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Abstract

The Fifth Framework Programme (5FP) is the principal ‘vehicle’ of the European
Commission for the funding of research, technological development and demonstra-
tion projects. A call for proposals issued in 1999 within the Key Action ‘Sustainable
Management and Quality of Water’ of the Environment and Sustainable Develop-
ment Programme has led to the funding of 20 projects linking the contaminated land
issue with the management of Europe's freshwater resources. A second call for pro-
posals is scheduled for November 2000. This paper analyses the areas covered by
projects from the first call and highlights specific research tasks which deserve fur-
ther attention in order to achieve the targets of the ‘Water Key Action’ in particular in

Risk Management:

view of the upcoming call for proposals.
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INTRODUCTION

The European Research and Technical
Development (RTD) Programme
‘Environment and Sustainable Devel-
opment’ Programme is part of the 5th
Framework Programme; its overall
objectives can be summarised as fol-
lows:

« to support the implementation of
EU Directives,

* to create a sound scientific basis for
the preparation of new policies and
legidation;

« to strengthen the competitiveness of
Europe'sindustry —in particular
small and medium sized enterprises
(SMEs);

¢ toimprovethe quality of life and
safety for European citizens;
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* to ensure that development is sus-
tainable.

Several Directives are relevant in the
context of * Contaminated Land —
Management of Freshwater
Resources', such asthe Water Frame-
work Directive, the Groundwater
Directive, the Landfill Directive, etc.
However, there is no European legisla-
tion addressing the problem of con-
taminated land. RTD work on
contaminated land within the Key
Action ‘ Sustainable management and
quality of water’ is therefore based on
acritical analysis of national
approaches within the EU Member
States, the associated countries and the
accession countries. It should support
the harmonisation of regulatory
approaches through the identification
of best land use practices and the most
sustainable management options for
contaminated land and water.

Comprehensive information about the
Fifth Framework Programme (1998 —
2002), its activities and calls for ten-

ders and for proposals concerning the

Remediation and
Redevelopment
Issues

Risk Management:
State of the Art in
Corrective Actions

Specific Programmes is maintained on
the CORDI S website (www.cordis.|u).
As some of the projects, selected for
funding on the basis of the next call for
proposals, will lead within their active
phase into the next main Framework
Programme and into the European
Research Area, it is advisable to read
the respective existing orientation doc-
uments carefully. Thisis particularly
important for the planning of co-ordi-
nation and networking activities.

THE FIFTH FRAMEWORK
PROGRAMME AND
CONTAMINATED LAND
RESEARCH

The RTD programme ‘ Environment
and Sustainable Development (ESD)
coversfour Key Actions:

1. Sustainable management and qual-
ity of water;

2. Global change, climate and biodi-
versity;

3. Sustainable marine ecosystems;

4. City of tomorrow and cultura herit-
age.

The ESD Programme also includes
three RTD activities of generic nature:

1. counter-measures against major nat-
ural and technological hazards;

2. development of generic earth obser-
vation technologies;

3. socio-economic aspects of environ-
mental change in the context of sus-
tainable development.

Within these, the activities with great-
est relevance to contaminated land are
the following:

« from Key Action 1, Sustainable
management and quality of water,
under the Topic 1.4 Pollution pre-
vention, Action Lines:

1.4.1 Abatement of water pollu-
tion from contaminated
land, landfills and sediments
1.4.2 Combating diffuse pollution
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and under Topic 1.5, Surveillance,

early warning and communication

systems, Action Line:

15.1 Pollution surveillance and
control

« from the Key Action City of tomor-
row and cultural heritage, Action
Line:

4.3.2 Rehabilitation and reuse of
brownfield sites.

Action Linesrefer to the Fifth Frame-
work Programme documentation,
available on the CORDIS website.

Theimplementation of the Programme
under these Action Lineswill be
organised through one or more of the
following tools:

¢ shared-cost RTD projects;

« thematic networks and Concerted
Actions;

¢ programme-accompanying meas-
ures.

The relevant information on the call
for proposals is being published in
Official Journal of the European Com-
munities and made available viathe
CORDIS website. Thefirst call for
proposals was announced in March
1999. It is planned to launch the sec-
ond call relevant to the subject ‘ con-
taminated land/freshwater’ on 15
November 2000 and thiscurrent call is
outlined below.

Shared cost projects are either sup-
ported up to 50% of the full cost of the
project (e.g. for industrial partners) by
the EC, or up to 100% of the additional
costs (e.g. for universities). Account-
ing criteriaare strict and fully
explained in the accompanying docu-
mentation. These criteria, and atool to
assist proposal writing (PROTOOL)
are available from the CORDI'S web-
site. Basically, the programme ‘ Envi-
ronment and Sustainable
Development’ is open to participation
from countriesfrom all over theworld,
however, financial EU support can be
given only to organisations from the
Member States, from associated coun-
tries and from accession countries.
Details are listed in the respective
information packages.
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Aswell asRTD projects, the EC sup-
ports the implementation of the pro-
gramme through ‘ Concerted Actions'.
Concerted Actions are used, in particu-
lar, where the EC takes the view that
the principal need is for the support of
co-ordinating ongoing national activi-
ties together with the complementary
EU RTD Actions. Furthermore, Con-
certed Actions can be used to identify
the state of the art on aworld-wide
level and identify RTD priority areas
where future research could offer a
clear ‘ European added value'. Contin-
uous monitoring of progress madein a
certain area and dissemination of
results and conclusions, leading to a
more efficient problem-solving
approach can be considered further
essential elements of Concerted
Actions. Information about support for
the particular RTD problems of small
and medium-sized enterprises (Explor-
atory Awards, CRAFT projects) can
also be obtained viathe CORDIS web-
site. In addition, the CORDIS website
provides details of avariety of accom-
panying measures such as the organi-
sation of experts' meetings,
workshops, conferences, and techni-
cal meetings.

THE FIRST CALL FOR
PROPOSALS

20 projects related to contaminated
land/water issues were funded under
Key Action 1 asaresult of thefirst call
for proposals. These projects started in
2000 and arelisted in Table 1; the
project abstracts can be found in the
Appendix.

THE CURRENT CALL FOR
PROPOSALS

A new cdll for proposals was pub-
lished on 15 November 2000 with a
deadline of 15 February 2001. The
general objectivesfor Topic 1.4 on
pollution prevention under thiscall are
the same asfor thefirst call:

« to develop comprehensive
approaches to prevent pollution of
water bodies;

* to assess and minimise pollution
originating from contaminated sites,
waste disposal sites and sediments;

* to prevent or reduce pollution origi-
nating from agricultural practices.

There are two principal Action Lines
(1.4.1 and 1.4.2) which establish links
between the management of freshwa-
ter resources and contaminated land on
an RDT level. Based on numerous dis-
cussion and consultation processes and
taking into consideration recommen-
dations developed at workshops,
expert meetings, by networks and
Concerted Actions, the new call for
proposals includes the research priori-
ties listed below. However, it is
strongly recommended to visit the
CORDIS website (www.cordis.|u)
where the full text of the work pro-
gramme and all relevant additional
information has been made available.

Action Lines 1.4.1 Abatement of
water pollution from contaminated
land, landfills and sediments, and
1.4.2 Combating diffuse pollution
Topicswhich wereidentified as highly
relevant for shared-cost RTD projects
and other implementation tools:

* improvement of cost-efficiency of
in situ (and near-in situ) remedia-
tion technologies for contaminated
sites and groundwater;

* assessment of the bioavailability of
pollutants (and mixtures of pollut-
ants) and their eco-toxicological
risk;

* monitoring and forecasting the tem-
poral and spatial migration of
groundwater contamination for
cost-efficient risk-based site man-
agement approaches, also applied to
monitored natural attenuation as a
groundwater remediation approach;

* assessment of fate and impact of
contaminantsin dredging sludge
and sediments, and sustainabl e solu-
tionsfor their management and
treatment.

Topics which should be addressed
through Concerted Actions or The-
matic Networks only:

» |andfill-related issues, such as
risk-assessment, early detection sys-
tems, monitoring of pollution from
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landfills, mitigation measuresin
view of their better management
and of the protection of surface and
groundwater;

¢ groundwater decontamination using
permeable reactive barriers;

« monitored natural attenuation for
remediation of contaminated land.

Action Line1.4.2

Combating diffuse pollution

The focus of thiswork isto be the
assessment of the long-term fate and
environmental risk associated with
persistent organic pollutants, endo-
crine disrupting chemicals, residues of
drugs and with mixtures of pollutants,
and related devel opment of mitigation
measures and best management prac-
tices. The expected result isthe deliv-
ery of guidelines of good land-use
practices and management methods to
reduce the risk of diffuse pollution.

City of Tomorrow 4.3.2
Rehabilitation and reuse of
brownfield sites

The aim of this Action Lineisto opti-
mise land use in urban areas through
promoting and enabling the safe and
cost-effective rehabilitation and reuse
of contaminated sites. Risk assessment
methodol ogies and decision support
tools should help address specific
challenges. These will enable theinno-
vative and efficient use of under and
over-ground areas and reduce the cost
of rehabilitation of contaminated sites.

ANTICIPATED DELIVERABLES

The anticipated deliverables of area
1.4, which are also listed in the work
programme, read as follows:

¢ ActionLine1.4.1: Novel in situ and
on-site cost-efficient remediation
techniques and (sustainable) man-
agement options for contaminated
land, groundwater, landfills and
sediments.

e Action Line 1.4.2: Guidelines of
good land-use practices and man-
agement methods to reduce the risk
of diffuse pollution.

PREPARING PROPOSALS

A good proposal must include the fol-
lowing key elements:

 aclearly defined and quantified
problem;

 aclearly defined concept on how to
contribute to the solution of this
problem;

 across-check of the objectives of
each individual proposal against the
anticipated deliverables;

« the development of aclearly
defined and transparent concept
(with quantifiable target) indicating
with which expected results the
project would contribute to the
overall anticipated deliverables; and

* adetailed exploitation plan of the
expected results.

CONCLUDING COMMENTS

Based on the research work which had
aready started in previous EU Envi-
ronment RTD programmes significant
progress has been made in thisimpor-
tant RTD area. Thiswas not only pos-
sible through the contributions of the
individual research project but to a
large extent also due to the intensive
networking activities (e.g. NICOLE,
CARACAS, CLARINET, BIOSET,
CHAINET). The networking activi-
ties contributed in particular to the
redefinition of the state of the art, to
theidentification of the most pressing
problems and of ways on how RTD
can contribute to the solution of these
problems. Some of the existing net-
works will end quite soon. In order to
ensure a continuity in the overall
co-ordination and dissemination proc-
ess, the next cal invites the submis-

sion for new, well-defined Concerted
Actions or Networks which will sup-
port the implementation of the revised
Action Lines and support the Euro-
pean Commission in achieving the
anticipated deliverables of these
Action Lines at the end of FP5.

RECOMMENDATIONS

The information dissemination mecha-
nisms of existing Concerted Actions
can be considered an excellent tool
with which to find the most appropri-
ate partners for new projects, to obtain
information on what the main prob-
lems are, and which RTD activitiesare
going on within the individual coun-
tries. A thorough reading of the ESD
work programme and of the objective
and anticipated deliverables of the
individual Action Linesisessential for
the preparation of an excellent pro-
posal. Thereis aredlistic chance of
getting financial support only if all cri-
teria (see also the evaluation manual)
are met and if there is no duplication
with past or ongoing work. It isenvis-
aged that successful proposals will be
managed as clusters in strong co-oper-
ation with the relevant co-ordination
mechanisms. It is expected that new
Concerted Actions or Networks will
play astrong and active role in moni-
toring progress achieved within indi-
vidua projects or within the clusters.
The Commission recognises that a
presentation of ‘the most sustainable
management options’ of freshwater in
the context of contaminated land, sedi-
ments and landfills can only be
achieved in afully integrated, multi-
disciplinary and concerted approach
involving all stakeholders. Thisisa
challenging task which could lead to
more harmonised thinking and
approaches across Europe involving
the relevant stakeholders.
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Table 1. FP5 contaminated land R&D projects starting in 2000 under ‘Key Action 1’

Contract Number

EVK1-CT1999-00002

EVK1-CT1999-00003

EVK1-CT1999-00007

EVK1-CT1999-00008

EVK1-CT1999-00010

EVK1-CT1999-00013

EVK1-CT1999-00014

EVK1-CT1999-00015

EVK1-CT1999-00017

EVK1-CT1999-00021

EVK1-CT1999-00023

EVK1-CT1999-00024

EVK1-CT1999-00025

EVK1-CT1999-00028

EVK1-CT1999-00029

EVK1-CT1999-00030

EVK1-CT1999-00033

EVK1-CT1999-00035

EVK1-CT1999-00036

EVK1-CT1999-00042
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Project
Acronym
DIMDESMOTOM

ERAVMIS

DESPRAL

CEMBA

ORGONATE

TRACE FRACTURE
SENSPOL (Thematic
Network)
TERRANOVA
INCORE

PIRAMID

MAROC

PHYTODEC

AGRIBMPWATER

PEGASE

GRACOS

PURE

METAL-
BIOREDUCTION

PEREBAR

PROWATER

IMSIS

No of
Partners

5

~

10

10

11

13

Co-ordinating
Institution

Universitat Autbonoma de
Barcelona, Spain

Soil Survey and Land
Research Centre,
Cranfield University, UK

Adas Holdings Ltd., UK,
Crop and Environmental
Science

Jenway Ltd., UK

Fraunhofer Institut fiir
Toxikologie und
Aerosolforschung,
Germany

Foundation for Research
and Technology, Greece

Cranfield Biotechnology
Centre, UK

Response Environmental
Services Ltd., UK

UW-Umweltwirtschaft
GmbH, Germany

University of Newcastle,
UK

GBF Research Centre,
Biodegradation Research
Group, Germany

ALTERRA Green World
Research, The
Netherlands

CEMAGREF, Unité
ADER, France

BRGM,FR
Water Department

Universitat Tubingen,
Germany

EniChem S.p.A., Italy

BRGM, France

Universitat Karlsruhe,
Germany

Universitat Rostock,
Germany

Fraunhofer Institut fur
Physikalische
Messtechnik, Germany

Project Title

Development of improved detection
systems for monitoring of toxic heavy
metals in contaminated
groundwaters and soils

Environmental risk assessment of
veterinary medicines in sludge

An environmental soil test to
determine the potential from
sediment and phosphorus transfer in
run-off agricultural land

CE based instrument using
microsystem and biosensor
technologies for bioremediation
monitoring applications

On-site remediation of groundwater
contaminated by polar organic
compounds using a novel adsorption
technology

Towards an improved risk
assessment of the contaminant
spreading in fractured underground
reservoirs

Sensors for monitoring water
pollution from contaminated land,
landfills and sediment

Controlled environment biopiling for
contaminated land treatment

Integrated concept for groundwater
remediation

Passive in situ remediation of acidic
mine/industrial drainage

Molecular tools for assessing the
bioremediation potential in
organo-halogen-contaminated sites

A decision support system to quantify
cost/benefit relationships of the use
of vegetation in the management of
heavy metal polluted soils and
dredged sediments

Systems approach to
environmentally acceptable farming

Pesticides in European
groundwaters: a detailed study of
representative aquifers and
simulation of possible evolution
scenarios

Groundwater risk assessment at
contaminated sites

Protection of groundwater resources
at industrially contaminated sites

Development of technologies using
the activity of sulphate and metal
reducing bacteria (SMRB) to remove
heavy metals and metalloids from
groundwaters and soils

Long-term performance of
permeable reactive barriers used for
the remediation of contaminated
groundwater

Programme for the prevention of
diffuse water pollution with
phosphorous from degraded and
re-wetted peat soils

In situ monitoring of landfill related
contaminants in soil and water by
infrared sensing
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APPENDIX

EVK1-CT1999-00002

Development of improved detection
systems for monitoring of toxic heavy
metals in contaminated groundwaters
and soils (DIMDESMOTOM)

Problemsto be solved

Toxic heavy metals (THM) are
well-known pollutants from both natu-
ral or anthropogenic sources. Their
depositsin solid or liquid solutions
have several ways to spread out
(including both physical and chemical
transformations) and thus to get into
the trophic chain. The current ‘in situ’
THM detection systems are generally
limited to spectrophotometric chemi-
cal test kits. These offer the conven-
ience of field analysis but have severa
important limitations:

- gpeciationisnot achieved, only total
content is determined;

- chemical and physical interferences
to measured signal can be dramatic;

- dtill require a high degree of user
competence.

Thus, dataare poor to determinetrends
in pollution and to contribute to a
proper risk assessment. A solution to
this problem will directly contribute to
the EU policy for environmental infor-
mation and protection of groundwaters
and soils (EU council inter-institu-
tional dossier 97/0067 (SYN).

Scientific objectives and approach
The present project isfocused on
throwing light on this problem by
identifying the contamination trends of
these pollutants (including chemical
speciation and metal mobility factors)
aswell as determining the efficiency
of the remediation processes that are
applied to such contaminated sites.

To accomplish these objectives, the
research activities have been planned
asfollows. The project will develop
and validate novel selective and robust
sensing devices, including chemical
sensorsand biosensors and biomimetic
systems for on-line operation and real

time measurements of THM (toxic
heavy metals) present in contaminated
soils, groundwaters and surface
waters. This general contribution will
be accomplished by the specific inves-
tigations:

- elaboration and validation of elec-
trochemical biosensors/immunosen-
sors and screen-printed el ectrodes
for analysis of THM in contami-
nated soil, surface waters and
groundwaters;

- determination of THM chemical
speciation and its trends of contami-
nation;

- designing and construction of a
portable detection system for THM
determination;

- integration of the data generated by
the new devices into a decision-tak-
ing scheme based on GIS (geo-
graphical information system) to
provide a more accurate and inex-
pensive risk assessment.

Expected impacts

The developed detection systems will
be validated in |aboratory and field tri-
als and then actively used for the mon-
itoring of pollution levelsin
contaminated European sites and land-
fillsand for controlling the efficiency
of remediation activities. The GIS
technology will enable an efficient use
of the sensing systems. It will take
benefit from the new type of data for
producing amore accurate and flexible
evaluation of risks, targeted to the case
of large sites contaminated with heavy
metals. The project isalso addressed to
European regulation by determining
monitoring procedures that will assess
decisions for cleaning up toxic heavy
metal contaminated sites. Moreover,
the devel oped procedures will allow
for data to be obtained about the state
of groundwaters and soils (in terms of
metal content) that can beincluded in
aready existing databases such as
those managed by the European Envi-
ronmental Agency. The problems
related to industrial activities (i.e.
metal finishing industry, production of
fertilisers, urban sludge treatment,
mining activity and consequences of

mining tailing spills) are currently
under strong consideration due not
only to limitations on cost-effective
and technol ogical competent processes
but also to the lack of appropriate deci-
sion making procedures. Thefinal goal
isto introduce the devel oped monitor-
ing systems to markets, in which
present industrial products have not
penetrated because they are too expen-
sive and/or reguire excessive mainte-
nance or calibration or because their
sizeissimply too large.

EVK1-CT1999-00003

Environmental risk assessment of vet-
erinary medicines in sludge (ERAVMIS)

Problemsto be solved

Veterinary medicines are widely used
across Europe and are released to land
either directly or indirectly through the
application of sludge. The medicines
may persist and have the potential to
run off to surface water or leach to
groundwaters where they could impact
human and environmental health.
Under EU Directive 81/852/EEC an
environmental risk assessment is
required for certain veterinary medi-
cines. However, unlike other classes of
chemical (e.g. pesticides, nutrients and
industrial chemicals) the environmen-
tal impact of veterinary medicinesis
poorly understood. Consequently cur-
rent risk assessment procedures are
simple and have been developed to
predict ‘worst case’ concentrations.
Moreover, the approaches have not
been validated. There istherefore a
need to generate data on the behaviour
of arange of veterinary medicinesin
the environment in order to develop an
improved understanding of those fac-
tors and processes that affect their fate
and to refine and validate current risk
assessment approaches. This study,
which will combine laboratory,
semi-field, field and modelling stud-
ies, will investigate sorption, degrada-
bility, ultimate fate and ecotoxicity of
arange of veterinary medicines. On
the basis of the studies, rules, models
and experimental approaches will be
recommended for the assessment of
veterinary medicines that will be used
in the EU in the future. A range of sce-
narios will be developed to assess the
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risk of veterinary medicines across
Europe and finally, atiered approach
will be developed for use by industry
and regulators involved in assessing
the environmental risk of veterinary
medicines.

Scientific obj ectives and approach

The overall objective of the project is
to develop approaches for assessing
the environmental impact of veterinary
medicines released through the spread-
ing of manure, slurry and sludge. The
specific aims of the study are: 1) to
identify those factors and processes
controlling the degradability of veteri-
nary medicines in the environment; 2)
identify those factors and processes
controlling the sorption of veterinary
medicines in manure, sludge, soil and
water; 3) assess the effects of veteri-
nary medicines on microbial function-
ing in soils; 4) assess the effects of
veterinary medicines on soil organ-
isms; 5) assess the environmenta dis-
tribution of arange of veterinary
medicines at the semi-field and field
scales; and 6) use information from 1—
5 to devel op exposure assessment
models, scenarios and risk assessment
approaches for use by regulators and
industry across Europe. These objec-
tives will be achieved using a combi-
nation of laboratory, semi-field and
modelling studies.

Expected impacts

On the basis of the project results, a
guidance document will be produced
for use by industry and regulators
involved in the risk assessment of vet-
erinary medicines. It is envisaged that
this document will be used in the
future to perform more accurate
assessments of the environmental risk
of groundwater and surface water con-
tamination by new and existing veteri-
nary medicines and to identify
appropriate management options for
veterinary medicine sludges. The
results of the study will also be made
available to the Veterinary Interna-
tional Co-operation on Harmonisation
(VICH, which comprises representa-
tives from industry and regulators
from Europe, America and Japan) so
that it islikely that the results of the
study may also influence risk assess-
ment approaches applied internation-
aly.
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EVK1-CT1999-00007

An environmental soil test to determine
the potential for sediment and phos-
phorus transfer in run-off from agricul-
tural land (DESPRAL)

Problemsto be solved

The transport of soil particles and
associated pollutantsin run-off from
agricultural land isincreasingly being
recognised as a factor responsible for
the deterioration in the biodiversity
and quality of freshwaters. Phosphorus
(P) has been identified as akey limit-
ing nutrient in freshwater systems and
national R& D programmes have iden-
tified the importance of soil particles
in P transfer causing eutrophication.
National regulators need to maintain
water quality for arange of users and
seek methods to both identify where
suspended pollutants originate within
a catchment and design practical
cost-effective land management
optionsto prevent or control their
transfer to the watercourse taking into
account local conditions. The pro-
gramme of work is relevant to EU pol-
iciesaimed at standardising

methodol ogies for assessment and pre-
vention of pollution, developing envi-
ronmentally sustainable farming
practices and protecting watercourses
from deterioration in ecological biodi-
versity and quality.

Scientific objectives and approach
The development of cost-effective
methods to reduce the risk of diffuse
pollution and/or eutrophication of sur-
face and groundwaters requires accu-
rate identification of high risk
contributing areas and an understand-
ing of the relative contribution of natu-
ral geographic factors and agricultural
management factors influencing the
transport of soil particles and associ-
ated P within catchments. To achieve
these aims, a simple environmental
soil Ptest uniquely based on soil dis-
persivity will be developed to rou-
tinely quantify soil susceptibility to
particle transfer and the degree of par-
ticle enrichment with P due to agricul-
tural practices. The test will be
calibrated against suspended sedi-
ments collected in run-off from simu-
lated and natural storm events using
EU soils of different physical and

chemical characteristics from experi-
mental plots with known management
histories. The test will beincorporated
into existing risk assessment method-
ology and its usefulness as a manage-
ment tool in identifying critical source
areas evaluated at the farm and catch-
ment scale. Comparisons of novel cul-
tivation practices in selected high loss
risk areas and soils will be undertaken
to identify appropriate and cost-effec-
tiveremedia optionsin catchments
with diffuse pollution problems. In
collaboration with an end-user, guide-
lines on best land management prac-
tices and their relative
cost-effectiveness will be produced
and disseminated to relevant stake-
holders. Adoption of the test will ena-
ble more precise identification of high
P lossrisk areas than is possible with
conventional methodol ogies and the
work will support EU COST Action
832 on ‘ Quantifying the Agricultural
Contribution to Eutrophication’.

Expected impacts

The results of the project will lead to
the development of management tools
and guidelines that can be dissemi-
nated and used by end-users as part of
integrated river basin management
strategies for the assessment and con-
trol of diffuse pollution. Increased bio-
diversity in natural waters, improved
water quality for arange of users, and
prevention of potential health hazards
associated with algae toxins will
enhance the quality of life and help
reduce the adverse environmental and
economic impact of eutrophication.

EVK1-CT1999-00008

CE based instrument using microsys-
tem and biosensor technologies for
bioremediation monitoring applications
(CEMBA)

Problemsto be solved

Throughout Europe bioremediation is
being utilised to remediate sites that
have been contaminated with hazard-
ouswaste. Thetoxic pollutants at these
sites may consist of metallic elements,
organic chemicals, petrochemicals,
pesticides, biologically hazardous
waste and other hazardous materials
associated with the disposal of indus-
trial by-products and domestic waste.
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These areas pose health risks by result-
ant contamination of the land and ulti-
mately water reserves.

Sampling and analysis of soil, ground-
water and leachate is an essential part
of the risk assessment process, in the
evaluation of polluted sitesaswell as
in the ongoing tracking of aremedia-
tion programme at alandfill site.

Scientific objectives and approach
The aim of thiswork is the devel op-
ment of a cost-effective, rapid, porta-
ble analysis system for the
measurement of bioavailable toxic
metal or organic contaminants, which
may be present at natural attenuation
landfill sites requiring remediation.
The proposed system isintended to be
used as atool in the monitoring or
characterisation of asite by discrete
measurement. A portable system will
be devel oped, comprising a miniatur-
ised extraction and separation device
employing capillary electrophoresis,
detectors for specific analyses (metals
or organics) by biosensors or immuno-
sensors and dedicated instrumentation
to process the signal's generated.
Development of extraction procedures
for the analysis of plant materia will
also be part of the project, to be used
when phytoremediation is employed
as part of the site remediation process.

Biosensors to detect toxic metal will
use bioengineered proteinsto interact
with bioavailable metals on an elec-
trode surface. The conformational
change in the engineered protein will
allow a specific metal to be detected.
Extraction employing superheated
water extraction and enzyme immuno-
sensors will be used to monitor
organic pollutants (PAHs and PCBS).

Expected impacts

Pollution of the soil and groundwater
by metal and hydrocarbon contami-
nantsis an ongoing and complex envi-
ronmental problem. Withinthe EU, the
proposed directives on landfill sites
reguire that countries should report on
the capacity, operation and environ-
mental conditions of landfills.
Cost-effective aternatives to tradi-
tional, physical and chemical methods
of remediation are required, together
with methods to monitor the remedia-

tion process.

Individual member countries will dif-
fer in assigned priorities, activitiesand
focus but all have in common the need
for effective and accurate measure-
ment of contaminants.

EVK1-CT1999-00010

On-site remediation of groundwater
contaminated by polar organic com-
pounds using a novel adsorption tech-
nology (ORGONATE)

Problemsto be solved

Groundwater is the main source of
drinking water production in most
regions of Europe. In many areas this
groundwater is contaminated by a
variety of mainly organic pollutants
threatening the drinking water supply
in the future. Existing methods for
remediation of groundwater have limi-
tations and disadvantages, in particu-
lar, when used on-site. In generd, very
polar compounds have not been
removed by these techniques.

Scientific objectives and approach

A novel technology will be developed
which allows the removal of organic
contaminants from polluted ground-
water. Groundwater clean-up is
achieved by adsorption of the pollut-
ants onto organic polymers of small
particle size packed in radial beds. The
surface of the polymer particleswill be
modified to reduce pore plugging.
After loading with pollutants, the poly-
mers can be regenerated on-site.
Explosives and phenols have been
selected as model compounds to test
this new technology. Contamination
by these compounds is widespread in
Europe. Moreover they are representa-
tive for polar compoundsin general,
which are difficult to remove from
groundwater.

The project starts with laboratory stud-
ies on the adsorption process (determi-
nation of adsorption isotherms and
breakthrough volumes) followed by
laboratory studies on the regeneration
process. Based on the results of |abora-
tory studies, mathematical simulation
modelswill be developed which allow
the design and finally the construction
of the pilot plant. In the final part of

the project this pilot plant with a
capacity of 1-3 m3/h will be tested in
the field and further optimised.

Expected impacts

It is expected that the new technology
will also alow an efficient remediation
of polluted groundwater in remote
areas, as one means to ensure the sus-
tainability of groundwater into the
next century. Thus the project contrib-
utes to the goal of maintaining the
quality of life and health in the EU.
Finaly, the clean-up of contaminated
groundwater preserves and enhances
the quality of the environment in gen-
eral and the availability of natural
resources.

EVK1-CT1999-00013

Towards an improved risk assessment
of the contaminant spreading in frac-
tured underground reservoirs (TRACE
FRACTURE)

Problemsto be solved

Soil and groundwater contamination
by hazardous substances is becoming
one of the most significant problems
for the environmental and economic
policies of the EU. Macroscopic simu-
lators of the transport of non-aqueous
phase liquids (NAPLS) in fractured
porous media are required for the
implementation of fast and cost-effec-
tive risk assessment proceduresto con-
taminated fractured sites. In spite of
the progress that has been accom-
plished on the development of intelli-
gent numerical solvers of the
multiphase transport equations in frac-
tured reservoirs, thereisalack of fun-
damental knowledge concerning the
relations of the flow physics with the
complex morphology of fractures as
well as self-consistent phenomenol og-
ical models of the mesoscopic trans-
port coefficients (e.g. absolute
permeability, relative permeabilities,
hydrodynamic dispersivities) of frac-
tured media. Such models, properly
integrated into industrial macroscopic
simulators, are required for the devel-
opment of generalised, cost-effective
and reliable risk assessment methodol-
ogies, which are expected to contribute
to: (i) the mapping of the huge number
of contaminated sitesin the EU; (ii)
the rational design of clean-up strate-
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giesfor the contaminated aquifers of
the EU; and (iii) the devel opment of
new EU policies for the sustainable
management of soils as natural
resources.

Scientific objectives and approach

The overal objective of the project is
threefold: (a) to develop new, self-con-
sistent and true-to-mechanism phe-
nomenological modelsto describe the
transport coefficients of fractured
porous media as functions of the frac-
ture morphology and fluid rheology;
(b) to integrate the new phenomeno-
logical modelsinto anovel and relia-
ble numerical simulator of
macroscopic contaminant transport in
fractured underground reservoirs; and
(c) to use the new numerical tool inthe
development of a generalised method-
ology of risk assessment and rational
design of remedial strategies for con-
taminated fractured aquifers. In the
present project, two different generic
contaminated fractured siteslocated in
Europe will be selected. A novel
method of fracture characterisation
will be developed and will be applied
to samples of both sides. The
one-phase flow, two-phase flow and
solute dispersion of Newtonian and
non-Newtonian fluids through frac-
tured porous mediawill be studied
experimentally on artificial models
having structural properties similar to
those of the investigated sites, and will
be simulated by using methods of the
statistical physics of disordered media
and computational fluid mechanics.
All these analyses will result in novel
and true-to-mechanism phenomeno-
logical models of one-phase flow,
immiscible two-phase flow and hydro-
dynamic dispersion in fractured
porous media. The self-consistency of
all modelswill be evaluated with ref-
erence to |ab-scale experiments. The
new models will be integrated into an
industrial simulator of the contaminant
transport in fractured reservoirs. The
new simulator will be evaluated with
reference to old and new field data,
collected from both sites, and will fur-
ther be used as atool in the develop-
ment of a generalised methodology of
risk assessment and design of
cost-effective and sustainable remedial
strategies for contaminated fractured
aquifers.
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Expected impacts

The know-how and tools that will be
developed in the course of this project
are expected to be available to
research organisations, environmental
companies and oil and gasindustries
throughout Europe. With the use of the
novel methodologies, the risk assess-
ment of fractured contaminated sites
will become cost-effective and relia-
ble, wheress fast decisions of low
financial risk will be able to be taken
about the remediation of such sites. In
this manner, both the competitiveness
of thetechnology suppliersisexpected
to increase in the European and inter-
national markets and the quality of the
life of people living close to contami-
nated areas is expected to be
improved.

EVK1-CT1999-00014

Sensors for monitoring water pollution
from contaminated land, landfills and
sediment (SENSPOL)

Problemsto be solved

The requirement for in situ monitoring
of environmental pollutants places
sensor devices clearly at the core of
any programme to develop technol-
ogy for remediation and techniquesfor
enhancement of natural attenuation
processes. Chemical and biosensor
technologies are capable of measuring
both existing and new parameters of
relevance to the environment and of
monitoring several parameters simul-
taneously under real operational con-
ditions. They can be deployed to
identify pollution trends and to control
the efficiency of remediation activi-
ties. Toxicological risks of complex
mixes of pollutants can be assessed
using biosensor technologies and bio-
mimetic systems.

The SENSPOL Thematic Network
will enhance the devel opment of
chemical sensors, biosensors and bio-
mimetic systems for practical applica-
tionsin the abatement of water
pollution from contaminated land,
landfills and sediment. It will also aid
EU decision making in the environ-
mental area.

Scientific objectives and approach
The SENSPOL Thematic Network

will target the accelerated devel op-
ment of chemical sensors, biosensors
and biomimetic systemsto provide
sensitive and robust devices for moni-
toring environmental pollutantsin
water and contaminated soil and sedi-
ments. The objectiveisto providein
situ monitoring of environmental pol-
lutants in water and contaminated soil
and sediments. The work programme
is based on a series of European meet-
ings, a centralised information facility
and a broad collaboration programme.
SENSPOL will cluster the sensor
development activitiesinthe EU’s
environmental projects and act asa
catalyst for the advancement of Euro-
pean technology for monitoring the
environment. The resulting sensors
will be capable of on-line operation
and real-time measurements of pollut-
ants and their effects.

Expected impacts

SENSPOL will contribute to improv-
ing the quality of the environment by
providing new information on the state
of pollution of European water
resources and of soil and sediments
that might pollute the water supply.
Theinformation will be valuablein
assessing risks to human health from
contaminated water, soil and sedi-
ments. The data obtained using sensors
can be used to facilitate optimisation
of remediation technologies and natu-
ral attenuation processes. The sensor
technol ogies developed will provide
new opportunities for European indus-

try.

EVK1-CT1999-00015

Controlled environment biopiling for
contaminated land treatment (Ter-
raNova)

Problemsto be solved

The proposal for an EU Action Pro-
gramme for Integrated Groundwater
Protection and Management
(COM(96) 315 final), adopted by the
Commission in August 1996 and the
proposal for a Water Framework
Directive (COM (97) 49 final) issued
in February 1997, which aim to protect
groundwater, inland surface waters,
estuaries and coastal waters and
groundwater, will form the framework
for the whole of water policy. The
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Water Framework Directive would
require Member Statesto prepare a
programme of measures to attain
‘good’ surface water and groundwater
status by the end of 2010. Thereisa
huge amount of contaminated land
across Europe. Water transfer through
these sites can leach contaminantsinto
the groundwater. The TerraNova
project will develop arapid bioremedi-
ation process, which will enable SMEs
to make areal contribution to cleaning
up that contamination.

Scientific objectives and approach
Biopiling is a commonly used tech-
niquefor bioremediating contaminated
land. The TerraNova project aimsto
bring together the skills of microbiol-
ogists, contaminated |and treatment
engineers, heating engineers, chemists,
analysts and computer/control engi-
neers to engineer the biopile as a bio-
reactor to create optimum condition
for very rapid bioremediation. The
TerraNova process aims to level out
the supply of nutrients, of air and even
the temperature across the biopile and
thus greatly reduce the fluctuationsin
the rate of bioremediation, giving a
process which could reduce the treat-
ment time by 70%.

Deliverables:

¢ design and build alaboratory scale
TerraNovabiopile involving a mon-
itoring/control unit, heating ventila-
tion and air conditioning unit (6
months);

* operate and evaluate the results
from the laboratory TerraNova (12
months);

¢ design and construct afield scale
TerraNova biopile (18 months);

« operate and evaluate the results
from the field TerraNova (33
months);

« evaluate the applicability of Ter-
raNova across the EU in terms of
techno-commercial, regulatory and
marketability (0-36 months);

¢ produce atechnology transfer pack-
age for SMEs (30—36 months).

Expected impacts

Contaminated land treatment is funda-
mentally alow technology business
involving bulldozers and diggers.
Because of this an underlying objec-

tiveisto provide alow technology,
robust process, with robust on-line
monitoring and control, which can be
used by unsophisticated SMEs. Ter-
raNovais very much about employ-
ment, the project is about transferring
the technology through alicensing
process across Europe so that the huge
market can be exploited by those
SMEs. The whole concept of Ter-
raNovaisto clean up contaminated
soil in aclosed safe fashion and do it
quickly and efficiently. It will there-
fore help quickly to reduce human
exposure to harmful chemicals and
pollutants and improve the quality of
life and health for European citizens.

EVK1-CT1999-00017
Integrated concept for groundwater
remediation (INCORE)

Problemsto be solved

Groundwater pollution in industrial-
ised sitesisageneral problemina
variety of European cities. Most are
located in river basins and use ground-
water for water supply from local shal-
low aquifer systems. Within the last
decades changes in land use and own-
ership have resulted in complex con-
tamination patterns, such as
heterogeneous distribution of contami-
nants, different contaminantsand large
subsurface areas. Industrial develop-
ment and the need for groundwater
conservation are in acute conflict.
Today, large amounts of private and
public money are spent to identify and
assess point sources of contamination
without being able to reliably quantify
their impact on the groundwater qual-
ity: numerous remediation schemes
are operated without an economical
evaluation of their long-term perform-
ance. Throughout Europe numerous
guidelines and directives exist at the
national level, focusing on the charac-
terisation and evaluation of individual
sites — but none of the approaches is
applicable to industrial regions as a
whole.

The INCORE approach supports the
revitalisation of urban industrial land
in line with the Aalborg Charter of
European Cities and Towns Towards
Sustainability. Major impacts deriving
from contaminated land are groundwa-

ter contamination and restrictions on
land use. INCORE emphasises the sus-
tainable use of groundwater resources
in line with the key objectives of EU
water policy.

Scientific obj ectives and approach

INCORE aims at providing a cost-effi-
cient technical-administrative set of
tools to optimise investigation, evalua-
tion and management of contaminated
groundwater and land in urban indus-
trial areas, considering regional
aspects such as complex land-use pat-
terns, land-use specific contamination
and the extent of urban industrial
areas. Thiswill alow therevitalisation
of groundwater resources and soil in
these areas. Innovation of current sci-
entific, technical, economic and
administrative methodologies will be
tackled.

INCORE focuses on the devel opment
and partial implementation of anew
approach to contaminated land assess-
ment and revitalisation in urban indus-
trial areas comprising three cycles: (a)
the investigation of groundwater con-
tamination emission at the scale of
entire sites, (b) the evaluation of the
contamination source zones and (c) the
development of emission oriented
remediation strategies. The major
advantage of the new approach is that
the number of sitesto be considered is
reduced within each cycle. Further-
more, cost-effective revitalisation
measures could be implemented based
on the level of tolerable groundwater
emissions. To achieve the project’s
goals, the following deliverables have
been defined which will deliver the
necessary methods/tools for the imple-
mentation of the new cycle approach:

« Application strategies and recom-
mendations for investigation of con-
taminated groundwater and land in
industrialised urban areas. Method-
ology for optimal selection, combi-
nation and application of innovative
remediation technologies.

* Recommendations to harmonise,
improve and accelerate administra-
tive work with respect to PPP-Mod-
elsintheintegra abatement of
water pollution from contaminated
land, landfills and sedimentsin
Europe.
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Expected impacts

INCORE will develop new technical
and administrative tools under
real-world conditions to provide an
important basis for the development of
future EU directives on contaminated
land assessment.

The revitalisation processis expected
to have an economic impact by provid-
ing incentives for new business settle-
mentsin ‘brownfields' and avoiding
the use of ‘greenfield’ areas. The pub-
lic authoritieswill be given the chance
to solve negative site aspects, improve
and regain the quality of life and envi-
ronment in urban areas by achieving
and maintaining regional groundwater
at high quality, supporting the sustain-
able use and conservation of regional
groundwater resources and further-
more sustainably develop their city.

EVK1-CT1999-00021

Passive in situ remediation of acidic
mine/industrial drainage (PIRAMID)

Problemsto be solved

Long-term water pollution from aban-
doned mines and associated industrial
sitesisasignificant problem in many
EU Member States and Candidate
States. Recent developments of ‘ pas-
sive', ecologically-friendly in situ
remedial methods for such pollution,
including subsurface reactive barriers
and various forms of wetland, have
hitherto devel oped in an uncoordi-
nated manner. PIRAMID aimsto draw
these developments together, and to
foster further innovations to make the
technology applicable to awider vari-
ety of abandoned mine waters. Guide-
lines for the practical use of the
technology will be drawn up and
widely disseminated. In thisway PIR-
AMID will assist in the implementa-
tion of the Water Framework
Directive.

Scientific objectives and approach

¢ Assemble a European database of
experiences with passivein situ
remediation of acidic mine/indus-
trial drainage, covering both surface
and subsurface passive in-site reme-
diation (PIR) systems.
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» Develop process-based models of
PIR system performance to support
improvement of future designs.

« Criticaly evaluate the potential
applications of PIR in areas of
Europe which still do not have the
technology.

e Testinlab and field novel
approachesto PIR for other specific
contaminants and using novel sub-
Strate.

» Develop engineering guidelines for
PIR application at new sites
throughout the EU.

Expected impacts

» Rendering feasible remediation
projects that would not otherwise
have been undertaken.

» Development of environmen-
tally-friendly remedial measures
which can make a contribution to
the practical implementation of the
Water Framework Directive.

» Assist Candidate Statesin attaining
environmental quality in line with
EU requirements.

» Developments of PIR technology
which will be applicablein futureto
other pollutants, such as nutrients or
man-made organic compounds.

EVK1-CT1999-00023

Molecular tools for assessing the biore-
mediation potential in organohalo-
gen-contaminated sites (MAROC)

Problemsto be solved

Chlorinated hydrocarbons are the most
important and widespread class of
contaminants of soil and groundwater
in al European countries and environ-
mentally friendly methods have to be
devel oped to abate this pollution.
Many examples of bacterial transfor-
mation and, even, mineralisation of
these compounds have been found. In
field situations, stimulated or natural
(intrinsic) bioremediation may, there-
fore, be a suitable remediation strategy
for reducing risks. However, in prac-
tice, it isdifficult to predict the biore-
mediation potential of the indigenous
microbial polluted sites. Hence, there
is aneed for the development of effec-
tive, easy to handletoolsfor predicting
degradative potential or for monitoring
the effective stimulation of catabolic
pathways in situ. These tools should

not be dependent on the culturability
of contaminant-degrading organisms
but, rather, be directed at the detection
of the genes specific to the microor-
ganisms and gene encoding enzymes
that catalyse the key reactionsin the
degradation pathways of contami-
nants.

Scientific objectives and approach

Molecular detection methods will be
developed and optimised for the moni-
toring of bioremediation processes. A
combination of detection of specific
microorganisms, detection of catabolic
genes and transformation activity, dl
insitu, will allow the accurate analysis
of in situ natural attenuation. Results
of the characterisation of intrinsic
potentials of organohal ogen-polluted
sites by classical microcosm studies
will be used to assess the useful ness of
the molecular tools devel oped during
the time-course of the project.

A knowledge base created by the
detailed genetic and biochemical char-
acterisation of acollection of DNA
segments encoding catabolic genes
will be used for the devel opment of
probes and primers for extracting the
broadest possible diversity of genes
from the environment. A database
relating genetic structure to metabolic
function for various key enzymes of
hal ogenated hydrocarbon degradation
will be built up and after optimisation
of protocolsfor isolating DNA and
RNA from environmental samples, as
well as the adaptation of quantitative
PCR methods, used for the develop-
ment of specific probes and primersto
analyse and quantify the presence and
expression of degradative pathwaysin
contaminated samples, to characterise
enrichment cultures and to monitor the
evolution of dechlorinating activity in
microcosms. Results of this validation
phase will be used to optimise the
molecular tools already available.
Finally, newly developed and opti-
mised methods will be converted to an
economic method to identify and
quantify by molecular methods the
natural attenuation potential of con-
taminated sites.

Expected impacts

The project will directly contribute to
better pollution and waste manage-
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ment and reduce exposure to harmful
pollutants by increasing our under-
standing of the biochemical factors
that are critical in degradation of halo-
genated pollutants in the environment
and thereby allowing the rational
manipulation of biological or other
parameters at apolluted site.

The application of rapid molecular
culture-independent detection methods
for biomonitoring purposes will allow
accurate analyses of in situ natural
attenuation and stimulated in situ
biorestoration, leading to decreased
costs of biotechnological remediation.
Therefore, the results of this project
will increase the market for suppliers
of biotechnological waste-treatments
and consultancy in environmental bio-
technology.

The proposed effortswill not only help
in facilitating biological remediation
and stimulate the use of those tech-
niques in Europe. We anticipate that
the project will also lead to automated
high-throughput methods that allow a
routine use and will become available
to SMEs working on bioremediation
and thereby will lead to the devel op-
ment of atechnology for industrial
use, will foster the use of environmen-
tally friendly biological remediation
techniques and generally support the
use of new molecular methods to mon-
itor biological processes.

Furthermore, the stimulation of biore-
mediation techniques directly contrib-
utes to the preservation and
enhancement of the environment.

EVK1-CT1999-00024

A decision support system to quantify
cost/benefit relationships of the use of
vegetation in the management of heavy
metal polluted soils and dredged sedi-
ments (PhytoDec)

Problemsto be solved
Phytoremediation, i.e. the use of vege-
tation to reduce the environmental
impact of heavy metals (and other pol-
lutants) in soils and dredged sediments
isapromising emerging ‘green’ soil
management and soil remediation
technology to reduce emigration of
heavy metals to groundwater and sur-

face water. Scope and limitations are
however not fully known yet. This
hampers a broader practical applica
tion or, even worse, leads to applica
tionsin situations where other
techniques are more appropriate and
vice versa. PhytoDec aims at develop-
ing a straightforward tool, that pro-
vides end-users and policy makers
with areliable and validated decision
support system (DSS) for the design of
tailor-made soil remediation strategies.
As soil pollution with heavy metalsis
still widespread in Europe, the appear-
ance and consolidation of an alterna
tive green technology is relevant for
EU policies, especially when concern-
ing extended areas of moderate pollu-
tion levels, where high costs do not
permit conventional technological
solutions. A specific potential applica-
tion areais the use of phytoremedia-
tion when preparing set-aside
agricultural land for reforestation and
nature devel opment which continues
to beamajor EU policy. The future
extension of the EU to include vast
heavy metal polluted areasin Eastern
Europe will extend phytoremediation
applicability and therefore sufficient
know-how to devel op adequate reme-
diation strategies.

Scientific objectives and approach

PhytoDec aims at the construction of a
DSS to assess the practical applicabil-
ity of phytoremediation in quantita-
tive terms: together with an annexed
analytical protocol for monitoring pur-
poses, the DSS constitutes the main
project deliverable. The DSS enables
the assessment of the practical applica-
bility of the use of vegetation to abate
soil pollution, in comparison to other
soil remediation options, through relat-
ing cost parameters to environmental
effectiveness parameters. The
approach, adopted to reach this main
project objective within the four years
of project duration starts with filling
the most important remaining proc-
ess-related knowledge gaps that
greatly affect the practical applicabil-
ity of phytoremediation, including:

* long-term cost/benefit relationships:

« theimportance of environmental
Side-effects:

 prediction of phyto-extraction dura-
tion, based on soil chemical and

plant physiological processes.

During DSS-construction extensive
attention is given to the validation of
the DSS and more specifically its
process-related calculation routines.
Thisis achieved through carrying out
mesocosm experiments and field trials
during all four years of project dura-
tion. Extension to end-users startsin
an early project phase, making use of
all partners' scientific, political and
potential end-user networks. At the
end of the project aworkshop will be
organised to finally present the DSS to
arepresentative and influential group
of end-users at a European level.

Expected impacts

When successful, PhytoDec will pro-
vide end-users and policy makersin
Europe with avalidated tool (DSS) to
decide whether phytoremediationis
applicable or not at their specific
heavy metal polluted sites. The DSS
relates scientific (soil remediation
effectiveness and duration) aspectsto
cost aspects (land value during reme-
diation, monitoring costs etc.) and
social aspects (public acceptance and
landscape values during and after phy-
toremediation etc.). It contributesto a
better and healthier environment asit
creates possibilities to reduce environ-
mental impacts of extended polluted
areas at alower cost, thus permitting
community funds to be used for other
priority environmental targets. Its
main impact therefore isto contribute
to more effective and equilibrated
applications of emerging soil remedia-
tion techniques, avoiding financial
losses for tax payers, policy makers
and local government, owners of pol-
luted sites and commercial companies
involved in soil remediation and soil
management.

EVK1-CT1999-00025
Systems approach to environmentally
acceptable farming (AgriBMPWater)

Problemsto be solved

Rising concern about agricultural
non-point water pollution has led
many regulatory measures to be pro-
posed. Agri-environmental pro-
grammes have been implemented in
the different EU Member States
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according to the Commission Regula-
tion 2078.92. Best management prac-
tices (BMPs), one of the most popular
tools, have rarely been assessed in a
fully satisfying way. This project aims
at providing planners with agrid
which would allow a comparison
between BMPs in terms of environ-
mental efficiency, economic cost and
potential acceptability by farmers.
Expected results should help Member
States choose the most appropriate
measures and ways for an efficient
implementation of BMPs with the sup-
port of scientifically validated techni-
cal and economic recommendations,
thus contributing to various EU poli-
cies such as CAP, Instruction 91/676/
EEC, Instruction 80/778 EEC and
more generally European water policy.

Scientific obj ectives and approach

A comparison between different exist-
ing or simulated BMPs will be carried
out through a cost/effectiveness
assessment along with the study of
their acceptability by farmers. Effec-
tiveness will be assessed as the evolu-
tion of water quality resulting from
BMP implementation in experimental
watersheds. Particular efforts will be
carried out to improve BMP represen-
tation in hydrological models, as they
can take various forms (landscape
structures, agronomic recommenda-
tions). Spatial modelling, at various
scales, will be used to define critical
areas where efforts should be concen-
trated. Asfor costs, effortswill con-
cern the evaluation of both direct and
indirect costs induced by BMP imple-
mentation. When studying diffuse pol-
lution, individual contributions and
de-pollution costs are not known and
have to be assessed. Direct costs will
therefore be estimated through the def-
inition of contract menusin a princi-
pal/agent modelling framework.
Indirect costs will be estimated as the
impact of BMPs on all other branches
of the economy with the use of agen-
eral equilibrium model. A cost-effec-
tivenessratio will be calculated for
each studied BMP, allowing a compar-
ison of possible alternatives. Unfortu-
nately, farmers do not apply BMPs as
would be desirable. Possible explana-
tions are that of their low environmen-
tal commitment and insufficient
implementation practices. Extensive
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interviews will be carried out to
account for the socia dimension of
farmers’ decision making process. In
addition, complementary interviews
with land managers will help in find-
ing out what are the implementation
practices used and problems encoun-
tered. Thiswill aim at defining new
negotiative implementation methods
which will be evaluated in a demon-
stration project involving both local
land managers and farmers.

Expected impacts

Short-term results will consist of a
potential cost-effectivenessratio.
Based on the experience of case stud-
ies, the project will provide a method-
ological guideline designed to assess
BMPs on the three dimensions of
effectiveness, cost and acceptability.
Thanks to thisintegrated assessment
of existing and potential BMPs, the
expected selection grid should contrib-
ute to building a decision support tool
both for the EU to implement the
eco-conditionality regulation and at a
local scale, for land managers and
local plannersto face water resource
management related issues.

EVK1-CT1999-00028

Pesticides in European groundwaters:
a detailed study of representative aqui-
fers and simulation of possible evolu-
tion scenarios (PEGASE)

Problemsto be solved

Pesticide concentrations above the
0.1ng/L drinking water limit have
been reported in many groundwaters
(GW) used for drinking water supplied
in Europe. Questions asto why it hap-
pens and how it will evolvein the near
and distant future cannot be answered
at the moment. Because the GW is
used extensively for drinking water
purposes, thisis a problem of true
European dimension.

PEGASE will focus on delivering per-
formance-assessed tools to predict the
possible evolution of GW contamina-
tion by pesticides at the aquifer scale
and to assess the socio-economic
implications of alternative scenarios
aiming at GW quality restoration or
protection. Animproved knowledge of
the relative importance of processes

involved in pesticide transport to and
in the GW of representative aquifers
will benefit the harmonised regulatory
procedure and eventually lead to
reductions in environmental deteriora-
tion, benefiting the community at
local, regional, national and interna-
tional levels. The work to be con-
ducted through PEGA SE will
complement European policy objec-
tives by providing tools that will help
in implementing the Member States
policies across Europe by both legisla-
tors and stakeholders.

Scientific objectives and approach
The global objective of PEGASE isto
enable predictive modelling of pesti-
cide contamination of representative
European aquifers and assessment of
socio-economic implications of the
present and future contamination. Spe-
cific objectives and innovations are
the:

« Production of high quality data sets
with intensive (36 monthly sam-
plings) and extensive (land use, pes-
ticide applications, soil vadose zone
and aquifer characteristics) monitor-
ing of aquifersranging fromal
hectare area of a sandy aquifer with
GW table <2 m bgl to akarst aqui-
fer with GW> 10 m bgl;

» Development of mechanistic and
semi-empirical tools dedicated to
the spatialized modelling of pesti-
cide contamination of GW with: (i)
operating links between root zone
models and aquifer models; (ii) con-
sideration of non-equilibrium phe-
nomeng; and (iii) incorporation of
uncertainties associated with the
field data and the results from trans-
port models.

* Performance assessment of those
tools using the data of the first 24
months monitoring for calibration
and ng the predictive capac-
ity (extrapolation step) by compar-
ing predicted GW levels and
pesticide concentrations with the
values of the third hydrological
cycle monitored.

* Socio-economic assessment of
alternative scenariosincluding
changesin land use and agricultural
practices aiming at GW quality res-
toration or protection in a context of
sustainable development.
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Expected impacts

A better understanding of how pesti-
cide concentrationsin GW are most
likely to evolve over time (akey
objective of PEGASE project) will
enable a more cost-effective configu-
ration of the treatment plants and
result in a cheaper water supply for
consumers, thereby yielding consider-
able benefits to end-users of GW
resources. The knowledge provided by
PEGASE will aso help avoid very
restrictive land practices to be recom-
mended or imposed that would not
take account of site-specific conditions
(e.g. aparticularly slow GW recharge,
or long transit time of the water flux
through avery thick unsaturated zone).
Finally, by identifying areas least at
risk of GW pesticide contamination,
PEGA SE will enable the available
financial resourcesto be allocated to
the most vulnerable areas, thus max-
imising the improvement society may
expect from its limited financial and
natural resources. All stakeholderswill
be associated with the socio-economic
work in PEGA SE, ensuring achoice of
scenarios that may possibly be imple-
mented and a true assessment of their
direct and indirect environmental
implications.

EVK1-CT1999-00029
Groundwater risk assessment at con-
taminated sites (GRACOS)

Problemsto be solved

Contaminated land in Europe poses a
serious problem with respect to soil
quality and risk of spreading of pollut-
antsinto other compartments of the
environment. The major concern at
most contaminated sitesisthe risk of
groundwater pollution by organic and
inorganic compounds. Since the reme-
diation of all of the contaminated sites
in Europeiseconomically not feasible,
groundwater risk assessment proce-
dures are needed for the ranking of
sites, decision making on further use
and remedial actions. In contrast to
existing procedures this project con-
centrates on the development of meth-
odologies for the assessment of the
mobile contaminant fraction in con-
taminated soil and waste material (i.e.
the contaminant fraction which would
reach the aquifer). It will allow the

determination of the long-term con-
taminant release rates and the overall
emission of pollutants into the ground-
water at contaminated sites. The most
important innovations expected will be
more harmonised and integrated
guidelines for groundwater risk assess-
ment in Europe and beyond.

Scientific objectives and approach

The procedures to be developed take
theform of ascenario approach, asitis
intended to be generally applicable to
different situations in terms of classes/
combination of pollutants and
site-specific conditions, such as cli-
matic conditions, permeability and dis-
tance between contamination and
groundwater table. Such a scenario
approach will allow the determination
a priori whether under given site con-
ditions (subsurface permeability, dis-
tance to groundwater table, type of
material) and contaminant properties
(volatile/non-volatile/water soluble
etc.) aminor, medium or high risk of
groundwater pollution exists.

The validation of these new risk
assessment procedures will be done:
(2) in awell-controlled field experi-
ment which comprises an emplaced
source of a hydrocarbon mixture con-
sisting of volatile to semi-volatile
(partly) biodegradable compounds; (2)
laboratory and field investigations for
the quantification of contaminant
transfer rates across the capillary
fringe for specific scenarios; and (3)
column leaching tests for the quantifi-
cation of the mobile contaminant frac-
tion in various contaminated soils and
waste materials (e.g. slag, bottom ash,
construction/recycling materials). To
cover as many different site-specific
scenarios as possible, the project
involves numerical modelling of
vapour phase contaminant transport in
the unsaturated zone and long-term
leaching of contaminantsfrom specific
materials.

Expected impacts

The most important deliverables of the
project will be guidelines for ground-
water risk assessment which for cer-
tain scenarios, compound classes and
material types does not require or
requires only minor field or laboratory
investigations. Therefore, it would sig-

nificantly reduce the coststo society of
dealing with the legacy of industrial
pollution. The end-users will be the
governments/regulators and finally the
citizens of Europe who will benefit
from a harmonised, more rational eco-
nomic and integrated approach to
environmental regulation.

EVK1-CT1999-00030

Protection of groundwater resources at
industrially contaminated sites (PURE)

Problemsto be solved

The abatement of pollution at industri-
ally contaminated sitesis a particular
problem when more than one source of
contamination and/or type of pollutant
ispresent. Since local conditions are
site-specific, each site requires a
unique solution. Key aspects of this
problem at the European level are
addressed by PURE.

1. Recalcitrant organohalides, hydro-
carbons (in particular BTEX) and
heavy metals are considered ‘ prior-
ity’ pollutant families and can
migrate from industrial sites viathe
groundwater.

2. Site characterisation to allow design
of the remediation approach and the
monitoring of the remediation proc-
essitself are time-consuming and
expensive.

3. In situ technologies, in particular
those based on biological processes
are till under evaluation.

The management of contaminated
sites and the protection of groundwater
are key aspects of the EU environmen-
tal policy areas and will benefit from
the PURE programme.

Scientific objectives and approach

By putting together problem owners,
end users and R&D performers
(mostly members of NICOLE), PURE
aimsto develop a multidisciplinary,
widely applicable approach to protect-
ing groundwater resources. Four sites,
selected for their particular contamina-
tion and hydrogeological characteris-
tics which are in some ways common
to the majority of polluted sitesin
Europe, have been targeted for study.
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PURE is composed of two
sub-projects:

¢ SICHAMORE: The development of
cost-saving solutionsto fully
describe the contaminated site
through reduction of sampling ana-
lytical load and to identify the opti-
mal remediation process.

e TREES: developing preferably in
situ methods to treat: (1) the pollu-
tion core in the soil and hence pre-
vent the migration of contaminants
to groundwater; and (2) the contam-
ination plume.

The specific objectives of PURE are:

 to develop adecision tool to assess
benefits and costs for different
site-specific remedial scenarios;

« to develop new, more effective
methods to characterise a site and
follow the efficacy of the remedial
action. Thiswill be based on new
biosensors (using soil relevant bac-
teria) supported by field-based ana-
lytical techniques (novel sample
preparation and immunoassay pro-
cedures) novel fuzzy ared site
assessment for dataanalysis and
improved modelling of the move-
ment of the groundwater plume;

* to develop new techniques to reme-
diate complex contaminated sites:
anaerobic-aerobic treatment for
simultaneous organohal ogen abate-
ment and to render heavy metals
inert: electrobioremediation of
mixed organic pollutants: coupled
degradation of BTEX and organo-
hal ogens (the former acting as elec-
tron donors and the | atter as electron
acceptors): simultaneous remedia-
tion of saturated and unsaturated
zones by thermally enhanced soil
vapour extraction and co-solvent
flooding: remediation of organohal-
ogen polluted groundwater through
co-metabolism with methane butane
oxidisers;

« tointegrate developed knowledge/
test experience into areport con-
taining guidelines applicableto a
large number of industria sitesin
the EU.

Expected impacts
For European industry as awhole,
PURE is agreat opportunity to
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develop a consistent EU knowledge
basein the field of soil and groundwa-
ter treatment, thus reducing the
dependence on US proprietary tech-
nologies.

Quantifiable advantages are a >20%
cost saving in site characterisation and
monitoring, and the availability of
aternative remedial technologiesto
replace the traditional digging and
landfilling approach, yielding an antic-
ipated 30 — 60% reduction in remedia-
tion costs. European citizens will
benefit from the broadly applicable
PURE deliverables as follows:

« directly, through the improved soil
and groundwater quality made pos-
sible by the new technologies and
because of the increased competi-
tiveness of the service provider;

« indirectly, due to a better allocation
of resources, by reducing the
resources necessary for the clean-up
of pollution sources. Thiswill free
fundsto be spent elsewhere, such as
improving industry strength,
employment and a higher standard
of living.

EVK1-CT1999-00033

Development of technologies using the
activity of sulphate and metal reducing
bacteria (SMRB) to remove heavy met-
als and metalloids from groundwaters
and soils (METALBIOREDUCTION)

Problemsto be solved

The presence of toxic heavy metals
and metalloids (HMM) in the environ-
ment greatly affects the quality of
water and food-chain. In contrast to
most organic pollutants, HMM are
never degraded. The aim of the present
proposal is to develop a number of
bioprocesses, based on the activity of
sulphate and metal reducing bacteria
(SMRB), to prevent HMM pollution of
water bodies by assessing and mini-
mising HMM pollution originating
from contaminated sites. The possibil-
ity of treating metal-contaminated
waters efficiently and economically
will contribute to meeting one of the
major demands of European citizens,
namely the provision of affordable
high quality water, while maintaining
the integrity of ecosystems.

Scientific objectives and approach
More precisely, the proposal objec-
tivesare: (1) to obtain improved bio-
logical tools (bacteria and enzymes);
and (2) to develop new cost-effective
and reliable technological aternatives
for removing HMM from ground-
waters and soils. In order to achieve
the above mentioned project objec-
tives, the technical work consists of
the following four main tasks:

- improved biological tools for metal
and sul phate reduction. This work
will include the selection of sul-
phate and metal reducing bacterial
stains (SMRB) and the improve-
ment of cytochrome efficiency;

- monitoring of biological processes.
New biocaptors with whole cells or
enzymes (cytochromes) will be
built and used to monitor bioavaila-
ble metal content, and new methods
will be developed to analyse the
bacterial communities;

- development of methods for the
treatment of HMM pollutantsin
groundwaters and soils. Direct and
indirect reduction of the HMM with
the SMRB will be exploited at |abo-
ratory-scale in order to propose spe-
cific remedial strategiesfor each
particular and actual contamination
problem. The direct reduction of
HMM by SMRB will be applied to
groundwaters using bioreactors
(pump and treat) and also to soils
after excavation, pulping or heap-
ing, and inoculation (on-site leach-
ing). The indirect reduction of
HMM by sulphate-reducing bacteria
will be applied to groundwaters
using bioreactors (pump and treat).
In situ active barriers will be used
for soil pore waters,

- technical feasibility and economic
assessment of the treatment of
HMM in groundwaters and soils.
Modelling and simulation of the
retained processes will follow the
setting up of in situ and on-site pilot
operations.

Expected impacts

The present project proposes the
development of processes more effi-
cient and less expensive than classical
methods to remove metals from con-
taminated water and soil. This purpose
converges with the trends of the new
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Water Framework Directive, setting
the objectives for water protection
well into the century. Direct and indi-
rect mechanisms of metal reduction by
SMRB should produce high quality
water. From an economic point of
view, the development of better meth-
odsto treat waters and polluted soils
will help to reinforce the technol ogical
independence of Europe. For the com-
panies and particularly SMEs special-
ised in soil and water treatment, the
project will introduce new products
and open new markets.

EVK1-CT1999-00035

Long-term performance of permeable
reactive barriers used for the remedia-
tion of contaminated groundwater
(PEREBAR)

Problemsto be solved

Contaminated land, landfills and sedi-
ments pose a serious environmental
threat by polluting groundwater in the
surrounding area. In 14 European
countries contamination caused by
uranium represents a particularly seri-
ous danger where drinking water
resources might be affected. Other
heavy metals and organic pollutants
can also have a strongly deleterious
effect on groundwater. Available tech-
nologies (e.g. pump and treat) fall
short of solving the problem because
their performanceis not yet adequate
for effective remediation. Permeable
reactive barriers (PRB) represent a
promising innovative technology for
passivein situ groundwater remedia-
tion. Little is known, however, about
the long-term behaviour (formation of
coatings and precipitates, reduction of
permeability) of PRB systems.

Scientific obj ectives and approach
The aim of the project isto elaborate
the scientific basis for, laboratory and
pilot-scale testing of and the practical
application of a considerably more
efficient and cost-effectivein situ reac-
tive barrier technology targeting
groundwater contaminants. The gen-
eral objectiveisto evaluate and
enhance the long-term performance of
PRB systems, especialy of those tar-
geting heavy metals and organic con-
taminants using sorption and/or
precipitation mechanisms. The

approaches taken to meet the project
objectives will be the characterisation
of different reactive materials and rele-
vant attenuation processes in the reac-
tive matrix of the PRB and their
long-term behaviour. Technological
methods to enhance the long-term effi-
cacy and cost-effectiveness of the PRB
system will be developed and tested
under realistic conditions. The primary
model test site will be an areain south-
ern Hungary contaminated by uranium
mining —thus including aregion
which is due to become part of the EU.

Expected impacts

The results of this project are expected
to play amajor rolein establishing the
permeable reactive barrier technology
as an accepted, reliable and cost-effec-
tive method for the remediation of
contaminated groundwater. The broad
spectrum of activities within the pro-
posal offers considerable utilisation
opportunities. The investigation of
potentially suitable reactive materials
for specific target contaminants and
the clarification of attenuation proc-
esses and ageing mechanisms will ena-
ble the optimisation of reaction condi-
tions and barrier design. New techno-
logical developments such as specially
tailored contaminant-targeting ligands
and electrokinetic enhancement are
aimed at improving the effectiveness
of the groundwater cleaning task of
PRB systems. The anticipated spread
in the application of PRB systemswill
also necessitate regulation. Asfar as
we are aware, the Federa Institute for
Materials Research and Testing
(BAM) in Berlin is currently the only
regulatory body in Europe in a posi-
tion to develop guidelines and regula-
tions on reactive barriers. The project
will develop a schematic, long-term
effectiveness assessment method for
lifetime prediction. The results of the
project will therefore also influence
the future sanctioning practice of such
remediation systems by the responsi-
ble authorities.

EVK1-CT1999-00036

Programme for the prevention of diffuse
water pollution with phosphorus from

degraded and re-wetted peat soils
(PROWATER)

Problemsto be solved

The re-wetting and restoration of peat-
lands (synonym: histosols) can be
accompanied by the mobilisation of
phosphorus (P), its transport to adjoin-
ing agquatic ecosystems, an accelerated
eutrophication and deterioration of
water quality. PROWATER isaimed to
develop scientifically based guide-
lines for the use and restoration of his-
tosols that prevent the diffuse
pollution of water with P. It contributes
to the Community agricultural, envi-
ronmental and, especialy, water poli-
cies.

Scientific obj ectives and approach

The main objective of the project isto
protect freshwater from diffuse pollu-
tion with P mobilised from histosols.
Specific objectives are to: (1) identify
the chemical forms of P in native,
degraded and re-wetted histosols; (2)
measure and assess the actual P pollu-
tion of ground and surface water in six
representative field studies; (3)
develop models which describe the
main factors of P mobilisation and
transport from histosols to water and
calculate scenarios for re-wetting strat-
egies; and (4) to develop a
user-friendly DSSto enable re-wetting
strategies at minimised P input to
freshwater. PROWATER is organised
in four connected work packages
(WPs). In WP 1, the study areasin
Israel, Germany, Poland, Sweden and
in the UK will be characterised,
equipped with automated field sta-
tions, and a co-ordinated field research
and sampling programme will be car-
ried out. In WP 2, the PO status of
soilswill be characterised by advanced
analytical methods (total PP forms by
sequential fractionation, nuclear mag-
netic resonance and mass spectrome-
try, and desorption isotherms). The
relationships between external factors
and P mobilisation will be quantified
in microcosm experiments under con-
trolled conditions. The data sets will
be used in WP 3 as model input. The
quantified relationships between P sta-
tus, external factors and P mobilisation
will improve conceptual models of P
transformationsin histosols. Further-

69



Land Contamination & Reclamation / Volume 9 / Number 1 / 2001

more we will test, validate and adapt
existing numerical methods of P mobi-
lisation and transport. Reliable scenar-
ios of re-wetting strategies will be
simulated and the effects on diffuse P
transfer from histosols to freshwater
will be calculated. In WPR4 aDSSfor
histosol restoration and sustaining of
good water quality will be developed.
This requires the integration of scenar-
ios from WP 3 with the ecological,
political and socio-economic targetsin
study areas, participating countriesand
the EU. PROWATER will finish with
the application and evaluation of the
DSSin case studies of the conse-
guences of re-wetting measures for
end-users and stakehol ders.

Expected impacts

We expect: (1) adatabase from field
research on factors that control P
mobilisation in rewetted histosols; (2)
basic new evidence for the chemistry
of Pin histosols; (3) modelson P
mobilisation and transport and re-wet-
ting scenarios; and (4) aDSSwhich is
tested with local end-users and stake-
holders to provide a basis for the
implementation of re-wetting guide-
lines for the restoration of wetlands.
The main environmental and
socio-economic impact liesin the
improvement of surface water quality,
the preservation of agricultural land
usein sensitive areas and its devel op-
ment towards landscape conservation,
which can be an important income fac-
tor in some areas.

EVK1-CT1999-00042

In situ monitoring of landfill related con-
taminants in soil and water by infrared
sensing (IMSIS)

Problemsto be solved
The project will contribute to the
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abatement of water pollution from
contaminated lands, landfills and sedi-
ments. With its capacity of on-line and
real-time measurements of pollutants,
measurement techniques which are not
available at the moment, the proposed
sensor is avaluable tool for landfill
monitoring, risk assessment and con-
trol of remediation efficiency. It can,
for example, improve the ‘use’ of nat-
ural attenuation techniques as areme-
diation technique. Natural attenuation,
i.e. leaving remediation to natural
processes without applying costly
techniques, is based on the observation
that there is a decrease in contaminant
concentrations which limits the extent
of the contaminant plume. The key
disadvantage of natural attenuation is
the need to ensure that the contaminant
does not propagate further. The pro-
posed sensors, placed in the vicinity of
the plume may serve as a cost-effec-
tive and reliable alert network. Possi-
ble emerging economic possibilities
for waste disposal should strengthen
EU industrial competitiveness. Thisis
of special importance for the EU with
its densely populated production sites.

Scientific objectives and approach

The project aims at monitoring of soil
and water for landfill related contami-
nation by an in situ monitoring for soil
and water by infrared sensing. A porte-
ble and rugged system will be devel-
oped that will allow sensor elementsto
be inserted and left in soil locations
under the ground for long-term moni-
toring of organic pollutants. The con-
cept of aburied sensor givesthe
opportunity to continuously monitor
organic pollutants without sampling
errors. Sinceit isimportant to monitor
pollutants over along period of time
the sensor system will be optimised
with regard to long-term stability.

Expected impacts

The IMSIS sensor concept is novel for
landfill monitoring; its central objec-
tive isto open new possibilities for
continuous monitoring and control.
For this reason one objective of the
project is to investigate and evaluate
the need of end users with respect to
sensor applications. Mid IR spectro-
scopic measurements are widely used
for the analysis of samples placed
inside spectrometers. This project is
involved in the development and use
of IR optical fibres for absorption
measurement on remote locations. The
development of this remote spectros-
copy ison one hand an innovation
with respect to real time analytical
measurements inside landfills, on the
other hand it opensthe field for all
kinds of IR remote sensing applica
tions, e.g. in process control or meas-
urements in explosion endangered
environments.

Within the project, there will be a
development of short segments of
tapered and flattened fibres, which will
serve as sensor elements in the sensor
head. Tapering of fibresto increase
sengitivity is awell-known technique
in the UV and visible wavelength
range. Tapering of MIR fibresisa
completely new and demanding task
since IR transmitting materials are dif-
ficult to process. A further improve-
ment in sensitivity can be achieved by
replacing tapered fibres by planar MIR
waveguides with a thickness of afew
micrometres. Such devices are at
present not commercially available
and will be taken into consideration.



