waste present on-site mixed with contaminated soil
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Concentrations in soil and groundwater

(aniline) in soil and groundwater. Some of the
contaminants were in the vapour phase.
The contamination of the site-specific
data is summarised in the table above
in terms of maximum concentrations
found in soil and in groundwater.
Following a careful examination of the specific
site characteristics, including the type of
contamination to be treated, the lithology
and the depth to groundwater, interventions
characterised by low environmental impact
and high economic sustainability have
been proposed. On-site treatment has been
implemented, partly in situ (SVE) and partly ex
situ (biopile) in the soil, with two wells collecting
groundwater, then treated with a scrubber and
a granulated active carbon (GAC) system.

The strategy
Operations
After the fencing off of the yard, a concrete
platform was prepared and boxes were built
(picture yard at early stage of the process). After
the installation of all the systems, soil treatment
started. The area most contaminated was
excavated after the installation of a provisional
tensile structure (volume of about 20 000 m3),
with the objective of limiting dust volatilisation.
Furthermore, as an additional control measure,
an active depression system was set up for
the collection of any vapour coming from the
soil. The excavated soil was placed in various
provisional tensile structures (approximately
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Yard at early stage of the process

18 000 m3), also confined with an active
depression system, in which six static biopiles
were set up, for a total of about 8 000 t of soil.
The bioremediation process was improved
through the supply of air (picture of air supply
to bioplies) and enhanced though the inoculation
of specific bacterial strains. The whole process
was constantly monitored for some parameters,
such as the O2/CO2 ratio, CH4, humidity and RedOx
condition (picture of bioremediation parameters).
The area of intermediate contamination was
treated with a combination of SVE and AS
(picture of SVE well and two AS wells).
The SVE system consisted of 15 wells equipped
with control systems, all connected to a single
extraction system (picture of SVE extraction
system) with high flux and then to the pollutant
abatement system, which for this area was a
catalytic oxidiser. The SVE system was enhanced
by an AS system consisting of nine wells with
discontinuous insufflations of atmospheric
air into the groundwater table, which both
helped SVE to strip volatile contaminants and
helped microorganism activity, creating aerobic
conditions in the radius of influence (ROI).
The area of low contamination was subjected
to a low-flux SVE treatment without AS (picture
SVE well). The SVE system consisted of 15 wells
equipped with control systems, all connected to
a single extraction system and to the pollutant
abatement system, which for this area was
adsorption on granulated activated carbon (GAC)
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that treated both the vapour and the liquid phases
(picture granulated activated carbon system).
Prior to the installation of all the systems, a
P&T system was installed downgradient, in
order to prevent any contamination plume
from the site during the operations.
The global extraction rate was optimised
at 72 m3/h and the groundwater
quality was monitored monthly.
Management of unexpected issues
During excavation, some anthropogenic waste
that was untreatable in biopile were found (less
than 100 t). They were disposed of off site in
a nearby landfill for non-hazardous waste.
During excavation, in a small volume of soil,
contamination from heavy hydrocarbons (long
linear chain) was unexpectedly discovered. It
was necessary to proceed with the treatments
by developing dynamic aeration cycles (picture
of dynamic aeration cycle using a bucket
excavator) for the purpose of achieving the
objective within the scheduled time frame.

The results
At the end of the intervention, which lasted for 2
years, they achieved all the remediation targets,
even solving unforeseen contamination (heavy
hydrocarbons) and waste. The site was returned
to the contracting authority as a result of the
environmental restoration of the whole area, with
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Excavation of most contaminated soil
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Air supply to biopiles

Monitoring of bioremediation parameters

the placement of many tree species (picture of
trees planted in the area as final cover page 121).
The control authorities monitored all the
activities though several reports that were

produced for each step of the project, ensuring
the full traceability of the data (volume treated,
monitoring data). Ultimately, the volumes of

©Courtesy of authors/Photostock
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Soil volume treated divided among technologies
used

Dynamic aeration cycle using a bucket excavator
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SVE well (with manometer) and two AS wells

SVE extraction system

soil treated with the individual technologies
are illustrated as summarised below.

The conclucions
Bioremediation using biopile techniques has
proved immediately effective for the removal of
aromatic contaminants. The kinetics of the process
is sufficiently rapid and the achievement of
remediation objectives happened quickly for BTEX.
The fact of using the SVE systems allowed the
remediation objetives to be fullfilled in situ. There
were no significant rebound effects, therefore
the project reached its target on schedule.
The groundwater table, constantly monitored,
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SVE well

Granulated activated carbon system

was not affected by the plume correlated to the
implemented processes. During the operation
of the SVE-AS system it was necessary to
activate the P&T system, within a narrow time
frame. Collected and treated quantities are
estimated at a few thousand cubic metres.
The interventions were characterised by high
environmental and economic sustainability,
minimising the handling and disposal to landfill,
limiting the impact on viability and saving costs
in comparison with other techniques that could be
costly or not effective at solving the problems.
A key finding is that if there are some materials
that could interfere with the selected techniques,
they should be managed separately, and good
characterisation is the key to differentiating
areas where enhancements (that can be
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Waste present on-site mixed with contaminated soil

costly and/or energy consuming) are needed
from others where they are not needed.

Further reading
• Naval Facilities Engineering Service Centre
(1996), Biopile design and construction
manual. Available at:

Relevant websites
https://www.epa.gov/remedytech/greenremediation-best-management-practices-soilvapor-extraction-air-sparging
http://www.cittametropolitana.mi.it/export/
export_14032014/p_bonifiche_lineeguida14_
trattamentochimicoinsitu.pdf

https://clu-in.org/download/techfocus/bio/Biopiledesign-and-construction-1996-tm-2189.pdf

• EPA, Soil vapor extraction enhancement
technology resource matrices. Available at:

https://www.epa.gov/sites/production/
files/2015-08/documents/sve_enhancement.pdf
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1.

Hungary: remediation of cave homes in Budafok

2.

Poland: the decommissioned Piekary Slaskie Zinc 		
and Lead ore smelting plant.
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Remediation of cave homes in Budafok, Hungary

LOCATION
POLLUTANT
SOURCE
GENERAL CLEAN
UP OBJECTIVES
REMEDIATION
ACTIONS
SITE/END USE
SOCIAL-LEGAL
ISSUES
KEY LEARNING/
EXPERIENCE
TO SHARE
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Budapest, Hungary.
Solid gas paste, liquid phase leachat, dilute sludge
Gas factory, illegal landfill dumping
Reduce soil and groundwater contamination
Pumping of leachate, dilute sludge, waste discharge of
the disposals, cleaning of wells using alpine technics, deep
yards’ rock surface cleaning using dry and wet methods
Recreation and residential space
Land reclamation and human exposure to contaminants
Further technologies had to be used to remediate wells,
establishment of monitoring wells, water flow measurement with
cleaning of the well
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A uthor’s profile
Miklós Hollósy, he is a consultant at the Herman Otto Institute.
He received a Ph.D. in Chemical Engineering at the Technical
University of Budapest. From 1982 he works on hazardous waste
management and remediation technologies as an environmental
expert for different companies. He has significant laboratory
practice, experience in controlling and proficiency in implementation
of projects. He has published about 20 papers to journals and
conference proceedings.

András Béres, is the director of the Directorate for Environmental
Protection and Nature Conservation at the Herman Otto Institute.
He graduated as agricultural engineer at the Faculty of Agricultural
Engineering of the Agricultural University of Gödöllő. He acquired
a German-Hungarian vocational training qualification. He is PhD
in technical science by the School of Agricultural University of
Gödöllő in 1998. Previously, he did lecturing, worked as accredited in
environmental analytical laboratories and conducted management
executives taks and in R&D activities. Currently he acts as manager
of all environmental related projects at the Herman Otto and he is
assistant professor at the Szent István University.
Norbert Baross is an environmental expert at the Herman Ottó
Institute Nonprofit Ltd with a post gradual master in Environmental
Engineering in 2010 at Szent István University. He started his work
as an engineer assistant at the National Institute for Environment.
For three years he conducted surface water management tasks for
the Budapest Regional Branch. In 2014, he joined the environmental
remediation workgroup. He has considerable experience with GIS
programs. He used to attend training courses and conferences
regularly. He has participated in a numberof international projects
and also in publication of professional articles.

Lorant Riesz, is the deputy director of the Directorate for
Environmental Protection and Nature Conservation at the Herman
Otto Institute. He graduated as an environmental engineer
and started his professional work in the National Institute for
Environment in 2013. One of his main tasks is the coordination of
the remediation of contaminated sites related projects, managing
preparatory work of decision making, providing data service and
reporting for the Ministry of Agriculture. He also carries out the
remediation tasks under governmental responsibility.
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Remediation of cave homes in Budafok,
Hungary

Miklós Hollósy, Technical Regulatory Expert, ÉMI Non-Profit Llc., mhollosy@EMI.hu
András Béres, Deputy General Director, Herman Ottó Institute Nonprofit Ltd., beres.andras@hoi.hu
Norbert Baross, Environmental Protection Consultant, Herman Ottó Institute Nonprofit Ltd., baross.norbert@hoi.hu
Lorant Riesz, Deputy Director, Herman Ottó Institute Nonprofit Ltd., riesz.lorant@hoi.hu
In the framework of the National Environmental Protection and Remediation Programme 1996-1997 as the responsibility of the State, in the area of cave homes in Budafok, XXII. District, Budapest remediation has been implemented,
which was necessary due to the pollution by disposal of gas cleaning paste. There were four supposed sources in
Budatétény, two more in Budafok on cca. 8654 m2. The hazardous materials have been found in two different phases.
The amount of previously disposed of harvested solid gas paste was 77 344 t, of liquid phase leachate was 559 t,
and of dilute sludge was 3000 t. The real estates on the remediated area are built-up, inhabited or non-built-up with
weekend houses and gardens, or industrial estates or public areas and roads with public utilities. The target of the
technical intervention was the thorough decontamination of the area.
Keywords: cave house, disposal, gas paste, hazardous waste, leachate, metallurgy, mine, recovery, recultivation,
remediation, utilization.

Introduction
In the 1950’s economic crisis was going
around, so that a lot of workers, who moved
to Budapest due to the job opportunities there,
looked for shelters in the desolate limestone
mine area and settled in there. A flat sometimes
make up only 15-20 m2, moreover there were
sometimes 3-4 families living together in a
bigger flat amongst saddening conditions.

Factory. Putting and closing the paste in the
mine holes seemed to be an obvious solution,
because it was not regarded as environmental
pollution, since the effects were unknown and
yet no legal rules about the requirements of
disposal of had been introduced that time.

The XXII district was established as a union
of Budafok, Budatétény and Nagytétény in
1950, which’s first decision was to cease the
mentioned cave flats. The families living in
the cellar flats had been provided other ones,
so that they moved away, and then the quick
shutdown of the cellar ones had been started.
It was thought that the cheapest way of disposal
was to close the area and fill the caves.

Decades after disposal of it turned out that it
had serious environmental polluting impact.
In the framework of the National Environmental
Protection and Remediation Programme (OKKP)
1996-1997 as the responsibility of the State, the
plan to remediate the area had been accepted.
Between 1999 and 2001 the fact-finding phase
of remediation took place. After the open public
procurement process started in the framework
of the OKKP had been finished, the tender to
implement the technical intervention phase of
remediation was won by TERSZOL Environmental

The filling works finished in 1966-1967, while
exploited gas cleaning paste and slag was
being used, which stem from the Óbudai Gas
132

The problem
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National Environmental
Protection and
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1996-1997 the illegal
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on them need to be
remediated.

”

Excavation works on-site.

Protection and Building Industrial Ltd.
There were four supposed sources in Budatétény,
two more in Budafok on cca. 8 654 m2.
The hazardous materials have been found in
two different phases. The amount of previously
disposed of harvested solid gas paste was
77 344 t, of liquid phase leachate was
270 m3, and of dilute sludge was 3 000 t.
The real estates on the remediated area are
built-up, inhabited or non built-up with weekend
houses and gardens, or industrial estates or
public areas and roads with public utilities.
The target of the technical intervention was
the thorough decontamination of the area.

The strategy
Preparation
TERSZOL began the technical intervention
phase works according to the environmental
implementation plan accepted by the
administration on 1 August 2004. Afterwards
the original state of environment was assessed,
which covered real estates, buildings, facilities,
public utilities and green surfaces, geodetic

measurements, measurement points for sinking,
assessment of original state of environmental
elements and trial period of waste utilization.
The preparation tasks of the area has
been finished by the isolation of potential
polluters from the direct environment, the
implementation of public utilities, mobile and
necessarily fixed technological facilities, the
cut down of trees, shrubs, vegetation, the
demolition of buildings and the construction
of inner, temporary transportation roads.
Technological intervention phase
Remediation of potential polluters
includes the following steps:
• Pumping of leachate, dilute sludge,
gathering in the waste body according
to ADR requirements, public road
transportation, treatment with water
recycling, transportation of dry matter
content to process and for further usage.
• Waste discharge of the disposals of and
the cellars beneath, aka cave homes in
the first phase by exploitation, transferring
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Cleaning works on-site.

to landfills with 15% of manual power,
15% of small machines and 70% of big
machines.
• After the exploitation the cellar walls, rocks
were dry and wet cleaned by machines and
manually
• The cleaning of wells found in deep yards
was carried out with machines and alpine
technics, what was followed by the cleaning
of well walls manually and with machines,
and of the well bottom, and finally of the
water and slop by pumping. The next steps
were the water flow measurement, the
sampling and the laboratory examinations.
• The deep yards’ rock surface was cleaned
by machines, small machines, manually,
dry and wet methods. It was followed by
labelling as clean by the Authority based
on accredited sampling, final control and
assessment.
After the transportation ruled by ADR the gas
paste were given away to BÉM Ltd. to recycle
according to the implementation plan. The
leachate and the dilute sludge were treated
at the TERSZOL’s plant in Szolnok to recycle
the water for further usage, furthermore
the dry content with the gas paste in it
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was material recycled at BÉM Ltd.
The former Ministry for Environmental Protection
and Water Affairs had managed to buy two
real estates being on illegal landfills with
buildings on them, both had been demolished
by mutual agreement with the contractor.
The remediation of the other 12 inhabited
estates were more complicated. The residents of
5 houses had to move away, their buildings had
to be conserved, and the waste had to be kept
there unmovably by the so called jet-grouting
technology, putting the houses’ basement on
rocks, building walls to incorporate the hazardous
waste, strengthening the houses and water
drainage system was built there. Under the
building, the remaining waste is isolated with
technical protection. In case of the other houses
unique solutions were carried out. During the
remediation process one of the houses had to be
strengthened immediately, since it came up that
the 5-flat house was standing upon two crashed
in cellar floors, and only a false vaulting held it.
The TERSZOL wrote a process report in each
month according to the requirements, which
were sent to the Inspectorate, the National
Public Health and Medical Officer Service, the
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The soil, the groundwater, level of sinking,
the noise, the air quality, the gas paste,
the dilute sludge, the leachate, the
vegetation, the quality and quantity control
of newcoming soil were monitored by
accredited companies, what is more isotopic
compactness examinations were executed.

dilute sludge was exploited, packaged and
transferred according to the ADR requirements.
After the technical interventions the stakeholders
got back a clean, healthy environment
which had been recultivated and got value
added real estate for everyday usage.

Further readings
Relevant websites
www. terszol.hu

Further tasks
The active phase of remediation showed that
there were more contaminated areas and
further cellar flats, where significant extra
amount of polluter and dilute sludge were
found unpredictably. That meant that extra
work had to be done, as the area had to
be extended (6 802 m2 added to it), bigger
amount of pollutants had to be treated,
and more flats had to be remediated.
After the public procurement process, on 21
February 2005 the extra works was ordered in a
complementary contract. The TERSZOL sent the
results and assessment of polluter searching to
the Inspectorate and the principal. Based on these,
further technologies had to be used (to remediate
wells, establishment of monitoring wells, water
flow measurement with cleaning of the well etc.).
Finally, much more soil and waste was exploited.

The conclusions
The technical intervention began in June of 2004
and all the remediaton and recultivation tasks on
the regarded estates mentioned in administrative
decrees, works contracts have been finished
by TERSZOL in time, before 28 June 2007.
The Inspectorate labelled the real estates as
clean before the beginning of recultivation.
During the technical intervention 77 344 t
of gas paste, 559 t of leachate, 3 000 t of
European achievements in soil remediation and brownfield redevelopment
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municipality, the Hungarian Central Directorate
for Water & Environment, the Research Institute
for Environment and Water Ltd, the Green
Future Association and the principal. During
the intervention the building log and the
implementation document were daily refreshed
on-site and at the processing plants, as well
as all the necessary documents related to the
transportation of waste and hazardous waste.
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2.

The decommissioned Piekary Slaskie Zinc and Lead ore smelting
plant, Poland
LOCATION
POLLUTANT
SOURCE
GENERAL CLEAN
UP OBJECTIVES

Zinc, Lead, Cadmium, Arsenic
Zinc and Lead smelting
Revegetate smelter wasteland, reduce dispersion of pollutants

REMEDIATION
ACTIONS

Top layer amendment with biosolids and
by-product limestone, phytostabilisation

SITE/END USE

Revegetated wasteland/ecological site

SOCIAL-LEGAL
ISSUES
KEY LEARNING/
EXPERIENCE
TO SHARE
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Piekary Slaskie, Poland

Land reclamation, human health risk
Knowledge on effectiveness and long-term performance of the applied
phytostabilisation approach
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A uthor’s profile
Dr Grzegorz Siebielec. is a research scientist at Institute
of Soil Science and Plant Cultivation (IUNG) – State Research
Institute in Pulawy, Poland. He received a Ph.D. in agronomy
in 2001. Current Head of Soil Science Erosion and Land
Protection at IUNG. His main research interests are soil
contamination and remediation, land use change, soil quality,
soil sealing, waste management. He participated in ten
international projects, including 5, 6 and 7FP, and coordinated
work packages in two of them (CANTOGETHER and URBANSMS). Coordinated national monitoring of soil quality for
Ministry of Environment. Currently a national representative
for soil issues in EIONET, Common Forum on Contaminated
Lands and Global Soil Partnership. He has published more
than 110 contributions to scientific journals, chapters and
conference proceedings.
Prof. Tomasz Stuczynski. has been involved for over 30
years in research on soil protection, including: testing of soil
contamination, development of metods for land reclamation
and land use change modelling. In the 90’s he lead the
Silesia project, developing low cost remediation/revegetation
methods, contributing also to a number of EU funded
R&D projects, such as SENSOR dealing with sustainability
assessment, LUMOCAP working on assessment and modelling
of policy impacts on land use change. He led an assessment
of CAP Rural Development Plan impacts on soils and waters
in Poland. He also contributed to the development of draught
monitoring systems for agriculture land in Poland. He managed
several large projects financed by government agencies to
establish monitoring schemes, indicators, databases and
systems needed for the assessment of CAP. Working at SGS
he developed and managed an accredited testing laboraotry
specializing in monitoring of soil and water polution, noise
monitoring, stack emission analysis, food testing, site and risk
assesmment.
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The decommissioned Piekary Slaskie Zinc
and Lead ore smelting plant, Poland

Dr. Grzegorz Siebielec, Department of Soil Science Erosion and Land Protection, Institute of Soil Science and Plant
Cultivation-State Research Institute in Pulawy, Poland, gs@iung.pulawy.pl
Prof. Tomasz Stuczynski, Department of Soil Science Erosion and Land Protection, Institute of Soil Science and Plant
Cultivation-State Research Institute in Pulawy, Poland, ts@iung.pulawy.pl
The study case presents the decommissioned Zinc and Lead ore smelting plant located in Piekary Slaskie, Poland. The
wasteland had wastes from two different smelting processes — Welz and Doerschel. Both wastes contained extremely
high loads of Zinc (up to 128 g kg-1), Lead (up to 40.6 g kg-1), Cadmium (up to 3.46 g kg-1) and Arsenic (0.76 g kg-1).
The pilot reclamation of smelter waste sites was performed within the framework of the Silesia project. The project
was a joint effort by local government, industry and national or international research institutions and agencies: the
US Environmental Protection Agency (USEPA), the Centre for Research and Control of the Environment (OBIKS), Virginia
Polytechnic Institute, USDA-ARS in Beltsville and the Institute of Soil Science and Plant Cultivation (IUNG). The main
objective of the Silesia project was the development of guidelines for the effective and safe use of bio-solids for the
reclamation of degraded lands and waste sites.
Keywords: smelter waste sites, Silesia project, biol-solids, Zinc and Lead decommissioned.

Introduction
The demonstration was established at the
decommissioned Zinc and Lead ore smelting
plant located in Piekary Slaskie, Poland. The
wasteland had wastes from two different
smelting processes — Welz and Doerschel.
Both wastes contained extremely high loads of
Zinc (up to 128 g kg-1), Lead (up to 40.6 g kg-1),
Cadmium (up to 3.46 g kg-1) and Arsenic (0.76
g kg-1). The pilot reclamation of smelter waste
sites was performed within the framework of
the Silesia project. The project was a joint effort
by local government, industry and national or
international research institutions and agencies:
the US Environmental Protection Agency
(USEPA), the Centre for Research and Control of
the Environment (OBIKS), Virginia Polytechnic
Institute, USDA-ARS in Beltsville and the Institute
of Soil Science and Plant Cultivation (IUNG).
The main objective of the Silesia project was
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the development of guidelines for the effective
and safe use of biosolids for the reclamation
of degraded lands and waste sites.

The problem
In the 1990s metal waste sites in the Silesia
region were known to contain more than 87
million tonnes of waste. The deposited wastes,
containing several per cent zinc and lead, had
become a hazard to humans and the environment
through leaching and wind erosion (picture above
on page 137 of barren smelter wasterland in
Piekary before the reclamaton). It must be noted
that smelter or mining wastelands are dispersed
within the mosaic of various land uses in the
region: settlements, arable lands, hobby gardens,
parks. This creates a range of various pathways
for negative impact from the wastelands, which
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Barren smelter wasteland in Piekary during the 90’s before the
reclamation.

are generally barren and susceptible to dispersion
of pollutants. Spontaneous vegetation processes
are very slow and inefficient in terms of reducing
health and environmental risks. Therefore it
was evident that a simple and cost effective
solution for stabilizing these sites was needed
and aimed at establishing permanent vegetative
cover on the waste piles to reduce leaching or
erosion of toxic elements, as well as to keep
metallic fugitive dust from being dispersed.
Difficulties in revegetation of these sites are
related to a combination of many variables
limiting plant ability to grow, including harsh
physical conditions, lack of water retention,
Zinc phytoxicity and deficiency of nutrients.

The strategy
Method
Due to shortage of valuable soil material for
top-soiling, an alternative method was needed
for the site remediation. The implemented
integrated approach involved application of
two types of wastes – biosolids and by-product
lime for revegetation of the toxic wastelands,
selection of resistant grass species and long-term

monitoring of the reclamation performance.
Two experimental sites were reclaimed in
mid- 90’s in Piekary covering almost 1 ha. The
reclamation treatments for Site I took place in
summer 1994. The top layer of Welz waste was
treated by application of municipal biosolids
at the rate 300 dry Mg ha-1 (dry matter basis)
combined with the incorporation of lime in an
oxide and carbonate form at the rate of 1.5
and 30 Mg, respectively. The incorporation
of materials used for stabilization was done
by a chisel plow to a depth of 15 to 20 cm.
Different approach was applied for the more
toxic Doerschel part of the Site I in a subsequent
season (1995). It involved the use of a 30 cm
byproduct lime cap which was lined over the top
of the waste surface. This capping was followed
by incorporation of biosolids at a rate of 300
Mg ha-1 (dry matter basis). The by-product lime
was obtained from the sedimentation pond of a
ground water treatment facility where calcium
hydroxide was used to precipitate metals from
water. Biosolids were obtained from the municipal
waste water treatment process. The fields were
then seeded with following mixture of grasses:
Festuca rubra L. cv. Atra, Poa pratensis L. cv.
Alicja, Festuca arundinacea Schreb. cv. SZD, and
Festuca ovina L. cv. Sima. These approaches
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Remediation works on-site - 1995.

resulted in establishing plant cover (picture
above page 138: reclaimed site in 1995).
The Site II was the experimental field established
in 1997 for testing effectiveness of biosolids/
lime rates (6 combinations) and grass species/

cultvars (23 cultivars) in revegetation of the
wastelands. The 23 grass cultivars represented
the following species: Festuca rubra, Poa
pratensis, Festuca arundinacea, Festuca
ovina, Festulolium, Agrostis alba, Lolium
perenne, Agrostis canina, Agrostis capillaris,

Effect of the wasteland reclamation on pollutant linkages
©Modified from authors
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Long-term changes in Cadmium (Cd) water solubility after reclamation of slags
by application of biosolids and lime performed in 1995 (Piekary Site I). Year
1994 represents initial status - before the reclamation.

Dactylis polygama, Deschampsia caespitosa,
Puccinella distans, tested in separate plots.
Site II treatment involved the following six
combinations of amendment rates: municipal
biosolids (B) low (150 Mg ha-1) and high rate
(300 Mg ha-1) and by-product lime (BL) low
(100 Mg ha-1) and high rate (200 Mg ha-1):
low B; high B; low B + low BL; high B + low
BL; low B + high BL; high B + high BL.

The conclusions
Effects
At both sites the biosolids combined with lime
developed conditions suitable for grass growth
and enabled establishment of permanent plant
cover which drastically reduced wind and run-off
driven dispersion of metals. Assessment of
metal solubility in subsequent years showed
substantial decreases of Zinc, Cadmium
and Lead solubility as measured by water
extractions. This was an effect of pH shift due to
dissolution of applied limestone and accelerated
adsorption and occlusion of metals in the
presence of organic matter and iron oxides.
The important question was raised after the
plant had been established at the sites regarding

safety of the proposed remediation methodology
to food chain. Subsequent feeding trial revealed
that potentially toxic metals such as Lead and
Cadmium were not excessively transferred to
muscles of cattle fed with hay harvested at
the site. The animals also did not show any
visible symptoms of health disorder. Obviously,
such a reclaimed site would not be acceptable
for permanent grazing due to risk of cattle
exposure to direct soil ingestion. However, it
is evident from the studies that plant cover of
the reclaimed Zn -, Cd -, and Pb - contaminated
site do not pose any identified risk for wildlife.
Effects of the applied remediation on most
significant pathways of negative impact of
the wasteland are presented in the Table page
138 - effect of the wasteland reclamation on
pollutant linkages, as based on the conceptual
model exercised in GREENLAND project.
Generally the reclamation limits the pollutant
dispersion into the environment and reduces
the related risk to human health. On the
other hand the tested approach did not
induce any recognized secondary risks.
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Average plant coverage (%) as response to the stabilization treatment at Piekary Site II recorded
in 2012 (15 years after the treatment). Plots I-VI correspond to low B; high B; low B + low BL;
high B + low BL; low B + high BL; high B + high BL, respectively (B-biosolids, BL-byproduct
lime). No plants grown at untreated control area.

Monitoring
The sites were regularly sampled in a regular
grid in subsequent years (1995–1999) under
the SILESIA project. Then the sites were
resampled in 2003 and in 2010-2014 under
7FP GREENLAND project. Samples were taken
from 0 to 15 cm depth. The samples were
analyzed for labile metals in the soils, plant
metals, microbial activity, pH, carbon, salinity.
The analysis proved permanent reduction of metal
mobility as indicated by water or neutral salt
extractions (graph above page 138 on long-term
changes in Cadmium). Measurements of enzyme
activities in reclaimed top layer produced similar
levels to that of arable soils from the region,
both 4-5 and 15 years after remediation. This
proves that the applied reclamation methods
effectively establish fully functioning ecosystems
and nutrient cycling that support plant growth.
Long-term observations of both Site I and Site
142

II revealed that combinations of high rates
of biosolids and lime established permanent
plant cover (go on see bar graph above page
140 showing average plant coverae).
In 2012-2014 we did extensive research of Site
II biodiversity, including appearance of original
and spontaneous plant species and diversity of
some mesofauna. The most persistent, among
original grass species, were Poa pratensis,
Agrostis capillaris and Festuca ovina. These
species covered the largest area of the field
17 years after remediation among all grasses.
Most of the area was covered by spontaneous
vegetation - Calmagrostis epigejos, Hypochoeris
radicata, Melandrium album, Artemisia vulgaris,
Daucus carota and Solidago gigantean. High
number of fauna representing Gastropoda,
Myriapoda and Collembola was observed for
plots treated with biosolids and by-product lime.
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Site I in 2011. Untreated control area on the left.

“ Long-ter m

observations of both
Site I and Site II revealed
that combinations of
high rates of biosolids
and lime established
permanent plant cover .

”
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Site II in 2014.

Current status and the conclusion
In accordance to the original aim of the
implement approach, the plant cover is not
managed and it is left to spontaneous changes
in vegetation. Regardless the weather conditions,
each year high plant biomass and coverage
is produced at the site, preventing erosion
of toxic waste and leaching of pollutants.
Long-term observations prove that permanent
plant cover has been established, consisting
with initial grasses and spontaneous
species (pctures Site I and Site iI).
Summarizing, the most important
strengths of the method are:
• reduction of labile metal (Cd, Zn, Pb) pools
in the waste top layer
• plant cover reducing leaching and wind
erosion
• microbial activity and site biodiversity

recovered
• low cost of the remediation.

Further readings
• Stuczynski, T.I., W.L. Daniels, K. Pantuck, F.
Pistelok. 1996. Stabilization and revegetation
of metal smelter wastes in Poland with lime
and biosolid applications. p. 402–404. In Proc.
Third International Symposium and Exhibition
on Environmental Protection in Central and
Eastern Europe, Warsaw, 10–13 Sept. 1996.
• Stuczyński T., G. Siebielec, W. Daniels, G.
McCarty, R. Chaney. 2007. Biological aspects
of metal waste reclamation with biosolids.
Journal of Environmental Quality, 36:
1154-1162.
• Greenland project. Available at:
www.greenland-project.eu
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Italy: Reconnet, the Italian network on 			
management and remediation of contaminated
sites
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1.

Reconnet: the Italian network on management and remediation
of contaminated sites

LOCATION
POLLUTANT
SOURCE
GENERAL CLEAN
UP OBJECTIVES
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Italy
Non specified
Landfill
Reduce soil and groundwater contamination

REMEDIATION
ACTIONS

Development of new managements tools

SITE/END USE

Non specified

SOCIAL-LEGAL
ISSUES

Land reclamation, human health risk

KEY LEARNING/
EXPERIENCE
TO SHARE

Risk-net software became the official Reconnet software for risk
assessment
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Reconnet: the Italian network on
management and remediation of
contaminated sites
Renato Baciocchi, Department of Civil Engineering and Computer Science Engineering Via del Politecnico, 100133 Rome,
Italy, baciocchi@ing.uniroma2.it
Iason Verginelli, Department of Civil Engineering and Computer Science Engineering Via del Politecnico, 100133 Rome, Italy.
Igor Villani, ARPAE Emilia Romagna, via San Felice 25, 40122 Bologna, Italy, ivillani@arpae.it
The Italian network for the management and remediation of contaminated sites (Reconnet), established in 2010 on
the basis of an agreement promoted by the University of Rome Tor Vergata, is the main multistakeholder network
operating in Italy in the field of contaminated sites, counting around 60 members among universities, scientific institutes, research centres, consultants, regional environmental agencies, trade associations and large private companies.
This paper presents the activities carried out by the working groups operating within the network and the main results
obtained so far. These include the human health risk assessment software Risk-net, the White Paper on sustainable
remediation and the document discussing the management of contamination events in landfill areas. These activities,
together with the many dissemination events organised by the network, assign to Reconnet an increasingly important
role in promoting the stakeholders’ engagement in the management of contaminated sites.
Keywords: contaminated sites, ecological risk assessment, human health risk assessment, landfill, persistent organic
pollutants, phyto-technologies, remediation, stakeholders’ engagement, sustainability, vapour intrusion.

Introduction
The current pace of remediation activities in Italy
is limited by the lack of effective stakeholder
engagement in the definition of the remediation
pathway, while contrasts often arise between
problem owners and regulators. The involvement
of universities and research institutes by problem
owners and consultants is often motivated by
the need for getting support in administrative or
legal controversies, rather than for introducing
innovative approaches and solutions. Thus,
contaminated sites are a sort of lost opportunity
for the development of new management
tools, new technologies and new approaches
for the requalification of brownfield sites. The
establishment of a drive belt, connecting problem
owners and consultants, regulators and scientific
institutes, universities and research centres, could
have the potential to accelerate the clean-up of
contaminated sites, thus fostering the growth of
the remediation market and making it a relevant

150

part of the green economy, as is the case in
other industrialised countries. The generation
of this drive belt is the main goal of the Italian
network on the management and remediation
of contaminated sites (Reconnet), which was
established in 2010 and now includes members
representing the different stakeholders involved in
contaminated sites issues. This paper will provide
an overview of the network, discussing its goals,
how it is organised and the main results (products,
tools and dissemination activities) achieved so far.
Set-up, goals and members of Reconnet
As already outlined above, Reconnet was
established in 2010 on the basis of an agreement
promoted by the University of Rome Tor Vergata
and signed by INAIL (National Institute for
Insurance against Accidents at Work), ISPRA
(Italian National Institute for Environmental
Protection and Research), Sapienza University
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The Reconnet network.

of Rome, the University of Eastern Piedmont
and ARPALazio (Regional Environmental
Protection Agency). Currently, the Reconnet
network has around 60 members, including
universities, scientific institutes, research
centres, consultants, regional environmental
agencies, trade associations and large private
companies. The logos of the members of the
network are shown in page 150. The network
aims at providing a contribution to solve the
main technical and regulatory open issues on the
management and remediation of contaminated
sites. Namely, Reconnet has the following
goals: encouraging collaboration and promoting
exchange of data and information between
research centres, regulators, private companies
and consultants; transferring and spreading
information through databases, websites and
other e-media types; organising conference and
seminars; identifying the main topics requiring
theoretical and technological investigation. The
network activities are steered by the assembly
— composed of the representatives of the six
members who signed the original agreement
— following the suggestions of the general
assembly — composed of the representatives
of all members. As it will be discussed in more
detail later in the paper, the activities of the
network are carried out by working groups dealing
with specific issues. The decision on setting up

specific working groups and the final approval
of their products (tools, documents, White
Papers, etc.) is taken by the network assembly.
Working groups
The network is currently organised into the
following thematic working groups: ecological risk
assessment; phytoremediation; regeneration of
contaminated sites and urban planning; persistent
organic pollutants; vapour intrusion; sustainable
remediation (SuRF Italy). The main products
developed so far within Reconnet include: the
Risk-net software, which has become the national
reference tool for carrying out risk assessment for
contaminated sites; the Leach8 software, useful
for carrying out risk assessment for landfills;
the White Paper on sustainable remediation;
the document with warning levels for landfill
monitoring; the benchmark for risk assessment
software. This section provides an overview of
the activities performed so far and to be still
carried out by the different working groups.
Working group on the Sustainable
Remediation Forum: SuRF Italy
This working group, led by Claudio Albano
(CH2M) and Paola di Toppa (ISPRA), stems from
an initiative carried out by a group of experts
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Logos of the Reconnet members (as of 30 June 2016).

operating at national and international level in
the field of contaminated-site remediation and
familiar with the issue of sustainability. In 2012
this group started to elaborate on the opportunity
of working together in order to disseminate the
practice of sustainable remediation among the
stakeholders involved and to promote a kind of
initiative similar to the ones already started in
other countries and international contexts. At the
beginning of 2013 this group officially launched
the Italian branch of the Sustainable Remediation
Forum (SuRF Italy), which started its activities
as a working group of the Reconnet network.
The goal of this working group is to establish
a permanent national discussion forum among
the stakeholders involved in the management
and remediation of contaminated sites, for
the definition and application of sustainable
approaches and practice. The first step of SuRF
Italy was to provide a definition of sustainable
remediation as ‘the process of management and
remediation of a contaminated site, aimed at
identifying the best solution, that maximises the
benefits achievable through its implementation
152

from an environmental, economic and social
point of view, through a decision pathway shared
with the stakeholders involved.’ The SuRF Italy
working group has already issued its first product,
the White Paper on sustainable remediation,
available for download from the Reconnet
website. This document first provides an overview
of the different initiatives already ongoing at
international level on sustainable remediation;
then, it summarises the legislative framework
on remediation of contaminated sites in Italy
and the current situation of the remediation
market; finally, it discusses the fundamental
principles of sustainable remediation and its
scope of application and lists the main activities
needed to apply sustainability concepts to the
remediation of contaminated sites in Italy. The
appendix to the White Paper includes around
10 case studies of sustainable remediation,
some of which refer to applications in Italy.
Currently, a second document on the operating
criteria for sustainable remediation in Italy
is in preparation, which will represent a sort
of guideline to be applied, on a voluntary
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Working group on interaction between
landfills and remediation
This working group deals with the critical issues
related to the interaction between landfill
management and remediation of impacted
soil and groundwater. The group, led by Igor
Villani (ARPAE) and Andrea Forni (Professional
Engineering Society of Bologna), has already
issued a document titled Determinazione e
gestione dei livelli di guardia per il monitoraggio
delle discariche — Relazioni con i siti contaminati
(‘Definition and management of guard levels
for monitoring of landfills — Relationship
with contaminated sites’), available for
download from the Reconnet’s website.
The document deals with the thin borderline
between the impact of a landfill plant on the
environment linked to its normal operation on
one side and the pollution event on the other.
The study deals with emissions into the
atmosphere or into groundwater from landfills,
describing the methods to be employed for their
monitoring and then discussing the main issue
of interest, that is how to identify a significant
modification of the quality of the environmental
matrices, and particularly its correlation with
the activities carried out in the landfill.
Proper management strategies have also been
developed that can be integrated into the
Environmental Integrated Authorisation (EIA) with
the aim of minimising the potential for emerging
conflicts between authorisation and remediation
procedures. A case study, proposed by the Abruzzo
regional environmental agency, is also provided
in annex to the proposed management strategy.
The methodology introduced and discussed
in the document provides the fundamental

framework for setting up a decision support
system for the management of significant
events that can be correlated to leachate
and/or gas dispersion from the landfill.
As far as the impacts on groundwater quality
are concerned, the proposed methodology relies
on the definition of screening levels for a limited
set of contaminants (typically three) selected
by taking into consideration their mobility in the
unsaturated/saturated zone and considering their
significant presence in the leachate produced
in the landfill. The latter factor is considered
to be particularly relevant in order to avoid
tracing back to the landfill contamination
those plumes deriving from external sources
and to wrongly activate useless remediation
procedures for the landfill, with costs to be
borne by the company in charge of the landfill
management but also indirectly by the regulator.
As far as the impacts on air are concerned,
the document provides useful indications for
the determination and identification of proper
screening values for both air and soil gas.
Working group on vapour intrusion
The working group on vapour intrusion, led by
Simona Berardi (INAIL) and Iason Verginelli
(University of Rome Tor Vergata), first prepared
a survey that was shared with the different
members of the Reconnet network on the ‘Criteria
and methods adopted for the analysis of soil gas’.
The results of this survey highlighted the main
issues that will be addressed by the Reconnet
WG. In particular, the working group on vapour
intrusion is preparing a technical document
that will address the following critical aspects:
the procedure to be used for the inclusion of
soil-gas data in risk assessments; the definition of
risk-based soil-gas screening levels; the criteria to
be used to evaluate the contribution to the overall
volatilisation from subsurface as a result of
contamination in both soil and groundwater; the
analytical models to be used for a more realistic
assessment of the vapour-intrusion pathway;
the exposure and site-specific parameters to
be used for the risk assessment procedure.
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basis, by the stakeholders involved, in order
to drive the remediation process following the
best practice of sustainable remediation.
Finally, it is worth mentioning the contribution
of SuRF Italy in organising the 2014 edition of
the International Conference on Sustainable
Remediation in Ferrara, and also in supporting
and promoting the latest edition held in Montreal
(Canada) in April 2016 by the active participation
of some members of the working group to
the scientific committee of this conference.

Networking
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Main screen of Risk-net.

Working group on environmental
risk assessment
The working group on ecological risk assessment
(ERA), led by Guia Agostini and Renato Baciocchi
(University of Rome Tor Vergata), aims at the
definition of criteria and approaches for the
application of this procedure in the Italian context,
making reference to international approaches.
A first document, currently being finalised,
reports a critical analysis of the main ERA
procedures adopted at international level.
All the analysed procedures are based on a
tiered approach, characterised by levels of
increasing complexity. This results in an increase
in site-specific data needed when moving to
higher tiers in place of more conservative
assumptions typically used in lower tiers.
Based on the outcomes of this first document
and considering that the human health risk
assessment procedure, used in the Italian
legislation to set the clean-up goals for soil,
is based on the RBCA-ASTM approach, it was
decided to follow the Eco_RBCA standard
(ASTM E2205/E2205M 2002 — reapproved in
2009) as reference for an ERA procedure in
Italy. It is expected to produce four documents,
which will detail the data to be collected and
154

the approach to be used for each of the four
tiers provided for by the Eco-RBCA approach:
scoping; Tier I with the definition of ecological
screening levels; Tier II, with the definition of
a site-specific modelling approach; Tier III with
the identification of appropriate experimental
methods for assessing the ecological quality of
the potentially affected environmental matrices.
Working group on phyto-technologies for
the remediation of contaminated sites
This working group, led by Andrea Sconocchia
(ARPA Umbria), was formed with the idea of
creating a scientific reference pole for the
application of phyto-technologies for the
remediation of contaminated sites. Although
there is an increasing interest in this approach at
both national and international level, there are
still many critical issues hindering its application,
which include technical and regulatory aspects,
the solution to which requires the availability of a
reference point at national level, currently missing.
The working group will investigate in detail
the main technical and regulatory obstacles
to a full deployment of phyto-technologies
for the remediation of contaminated sites
and will propose solutions to overcome these
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Main screen of Leach8.

problems. The starting point for this activity
will consist in the systematic collection and
classification of the experience gained at national
level on the application of phyto-technologies. Namely, the working group will deal with
the following issues: study of the legislative
framework regulating remediation processes
based on phytoremediation; application
and technical issues with specific reference
to the use of vegetable species for the
characterisation and monitoring of contaminated
sites and for their remediation; comparative
assessment of tools available for evaluating
the sustainability of phyto-technologies with
respect to other clean-up options; valorisation
of obtained products and by-products also
relying on green chemistry techniques
(i.e. phytomining). The results obtained so
far have been collected in a first report on
Phytoremediation techniques in the cleanup of
contaminated sites (Sconocchia et al., 2017).
Working group on contaminated
sites and land management
This working group, led by Igor Villani (ARPAE) and
Jean Pierre Davit (Golder), aims at examining the
main problems linked to the relationship between

the management of contaminated sites and land
management, with specific reference to the issues
of brownfield regeneration and soil consumption.
In Italy, the main elements that form the
basis of actual land management practice
are the protection and restoration of the
environment, but the tools available are often
not sufficiently evolved to meet the needs.
The goal of the working group is to identify
and characterise the main problems and
to develop new strategies, and eventually
proper tools, supporting land management
for the regeneration of contaminated sites.
The main problem to be tackled consists in
the lack of any link between the legislation
on urban planning and that on the
protection of the environment. Whenever a
building project takes place together with a
remediation project, each of the procedures
(the building permit and the clean-up
permit) is usually managed and proceeds
independently following its own time frame.
Anyhow, this kind of administrative separation
between the two processes does not correspond
to an operative separation, as the two processes
strongly affect each other, thus generating
delays and cost increases that may become
detrimental to the successful completion of
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the financial plans. This situation, which may
ultimately lead to the interruption of the site
requalification process, is a deterrent for private
investors, thus negatively affecting the evolution
of the remediation market and the opportunities
for the requalification of contaminated sites.
The working group is currently looking for
new pathways to achieve an evolution and
modernisation of the approaches for urban
planning and land management in sites
undergoing remediation. This will be achieved
introducing new concepts, such as those of
adaptive reuse and adaptive remediation,
while also relying on risk management as
an effective tool to reconcile the protection
of the environment with the needs of
a growing (post-)industrial society.

The strategy
Tools developed within Reconnet
The Risk-net software for risk
assessment at contaminated sites
The Risk-net software has been deve
loped within the Reconnet network by Iason
Verginelli (University of Rome Tor Vergata).
The tool is based on the ISPRA (Italian National
Institute for Environmental Protection and
Research) guidelines for risk analysis application
at contaminated sites that were developed
following the ASTM RBCA (Risk-Based Corrective
Action) standard approach. The software allows
the application of the risk assessment procedure
in both forward and backward mode, thus
evaluating the risk or the clean-up levels for a
contaminated site, respectively. The software uses
a simple and user-friendly graphical interface
through which the user can define the different
input parameters. To accelerate the compiling
process, according to the conceptual model
of the site defined by the user, only the data
actually used in the calculation are required.
Some controls also allow management of the
presence of conceptual and numerical errors. The
results are returned in terms of risk (for human
health and groundwater resource protection)
and clean-up levels. Intermediate outputs are
also displayed, allowing the user to evaluate
more critically the obtained results. The key
features of Risk-net include the following.
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• Risk-based clean-up level calculations:
Risk-net completes all calculations required
for Tier 1 and Tier 2 RBCA evaluations,
including risk-based exposure limits and
attenuation factor derived from simple fate
and transport models.
• Fate and transport models: validated
analytical models for air, groundwater and soil
exposure pathways, including all models used
in the ISPRA (2008) standard.
• Chemical and toxicological database:
integrated toxicological and chemical
parameter library preloaded (ISS-INAIL
Database). The database is customisable
by the user, including import features for
management of external database.
• User-friendly interface: point-and-click
graphical user interface with online help, unit
conversion and load/save capability.
Risk-net can be downloaded for free from
the website of the Reconnet network
(http://www.reconnet.net). So far 3 000 users
have downloaded this software, which has
become in few years the reference tool for
carrying out risk assessment at national level.
The Leach8 tool for risk
assessment at landfill sites
The Leach8 tool has been developed within the
Reconnet network by Iason Verginelli (University of
Rome Tor Vergata) and Andrea Forni (Professional
Engineering Society of Bologna). The tool is based
on the ISPRA Italian guidelines for risk analysis
application at landfill sites. Namely, the tool can
be used for the estimation of maximum allowable
leachate concentrations for groundwater
resource protection at inert, non-hazardous
or hazardous waste landfills. These screening
levels are calculated by Leach8 based on the
acceptable concentration levels in groundwater
set by the Italian legislation and based on the
leaching factor calculated by the tool from the
site-specific parameters defined by the user.
Leach8 can be downloaded for free
from the website of the Reconnet
network (http://www.reconnet.net).
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The Reconnet network has been active since 2010
in several dissemination activities. The main event
co-organised by the network is the School on the
Remediation of Contaminated Sites, now in its
fourth edition, organised in Ravenna as part of
the Fare i Conti con l’Ambiente event. In addition,
Reconnet also organised a series of thematic
courses on human health risk assessment and
the Risk-net software and a series of national
conferences at the INAIL headquarters in Rome.
Reconnet has also set up partnerships with
Remtech, the main national exhibition and
conference on remediation of contaminates sites
in Italy, and ATIA-ISWA, the Italian chapter of the
International Solid Waste Association, with the
aim of developing joint dissemination activities.
It has also pursued international activities in
cooperation with CRC-Care, participating in
the Australia-based CleanUp 2013 conference
and has supported the organisation of the
Sustrem conference series since 2014 through
its working group on sustainable remediation.

The conclusion
The tenfold growth of the Reconnet network in
only 6 years, from a small agreement between
six members to a large network of 60 members,
shows how strong was (and is) the need for the
different stakeholders involved in the remediation
of contaminated sites to find common ground for
discussion on the many open critical issues which
hinder the smooth development of remediation
plans. Reconnet represents a virtual place where
consultants, problem owners and regulators can
even have harsh discussions on some topics, but
always with the goal of finding a compromise to
be translated in a technical document or a tool
that has the potential to become an (un-)official
reference for the management of contaminated
sites. Reconnet represents an opportunity for
the different stakeholders to disseminate their
experience through the organisation of higher
education and formation events. Reconnet
represents an opportunity for innovators to spread
their ideas, allowing the network to check and
validate their new product or approach. In this
way, the Risk-net software, developed within
the University of Rome Tor Vergata, became the

official Reconnet software for risk assessment,
and in a very short time replaced all other HHRA
tools used in Italy until few years ago. Reconnet
has done much but has the potential to do
more. Its limit is that all activities are carried
out on a voluntary basis by its members. Its
strength (the lack of financial interests) is also
its weakness, as all members have a limited
time slot to dedicate to the network. The past
6 years of Reconnet tell of a success story. The
long term resilience of Reconnet will depend on
its capacity to adapt to its new size and role,
eventually by moving from its current status of
network based on an agreement to the one of
an association; but clearly any decision on the
future form of Reconnet will have to consider the
need to keep the original spirit of the network.

Further reading
• Berardi S., Villani I., Forni A. and Verginelli I.
(2015), Validazione del software ‘Risk-net 2.0’.
Available at:
http://www.reconnet.net/Docs/Validazione%20Risknet%202.pdf

• Forni A., Villani I. et al. (2015), Determinazione
e gestione dei livelli di guardia per il
monitoraggio delle discariche — Relazioni con
i siti contaminati. Available at:
http://www.reconnet.net/Docs/Bonifiche_
discariche_REV%200.pdf

• Surf-Italy (2015), Sostenibilità nelle bonifiche
in Italia. Available online:
http://www.reconnet.net/Docs/SuRF_Italy_Libro_
Bianco_rev_Ottobre2015.pdf

• Sconocchia et al. (2017), Tecniche di
fitorimedio nella bonifica dei siti contaminati.
Available at:
http://www.reconnet.net/Docs/Tecniche%20di%20
fitorimedio%20nella%20bonifica%20dei%20
siti%20contaminati_RECONnet_2017.pdf.

Relevant websites
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1.

Italy: torrente Ritorto in Colline Metallifere (Tuscany);
constructed wetlands for remediation of acid mine 		
drainage
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1.

Torrente Ritorto in Colline Metallifere (Tuscany): constructed wet
lands for remediation of acid mine drainage, Italy

LOCATION

Tuscany, Italy

POLLUTANT

Iron, Manganese

SOURCE
GENERAL CLEAN
UP OBJECTIVES

162

Former pyrite mine Fontacinaldo
Reduce soil and groundwater contamination

REMEDIATION
ACTIONS

Phytotreatment with aerobic/anaerobic lagoons

SITE/END USE

Natural areas

SOCIAL-LEGAL
ISSUES

Land reclamation, human health risk

KEY LEARNING/
EXPERIENCE
TO SHARE

Self-colonization of plant species both in the banks and in waters
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A uthor’s profile
Paolo Bocini is a contaminated site expert working for
ambient sc (Italy); project manager in traditional and
innovative technologies for soil and groundwater remediation.

Nicola Cozzani is a contaminated site expert working
for ambient sc (Italy); expert in remediation plans and risk
assessment.

Marco Falconi is a contaminated sites expert working for
ISPRA (Italian EPA) on Sites of National Priority List. He teaches
in several universities in Italy and abroad on characterization,
risk assessment, remediation technologies.
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Torrente Ritorto in Colline Metallifere
(Tuscany): constructed wetlands for
remediation of acid mine drainage, Italy

Paolo Bocini, Via Frassina 21, 54031 Carrara (MS), Italy, pbocini@ambientesc.it
Nicola Cozzani, Via Frassina 21, 54031 Carrara (MS), Italy, ncozzani@ambientesc.it
Marco Falconi, Via Vitaliano Brancati 48, 00144 Rome, Italy, marco.falconi@isprambiente.it
In lower Tuscany there is a high density of old mines. The waste tailings and the waters coming from those areas
have a very low pH and are rich in metals (aka acid mine drainage), posing a hazard for receptors downgradient and
a threat to water resources. In this case, Fontacinaldo Mine in Massa Marittima (GR), multiple wetlands have been
put in place to alternate anaerobic/aerobic conditions, plus a sediment-deposit wetland with an overall residence
time of waters suitable to treat contaminants of concern. The Ritorto creek got back good environmental quality that
allowed some native species to settle on its banks and in the waters.
Keywords: phytoremediation, acid mine drainage, metals, low pH, mine tailings, Iron, Manganese, aerobic condition,
anaerobic condition, sedimentation.

Introduction
The case study covers an area impacted
by anthropogenic activities of the former
Fontacinaldo pyrite mine located in
the municipality of Massa Marittima
(GR), in southern part of Tuscany.
The area is approximately 2 km2 and
extends along the bed of the Ritorto
creek. The reclamation project and
environmental restoration was aimed at
the environmental rehabilitation of the
riverbed affected by mineral deposits piled
along the banks of the Ritorto creek.

The problem
Contaminants of concern and concentration
The Ritorto creek showed a pH of 4.1, with
an iron concentration of 7.5 mg/l in filtered
164

samples and 56 mg/l in unfiltered samples.
Also, manganese was detected in high
concentrations in the waters of the creek,
with a concentration of 1.75 mg/l in filtered
samples and 11.9 mg/l in unfiltered samples.

The strategy
Remediation project
As the site is very difficult to reach,
both the selection of the surface water
treatment and sediment control should
go for technologies with a low level of
operation and maintenance (O&M), such as
phytoremediation associated with mechanical
filtration systems that can also contribute
to the landscape upgrade of pyrite banks.
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©Courtesy of authors/Photostock

© Google Maps/Photostock

Aerial view of the area in question. Blue arrows indicate
where waste tailings piles are located.

One of the many pyrite piles present in the area.

Contaminants of concern: concentration and remediation targets.

The treatment system is constituted
of the following structures:
• Water intake of Ritorto creek.
• Sedimentation wetland.
• Three passive system wetlands with the
aim of reduction of iron through anaerobic
treatment.
• Four passive system wetlands with the aim
of reduction of manganese through aerobic
treatment.
• One terminal wetland, prior to the
reintroduction of the water in the Ritorto
creek.
For the correct sizing of the treatment the
determination of the expected flow of the
watercourse is crucial: the data collected showed
that the Ritorto creek can pass from relatively
high flow rates (maximum recorded flow rate:
1.05 m3/s in case of significant rainfall and to
close to zero (0 001 m3/s) after a dry period.

©Modified from authors

Water intake
The intake structure is placed upstream of
the phytoremediation wetlands and has the
function of ensuring a maximum flow input
to the plant system of 60 litres/minute.
The intake structure is made up of
the following main stages:
1. Intake screen in the river bed.
2. Well with booster pump.
3. The sedimentation tank and the forebay.
4. Adduction pipes.
Anaerobic lagoons
At a structural level, the anaerobic lagoons are
constituted of a treatment medium consisting
of a thin, permeable layer of organic material
placed above a bed of limestone. The combination
of organic and limestone substrate allows for
simultaneous removal of metals providing
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Ritorto creek: the presence of high concentration of Iron causes the reddish colouring of the waters

alkalinity in the waste water and thus reducing
the initial acidity. Generally the anaerobic lagoons
have depths of about 100 cm (30-60 cm of
organic substrate, 15-30 cm of limestone), inside
which the water flows in the horizontal direction
with a hydraulic head of 5 cm. Anaerobic lagoons
are then completed by the planting of plant
species such as Typha and Juncus that have the
task of stimulating the microbial processes.
As regards the type of organic substrate,
‘spent-mushroom litter‘ compost is usually
used, mixed with limestone, although any other
compound of an organic nature can be used.
The medium is deposited in the preparation
phase of the treatment system and never
moved and/or reclaimed for the entire service
life (estimated useful life of 15-20 years).
166

The table on page 166 (calculations anaerobic
treatment system) shows the dimensioned
calculations made for the definition of the
treatment surface. The size criteria to be
used is the one that makes reference to the
Iron reduction, considering the precautionary
concentration value of Iron and Manganese
found in unfiltered water samples. It does
not take into account Manganese, given the
ineffectiveness of anaerobic lagoons in its
removal. After the following calculations,
assuming that the system should treat 10
grams of iron per square metre per day, three
lagoons in a row were put in place, named A.1
(188 m2), A.2 (165 m2) and A.3 (128 m2).
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“To reduce
operation and
maintenance
phytoremediation associated
with mechanical filtration
systems were selected
as the best remediation
©Courtesy of authors/Maps

techniques

”

Layout of the intake structure

Aerobic lagoon
At a structural level, the aerobic lagoons are
constituted of a treatment medium consisting
of a layer of 0.60 m of compost within which
water flows with a hydraulic head not exceeding
8 cm. Aerobic lagoons are usually completed by
the planting of extensive flora root systems (i.e.
Phragmites) that can stimulate the microbial
processes and facilitate the transfer of oxygen
to the deeper layers. The size criterion to be
used is the one that makes reference to the
precautionary concentration value of manganese
found in unfiltered water samples. After the
following calculations, assuming that the system
should treat 0.5 grams of manganese per square
meter per day, four lagoons in a row were put
in place, named B.1 (278 m2), B.2 (316 m2), B.3
(713 m2) and B.4 (750 m2), with a depth of 1 m.
The effluent, before its reintroduction into the
Ritorto creek, passes through a sedimentation
lagoon to allow completion of the precipitation
of heavy metals; it consists of a lagoon
where the water surface is exposed to the

atmosphere and to the action of floating plants
such as macrophytes (i.e. duckweed, water
hyacinth). Maintaining the dimensional criteria
of the hydraulic retention time, bibliography
data report a minimum retention time at
least equal to 2.8 days (Skovran and Clouser,
1998) and, considering a flow rate of 60
litres/minute, the size was set at an area of
263 m3 and a depth of 0.8 m (lagoon C).
Criteria for choice of plant species
The plant species selected for the various
stages of the system have mainly an adjuvant
function for the entire process, and should be
able to grow and form an extensive root system
in a water environment with critical chemical
characteristics (low pH, presence of metals in
high concentrations), be able to stimulate and
support the microbial processes and, for aerobic
lagoon, facilitate the transfer of oxygen to the
deeper layers the filter bed. In this case, plants
of the genus Phragmites were selected for
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ANAEROBIC wetland
pH
Acidity (grams/litre)
4,1
0,000079433
Fe on filtered (grams/litre)
0,0075
Fe on non-filtered (grams/litre)
0,056

Flow rate (litre/day)
86.400
Flow rate (litre/day)
86.400
Flow rate (litre/day)
86.400

Retention time (days)

Flow rate (litre/day)

2,016

86.400

Acidity load (grams/grams)
6,862995948
Iron load (grams/grams)
648
Iron load (grams/grams)
4838,4
Volume
(m3)
172,8

Treatment surface (m2)
10
Treatment surface (m2)
65
Treatment surface (m2)
484
Treatment surface (m2)
192
©Modified from authors

Calculation for dimensioning the anaerobic treatment system

Treatment
surface (m2)

Porosity
index

Porous volume
in limestone

Porous volume
in compost

Porous
volume total

484

0,4

58,0608

116,1216

174,1824

Retention time
(days)
2,016
©Modified from authors

Dimensioning the porous volume in compost and limestone layers

Treatment
surface (m2)

Depth of
the lagoons

Thickness of the
limestone layer

Thickness of the
compost layer

Retention
time (days)

484

1m

0,3 m

0,6 m

2,016
©Modified from authors

Dimensioning the thickness of compost and limestone layers

aerobic lagoons, plants of the genus Typha were
selected for anaerobic lagoons and aquatic plants
such as floating macrophytes (i.e. duckweed,
water hyacinth) were selected for sedimentation
lagoons, with the aim of both improving the
oxidation capacity of the water and fostering
the environmental regeneration of the area.
Construction of the lagoons and
following operations
Please go on see the pictures below where
you will find all of the construction and
operation phases, in chronological order.
168

The conclucions
Results and concluding remarks
Acid mine drainage is still a problem in many
abandoned mine areas in Europe as the huge
volume of mine waste tailings is a primary source
for the release of heavy metals into both surface
and ground waters. Occasionally, these areas
are in impassable places where it is difficult to
operate and even access, so a technology that
can foster environmental quality without needing
high O&M efforts is a priority. In this specific case
of Fontacinaldo mine/Ritorto creek, a subsequent
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phytotreatment with anaerobic/aerobic lagoons,
associated with a sedimentation lagoon, can be
implemented as a stand-alone technology with a
lifetime of 15-20 years. As a preliminary result
after several months, nature returned to the
creek downgradient through spontaneous plant
growth both on the banks and in the waters.

https://clu-in.org/download/studentpapers/
constructed_wetlands.pdf

Relevant websites
https://www.epa.gov/polluted-runoff-nonpointsource-pollution/abandoned-mine-drainage
https://frtr.gov/matrix2/section4/4-43.html

Further reading
https://clu-in.org/download/studentpapers/costello_
amd.pdf
AEROBIC wetland
Mn on filtered (grams/litre)
0,00175
Mn on filtered (grams/litre)
0,0119

Flow rate (litre/day)
86.400
Flow rate (litre/day)
86.400

Manganese load (grams/grams)
151,2
Manganese load (grams/grams)
1028,16

©Modified from authors

Calculation for dimensioning the aerobic treatment system

Treatment surface (m2)

Pore volume in
compost

Treatment surface (m2)
302
Treatment surface (m2)
2056

Thickness of the compost layer

2056,32
740,2752
Dimensioning the thickness of compost and limestone layers

0,6 m

Retention time (days)
8,568
©Modified from authors

1

©Courtesy of authors

2

1. Anaerobic lagoon scheme. 2. Aerobic lagoon scheme
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©Courtesy of authors/Photostock

Excavation phase

Waterproofing (HDPE)

©Courtesy of authors/Photostock

©Courtesy of authors/Photostock

Preparation of limestone layer

Preparation of compost layer

4
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1
Final layout (3. anaerobic, 4. aerobic, 1. sedimentation)
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End of construction

3
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©Courtesy of authors/Photostock

©Courtesy of authors/Photostock

Lagoon at the beginning of the operation

Effects on the creek downstream

©Courtesy of authors/Photostock

Phyto-plant cover one year after the intervention.

European achievements in soil remediation and brownfield redevelopment

171

RESEARCH

Research

RESEARCH

		

1.

France: site currently under treatment 				
after liquidation, rehabilitation objectives under 		
implementation, and R&D project of biostimulation 		
treatments monitoring in real-time in Quincieux

2.

Spain: success factors for brownfields 				
redevelopment in Spain; a comparative analysis 		
of three examples of brownfields with different 		
status

3.

Finland: utilisation of in situ techniques in 			
remediation of oil-polluted sites in Finland
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1.

Site currently under treatment after liquidation, rehabilitation
objectives under implementation, and R&D project of
biostimulation treatments monitoring in real-time in Quincieux,
France
LOCATION
POLLUTANT

Quincieux (Rhône county, Auvergne-Rhône-Alpes region), France
Halogenated volatile organic compounds (HVOC)

SOURCE

Former metal office furniture manufacture

GENERAL CLEAN
UP OBJECTIVES

Reduce soil and groundwater contamination

REMEDIATION
ACTIONS

Pollutant extraction and in-situ oxidation treatment

SITE/END USE

Industrial or commercial

SOCIAL-LEGAL
ISSUES
KEY LEARNING/
EXPERIENCE
TO SHARE
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Land reclamation, human health risk
Upgrade of a stepwise and still ongoing depollution process
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A uthor’s profile

Florian Philippon, Project Manager — Brownfield and
Contaminated Sites Department — Sustainable Cities and
Territories Directorate — ADEME.
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Site currently under treatment after
liquidation, rehabilitation objectives under
implementation and R&D project of
biostimulation treatments monitoring in
real-time in Quincieux, France
Florian Philippon, French Environment and Energy Management Agency-ADEME, Direction villes et territoires durables
(DVTD), Service friches urbaines et sites pollués (SFUSP), 20 avenue du Grésillé-BP 90406-49004 Angers Cedex 01, France
florian.philippon@ademe.fr
Véronique Antoni, Ministry of Ecological and Solidarity Transition - MTES, Commissariat général au développement durable
(CGDD), Service de la donnée et des études statistiques (SdeS) 5 route d’Olive -CS 16105-45061 Orléans Cedex 2, France
veronique.antoni@developpement-durable.gouv.fr

A former metal-manufacturing site located in Quincieux showed abnormal hydrocarbon and HVOC concentrations in
soil, water and air, assessed to be unsafe for the site’s neighbours and a drinking water catchment. After the two first
depollution steps, ADEME intervened as a matter of extreme urgency to ensure the clean-up steps. ADEME is also
funding a R&D project coordinated by Enoveo (Environmental Bio-engineering consulting and analytical company),
which aims to develop and implement an innovative tool in order to monitor the treatments by real-time biostimulation of the polluted aquifer.
Keywords: aquiferous alluvium, brownfield, drinking water catchment, halogenated volatile organic compounds
(HVOC), liquidation, orphan contaminated site, perchloroethylene (PCE), sparging, trichloroethylene (TCE),
1,1,1-Trichloroethane, urban context, venting, vinyl chloride, wells.

Introduction
The case study
The so-called JEC site is located in Quincieux, in
the Rhône county, upon aquiferous alluvium of
the Saône river, made of sand, gravel and crushed
stone. The groundwater water table directly
below the site is at least 8 m deep. JEC Industries
manufactured metal office furniture from
cold-rolled sheets from the end of the 1950s on
this site. After the company moved to another
site in 2000, a soil survey showed concentrations
of hydrocarbons and HVOCs, namely PCE. In
addition, the water from the on-site well showed
concentrations of HVOCs (PCE, TCE, vinyl chloride,
1,1,1-Trichloroethane). Potential beneficiaries
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from reclamation are the site’s neighbours
(residents, people depending on a nearby drinking
water catchment). Following the company’s
liquidation in 2014, ongoing remediation work
is being carried out by the French Environment
and Energy Management Agency (ADEME).

The problem
The main constraints
This site remediation faced several constraints.
First of all, about 60 private wells capturing
the alluvial aquifer are located near the site,

European achievements in soil remediation and brownfield redevelopment

Research

“ ADEME

© Florian Philippon/Photostock

intervened as a matter
of extreme urgency to
ensure the clean-up
of hydrocarbon and
HVOC concentrations
in soil, water and air.

”

Processing unit of the effluents from the barrier sparging-venting barrier.

reaching depths of between 20 m and 40 m.
Secondly, agricultural wells were identified
in the town of Quincieux for the irrigation of
farming plots. Likewise, the groundwater flows
towards a drinking water catchment (traces
of HVOCs detected), the Saône river and the
town of Quincieux. The risks incurred by the
potential targets (site’s neighbors: residents,
people depending on a nearby drinking water
catchment) lead to the implementation of a
management plan. Furthermore, following
company’s liquidation in 2014, ongoing
remediation work is being carried to ADEME.
This French soil guide value, of the ‘sensitive
use’ type in this case, relates to ‘residential
with garden’, namely to garden watering,
showers, toilets, swimming pools or even
drinking water supplies. Moreover, three
dwellings located downstream needed
indoor air quality assessments.

The strategy
The depollution steps
Two different depollution steps followed. From
February 2006 to October 2007, depollution
of the underground water was undertaken.

Some 390 kg of pollutants (primarily PCE) was
extracted by well pumping, there was water
treated by stripping (reducing concentrations by
95%) and injected back into the well. In addition,
about 430 kg of HVOCs was destroyed by in situ
oxidation treatment of the source area. But the
clean-up operation did not achieve sustainable
mitigation on the site boundary and outside. The
volume of the impact source was estimated at
about 100 m3 (PCE concentrations at a depth
of 0-6 m), but other sources of potential impact
zones had not yet been investigated. Ultimately,
this first clean-up operation significantly
degraded the groundwater quality at the site
and immediately outside the site, leading
to an increase in the plume of pollution.
A second phase took place from 2010 to 2015.
The source area was pre-treated by venting/
sparging with 11 sparging wells and then treated
by bio-anaerobic reduction. The on-site plume,
accelerated by the pumping phase between
2006 and 2008, was treated by bio-anaerobic
reduction downstream. A venting/sparging
barrier, currently still in operation, was also
installed downstream from the site boundary.
Thereby, since 2010, the neighbourhood health
risk linked with the inhalation of vapours from
groundwater pollutants has been removed. The
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“ADEME
results showed

that the treatment
has been carried
out efficiently at a
depth of between
0 and 7 m and has
extracted more than
© Florian Philippon/Photostock

5 t of pollutants.

”

Soil coring to delineate the polluted areas 2.

migration of the PCE plume off site towards the
drinking water catchment was also significantly
limited and the impact of groundwater on the
site was reduced with a reduction in HVOC
concentrations of between 50 and 90%.

The conclusions
The results
Beginning 2014, a prefectural emergency decree
imposed emergency control requirements
and measures taken as a precaution by JEC
Industries. Furthermore, ADEME intervened as
a matter of extreme urgency to ensure the
clean-up, namely to continue the treatment
(sparging-venting), to monitor the underground
water on a monthly basis, to evacuate and empty
oil tanks and to undertake further investigations
to delineate the volumes of the source area.
The results of investigations conducted by
ADEME in 2016 showed that the treatment
has been carried out efficiently at a depth of
between 0 and 7 m and has extracted more
180

than 5 t of pollutants. Impacts observed off site
are related to an area with high concentrations
of HVOCs that has not previously been treated;
this pollution is at a depth between 7 and
10 m. Several treatment options have been
recommended, combining the excavation or
thermal treatment of the soil located above the
aquifer with an in situ biological treatment or
zero valent Iron. Costs are estimated between
1 M € and 1.5 M €. This intermediate zone will
soon be treated thanks to action by ADEME.
Furthermore, ADEME is funding an R&D
programme coordinated by Enoveo in order to
implement a new tool to monitor the treatments
by the real-time biostimulation of the polluted
aquifer. The Remwatch project aims to validate
in situ biosensors to monitor in real time the
spreading and the persistence of the carbon
substrate, for instance soybean oil, injected into
the environment and its impact on biodegradation.
This complementary study stands as a more
cost and time saving approach than sampling/
analysis studies. A summary of the main results
will be available in the second half of 2017.
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“ The
Remwatch

project aims to
validate in situ
biosensors to
monitor in real time
the spreading and the
persistence of the

© Florian Philippon/Photostock

carbon substrate.

”

In situ biosensors (Remwatch R&D project).

Further reading
• URS, 2015. Rapport final Synthèse
documentaire - Ancien Site JEC Site de
Quincieux, préparé pour : ADEME. Référence
: LYO-RAP-15-06456B. N° de Projet :
46315072. 54 p.
• Animation “The guide for private companies
and local collectivities : issues related to
contaminated sites and soils”:

http://www.developpement-durable.gouv.fr/
Animation-The-guide-for-private.html#ancrefilm

Relevant websites
http://basol.developpement-durable.gouv.fr/fiche.
php?page=4&index_sp=69.0191
http://basol.developpement-durable.gouv.fr/

Recherche > Lieu > Request like: ‘Site =
JEC’. Description, technical situation, impact
characterisation, environment, monitoring,
restrictions on use and planning measures

and treatments already performed on the JEC
site. https://www.ecologique-solidaire.gouv.fr/
Accueil > Politiques publiques / de A à Z
> Risques technologiques > Installations
classées pour l’environnement > Sites et sols
pollués http://www.rhone.gouv.fr/
Accueil > Request like: ‘JEC’. Arrêté préfectoral
de mise en demeure en date du 23 avril 2014.
Arrêté préfectoral en date du 17 janvier 2014

prescrivant des mesures d’urgence à la
société JEC.
INDUSTRIE pour le site 26, Chemin de la Grande

Charrière à QUINCIEUX.
Arrêté préfectoral en date du 29 octobre 2012

imposant des prescriptions complémentaires
à la société JEC INDUSTRIE pour son ancien
site 26, Chemin de la Grande Charrière à
QUINCIEUX.
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2.

Success factors for brownfields redevelopment in Spain:
a comparative analysis of three examples of brownfields with
different status.
LOCATION
POLLUTANT
SOURCE
GENERAL CLEAN
UP OBJECTIVES

Spain
Heavy metals, toxic and radioactive materials, coal.
Former brownfields and mining sites
Identification of factors of success in the process of redevelopment

REMEDIATION
ACTIONS

Non specified

SITE/END USE

Non specified

SOCIAL-LEGAL
ISSUES
KEY LEARNING/
EXPERIENCE
TO SHARE
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Land reclamation, lack of standards and legal framework
Identification of an appropriated methodology including spatial
planning adapted to brownfields redevelopment
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A uthor’s profile

Jesus Daniel González Carmena, is a recent graduate
student in Land Management (AAU-CPH), living the last two
years in Copenhagen all along his Master program. Born in
Madrid, where he has achieved a Bachelor Degree in Land
Surveying and Geo-Informatics at the Technical University
of Madrid (UPM). Passionate about Territorial issues such
as Spatial Planning and Urbanism with the focus in the
redevelopment and recovery of negative contexts where the
land plays a key role. All of this with a sustainable perspective
plus the political and social approaches. GIS as the main tool
of analysis of all the previous fields.
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Success factors for brownfields
redevelopment in Spain:
a comparative analysis of three examples
of brownfields with
different status.
Jesus Daniel González Carmena, Vesterbrogade 138A, 2th, 1620 København K, Denmark, daniel.glezcarmena@gmail.com

The brownfields phenomenon has a clear aim in the creation of initiatives of revitalization and redevelopment for
contaminated/abandoned/dere¬lict areas. Its heterogeneity in Europe has originated a complex conceptual framework
with: an unclear scale of the phenomenon, a huge variety of interpretations, a lack of standards and finally the no existence of a specific and clear legal framework that would control, register and state a range of criteria and guidelines
for cases all along the EU Members. This paper aims to state a mainly qualitative comparison between three cases of
brownfields in Spain, looking for the identification of factors of success in the process of redevelopment of the affected areas. It focuses in four lines of analysis: the current general situation of the brownfields phenomenon in Spain, the
explanation and justification of the figures of the factors of success, the possible convergences and divergences that
may exist between brownfield cases with different status of redevelopment and finally how the potential findings can
influence future perspectives of the phenomenon across the Spanish territory.
Keywords: brownfields redevelopment, cultural & natural heritage, sustainable land management, factors of
success, methodology of characterization, qualitative comparison, soil contamination.

Introduction
Spain, presents a picture where there exist
even more gaps related with the brownfields
phenomenon, due partly to these European
heterogeneities and partly to its own territorial,
structural and political context. There is no
use of the term ‘brownfield’ as such or specific
regulations or mentions of the phenomenon
itself. On the other hand, the soil contamination
is present in the Spanish regulations, but with a
no clear idea of the scale of the phenomenon,
and this fact has created a range of negative
consequences (lack of a legal framework,
availability of information, action-oriented
consequences, etc.). In addition, each region has
mainly its own competences for management,
cleaning up and recovery of the contaminated
186

soils. With this context of uncertainty, the
initiatives of revitalization of a brownfield in
Spain are not very numerous and very complex,
with long processes of negotiation between
stakeholders, bureaucratic delays, lack of political
will, urbanistic corruption, opposed interests, lack
of concern regarding cultural and natural heritage,
among others. As a consequence, the number
of cases that have been successfully solved are
very limited, so it is necessary to focus in those
elements or factors that characterized successful
cases of redevelopment and revitalization
of a brownfield: the Factors of Success.
Brownfields scenarios are the direct result of
causal actions: industrial activity nowadays
abandoned, contamination of an area due
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Possible outcome of the brownfields phenomenon in Spain.

to different reasons, underused areas due to
social changes or derelict infrastructures as
a result of shifts in the economic interests,
among others. Consequently, their potential
revitalization depends on a huge number of
interconnected factors that might provoke a
context of complexity and uncertainty when
opposed interests exist. This project aims to
compare the causal factors of three Case Studies
with different status in terms of results across the
Spanish territory. The chosen Case Studies have
been selected as relevant positive and negative
milestones keeping homogeneity in origin and
context and heterogeneity in location and status:
• First the case study of the Bay of Portmán
(CS1) shows how due to different conflicts
and barriers, the contamination of a whole
bay in the Mediterranean coast (being the
worst case of heavy steel pollution in the
history of the Mediterranean Sea), is still
unresolved after 30 years of negotiations,
projects refused and political shifts.
• Secondly, the case study of the Confluence
of the Tinto and Odiel rivers (CS2) in the

city of Huelva, exposes a case where there
have been discharges of toxic residues
from a chemical factory in one of the
sides of the river, a few hundred meters
from households, provoking the biggest
dumping site of toxic and radioactive
industrial residues of Europe, with a strong
opposition from the local communities and
an evident lack of political will from the
local, regional and national Administrations.
However, a project of redevelopment has
been approved.
• Thirdly, the case of the Nalón Valley (CS3)
is presented as an exemplary case of
improvement in a context of large-scale
pollution, resulting from over one hundred
years of coal mining. The reclamation of
the area had the support and commitment
of the Administration and it stands as a
good example of: keeping the territorial
cohesion, developing an environmental
restoration, maintaning the valorization of
mining heritage and ensuring an adequate
industrial transition.
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Phase (0)

Phase (i)

Phase (ii)

Phase (iii)

Contextual Study

Initial Characterization of
the Brownfield

Planning New Uses

Execution New Uses

• Location &
Justification
• Background of the
Case Study

• Physical appearance

• Last project of

• Land Use & Land Tenure

redevelopment

• Legislation in force

• Drivers & Barriers
for redevelopment

• Main agents

• Elements of Cultural &
Natural Heritage

© Modified from Jesus Daniel
González Carmena/Photostock

Distribution among the sequential phases of the selected factors.

The problem
From the previous initial statements, the next
figure summarizes the problem identification
according to the existing evidences at a
supra-national, national and regional levels,
having direct impacts in the local one.
Conceptual framework
The Oxford dictionary defines ‘factor’ as “a
circumstance, fact or influence that contributes
to a result” (Oxford Dictionary). In the brownfield
context, this term is understood as those
different elements that characterize the site-level
scenario, shaping its possibilities of recovery
and redevelopment across time. These ‘factors’
for the successful redevelopment of brownfields
are needed to overcome the existing barriers
in that specific case, and as a result tackle the
degradation of the area under study. But it is
important to remember that “brownfields are
placed and rooted in a certain geographical space
and time, which is hierarchically and functionally
structured” (Frantál et al., 2015), this means that
brownfields should be analyzed not just according
to site-specific attributes/factors, but also to other
indirect and contextual elements that affected
the current causal phenomenon, in short, projects
and initiatives for brownfields redevelopment
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should be integrative (González Carmena, 2016).
In the specialized literature, authors use
the following notions for factors: drivers,
determinants, criteria or site parameters (Frantál
et al., 2015), tending to distinct between a
two-folded categorization for the phenomenon
under concern: drivers (Ramsden, 2010;
Nicole, 2011; Clarinet, 2002; Cabernet, 2006)
understanding them as key elements that are
able, by themselves, to unblock a stuck case
of brownfield and Barriers (Oliver et al., 2005;
Jackson & Garb, 2002; Clarinet, 2002; Hollander
et al., 2010; Cabernet, 2006; McCarthy, 2002)
referred as those elements that are necessary to
overcome for the increase of possibilities of an
appropriate redevelopment. For the conceptualization of barriers and drivers in brownfields
redevelopment, it is important to understand
that these factors may vary from one country to
another, even if according to Frantál et al. (2015)
the ideas of complexity and multidimensionality on brownfields are common in different
geographic areas. In this way, some of the main
European agencies in charge of brownfields
redevelopment declare the importance of this
categorization of drivers and barriers, and their
connection with success in brownfields (Nicole,
2011; Clarinet, 2002 and Cabernet, 2006).
In summary, this categorization and polarity
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CA SE ST UDIES

INDUC TI O N

CASE STUDY 1
THE BAY OF
PORTMÁN

CASE STUDY 2
CONFLUENCE
TINTO & ODIEL
RIVERS

CASE STUDY 3
THE NALÓN
VALLEY

Use of the phases, factors and indicators

Identification of factors acting as drivers or barriers “a posteriori”
through their indicative indicators

Identification of the factors of success

© Modified from author

Qualitative & Quantitative comparison of the a priori selected factors
and categorized as drivers (D)/barriers(B)

Logical flow of the identification of the factors of success.

is necessary, but it may dismiss the main
objective when the existing frameworks are
complex, with evident gaps and depending
on the potential success in a vast range of
interconnected elements, provoking, as a result,
negative action-consequences. For this reason,
this project embraces a more concrete and
pragmatic approach, for local and site-level
environments: the only focus on those factors,
drivers, determinants or site parameters that are
needed for a successful process of improvement
and revitalization (partial or total). So the
identification of these factors would set up the
promotion of initiatives of implementation in the
affected areas, varying the interests on a specific
derelict area if its characteristic factors are
favorable or not for a successful redevelopment.
Most of these factors can be expressed through
a list of measurable indicators (qualitative and
quantitative), giving in this way a specific weight
or importance to the factor under concern. An
indicator is defined in the Oxford Dictionary
as “thing that indicates the state or level of

something”. In the brownfields phenomenon,
those indicators such as size of the area, level
of contamination, land ownership, use of the
land, etc., are measurable characteristics,
originated by causal contexts that describe
qualitatively and quantitatively the existing
conditions and elements that characterize
a specific brownfield. So the establishment,
combination and categorization between them,
will state a list of factors that are necessary
to target, set up and propose remediation
and revitalization strategies of the brownfield
under concern. Bacot & O’Dell (2006) insist
in the importance of the standardization of
indicators in the brownfields phenomenon.
Likewise, the three Case Studies have been
chosen in the same country, coming from a
similar framework basis and being able to
use common factors/attributes from similar
indicators among the cases. In the specialized
literature, different authors propose a list of
factors and the subsequent indicators through
different approaches; Bacot & O’Dell (2006),
Wedding & Crawford-Brown (2007), Nijkamp
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(1)
Legislation in force

(2)
Project of redevelopment

Physical Appearance,
Land Use, Cultural Heritage
and Natural Heritage

(4)

(3)
Implication of all the stakeholders at all the necessary levels

Interconnections between factors of success. ©

Modified from Jesus Daniel González Carmena/Photostock

et al. (2002). They presented approaches with
a tendency to avoid site-scale approaches,
developments very focused on the legislative
level and without proposing direct action on the
ground. Obviously, the identification of these
indicators may differ from one author to another,
depending their emphasis in the analysis.
Analytical framework
Regarding the analytical framework through which
the factors of success are going to be identified
across the three selected Case Studies, it is
based on a land planning methodology stated
by Gómez Orea (2007), merged with the context
of recovery of degraded areas (Gómez Orea,
2004) and finally adapted and transposed to the
phenomenon under concern (brownfields). This
approach, so-called ‘Ordenación Territorial’ (OT
methodology) is characterized by pursuing the
development of Spatial Planning Plans, containing
different sequential phases from where it is
possible to state direct territorial characterization
and analysis that might be useful for the
corresponding identification of the representative
factors and indicators of a specific brownfield.
The use of this kind of literature and its
transposition and adaptation to the brownfields
phenomenon has been appropriate for different
reasons: First, the compatibility between the
methodology and the phenomenon under
concern, with their subsequent common
emphasis such as the time-line, integrative and
multidisciplinary procedures, the importance
of the endogenous perspective, the strategic
character or the finalist aim, among others.
Second, the need of an “a priori” non-exhaustive
list of selected factors that will be common
190

Land Tenure

along the three Case Studies. Third, the merge
of the methodology with the list of factors to
state a common structure for the three proposed
Case Studies and subsequently an appropriate
induction for the effective identification of the
factors of success. Fourth, the “a priori” choice of
indicative qualitative and quantitative indicators
that will measure the effects of the already
selected factors along the three proposed Case
Studies. As a result there has been stated a
sequential time-line process of four phases with
their characteristic selected factors belonging
to each of them and having this approach the
final aim of the brownfield’s recovery (see figure
page 186 phases of the selected factors).
Then, throughout the description and analysis
of the three proposed Case Studies, it is aimed
to, through a process of induction: First, register
the effects of the selected factors through their
chosen indicators. Second, target the previously
mentioned two-folded categorization of Drivers
and Barriers for the redevelopment of the
brownfield. Third, the identification of the factors
of success from the comparison of the common
selected factors through the subsequent one of
their common measurable indicators. Figure of
logical flow in page 187 displays this process.
Discussion
The identification of the factors of success
based on the evidences from the development
of the three Case Studies (CS1, CS2 and
CS3) show the complexity of a phenomenon
with wide multi-disciplinary implications and
multi-scale effects. The identified factors of
success have a different weight of influence
among the Case Studies and the phenomenon
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Summarizing the findings from the process
of induction explained in figure page 187,
it could be stated the following figure
inpage 188 for an “a posteriori” indicative
statement of the key interconnections
among the different factors of success:
The achievement of the recovery of a brownfield
case in Spain, based on the evidences and
findings after this non-exhaustive analysis, can
be reached through the inclusion (1) of the
project of redevelopment in the legislation in
force at all the necessary levels (from local to
supra-national), including multidisciplinary
implementations (2) to reach an integrating
character with evident effects in a site and
regional level, through a comprehensive
implication (3) of all the possible stakeholders
to overcome potential issues of blockage related
with the Land Tenure (4) of the affected area.
The failure of CS1 and CS2, being both still
unresolved, present similar characteristics and
conclusions based on a general lack of political
will from all the local, regional and national level
of the Administrations. By contrast, the success of
CS3, states a point of departure of probably and
exemplary way of action through: First, stating
implementations of ‘common sense’, with respect,
restoration and put in value of the cultural,
historical and natural assets inherited. Second,
adding endogenous initiatives of transition and
shift related with the cooperation with the local
authorities and the responsible enterprises liable
for the pollution or at least the owners of the
affected areas. Third, aiming clear integrating
effects that would reinforce the territorial
cohesion of the area, permitting positive effects
all along the region. Fourth, affecting directly the
political context with the approval of regional
regulations with direct and indirect impact on the
affected area. Finally, obtaining as a consequence
of the large-scale integration and comprehensive
perspective of the implementations,
national funding and supra-national
co-funding, through a clear political will.
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itself in general, but in any case there is a
minimum number of factors that unavoidably
are needed to be present in the analysis.

The conclusions
This project has been achieved with the
genuine aim of finding positive inputs for
a phenomenon that has been conditioning
numerous scenarios across the Spanish
territory, looking for a certain systematization
of the processes od redevelopment, having
each of the cases a divergent range of
circumstances, agents and conditions.
One of its strengths has been the identification
of an appropriate methodology related with the
Spatial Planning that has been perfectly adapted
to the brownfields phenomenon, stating point
of departure of a new possible approach with a
valid sequential process, where the numerous
elements that shape the phenomenon can be
included, analyzed and assessed coherently.
It can be also insisted on the pioneer character
of the project, for a phenomenon which
awareness in Europe has increased strongly
but has not the deserved importance in Spain
that it should, according to the huge number of
existing cases that are registered and addressed
already, and also those numerous ones that
haven’t been identified and addressed yet.
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3.

Utilisation of in-situ techniques in remediation of oil-polluted 		
sites in Finland
LOCATION

Jalasjärvi, Halikko and Lintuvaara, Finland

POLLUTANT

Oil carbons, hydrocarbons, PAHs and Voc’s

SOURCE
GENERAL CLEAN
UP OBJECTIVES

Former fuel station
Soil and grounwater remediation

REMEDIATION
ACTIONS

Biodegradation, soil vapour extraction, biostimulation, bioaugmentation and chemical oxidation

SITE/END USE

Non specified

SOCIAL-LEGAL
ISSUES
KEY LEARNING/
EXPERIENCE
TO SHARE
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Land reclamation, lack of standards and high quality methods
Identification of cost-effective and high-quality remediation
methods
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remediation of oil-polluted sites in Finland
Seppo Nikunen, Project Manager, Oil Industry Service Centre, Pöyry Finland Oy, Finland,
seppo.nikunen@poyry.com
Sanna Pyysing, Legal Advisor, Oil Industry Service Centre, Pöyry Finland Oy, Finland,
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john.allen@helsinki.fi
Martin Romantschuk, Professor University of Helsinki, Department of Environmental Sciences, Finland,
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Hannu Silvennoinen, CEO of Nordic Envicon Oy, Finland,
hannu.silvennoinen@nordicenvicon.fi
There have been two major national remediation programmes for oil-polluted sites in Finland. The first was SOILI
(1997-2015) and the second is JASKA (2012). More than 1 200 sites have been investigated and about 800 sites
have been remediated during these national programmes. The main operator is the Oil Industry Service Centre, with
consultation from Pöyry Finland Oy’s Lappeenranta office, which is responsible for the project management of both
programmes. Project funding comes from the Finnish Oil Pollution Compensation Fund, which is administered by the
Ministry of the Environment. The primary aim of our national remediation programmes is to eliminate environmental
and health hazards by utilising cost-effective and high-quality methods. All of the programmes’ remediation contracts
and other services (consultants, laboratory analysis, etc.) are put out to bid.
Keywords: bioaugmentation, biodegradation, biostimulation, biosurfactants, diesel, electrokinetics, Finland, in situ,
Jaska, oil, remediation, SOILI, soil vapour extraction.

Introduction
At the beginning of the SOILI programme, soil
remediation was mainly based on excavation,
transportation to treatment plants and
backfilling with transported unspoiled soil
(dig and dump). The first in situ projects from
1998 were completed by soil vapour vacuum
extraction methods, sometimes feeding warm
air into the ground from a catalytic burner
to accelerate removal of gasoline from the
soil, which also created a certain amount of
biodegradation influence. Biodegradation has
come into greater importance since 2007 in
order to remediate effluents contaminated
mainly by middle distillates (C10- C21).

From 2007 to 2015, in situ methods were used
at 72 sites. Fourteen sites are planned to begin
in situ treatment during 2016. Currently, about
40% of all remediation sites are remediated
by utilising some of the in situ methods, such
as biodegradation accelerated by nutrients
and oxygen, soil vapour extraction into active
carbon or catalytic burner, electrical osmosis
and chemical oxidation. After the biodegradation
phase, excavation has often been used to remove
the remainder of the contamination down to
predetermined target values. In situ methods
alone (with no excavation needed) have been
sufficient in approximately 10% of the completed
projects. In 5% of all remediated sites, in situ
methods have been used to treat associated
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The original evaluations of the mass to be excavated and the cost of remediation estimated as dig&dump
compared to the actual values for the in situ cases Jalasjärvi, Halikko and Lintuvaara.

groundwater contamination. In some cases
soil and water purification systems have been
successfully connected by circulating purified
water through the oil-contaminated soil.
The project management team selects the
sites where in situ methods could be beneficial
and makes the final decision by comparing
the bids received from contractors. There are
many sites where excavation is required for
removal of buried oil storage tanks. However,
damage to surface areas can be minimised,
if in situ remediation is utilised even as
a combined method with excavation.
Before the competitive bidding stage, the
environmental consultant always performs
a site investigation and risk assessment to
determine the extent of the contamination
and to set target values for the remediation
project. The investigation plan is based on a
site history report which has been prepared
by the programme operator. A cost estimate
for remediation activities is prepared by the
consultant after the site investigation. Usually
the preliminary remediation design and cost
estimate made by the environmental consultant
are based on dig and dump techniques. The
final price for in situ remediation is determined
198

after the bids have been received.
The contract format, which has been used
for in situ remediation is so called a turnkey
contract, where the contractor is committed
to reaching the target values within a fixed
price. Moreover, there is also a condition in the
bidding documents which states that, before
the contract agreement, the chosen contractor
shall conduct their own investigation of the
site to confirm the applicability of the offered
in situ method and the required extent of the
remediation. The cost of this investigation is
included in the offered contract price. After the
site investigation, the contractor shall prepare the
technical work specification for the method they
have proposed. This document shall be attached
to the general remediation plan made by the
environmental consultant chosen by the operator.
The duration of the biodegradation phase has
typically been about 1 year. This long remediation
period is seen as the only disadvantage for
using in situ methods. During in situ remediation,
the site may continue to be used normally;
the amount of contaminated soil is decreased
on average by 60-70% and the concentration
of oil in the soil is significantly reduced. Thus,
the cost of transport and offsite treatment of
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a) Lysimeter and b) soil column for an in situ pilot test at the UHEL lysimeter field station.

contaminated soil are lower when compared to
the cost of treating soil with the original level of
the contamination. In cases when it is estimated
that the original target values cannot be reached
by reasonable activities and cost, there is a
possibility to perform a risk analysis to determine
if the obtained residual concentration values
are acceptable to protect public health and the
environment. Total cost savings from the 72
sites remediated by in situ methods have been
approximately 40% (savings of about 3.2 M €,
VAT 0) over conventional dig and dump treatment.
Cost of remediation estimated graph (go on see
page 196 graph above) presents the difference
between the original cost estimate for the
remediation method performed as dig and dump
and the actual cost for in situ remediation, as well
as the difference between the original evaluation
of the excavated mass and the excavation done
during in situ treatment for clean-up cases
(Jalasjärvi, Halikko and Lintuvaara) used as an
example by the contractor (Nordic Envicon Oy).
In the next chapters, the contractor (Nordic
Envicon Oy), which has won the most in situ
remediation contracts for our programmes,
will discuss in more detail the research behind
the remediation technique and will give
a few examples of successful remediation
cases. This research has been conducted

by the University of Helsinki’s Department
of Environmental Sciences in Lahti.
Research
Bioavailable and degradable pollutants in soils can
be remediated naturally via biological, chemical
and physical processes, with soil-dependent redox
reactions playing a major role (Penttinen, 2001;
Tuomi et al., 2004). Additional active measures
may be contemplated when contaminant
concentrations appear to be at stasis. These
methods concern the removal of bottlenecks (e.g.,
suboptimal temperature, especially in deeper soil
layers in boreal regions, lack of electron acceptors
and insufficient nutrient-to-organic carbon
ratio) that hinder further biological degradation
(Margesin, 2000; Romantschuk et al., 2000).
For the most common bottlenecks, some general
in situ procedures have been developed. Usually,
heat, electron acceptors and nutrients are
injected into the polluted zone. The treatment
typically calls for an aquatic carrier (Penttinen,
2001; Pyy, 2009). Steady circulation of such a
carrier has the potential to increase degradation
in itself, even without additives, by increasing
both the dissolved and hence more bioavailable
fractions of the pollutant (Khalladi et al., 2009;
Simpanen et al., 2016a) and oxygen levels. Since
aerobic degradation is often more potent than
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anaerobic, oxygen is added as either carbon or
calcium peroxide or as gas into the circulated
fluid (Kondo, 2006; Suni et al., 2007; Tarasov
et al., 2004). Other electron acceptors with
alternative benefits (NO3-, So4-2 etc.) exist, but
they come with environmental risks and their
use is restricted, especially in groundwater
areas (Van Cauwenberge et al., 1998).
Organic pollutants increase the amount of
carbon in soil and the resulting high organic
carbon-to-nutrient ratio is a major hindering
factor in biodegradation (Chaineau et al., 2005).
In terrestrial systems, nitrogen is often the
limiting nutrient, and it can be added using
common agricultural fertilisers such as urea.
200

Methylene urea is used instead at times to
overcome the problems of fluctuating pH and
the associated leaching of nitrogen (Peltola
et al., 2004), but its low solubility makes it a
poor fit for any water circulation applications.
Biostimulation
RIMA (Risk Management and Remediation
of Chemical Accidents, 2011-2013) was a
collaboration between the University of Helsinki
(UHEL) and the Estonian National Institute of
Chemical Physics and Biophysics which focused
on the risk management of chemical accidents
and the development of innovative remediation
methodologies. A pilot-scale simulation was
formed around a faux accident mimicking a
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From a-d : a) Jalasjärvi site, b) the installation of perforated tubes and c), d) the electrokinetic in situ treatment.

Bioaugmentation vs biostimulation
One of the more problematic bottlenecks for
biodegradation is the lack of degradative
power or no expression of degradative genes in
native soil bacteria. Attempts to overcome this
bottleneck use bioaugmentation techniques. In
some cases introducing a selected species with
a proven digestion capability has shortened the
bacterial adaptation period (Sarand et al., 2000;
Szulc et al., 2013). In a study comparing the
benefits of bioaugmentation versus those of
mere biostimulation, adding bacteria capable of
degrading the target pollutant was not found to
be a successful way to overcome the problems

of the low metabolic potential of the native soil
bacteria (Kauppi et al., 2011). When moving
the experiment from a laboratory to a natural
environment, bioaugmentation did not improve
the effects of biostimulation or influence the
microbial community composition. The adaptation
of the imported species is mostly related to the
soil conditions to which the local species are
by default better adjusted, and thus they are
easily superseded. Also, with aged contaminants,
native bacteria usually have already generated
the ability to utilise the pollutant as a carbon
source, and the problem is instead related to
the low number of cells. This dilemma can
be dealt with by removing the bottlenecks
with biostimulation (Kauppi et al., 2011).
A more successful variation of bioaugmentation
is importing naturally occurring communities
from other environments to the contaminated
zone via soil transplants. A soil with a history
of contamination promoted the degradation
of further contamination over pristine soil
in the case of both diesel oil (Kauppi et al.,
2012) and PAHs (Koivula et al., 2004). Also,
because the microbes in the humus layer are
capable of degrading the naturally occurring
complex heteropolymetric substances,
both chlorophenol and PAH pyrene were
found to degrade even faster in the humus
layer than in a previously contaminated soil
(Koivula et al., 2004; Sinkkonen et al., 2013).
Surfactants
Another concern in in situ biostimulation may be
the low bioavailability of the pollutant (Szulc et al.,
2013). The Biokunto project (2007-2010) studied
the role of enhanced carbon bioavailabity on the
breakdown of pollutants via the biological route.
One of the primary interests was the benefit of
the use of biosurfactants, mainly β-cyclodextrin.
The use of surfactants and biosufactants
increases the bioavailability of hydrophobic
contaminants by including them in an
emulsion or a complex with heightened
solubility (Del Valle, 2004; Khalladi et al.,
2009). Cyclodextrin is an oligosaccharide that
forms a guest–host-type complex with the
target molecule trapped at its hydrophobic
centre with a van der Waals interaction and
no changes in covalent bonds occurring (Del
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tanker crash with both petrol and diesel oil
leakage. In the project the actual accident was
also piloted on a smaller scale with soil received
from the accident spot. In both experiments
biostimulation was compared with chemical
oxidation and a control treatment representing
monitored natural attenuation. Whereas with
chemical oxidation the soil characteristics
set certain challenges to be overcome,
biostimulation proved to be a relatively reliable
and straightforward method, at least when
accessibility of the polluted zone was not a factor.
In the smaller-scale experiment both
biostimulation and chemical oxidation had a
positive effect on the control as measured in
concentrations in soil. The time frames and
concentration end points of the former two were
rather similar, hinting at the possibility that,
even in the latter, the reductions were likely to
have been caused by enhanced aerobic digestion
(Tervo, 2013). In the larger-scale test of close
to 2 m3 soil columns (Picture of soil column
for an in sity pilot test at the UHEL lysimeter
at page 197), biostimulation affected the total
amount of bacteria (16S rRNA gene) in a positive
manner, and this was also the case with chemical
oxidation, underlining its secondary biostimulative
role. In both treatments the concentrations in
the soil dropped significantly over 16 months.
However, it was observed that this was in part
due to the mobilisation of diesel oil with chemical
oxidation. With biostimulation the dissolved
fractions were also successfully degraded and
were not transported downwards with water
leachate (Gerlach, 2015; Simpanen et al., 2016b).
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Valle, 2004). The enhanced solubility affects
the bioavailability in a positive manner, but
the increased mobilisation can be seen as
a potential risk if the biological degradation
itself is for some other reason insufficient or
lagging behind (Simpanen et al., 2016a).
In a pilot study for diesel soil from a depot area,
cyclodextrin enhanced biostimulation and resulted
in a tenfold number of colony-forming units (1/5
TGY plates) compared to control soil, and also
lower remnant concentrations during a 5-month
treatment. The differences in concentrations were
apparent after 4 months of water circulation,
suggesting that the constant circulation itself
was efficient enough during the early stages
when carbon availability had less of a restricting
role (Talvenmäki, 2010). A pine emulsifier was
tested as an alternative surfactant, but was found
inapplicable for biostimulation purposes since it
served as a more readily available carbon source
for bacterial digestion than either diesel or PAHs.
PAHs responded to the usage of cyclodextrin
in a similar manner to diesel. It was observed
that after a few weeks of circulation the use
of cyclodextrin began having a notable effect,
lowering PAH concentrations in soil by increasing
them in the water phase. This would suggest
that the mobilising effect may indeed outpace
the biodegradation, especially in freshly polluted
soil. The efficiency of the cyclodextrin treatment
correlated positively with both the molecule
size of the PAHs and with the concentrations
(Mäkelä, 2010; Simpanen et al., 2016a).
The effect of cyclodextrin on creosote
PAH-contaminated soil was further tested
in a full-scale field application. As with the
smaller-scale test, optimisation of nutrient
ratios proved to be the most important factor
concerning the positive outcome, and liquid
circulation tended to have a positive effect
overall. However, the use of cyclodextrin did
have an extra effect on more complex PAH
structures that ultimately form the bulk of the
contaminant in an aged contaminated soil. The
results indicate that, as with diesel-contaminated
soil, the use of cyclodextrin may be a financially
sound decision after the more bioavailable
fractions have already been degraded. This
would also lessen the risk of mobilisation
(Mäkelä, 2010; Simpanen et al., 2016a).
In the Tankki project (2012-2015) of Lahti
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University of Applied Sciences, UHEL and Nordic
Envicon collaborated on developing in situ
methods for oil-contaminated areas. In a lab-scale
experiment, the results for β-cyclodextrin on
diesel-contaminated soil followed those of the
earlier projects. Additionally a 3:1 mixture of
mono- and dirhamnolipid, a naturally emulsifying
agent produced from Pseudomonas aeruginosa,
was tested. The outcome of rhamnolipid-aided
biostimulation may be dose dependant since,
with larger concentrations, diesel may be trapped
within the micelle core, resulting in diminishing
bioavailability (Wang, 2011). The antimicrobial
and phytotoxic traits may also endanger biological
activity (Haba et al., 2003; Vatsa et al., 2010).
While the experiment with dosing of rhamnolipid
(dose 300 ppm) did appear to positively affect the
total amount of bacterial cells in the soil locally,
as measured from 16S rRNA gene abundance, it
did not have a similar effect on the removal of
diesel (Talvenmäki, 2016). As with pine emulsifier,
the additive may have become the carbon source,
competing with the pollutant for resources and
bacterial digestion potential. Methylated urea
also may have a potential inhibiting role for
similar reasons, and the problem should be taken
into account with all carbon-including additives
(Talvenmäki, 2016). This factor highlights
why bioaugmentation practices may result in
a negative outcome (Kauppi et al., 2010).
Clean-up cases
Lintuvaara case study
On the epremises of a former fuel station, was
agreed to be treated with a combination of
in situ biostimulation and mass exchange. In
situ was chosen because of the low risk level,
requiring no immediate solution, and because
lowering the groundwater for mass exchange
was deemed problematic. The area consisted of
two residential lots, on which planned building
development required remediation activities,
and of a nearby park with risks associated with
volatile compounds but not with heavier fractions
if no major changes in land use were to occur.
In the residential area the remediation objective,
based on case-dependent risk assessment,
had the upper guideline value for fractions
C10-C21 (1000 mg/kg) and 55 mg/kg for volatile
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In some cases remediation objectives cannot be
met with in situ treatment and so some portion
of the polluted soil may need to be removed and
replaced. Even in such cases the total volume
requiring removal can be drastically reduced by
employing in situ biostimulation prior to mass
exchange. In Salo, southern Finland, a former
fuel station area was successfully treated with a
combination of these two methods in 2012-2013.
The original evaluation of the polluted mass was
2 800 t, with peak C10- C40 concentrations above
20 000 mg/kg and benzene levels surpassing the
lower guideline value mg/kg in some samples.
Sieve tubing was installed in the area and 9 m3
of a nutrient-rich biostimulation solvent was
introduced into the soil over a 5-month period.
The positive effect of biostimulation was
recorded, with the highest measured
concentrations no more than 50% of the
original peak values. However, it was necessary
to remove 700 t of soil from the site for

further processing in order to meet the project
objectives. Both the 75% reduction in the
mass treated off site, as well as the lower
concentrations, still signified notable savings.
The combination of in situ and off-site
treatment resulted in the successful removal
of hydrocarbons from a 0.5 m × 40 m2 volume
at approximately 3 m in depth, with benzene
concentrations surpassing the lower guideline
value. The contaminated volume in question was
situated under yard/unbuilt surfaces and was
contained within soil that was clayey from the
near surface to a depth of at least 18 m, and so
the spreading of benzene either to indoor air or
to groundwater was considered a minute risk. The
remediation activities themselves were not found
to have a negative effect on groundwater quality.
Jalasjärvi case study
Because with many former fuel stations the
contamination consists of both volatile fractions
that are difficult to degrade by biological
means and heavier compounds for which
biostimulation is often suitable, a combination
of different methods may be worth pursuing.
In one such case — a former fuel station area
in Jalasjärvi, Finland — the soil was remediated
electrokinetically. The biostimulation solvent
was dispersed in a soil with low permeability
by forming an electromagnetic current, which
attracted charged particles contained and
thus moved the whole water matrix through
viscous forces (picture of Jalasjärvi site page
198). Because of the resulting dewatering
effect, the volatile compounds could be treated
by soil vapour extraction. Vapour extraction
had been tested prior to biostimulation to no
avail, and biostimulation by itself was found to
have very little effect on BTEX compounds.
In more detail, the procedure was the following:
The contaminated area was 30 m2 and 6 m
deep. The fuel pumps had been seated on
coarse sand, but the natural soil underneath
was dense and silty. A row of four stainless steel
rods were installed as anode electrodes inside
perforated plastic tubes standing ca 1.2 m apart
and reaching down to a depth of 5-6 m. Ca. 5
m from the anode row, on the opposite side
of the contaminated target soil, four cathodes
were installed at a similar depth. The anodes
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compounds as both were present. The treatable
area with oil carbon concentrations exceeding
the lower guideline values was 400 m3 in
volume. Water samples taken from the west
side of the site, where groundwater elevation
was highest, showed high concentrations of
volatile compounds which may originate from
an unrelated, natural source. The polluted sandy
zone was covered by a clayey surface layer
1 m in depth and devoid of contamination.
A circulation well for reagent injection and
sampling was installed to cover the area through
connected sieve tubing. A fertiliser and water
mixture containing nitrogen and phosphorus
was injected monthly into the well. The nutrient
mix was fed through the contaminated zone
via injection channels and kept in circulation
using a submersible pump installed in the well.
After 22 months of treatment the objectives
were reached in the residential area. In the park
area the concentration of volatile compounds
was lower than the target value and thus
the endpoint was acceptable according to
the original assessment. In water samples
taken from west side of the area after the
remediation the mid-heavy to heavy fractions
had decreased slightly from 0.10 mg/l to 0.06
mg/l and no petrol compounds were detected.
Halikko case study

Research

and the cathodes thus formed four electrode
pairs. The electrodes were then connected in
parallel with a portable power supply of 270 V
DC, causing a voltage of 0.54 V/cm. During the
initial phases of the treatment, nutrient-amended water was introduced by slow infiltration and
electrokinetic pumping into the contaminated
soil. Diesel and some of BTEX in the coarse layer
were treated successfully with biostimulation,
and although the diesel was successfully
removed by biodegradation also in the dense
soil layers, high levels of BTEX remained in the
natural dense soil. After the biostimulation the
current was kept on for 6 more months without
any infiltration of liquids other than natural
rain and snowmelt. The resultant dewatering of
the soil inspired a lab-scale test that revealed
the degree of wetting, indeed corresponding
negatively with the concentrations of volatile
fractions as measured with PID. Encouraged by
the results, SVE tubing was installed on the site,
and after applying the vacuum for 3 months
the C5- C10 residues were under the target
concentrations, and the condition of the site was
found acceptable. The whole treatment lasted 24
months, of which approximately half could have
been cut off with a more methodical approach
(Martin Romantschuk, personal communication).
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