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Fig. 40.

4.10 After having clicked on “save and generate template”, filled and saved the excel file and
uploaded the file we see the two lines in the experiment details screen (Fig. 41):

411 Now, if we click on View we can see the following test summary (Fig. 42):
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TEs concentration test visualisation
Test name : Vetiver 2008

Soil matrix : matrix one

Receptor : beans, endpoint : aerial parts

Remediation option(s) tested : phytoextraction,

Final Research Report

iTreatment modality iTime elapsed iTreatment incorporation rate iCupper
(o0 img/kg
lunt 'Week 1 0.0 1.0
55 'Week 1 110.0 1.0
\CTRL 'Week 1 110.0 1.0
B 'Week 1 110.0 1.0
BSS ‘Week 1 110.0 1.0
lunt 'Week 5 0.0 1.0
s \Week 5 110.0 1.0
\CTRL \Week 5 110.0 1.0
B \Week 5 110.0 0.97
BSS 'Week 5 110.0 0.56

Back to last page

Note : the test duration doesn’t appear on this summary. This information appears in the
visualization part (welcome page > research information in Sumatecs database).

6.5.13.3 Information research

After having created a new entry in the input part, it is necessary to go to the visualization part to validate that

the information set is coherent and readable.

A SNOWMAN funded research project

257



SN-01/20 SUMATECS Final Research Report

6.6 Decision Tool Systems for the Selection of Gentle Remediation
Approaches

Cundy A., Onwubuya K., Teasdale P., Mikhalovsky S., Puschenreiter M., Waite S., Tlusto$ P., Kumpiene
J.

6.6.1 Background.

It is clear from the work carried out and reported under Work Packages 2 — 4 of SUMATECS, and from the
general trade and academic literature, that a number of (gentle) in-situ remediation options are available (WP 2),
in addition to an array of more aggressive remediation methods such as pump and treat, soil vapour extraction,
soil washing etc. Some form of decision support is therefore beneficial, to allow the user to make an informed
decision on which is the most suitable technique(s) for the particular site requiring remediation or management.
Site management and/or remediation should also be affordable, feasible, effective & sustainable, factors which
also need to be built in to the decision support process (e.g. CLARINET 2002; Pollard et al 2004). A range of
systems and tools have been proposed to support decision making within the contaminated land arena (e.g.
CLARINET 2002). It is clear, however, that there are considerable differences in the decision support process
between different EU member states, and more generally (within the context of the SUMATECS project) the
adoption and promotion of gentle remediation technologies within and between member states. Hence, in line
with the general aims of the SUMATECS project (specifically, to derive or recommend decision support systems
and remediation scenarios for gentle remediation techniques), this work package (WP) critically reviews
available decision support tools in terms of their fithess for purpose for the application of gentle remediation
technologies, identifies gaps in current knowledge, and recommends areas for further research and
development in decision support for gentle remediation options.

6.6.2 Scope of the study

WP6 (Development of a decision tool system as a basis for selecting the most applicable remediation option)
aims to review and classify existing decision support tools, assess whether current tools are fit for purpose (with
specific reference to gentle remediation options), identify input parameters required for a workable decision
support tool, and identify knowledge gaps for input into WP7. The work package has the following specific
objectives:

1. Search and review available information on decision-support tools (DSTs) for the application of gentle
remediation technologies;

2. Examine whether current decision-support tools are fit for purpose in each of the SNOWMAN member
states;

3. Identify whether a universal decision-support tool for gentle remediation technologies is feasible or
desirable;

4. Identify input parameters / site knowledge (e.g. depth and type of contamination, local geology, depth to
groundwater) needed for a workable decision-support tool;

5. Systemize the reviewed information and identify knowledge gaps for input into WP7.
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6. In terms of project structure, WP6 draws on information generated during WPs 2-4, running in parallel with
(and exchanging information with) WP5.

The above objectives were addressed using three main methods:

(1) Via a literature review and critical analysis of existing decision support systems, in terms of their application
to “gentle” remediation technologies

(2) Via focussed discussions with regulators and other stakeholders (individually; at international meetings
(specifically, during and following presentation of WP6 at a special session on Green Remediation at the 2008
CONSOIL meeting, Milan, Bardos et al 2008); and at an international expert workshop held in Dresden in
September 2008 by the SUMATECS project).

(3) Via circulation and analysis of a project questionnaire, to assess stakeholder opinions and needs. This
questionnaire is discussed elsewhere in the SUMATECS final report, but (relevant to WP6) contained a section
specific to decision support tools (cf. figure 4), with a series of closed (i.e. yes/no) and open questions to assess
stakeholder awareness of DSTs, their fitness for purpose, and desired features of DSTs.

The final deliverables for WP6, specifically:

D6.1 Summarised overview and critical analysis of existing decision support tools (within the framework of recent
legislative and technological developments) for input into WP7.

D6.2. Guidelines on range of input parameters required to adequately inform decision-making on the use of
gentle remediation technologies.

are incorporated into the following report.

6.6.3 Structure of the report

The report begins with an overview of the role of decision support in contaminated land assessment, remediation
and management, and then undertakes a critical review of existing decision support tools. Stakeholder feedback
(via the project questionnaire and focussed discussion sessions) is then discussed and evaluated, and
conclusions and recommendations for further action / research are made in the final section of the report.

6.6.4 Decision support tools (DSTs) for contaminated land assessment and
remediation

Historically, a range of generic decision making approaches have been made available for the management of
land contamination (CLARINET 2002). The techniques include: Life Cycle Analysis (LCA), Multi-Criteria Analysis
(MCA), Cost Effectiveness Analysis (CEA) and Cost Benefit Analysis (CBA). These techniques have varied
methods of implementation, are used at various stages of the decision making process, and have been adopted
in the development of a range of DSTs. For the purpose of this review, MCA and LCA will be considered
primarily. These two tools are the most widely recognised instruments implemented in collecting detailed
information on environmental decision support aspects and have been widely used in industrial ecology and
environmental systems analysis (Hermann et al, 2007).
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6.6.4.1 Multi Criteria Analysis (MCA)

The remediation and development of contaminated land has become a multi-stakeholder issue. This increase in
interest has necessitated the development of Multi Criteria Analysis (MCA). MCA is a decision-making tool used
in environmental systems analysis to evaluate a problem by giving an order of preference for multiple
alternatives on the basis of several criteria that may have different units (Hermann et al, 2007). Its techniques
can be used to identify a single most preferred option, to rank options, to short-list a limited number of options for
subsequent detailed appraisals, or simply to distinguish acceptable from non-acceptable possibilities (DTRL
multicriteria manual). MCA encapsulates a variety of decision-making processes that require different criteria on
which to establish a decision. The main purpose of MCA is to compare and rank alternative options and to
evaluate their consequences (in this case environmental consequences) according to the criteria established
(Zopounidis et al, 2002). It achieves this by assessing information in a consistent way, where the different factors
are weighted by means of a score. It involves identifying the decision requirement and criteria of the various
processes, scoring, weighting, establishing an overall result, scrutinising the result and undertaking sensitivity
analysis tests. MCA relies heavily on the judgement of the decision making team, which includes the
stakeholders and experts, and it is therefore conceivable that results may be biased. Dedicated consultations
and debate are necessary in order to reduce the subjectivity of this form of analysis. This subjective mode of
decision-making is believed to be the main disadvantage of MCA (Hermann et al, 2007). The outcome of the
weighting procedure is therefore often determined by whom it includes as much as by the choice of weighting
methods (Hobbs and Meier, 2000).

MCA, however, has been recommended in the development of DSTs to provide a formal structure for the joint
consideration of environmental, technological and economic factors relevant to evaluating and selecting
amongst management alternatives and for organising the involvement of stakeholders in the decisional process
(Kiker et al, 2005 and Carlon et al, 2006). It is favoured because of its transparency, rigorous structure and its
intense evaluation of options. It can also be used in the combination of monetary and non-monetary values in
the decision making process. A common and popular type of MCA is Multicriteria decision analysis (MCDA)
which is also known as multi attribute decision analysis (MADA). As described above, this form of MCA is suited
for use in the combination of monetary and non-monetary values in a bid to reach a decision. It is a way of
looking at complex problems that are characterised by any mixture of monetary and non-monetary objectives, of
breaking the problem into more manageable parts to allow data and judgments to be brought to bear on the
different parts, and then reassembling the different parts to provide a more coherent picture to the decision
makers (DTLR multicriteria manual). For example, MCDA is the approach used in the DESYRE DSS (decision
support system for the rehabilitation of contaminated megasites, Carlon et al, 2006).The implementation of the
MCDA involves, but is not limited to the following:

- Establishing the context which includes identification of the various stakeholders and key players.

- Indication of the various options to be appraised.

- Identifying the criteria that would be used to assess the various options identified above

- Analysis of the various options and award scores based on the criteria

- Assign weights for the criteria based on their relative importance to the decision making process

- Combine the weights and the values in order to achieve overall significance

- Study the results

- Carry out a sensitivity analysis test to ensure that all necessary areas / parameters / options have been

appropriately considered.
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6.6.4.2 Life Cycle Analysis

Life Cycle Analysis (LCA) is a tool that identifies and quantifies the emissions and resources used at all stages of
a product’s or an activity’s life cycle. It has been defined as the ‘compilation and evaluation of the inputs,
outputs, and the potential environmental impacts of a product system throughout its life cycle (ISO 1997)". In
other words it employs the ‘cradle to grave’ approach as described in the manufacturing sector. It previously
became popular in the manufacturing industry but its use has been expanded into a range of other areas,
including the management of contaminated land. According to Blanc et al, 2004, LCA is gaining widespread
acceptance in the field of support systems for environmental decision-making. The present era and interest in
sustainable development has necessitated the need for the development and use of such a tool in remediation
options appraisal. Implementation of LCA would indicate the best possible option that does not compromise
sustainability. In recent years several examples have been published on the use of LCA in site remediation:
Bayer and Finkel (2006) assess LCA in active and passive groundwater remediation technologies; Volkwein et
al, (1999) use LCA to complement risk assessment of the primary impacts and, with this aim in view, compare
the results of LCA before and after remediation; Diamond et al, 1999 and Page et al 1999 both deal with similar
methods using generic remediation options and case studies. The application of LCA to land remediation offers
the opportunity to make relatively objective comparisons between several available approaches. Some
remediation techniques are energy-hungry (e.g. steam enhanced processes) for a short period of time (eg dual
phase vacuum extraction) whilst others consume less energy per unit time but are required for a long duration eg
enhanced monitored natural attenuation, or pump and treat, which could run for several years or decades. A
reasonable balance needs to be attained whereby priority is given to the more sustainable technique. LCA
initiates the comparison of such diverse techniques taking into consideration the needs of various stakeholders.

LCA is commonly used in the UK with a recent publication by Defra endorsing its use (Defra 2006a). It is also
popular in other parts of Europe and has been incorporated into some decision support tools including Dutch
ABC. LCA can be a complex and resource hungry process and therefore can only find acceptance if used by a
competent decision support tool. The key elements of an LCA are;

- Goal and scope definition

- Life Cycle Inventory Analysis
- Life Cycle Impact Assessment
- Life Cycle Interpretation

- Reporting; and

- Critical Review

6.6.4.3 Cost Benefit Analysis (CBA)

CBA is the assessment of all costs and benefits that are involved in various available options. It is a framework
for comparing the monetary value of a project with the monetary value of its cost. The terms cost and benefit is
not used solely in the financial context. Cost can be defined as anything that can reduce ones well-being whilst
the definition of benefit is anything that has the capability of increasing human well-being.

The application of CBA requires mainly financial/monetary input and therefore needs a great deal of expertise for
implementation. Difficulties may arise when considering aspects which may not have an immediately obvious or
easily quantifiable monetary value (e.g. an ecosystem, social acceptability of a remediation option etc). The
results from a CBA can form a major input for MCA.
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6.6.4.4 Cost Effectiveness Analysis (CEA)

The significant difference between CBA and CEA is that the benefits of a project, in the case of CEA, are not
monetised. In the context of management of contaminated land once remediation objectives have been agreed,
CEA provides a framework for deciding the least cost option to deliver the required remediation standard; it is a
relatively simple balance of costs of measure, versus its effectiveness and whether it meets the remediation
objectives of the site. As for CBA above, the results from CEA can form a major input for MCA.

6.6.4.5 Critical review of existing decision support tools

Presently, relatively few countries have a fully developed methodology/system for decision making in
contaminated land management. Considerable improvement is necessary for considering sustainability issues
more systematically in decision making procedures as presently a large majority of projects favour conventional
and often non-sustainable technical solutions for contaminated land remediation (EURODEMO 2005). Arguable,
significantly more emphasis is currently placed on the financial implications of the technique, cost saving and
profit margins than on potential environmental impacts, socio-economic implications and stakeholder
involvement. The key drivers of remediation in most European countries are; (i) risk management (ii) core
stakeholders (project drivers), (iii) timescale and (iv) technical suitability/feasibility. By comparison, stakeholder
satisfaction, cost effectiveness and sustainability are given significantly less consideration in current practices as
indicated in figure 21 below (CLARINET 2002).

Project drivers Risk management

Remediation
project dynamics

Stakeholder
satisfaction

Sustainable
development

Technical feasibility
and suitabilit

Cost effectiveness

Key factors in most EU
counttries

Figure 43. Key factors in decision making in remediation technology selection (CLARINET, 2002)
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6.6.4.6 Decision support tools in the UK

Initiated in 2004, the Environment Agency has developed a guidance document / strategy entitlied Model
Procedures for the management of contaminated land, also referred to as Contaminated Land Report 11
(CLR11). This document encapsulates procedural guidance for the whole life cycle of the management of
contaminated sites. It consists of three main stages;

- Risk assessment

- Options appraisal to include the evaluation and selection of remediation options and their suitability for the
site

- Implementation of the remediation strategy and subsequent aftercare of the site in the form of a post-
monitoring strategy to evaluate technology efficiency.

CLR11 borders on the requirement of the statutory contaminated land regime in the UK (Part 1IA of the
Environmental Protection Act 1995, and the associated guidance — Defra Circular 01/2006 (Defra 2006b)),

and proposes a tiered remedial approach to decision making. Tiers within the options appraisal stage (i.e. the
stage most relevant to the selection of gentle remediation technologies) are indicated below:

Tier 1: Identification of feasible remediation options

According to CLR11, a feasible remediation option is one that is likely to meet defined, site-specific objectives
relating to both pollutant linkages and the wider management context for the site as a whole. In this stage the
procedures offers two tools for utilisation by decision makers:

Tool 1 involves a simple set of tables or decision support matrices which relate at a generic level, the
applicability of different remediation methods to environmental media (soil/water), and the nature of the pollutant.
At this stage a suitable technique is chosen that is relevant to the identified pollutant linkage.

Tool 2 is a link to further information on remediation options in order to assess the technical basis of the
remediation techniques. There are several sources used for this assessment but three major ones are outlined
below:

. Environment Agency Remedial Treatment Data Sheets;

. CIRIA, Remedial Treatment of Contaminated Land series reports (now supplemented by CIRIA C622 —
‘Selection of remedial treatments for contaminated land — a guide of good practice’)

. Two web-based sources in EUGRIS (the European Groundwater and Contamination Land Information
Systems) and CL:AIRE (Contaminated Land: Applications in Real Environments)

This stage drives the decision maker to develop a series of selection criteria and CLR 11 refers to four decision
making tools in this tage;

Tool 1 — Carries out a Multi Criteria Analysis
Tool 2 — Collects Cost information on the remediation options
Tool 3 — Combines the information from the above in a qualitative Cost Effectiveness Analysis

Tool 4 — Examines how the remedial treatment methods can be combined.
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CLR11 also reflects the need for the consideration of the environmental impacts of remediation to satisfy
management objectives. This considers the nature and extent of potential effects on the quality of the
environment in a wider and generic context .The Model procedure theoretically considers both aggressive and
gentle techniques without bias, although notably there is little detail given on the range of available gentle
remediation options, with only the generic term “landfarming” being listed in the decision support tables /
matrices in Tool 1 of the Identification of Feasible Remediation Options tier (described above) .

On a technological level, the UK only has one DST framework called the WRATE model but this focuses on
waste management rather than remediation option appraisal. There was little information available as regards
this technique. However there is a potential for the WRATE model to be developed as an appropriate tool for
decision making in remediation.

6.6.4.7 Decision support systems/tools in Germany

Similar to the UK, Germany also has guidance documentation used for decision making in contaminated land
management. The procedure involves the following stages:

- Goal and process: reduction of contaminant exceedances by a certain percentage. This is similar to the
risk assessment stage of the CLR 11 for the UK.

- Project mobilisation; includes determination of the various stakeholders, technical experts and financial
obligations

- Discretionary measures/activities to include site investigations, preliminary tests etc
- Development of remediation scenarios

- Technical assessment of remedial options

- Cost estimation

- Cost Benefit Analysis (economic, technical and ecological issues are considered)

- Specification of remediation objectives

- Remediation proposal

- Decision for remediation (made by authorities working under the auspices of the German government)
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Figure 44. Flow chart for contaminated land management in Germany. From www.eugris.com

From the above outlined procedure it can be deduced that there is no explicit consideration of the environmental
impact of the proposed remedial technique and the specific incorporation of gentle remediation technologies (or
indeed sustainability issues) is minimal.
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A review of software tools for remediation decision support has indicated that a number of such tools have been
developed in Germany (see table 36). These tools include PRESTO (PREselection of treatment options), CARO
(cost analysis of remediation options), ROCO (rough cost estimation tool) and the Sinsheim model. An appraisal
of these tools shows that they mainly deal with aggressive remediation techniques and serve as technical
efficiency tools focussing primarily on cost estimation. Cost does constitute an element of the decision making
process but cannot serve the purposes of a sustainable DST without considering issues bordering on
sustainability. The Sinsheim model, however, quantifies and evaluates the environmental impacts of remediation
processes. It utilises a streamlined LCA as described in earlier sections, and produces a summary of LCA
results which allows comparison of different remediation processes. A decision can therefore be reached on the
best possible technique that is environment-friendly. This DST does not include other core objectives of the
remediation process: costs, socio-economic factors etc. The model is very advanced in that is utilises the
application of a full LCA on assessment of feasible remediation techniques and therefore could serve as a model
for an efficient DST if all other missing aspects are included. As noted above, it is not developed specifically for
use on gentle remediation techniques but also encompasses aggressive techniques.

6.6.4.8 Decision support systems/tools in the Netherlands

ROSA and BOSS are two software based DSTs that originate from the Netherlands. ROSA is used for the
evaluation of remediation alternatives in line with interpretations of the National soil protection legislation.
Information regarding this software is not widely available and therefore its preferred remedial technique
(aggressive or gentle) cannot be ascertained. BOSS is a web-based expert system which is available at present
only in Dutch. It targets both aggressive and gentle remediation techniques but does not undertake detailed
analysis of the wider environmental impacts of the remediation activity.

6.6.4.9 Decision support systems/tools in Italy

DESYRE (Decision Support System for the Requalification of Contaminated sites) is an advanced, Italian-
developed GIS-based decision support system, formulated to address the contaminated land management of
megasites. The developers of DESYRE have included in their conceptual design and development the main
aspects pertaining to a remediation process: analysis of social and economic benefits and constraints, site
characterisation, risk assessment, selection of best available technologies, creation of sets of technologies to be
applied, analysis of individual risk and comparison of different remediation scenarios. These highlighted aspects
of the tool have been encompassed into 6 interconnected modules which comprise: site characterisation, risk,
socio-economic, technological analysis, residual risk analysis and decision making. DESYRE consists of a two
step methodology for the selection of appropriate remediation technique whereby the first step provides for the
selection of feasible technologies, which are then ranked in the second step where there is an integration of
environmental and technological databases, using MCDA to produce a ranking.

This highly sophisticated GIS-based, integrated DST deals with a range of decisions from risk assessment to
selection of remediation strategy. Environmental impacts are considered along with socio-economic effects
which is very uncommon in most of the existing DSTs. The technological module holds a database of more than
60 types of treatment technologies described in terms of contaminant type, commercial availability, application
modalities and different site specific parameters (Carlon et al, 2006). This range of remediation technologies
includes both gentle and aggressive techniques.

DESYRE however does not include LCA of its remediation techniques and its utilisation of MCDA analysis has
been found to be subjective (Hermann et al, 2007) with a tendency to be biased.
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6.6.5 Relevant decision support systems/tools developed by EU sponsored
programmes

PhytoDSS is a DST developed under EU framework funding and could be described as probably the only
available tool that focuses specifically on gentle remediation technologies. Its main technology of focus is
phytoremediation, which is further divided into phytoextraction and phytostabilisation. In this definition,
phytoextraction involves the uptake of selected contaminants by plants, with the contaminants being stored in
the above-ground biomass which is eventually harvested and disposed. This process results in eventual site
cleanup through physical extraction. The process of phytostabilisation, on the other hand, immobilises the
contaminants (mainly heavy metals) through re-vegetation and some input of chemical immobilisation.

With these factors taken into consideration, a DST was developed to assess the viability of using vegetation, via
phytoextraction and phytostabilisation, as a means of abatement whilst weighing cost effectiveness against
environmental impacts in comparison with other remediation techniques. For its implementation PhytoDSS uses
the REC model (described below) as basis for decision support.

REC (Risk reduction, environmental merits and cost) was developed as part of the NOBIS programme (a
previous Dutch national research programme on bioremediation). The primary aim of the programme was to
bring risk reduction, environmental merits and cost, which had been individually studied and integrated into
decision making, into contaminated land management due to changes in the Dutch legislation. REC does not
consider other factors such as legal, political and social factors which might impact on remediation choice. ABC
(Assessment, benefits and Costs) on the other hand could be deemed as a modern version of REC. It consists
of three modules

- Assessment: This stage appraises the feasibility of different remediation options. There are about 27
techniques in the database of this technique.

- Benefits: This module utilises LCA to assess each remediation technique. This outlines the advantages
and disadvantages of remediation into potential environmental impact factors such as: resource, energy input,
emissions, hazardous and non-hazardous waste production.

- Costs: The range cost bracket for each technique is highlighted at this level.
The ABC considers both gentle and aggressive remediation techniques which are outlined in its database.
The above (and other selected) techniques are summarised and evaluated, in terms of how they address the

key criteria of risk, cost, sustainability, and socio-economic factors, and their suitability to gentle remediation
technologies, in Table 75.

Table 75: Overview of selected decision support tools across Europe
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Criteria addressed

Tools Principle Country of Target Risk Cost Sustainability Socio-
origin techniques Assessment (environmental | economic
impacts) factors

REC (Risk Multi Criteria EC funded Gentle remediation | Yes Yes Yes No
Reduction, analysis and Life | project (Phytoremediation)
Environmental Merit | Cycle Analysis
and Costs) (Phyto
DSS)
ABC (Assessment, | Life Cycle EC funded Aggressive and Yes Yes Yes No
Benefits and Costs) | Analysis project gentle techniques
PRESTO Not applicable Germany Aggressive and No No No No
(PREselection of does not serve gentle techniques
Treatment Options) | as an

assessment tool
CARO (Cost Assesses the Germany Aggressive and No Yes No No
Analysis of overall cost of gentle techniques
remediation remediation
options) techniques
ROCO (Rough Cost | Assesses the Germany Aggressive No Yes No No
Estimation Tool) rough cost of techniques

specific

remediation

techniques such

as dig and

dump/pump and

treat
ROSA Approach based | The Not indicated Yes Yes No No

on balance Netherlands

between cost,

environmental
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compartments
versus risk
reduction and
reduction in
liabilities
DESYRE (Decision | Multi criteria Italy Aggressive and Yes Yes Yes Yes
Support System for | decision gentle techniques
rehabilitation of analysis
Contaminated Sites | (MCDA)
SPEAR(Sustainable | Multi criteria Private Aggressive and No No Yes Yes
Project Appraisal assessment development gentle techniques
Routine)
BOSS Not provided (all | Netherlands Aggressive and No No No No
in Dutch gentle techniques
language)
DARTS (Decision Multi criteria Italy Aggressive and No Yes Yes Yes
Aid for Remediation | analysis gentle techniques
Technology
Selection)
The Sinsheim Life Cycle Germany Aggressive No No Yes No
Model analysis Techniques
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An overview of the various DSTs across the European Union indicates that the only widely-available DST
that focuses specifically on gentle remediation techniques is PhytoDSS under the platform of REC, and this
DST considers only phytoremediation as a technique. There are a range of other DSTs that are potentially
suitable to the decision support of gentle remediation technologies, of which DESYRE in particular has wide
coverage of risk, cost, environmental and socio-economic factors. In terms of national decision support
frameworks, the UK’s CLR11 framework (and similar systems used or under development in Germany,
Austria, France and elsewhere) provides a systematic and practical tool for decision support over the whole
assessment and remediation process, although there is a relative lack of information on gentle remediation
approaches in comparison with more aggressive technologies.

The uptake of the various tools that are currently available, and their fitness for purpose as seen by the
contaminated land community, is examined in the next section.

6.6.6 Stakeholder feedback

As noted previously, a questionnaire survey was carried out by the SUMATECS group to gather stakeholder
opinions on gentle remediation options, and assess reasons for hindrance in their uptake. Questionnaire
sections specifically focussed on decision support tools and systems are shown in Figure 45. Responses
were received from over 10 European countries with 124 participants from a variety of disciplines within the
environmental sector and outside stakeholders. The primary aim of the questionnaire was to ascertain the
general awareness of gentle remediation techniques and the application of fit-for-purpose DSTs in
contaminated land management. Specifically, in terms of DSTs, the questionnaire was designed to gather
responses on whether current DSTs are felt to be fit-for-purpose, and to ascertain from relevant stakeholders
what input parameters / site knowledge (e.g. depth and type of contamination, local geology, depth to
groundwater) are needed for a workable decision-support tool. The target participants of the survey included
university/research institutions, regional authority/government, environmental consultancies, remediation
contractors, and other key stakeholders (land owners, investors, and pressure groups).
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16) Are you aware of any decision support tools* that can be used to select
appropriate remediation or management strategies for TECS sites?

Yes [ ] No [] Don't know []

If yes,

(a) Please list some of these tools below.

(b) Are these tools fit for purpose?

Yes [] No [] Don’t know [_]

(c) Are these tools suitable for the application of gentle remediation techniques?

Yes [] No [] Don't know [_]

(d) What improvements could be made to these tools (please list)

If no,

(a) Do you think that such a decision support tool would be useful?

Yes [ ] No [] Don't know []

(b) Please list the features that such a decision support tool should have.

Figure 45: Page from questionnaire survey related to decision support tools.

From the DST-specific responses to the questionnaire, the survey indicated that more than half of the
participants (58%) were not aware of any DSTs that can be used to select appropriate remediation or
management strategies for contaminated land (see Figure 47 below).
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Awareness of DSTs

o Yes
ENo
0 Don't know

Figure 47: Participants’ awareness of existing decision support tools, in response to the question “Are you
aware of any decision support tools that can be used to select appropriate remediation or management
strategies for TECS sites?”

22 % of our participants with knowledge of existing tools gave an indication of the various tools available for
use; however most of the tools listed were consistent with traditional (national) guidance documents, and
indicated a general lack of awareness amongst the contaminated land community of many of the advanced
tools developed and listed in Table 75. The tools suggested includes: ADEME guideline, Swedish EPA
report, Pirtu, DARTS, NSOIL (Dutch tool), THERESA 3.0. There is overwhelming evidence available from the
questionnaire survey that shows that the knowledge of DSTs in the management of contaminated land is
minimal and there is insufficient technical know-how regarding the utilisation of DSTs. It can be considered
as a greenhorn technology in remediation options appraisal. Over 61% of our participants were indecisive
as to whether the DSTs available were fit for purpose (which is unsurprising considering the percentage that
are not aware of the existence and uses of DSTs) and 30% believed they are. On a similar note, 80% also
could not indicate whether available DSTs were suitable for the application of gentle remediation techniques.
This imbalance in the response suggests that a fraction of practitioners are aware of DSTs but there is still a
shortage of knowledge in the field and therefore a proper tool has not been consistently adopted and utilised
to cater for decision-support needs. Several comments from a variety of participants have included
suggestions that existing tools are too general and not sufficiently precise, and training and skill
enhancement in DSTs is required for decision makers. However, an overwhelming 72% believe that a DST
that targets choosing remediation techniques would be useful particularly if it is specific for gentle
remediation options. Features that should be included in a practical DST were listed by survey respondents
as including (quotes are italicized):

- It must support decision making at sites with mixed contamination and integrate both ecological and
physiochemical traits.

- It should combine various contaminants and levels of contaminants, various types of soils, climates
and plants, surface and deep water parameters, ecosystem sensitivity and various types of
remediation techniques.

- It should implement a multi-criteria approach.

- It should be pragmatic and detailed.

- It should implement cost-benefit analysis to assess socio-economic factors

- DSTs should support the communication between all involved persons and should not give a fixed
general solution (i.e. tools should encourage dialogue between and informed decision making by
users, rather than providing a proscriptive solution)

- It should be simple and comprehensible for practical application

- There should be clear definition of categories for a transparent classification of assessing the site
with a practicable manual for possibilities of techniques and management

- Tools should include consideration of feasibility, costs and application range
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- Tools should be practicable for smooth execution and coherence

These suggestions mirror those raised during focused discussions with regulators, practitioners and other
stakeholders. These suggestions, and further points highlighted during stakeholder discussions, are
considered in the discussion and recommendations section below.

6.6.7 Discussion and recommendations

Despite the multitude of tools that have been developed, the results from the questionnaire survey indicate a
lack of stakeholder knowledge of decision support tools that can be used to support gentle remediation (and
indeed other remediation) approaches. Many of the stakeholders surveyed are likely to be using DSTs in the
course of their work via national guidelines (e.g. CLR-11 in the UK), but are not aware that these guidelines
form a DST system. Generally, tools developed or applied need to be easy to use (a tiered approach, in line
with several national guidelines, is arguably the simplest and most valid approach), and should incorporate
sustainability and socio-economic measures (via life cycle analysis, Cost Benefit Analysis or similar). The
inclusion of sustainability measures, and / or life cycle or cost benefit analysis (particularly where ecosystem
services or the value of restoring or preserving soil function is included as a monetary benefit), coupled with
recent moves in promoting sustainability in contaminated land management (e.g. Bardos et al 2008) could
arguably benefit the adoption of gentle remediation technologies, although it should be noted that not all
gentle remediation options can be considered sustainable, particularly where regular addition of fertilisers,
chemical complexing agents etc. is required during the remediation process. The potential use of gentle
remediation technologies as part of integrated site solutions, at large, heterogeneous or mixed contaminant
sites should also be considered more widely e.g. where gentle remediation options are applied in
combination with other methods, using a zoned approach.

Given:

(a) the lack of stakeholder knowledge on gentle remediation-orientated DSTs,

(b) comments received from stakeholders via the project questionnaire and during focussed
discussions, and

(c) the large number of existing (competing) DSTs which operate as “stand alone”, specific tools, many
of which only examine some aspects of the remediation process,

we recommend that, rather than producing more tools of high complexity and detail that may suffer similar
problems of lack of stakeholder uptake, gentle remediation (and decision support which focuses on gentle
remediation) is more strongly incorporated into existing, well-established (national) DSTs / decision-
frameworks, to promote more widespread use and uptake. The recommended form of a gentle remediation-
focused DST is that it should take the form of a simple checklist or decision matrix, integrated (where
possible) into existing national framework guidelines / DSTs as a tier, probably at the options appraisal stage
(following the initial risk and site assessment stage). This decision matrix or checklist should clearly state
(based on current knowledge and field trials) the capabilities of gentle remediation options in broad terms,
allowing a decision to be made on their potential use, and then should refer the user to a bundled information
package on gentle remediation options (an outline structure of this tool is shown in figure 48). Longer term
work undertaken during and following the SUMATECS project at the University of Brighton (in collaboration
with the UK Environment Agency) is examining the production of a gentle remediation-focused decision
support “tier” that can be operated as part of existing national decision support tools / frameworks (initially for
CLR-11, the UK Environment Agency’s Model Procedures for the Management of Land Contamination, and
subsequently for other national decision support frameworks).
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. . Site / risk assessment
Decision matrix /
checklist for site to be
remediated! l
l D Options appraisal
Is gentle remediation
an option? l
Y N Implementation of
/ \ remediation strategy
Further bundled Return to opti
pthIlS . . .
information on gentle appraisal stage National guideline / DST
remediation options?

Figure 48: Recommended form of gentle remediation-focussed DST — diagrammatic outline.

Notes: ! Decision matrix / checklist should be clear and straightforward to use, e.g. a spreadsheet or tick box,
including consideration of level of contamination, main pollutant linkages, type of contaminants, timescales
for remediation, depth of contamination, and other evaluation or exclusion criteria.. 2 Bundled information
could include the EUGRIS website, the SUMATECS database (developed under WP5), and / or a list of case
studies showing the field application of gentle remediation options.

Note that there are other possible insertion points of the gentle remediation decision support tier, at the site /
risk assessment and the implementation stages e.g. to examine questions such as “Should we implement
gentle remediation technologies” and “Will the proposed remediation scheme be approved by the relevant
regulatory authority”?

6.6.8 Main reasons for hindrance.

Lack of stakeholder knowledge on DSTs generally, and specifically those which can be used to support the
selection and application of gentle remediation technologies.

Existing tools are too general, contain insufficient detail on the range of gentle remediation options, or
alternatively are too complicated, for regular or widespread use by decision makers in selecting and applying
gentle remediation technologies.

6.7 Future Research Needs (WP7)

Friesl-Hanl W., Adriaensen K., Kumpiene J., Miller M., Mench M., Cundy A., Puschenreiter M.
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6.7.1 Introduction

Research activities are the most appropriate tools for improvements in all technical or socio-economic fields
(e.g. development of methods, techniques, systems, processes or models). To guide the implementation of
research activities in the fields of utmost importance is a necessary assistance for optimal use of resources.
The compilation of research needs in the field of Trace Element Contaminated Sites (TECS) and their
management will be an output of SUMATECS.

Research Needs for the Management of Contaminated Sites (including TECS) in former conduced projects
are summarized in the following.

6.7.2 Research needs defined by previous projects

CARACAS (Concerted Action on Risk Assessment for Contaminated Sites): The focus of CARACAS was in
the development of risk assessment of contaminated sites.

CLARINET (Contaminated Land Rehabilitation Network for Environmental Technologies in Europe): The
overall objective of CLARINET was to identify the means, by which management of contaminated
land can be applied effectively in a sustainable manner (a) to ensure the safe (re-)use of these lands;
(b) to abate caused water pollution; (c) to maintain the functionality of soil and (ground-)water
ecosystems.

NICOLE (Network for Industrially Contaminated Land in Europe): The overall objectives of NICOLE are (a)
the exchange and dissemination of knowledge and ideas about contaminated land; (b) identifying
research needs for management of contaminated sites; (c) the collaboration with other networks
concerning this topic.

SENSPOL (Sensors for Monitoring Water Pollution from Contaminated Land, Landfills and Sediments): The
network aims to enhance the development of sensors for monitoring environmental pollutants in
water, contaminated soil and sediments.

ETCA (Environmental Technologies Concerted Action): The tasks of ETCA include achieving the aim of the
EU with regard to sustainability of industrial growth, preservation of the environment and improving
the competitiveness of European enterprises.

CABERNET (Concerted Action on Brownfield and Economic Regeneration Network): The Network’s aim is to
enhance the rehabilitation of brownfield sites within the context of sustainable development, by
sharing experiences from across Europe, providing new tools and management strategies and a
framework for coordinated research activities.

Research needs defined by these projects:
In the following working fields research needs were summarized:

Site characterisation:

e robust and rapid low-cost techniques for investigation of potentially contaminated sites

e improved methods for estimating the accuracy and variability of the whole sampling and analytical
process

o methods that yield information at spatial scales relevant for exposure assessment
e characterisation by biosensors and bioassays
e methods to assess migration of groundwater contamination

e methods to assess the natural potential of soil to reduce contaminants to acceptable risk levels and to
monitor the process
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e the interaction and general fate of contaminant mixtures

e detection of non-aqueous phase liquids and the prediction of their fate

Bioavailability of contaminants in soil and groundwater

e to study the interaction between organisms (soil fauna, bacteria, plants) and their chemical
environment

e time dependence (ageing) of bioavailability

e cost effective procedures for estimating bioavailable fractions in the environment.

Fitness for Use - Human health risks

e validation of human exposure pathways

e availability of contaminants within the human body

e availability of contaminants in the soil as compared to the availability in the animal experiments
underlying most toxicological reference values.

e ’Fitness for use” focuses on the relationship between soil and groundwater quality and human land
use and natural ecosystems. This provides two starting points for research: 1) The nature of
contaminated land: the fate, transport, biodegradation and long term behaviour of soil pollutants. 2)
Fitness for use: understanding the demands on soil quality and risk acceptability for various form of
land use.

Ecological risk assessment

e impact of a site on its environment
e ecological recovery at the site

e changes in community structure caused by pollution-induced tolerance versus classical
ecotoxicological endpoints

e biomagnification and adverse effects on food chains

e ecological soil quality requirements related to human land use.

Risk perception and communication

e Risk perception of contaminated land

e Development of communication strategies: how to communicate the results of risk assessments and
the choice of solutions to those potentially at risk and to other interested parties.

e A focused research effort with international co-ordination is needed.

e to provide a high quality base for peer review to stimulate co-operation and harmonisation to avoid
duplication of research at the national level

Remediation Technologies

e Processes of natural attenuation

e Low-energy approaches
e cost-effective remedial technologies

e Monitoring of remediation

Decision-making Tools
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e Research should provide a variety of decision-making tools for managing and solving contaminated
land problems

e Decision-making tools can take various forms such as sampling protocols, transport models, tiered risk
assessment frameworks and soil screening values

Brown fields

e Establishment of multidisciplinary and multi-stakeholder “research platforms”
e Establishment of a multinational, multi-stakeholder and multidisciplinary research and development
and knowledge transfer platform

Context of SUMATECS to former projects

The topics of these former projects were much broader than in SUMATECS which focused only on the
gentle remediation options (GRO). In principle the development of GRO has been suggested by former
projects, thus SUMATECS can be seen as one answer to these requirements. However, also a lot of new
questions were raised by SUMATECS. Especially on risk assessment and the new techniques determining
the risk (e.g. bacterial biosensors, whole cell biosensors) much more research activities should be spent . Of
course GRO-specific research needs were added by SUMATECS, but in principle all other aspects that have
been raised before are still valid for sustainable management of TECS as well.

6.7.3 Reasons for hindrance defined by SUMATECS

The application rate of “gentle” remediation techniques (e.g. phytoextraction, immobilisation) is still quite
limited. Of course there is still a lot of research activities needed to fill the knowledge gaps (see below), but it
should be noted that the limited applicability of these techniques is also caused by socio-economic and
technical reasons of hindrance.

6.7.3.1 Socio-economic reasons

Lack of stakeholder knowledge on decision support tools (DSTs) generally, and specifically those which can
be used to support the selection and application of gentle remediation technologies.

The output of the SUMATECS questionnaire action stresses on the following topics:

- More communication and information about techniques is required.

- Convince decision makers of feasibility and advantages of gentle remediation options.

- Successful pilot projects are required in order to show the methods' performance.

- Financial support of techniques is required.

- The need for long-term monitoring can be deterrent (vs. dump and forget).

- Limited applicability to few cases with moderate contamination that would not be considered for
conventional techniques, such as dig & dump.

6.7.3.2 Technical reasons

The practical application of phytoextraction is still limited because of the long time that is required to
remediate a soil with this technique (up to several decades). Additionally, it seems to be difficult to assess
long-term impacts as well as long-term economic assessments.

In the field of immobilisation the remaining contaminants on site can be seen as a “time bomb” which may be

dangerous in the future if it is not possible to show a sustainable immobilising performance of certain
amendments.
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As it is technically and scientifically almost not possible to valuate the benefits of gentle remediation (in most
cases only in qualitative terms because of a lack of knowledge on value) the advantages of GRO are not
always visible.

The possible risk for human health may be often overestimated due to a lack of a proper risk-based
approach and risk assessment.

The lack of guidance through the whole process of GRO application is evident.

Existing decision tools are too general, contain insufficient detail on the range of gentle remediation options,
or alternatively are too complicated, for regular or widespread use by decision makers in selecting and
applying gentle remediation technologies.

The use of GRO for certain sites or at least for certain parts of contaminated sites following the concept of
zoning and phasing is not present enough in decision maker minds.

6.7.4 Research Needs defined by SUMATECS

6.7.4.1 General Remarks

The complexity of the topic of “contaminated site remediation” requires a multidisciplinary research.

Legal frameworks in several countries should be adopted for the possibility of the application of “gentle”
remediation techniques.

The implementation and demonstration of “field experiments” and “pilot projects” is one of the most urging
needs, to show stakeholders (administration, remediation companies etc.) the proper use of these
techniques.

Further helpful means for appropriate application of “gentle” remediation technologies are dissemination and
collaboration with other networks (e.g. NICOLE, EURODEMO-+ etc.). The information about and even
involvement of decision maker in “pilot projects would be an important and necessary step forward applying
GRO.

6.7.4.2 Remediation Technologies

If we are to use high biomass crops’ plant species for metal phytoextraction, investigations must be directed
towards the search for metal-tolerant high biomass cultivars. Efforts are being made to develop traditional
crop plants with ‘hyperaccumulator tendencies’. One proposed strategy, as yet unsuccessful, is to cross
hyperaccumulators with high biomass relatives (Cunningham et al., 1995). The engineering of transgenic
plants suitable for phytoextraction will probably require a change in the expression levels of several genes.
Beyond a certain number of genes, this could render transgenic approaches impractical (Kramer and
Chardonnens, 2001). In the transgenic approach, only Hg has been demonstrated to work in the field
(Heaton et al., 2003) but public acceptance has been difficult because HgO is volatilized at the soil surface
and will eventually be re-deposited.

The bottle neck in phytoextraction is the availability of metals to plants rather than the maximal amount of
metal that a plant can extract (Hernandez-Allica et al., 2008; Robinson et al., 2003; Van Nevel et al., 2007).
New insights are needed in enhancing bioavailability of the contaminants (—WP 3) and in the same time
optimizing the plant’s ability to take up and store the contaminants while avoiding environmental risks
(—WP4).

Agronomists should focus on improving the biomass production of phytoextraction crops through e.g. use of
fertilizers, lengthening of the growth season, crop rotation... But also the efficiency of phytostabilization can
be further increased by optimizing agronomic practices, such as irrigation, fertilization, planting and harvest
time and the timing of amendment application.
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Application techniques for amendments should be better adapted to the land use; e.g. on arable land, the
avoidance of dust generation can be focused on or on grassland, application of amendment could be
developed that not destroy the vegetation cover.

In the field of “immobilisation” research is needed for interactions of amendments with nutrients such as Mn
or P, and not targeted contaminants such as As when combined with Pb contamination.

More fundamental research is still needed to better exploit the metabolic diversity of the plants themselves,
but also to better understand the complex interactions between contaminants, soil, plant roots and micro-
organisms (bacteria and mycorrhiza) in the rhizosphere.

The development of pilot scale experimental systems to study long-term behaviour are addressed as future
goals to fill gaps in current research

6.7.4.3 Bioavailability

In the case of bioavailability/bioaccessibility for humans, toxicological values need to be derived from internal
dose, whereas most of them are currently determined from external dose.

As far as the microbial biosensensors are concerned, little is known about the bioavailability of chemical
species that are of low potential physiological activity (e.g. insoluble). There is also little information on the
kinetics of the bioreporter responses, i.e. on the mode of re-supply after metal uptake during phytoextraction.

Whole cell biosensors provide information on the bioavailability of various analytes in soil. This information,
based on genetic responses selected during microbial evolution can not be extrapolated with single chemical
methods. Particularly important is to study the ecological interactions in the soil and the rhizosphere, based
on the use of microbial biosensors.

In terms of stability of the gene fusions and of the specificity of the signal production, the majority of cellular
biosensors constructed in the last decade, modifying soil microorganisms, are ready to provide information
on the metabolic processes occurring in soil and rhizosphere and on the bioavailability of trace elements in
polluted and remediated soils. Recent advances of genetic and metabolic engineering techniques and
technology for detection of the signals, more sensitive and specific whole cell biosensors will be likely
available in a near future. Notwithstanding such progresses, it should be born in mind that the study of the
soil remains the most problematic application of the cellular biosensors, due to the possible presence of
unknown potential stimulating or inhibitory soil borne compounds. More experimental data are needed to link
the responses of the whole cell biosensors to the variations of the metal mobility in remediated TECS and to
the restoration of soil functions.

Moreover, rigorous standardization of the procedures of use of the cellular biosensors across various soll
types and extended comparisons of their responses with results of the chemical analyses are advisable prior
to suggesting their use to asses the efficiency of the remediation measures, in soil protection policy, and
before the adoption of the tests based on the cellular biosensors in the environmental legislation.

The effect of multi-element contamination should also be in the focus in the field of risk assessment and/or
determination of bioavailability and/or bioaccessibility.

6.7.4.4 Effects of remediation on the environment /

The review of positive and negative effects of GRO on soil biological parameters conducted within
SUMATECS reveals a need for systematic studies on the short- and long-term. For evaluating and assessing
the results of GRO general and site-specific sensitive biological indicators for the restoration of soil functions
have to be identified.

Gentle remediation options deliver positive (at least no negative) impact on environment. That thesis has to
be proven in a quantitative manner. The key difficulty in applying such a quantitative approach to assessing
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remedial options is in assigning a monetary value to either environmental impacts or benefits, particularly
when comparing approaches.

There are a number of economic modelling tools, but there is little or no experience in their application to the
issues relevant to land remediation.

o Definition what is exactly meant by socio-economic impacts of phytoremediation, so far it is an vague
term, that may lead to misunderstandings

If more time and money would be available

o Further study of literature according to find more papers about socio-economic aspects as well as more
papers where case studies especially in the field are described
0 Systematic search of performed field tests with gentle remediation methods e.g. in databases

Field tests on pilot scale — what should be done regarding socio-economic aspects of
phytoremediation?

o0 Field tests should not investigate the remediation process itself only but also socio-economic aspects
0 Separate research to socio-economic aspects in the case of phytoremediation comparable to e.g.

SCHOLZ & SCHNABEL (2006), WEBER et al. (2001) or THEWYS & CLAUW (2003)
Attendance of practical remediation projects — accompanying with questionnaires and discussions with
affected people, stakeholders, administration, engineers.

6.7.4.5 Effects of gentle remediation technologies on soil biological activities

e Systematic studies on the short- and long-term effects of gentle remediation technologies on soil
biological parameters.
o Delineation of amendment effects of improving general soil physico-chemical parameters from
reducing metal toxicity to soil organisms and their activity.
o |dentification of general and site-specific sensitive biological indicators for the restoration of soil
functions.
o Determination of the long-term stability of organic amendments and the sustainability of such
measures for the remediation of trace element contaminated sites.
Functionality measurement and ecological and epidemiological studies of old (1950s-1980s)
remediated soils

6.7.4.6 Socio-economy

There still is much research to be done and socio-economic changes to impulse in order to be capable of
rigorously valuing and governing environmental assets and services, and to proceed to proper socio-eco
assessment of eco-technological options. But the current world financial crisis, which is connected to a crisis
in social valuation of the future, may allow some ecological “new deal”.

6.7.4.7 Biomass valorisation

Regarding (highly) contaminated biomass for which the current regulatory status is unknown, i.e. a waste or
not a waste, limited options are suggested in the literature: incineration (including pyrolysis or any thermal
treatment) and pre-treatment before incineration (e.g. composting or leaching). Further research needs and
developments are related to the improvement of the processes to avoid ash-related problems during
biomass incineration (e.g. slagging, deposit formation, corrosion) or to separate metals from incineration

A SNOWMAN funded research project 280



SN-01/20 SUMATECS Final Research Report

residues and leachates from pre-treated biomass. This last point should increase the possibilities for a
sustainable ash utilisation, disposal and recovery options.

Several authors suggested to produce fuel or oil from highly contaminated biomass. Further research needs
must focus on trace elements in the final products that will be valorized in a commercial way in order to fit
with current regulation.

Is it possible to separate Zn and Cd from bottom and cyclone fly ashes to get "usable ash" with low amounts
of TE? Is it possible to minimise the cost of treatment and deposition from leachates? Is it possible to
separate Zn from Cd related to the potential recovery of each metal? Is it economically profitable for
industrials to do such separation?

Very few studies are performed with metal contaminated biomass ([hyper]accumulators) and if such studies
exist very few are performed at the field scale whereas phytoextraction, as a management option for a TEC
site, should generate a large amount of contaminated biomass (tons/ha). Consequently there is a big need
for field scale experiment and large amount of contaminated biomass to test the different options taking into
account regulations and potential profits.

Behaviour of metals during processes are not well known, transfers of metals from the contaminated
biomass to leachates are not well known, etc. Further research is needed to improve technology
development.

6.7.4.8 Management of TECS

Regarding the management of TECS we compiled the following important topics.

e Comparable cost figures of different techniques are needed and methods have to be developed
providing this data.

e Quality Assurance and Quality Control systems for performance and total emission have to be
adopted for GRO.

e Comparable output should be gained at demonstration plants.

Harmonised approaches including wider environmental issues for sustainable technology evaluation

would be useful.

Integration of technologies for solving the variety of problems occurring on one site;

Integration of the planning-, investigation-, remediation- and aftercare process;

Long-term experiences from pathway/ exposure control technologies;

Modelling of time scale for completion of the various activities

Modelling of time scale for monitoring and residual risk assessment

Decision making on “clean” remediated soil (soil function);

For some countries, risk based decision making approaches need implementation;

Further development of more cost/effective technologies;

Further development of integrated technologies solving mixed problems.

6.7.4.9 Decision Support Tools

Decision support tools need to be easy to use (a tiered approach, in line with several national guidelines, is
arguably the simplest and most valid approach), incorporate sustainability and socio-economic measures
(via life cycle assessment, Cost Benefit Analysis or similar), and consider the potential use of gentle
remediation technologies as part of integrated site solutions i.e. in combination with other methods, using a
zoned approach?

There is a need for gentle remediation, and for decision support which focuses on gentle remediation

options, to be more strongly incorporated into existing, well-established (national) DSTs / decision-
frameworks, to promote their widespread use and uptake.
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The potential impact of forthcoming legislative changes on the decision support process, and on use of
gentle remediation options generally (particularly the proposed Soil Framework Directive and its emphasis
on consideration of maintaining soil function), needs to be monitored.

The recommended form of a gentle remediation-focused DST is that it should take the form of a simple
checklist or decision matrix, integrated (where possible) into existing national framework guidelines / DSTs
as a tier, probably at the options appraisal stage (following the initial risk and site assessment stage). This
decision matrix or checklist should clearly state (based on current knowledge and field trials) the capabilities
of gentle remediation options in broad terms, allowing a decision to be made on their potential use, and then
should refer the user to a bundled information package on gentle remediation options.

6.7.5 Priorities of Research Topics from SUMATECS viewpoint

The above compilation of research needs in different topics gives an overview about important research
topics. The most urgent topics which have to be solved in the near future are pointed out here.

e There is a need for large-scale field demonstration projects for all gentle remediation techniques:
immobilisation, phytostabilisation, phytoextraction - including biomass valorisation. Since it should be
practical applications following topics should be covered: risk assessment, options appraisal,
remediation and residual risk and post-remediation site use. The evaluation of the sustainability of
any of the gentle remediation options should be included.

e Based on the practical application the following specified needs arise for the whole procedure, from
the site characterisation, to risk assessment, option appraisal, decision for any technique as well as
the approval of the sustainability.

e Improvements of the risk assessment using appropriate techniques such as microbial biosensors as
well as whole cell biosensors are still needed. The development of a tool box (selected tests in a set
kit) is suggested which where able to compare sites (e.g. EU wide) as well as risks.

¢ Afinancial valuation of soil functions must be implemented (new systems should be developed) in
order to allow the financial comparison of various remediation options. It can be suggested doing this
in terms of monetary values or at least in intangible values. This can and should lead to a broader
awareness of the positive and necessary soil functions for all living systems.

e Further, there is a need to minimize potential negative impacts of gentle remediation techniques
(e.g., negative effects on soil microbes).

o Development of simple checklists or decision matrices providing a good basis for decision makers
integrating gentle remediation-focused decision support tool in existing DST should be enforced.
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7 Anticipated use and especially application of
results

The results of the SUMATECS project should be regarded as a guideline for future research activities.
Chapter 6.7 summarises the main reasons why gentle remediation options are not more widely used and
what are the most important research needs in order to overcome these reasons for hindrance. We
recommend that the results of SUMATECS should be used for planning of forthcoming scientific work,
including both basic and applied research activities, focusing both on the gentle remediation technology
itself, but also on the related aspects.

Most parts of this report will be published in SCI journals. Furthermore, SUMATECS has already been
presented at many confrences (see chapter 8) and will be shown at a number of forthcoming scientific
meetings.

However, this report is also highly relevant for stakeholders and policy makers (e.g., the funding agencies of
SNOWMAN) involved in the management of trace element contaminated sites (TECS). For them, this report
will provide a sound basis for future decisions how to implement gentle remediation options on TECS.

This report shows clearly, that some gentle remediation options are closer to practical application than
others. Nevertheless, for all these options much more research is necessary to answer all remaining
questions that are listed in chapter 6.7. In the end, gentle remediation options will (when ready for
application) provide an environmentally friendly, socially accepted and cost-efficient alternative to “hard”
technologies and thus help to improve the environment.
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B and Puschenreiter M (2008) SUMATECS — SUstainable MAnagement of Trace Element Contaminated
Soils: a SNOWMAN-ERANET funded project. ConSoil 2008, 3-6 June 2008, Milano, ltaly, Poster.

Puschenreiter M (2008) SUMATECS - Nachhaltiges Management mit Schwermetallen und
Spurenelementen kontaminierter Béden. BOKU Insight (Universitat fir Bodenkultur Wien), 1 / March 2008,
12-13.

Puschenreiter M, Ruttens A, Kumpiene J, Mdiller I, Mench M, Cundy A, Friesl-Hanl W7, Renella G, TlustosS P,
Bert V (2008) Sustainable management of trace element contaminated soils - The SUMATECS project.
EUROSOIL, August 25-29, Vienna; oral presentation (2008-A-759).

Friesl-Hanl W and Puschenreiter M (2008) SUMATECS - Nachhaltiges Management von
schwermetallkontaminierten Béden. Jahrestagung der dsterreichischen Bodenkundlichen Gesellschaft, June
12-13, Gmunden, Austria, accepted for Poster (in German).

Friesl-Hanl W und Puschenreiter M (2007): — Nachhaltiges Management von mit Schwermetallen und
Spurenelementen kontaminierten Béden — SUMATECS (SUstainable MAnagement of Trace Element
Contaminated Soils). In: Newsletter of the Austrian Assossiation for Management of Old Wastes
(OVA)(06/2007) (in German).

Cundy A: Invited presentation on decision support tools and gentle remediationtechnologies in special
session on "Green remediation" at CONSOIL 2008, Milan, June 2008. Audience included conference
delegates, plus USEPA staff and other stakeholders in the US and the Far East via a web-link /web-
conference facility on the USEPA / CLU-IN website. The presentation slides were made available through
the CLU-IN website, and a paper onthe special session was published in the CONSOIL 2008 proceedings:
Bardos P., Andersson-Skold Y., Blom S., Keuning S., Pachon C., Track T.,Wagelmans M., Cundy A.,
McDaniel P., and Mahoney M. (2008) Brownfields, bioenergy and biofeedstocks, and green remediation. In:
Proceedings ofthe 10th International UFZ-Deltares / TNO conference on Soil:Watersystems (CONSOIL),
Special Sessions, pp 3-10, Milan, Italy. ISBN:978-3-00-024598-5.

Cundy A: "Towards sustainable methods of contaminated land remediation and site regeneration”. University
of Brighton Sustainable Development Research Forum conference, 17/7 - 18/7/08. Oral presentation.

Mench M., Puschenreiter M., Ruttens A., Kumpiene J., Miller 1., Cundy A., Friesl-Hanl W., Renella G.,
Tlustos P., Bert V. Marschner B. (2008) SUMATECS - SUstainable MAnagement of Trace Element
Contaminated Soils: a SNOWMAN-ERANET funded project. SOILREM 2008, October 18-21 2008, Nanjing,
P.R. China, oral presentation.
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Mench M., Puschenreiter M., Ruttens A., Kumpiene J., Miller I., Cundy A., Friesl-Hanl W., Renella G.,
Tlustos P., Bert V. Marschner B. (2008) SUMATECS - SUstainable MAnagement of Trace Element
Contaminated Soils: a SNOWMAN-ERANET funded project. 5" International Phytotechnology Conference,
October 18-21 2008, Nanjing, P.R. China, oral presentation.

Further publication at conferences:

- 1st International Conference for Environment and Natural Resources, Environmental Protection for Urban
and Industrial Zones to International Integration, March 17th - 18th, 2008, Ho Chi Minh-City, Vietnam.

Mench M, Aulen M, Bes C. 2008. Traits, and Cu translocation to shoots of poplar cuttings (Populus nigra, P.
deltoides, and P. trichocarpa x P.deltoides).

Mench M., Bes C. 2008. Assessment of Cu stabilisation in a wood preservative treatment site.

Mench M, Jaunatre R, Julien F, Bes C 2008. Plant communities at a wood preservative treatment site and
soil phytotoxicity.

Mench M, Gasté H, Aulen M, Taberly J 2008. Metallicolous and non-metallicolous plant responses to
increasing Cu exposure.

Mench M, Bes C, Jaunatre R, Aulen M, Gasté H, Julien F, Taberly J, Guinberteau J, Garcia S, Gawronski S
2008. Phytoremediation of metal-contaminated soils: field trials at a wood treatment site.

Mench M, Winkel B, Baize D, Bodet JM 2008. French bread wheat cultivars differ in grain Cd concentrations.

- Contaminants and nutrients: availability, accumulation/exclusion and plant-microbia-soil interactions, COST
Action 859, Working group 1, Smolenice, May 22 -24, Slovakia.

Mench M., Gasté H., Bes C. 2008. Phenotypic traits of metallicolous and non-metallicolous Agrostis capillaris
exposed to Cu. COST 859 - Meeting of WG1 - Contaminants and nutrients: availability,
accumulation/exclusion and plant-microbia-soil interactions, D. Liskova, A. Lux, M. Martinka (Eds.),
Smolenice, May 22 -24, 2008. ISBN 978-80-969950-0-4. p.19.

- Genes and proteins involved in limiting steps of phytoextraction and degradation of pollutants, Workshop of
Working group 2, COST Action 859, Phytotechnologies to promote sustainable land use and improve food
safety, 5 — 6 June 2008 Verona, Italy.

Bes C, Bedon F, Mench M, Lalanne C, Plomion C, 2008. Soluble proteins involved in copper tolerance in
metallicolous Agrostis capillaris. Genes and proteins involved in limiting steps of phytoextraction and
degradation of pollutants, A. Furini et al. (eds.), WG2 COST859, University of Verona, 5 — 6 June 2008,
Verona, ltaly. p. 21-22.

- Challenges on improving quality and safety of food crops, COST Action 859, Working group 3,
Lillehammer, Norway, September 1-3, 2008.

Mench M, Winkel B, Baize D, Bodet JM 2008. French bread wheat cultivars differ in grain Zn concentrations.

- Phytotechnologies in practice — biomass production, agricultural methods, legacy, legal and economic
aspects, COST Action 859, Working group 4, Integration and application of Phytotechnologies, October 14-
17, 2008, INERIS, Verneuil en Halatte, France.

Bes C, Jaunatre R, Hego E, Kechit F, Frangois J, Mench M. 2008. Aided phytostabilisation of a Cu
contaminated soil. pp. 30-31.

Carrier M, Mench M, Loppinet-Serani A, Cansell F, Aymonier C, Marias F, Mercadier J. 2008. Valorisation of
phytoremediation biomasses with supercritical water. pp. 51-52.

Marschner B, Haag R, Muller |, Bert V, Mench M, Magnié MC, Cundy A, Renella G, Kumpiene J. 2008.
Current perception of gentle remediation options for contaminated sites — results from a survey in Europe. p.
97

Mench M, Bes C, Negim O, Jaunatre R. 2008. Phytostabilisation at a wood preservative site: Cu leaching
and plant responses. pp. 89-90.

- 5th International Phytotechnologies Conference, October 22-25, 2008, Nanjing, P.R. China.
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Mench M, Gaste H, Bes C. 2008. Phenotypic traits of metallicolous and non-metallicolous Agrostis capillaris
exposed to Cu. pp. 55-56.

8.2 Planned publications:

Puschenreiter M, Adriaensen K, Ruttens A, Kumpiene J, Marschner B, Miiller I, Mench M, Cundy A, Friesl-
Hanl W, Renella G, Tlusto$ P, Bert V (2008) Sustainable management of trace element contaminated soils -
The SUMATECS project. 10" International Conference on the Biogeochemistry of Trace Elements
(ICOBTE), Chihuahua, Mexico, July 13-16 2009.

SUMATECS Team: Review of impacts or failures from ,gentle“ methods for remediation of soils.

8.3 Dissemination to students:

All SUMATECS members have presented all or specific aspects of SUMATECS in lectures held at their
home insitutions.

8.4 General presentation about SUMATECS

Mdller 1 (2007): Presenting the SUMATECS project using the publicity poster, homepage and project
information sheet at the Saxon Soil Round Table (Anual Federal States ministry and authoritie$ meeting) on
Dec. 13th 2007

Mudiller 1 (2008): Presenting the SUMATECS project (project information sheet, homepage) to 140 German
ministries, authorities, engineers, consultancies, universities and stakeholders involved in TECS problems
(along with the questionnaire action).

Muller 1 (2008): Presenting the SUMATECS project (project information sheet, homepage) within the Saxon
Soil Conservation Letter (Sachsischer Bodenschutzbrief); Saxon State Agency for Environment and Geology
(ed.), Dresden, April 2008

Mench M: Letter to COST 859 members, including the questionaire.

Puschenreiter M: Weltbodentag, Klosterneuburg, Austria, December 5 2007.

Kumpiene J: Kalmar ECO-TECH -07: International Conference on Technologies for Waste and Wastewater
Treatment, Remediation of Contaminated Sites and Emissions Related to Climate. 26-28 November 2007,
Kalmar, Sweden

Kumpiene J: Spring meeting of Swedish national network “Cleaner Soil”, Luled, 31 march — 1 April, 2008.

Mdiller 1 (2008): Presenting SUMATECS project during a lecture at the Technical University Dresden on June
4th 2008.

The Sumatecs poster will be also presented at COST Action 859: Working Group 1 meeting (Plant
uptake/exclusion and translocation of nutrients and contaminants) “CONTAMINANTS AND NUTRIENTS:
AVAILABILITY, ACCUMULATION/EXCLUSION AND PLANT-MICROBIA-SOIL INTERACTIONS”, 22-24
May 2008, Smolenice (Slovakia)
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8.5 Sumatecs website:

www.rhizo.at/Sumatecs
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Links /Information on line/ Web site
- CLAIRE: Contaminated Land: Application In Real Environment http://www.claire.co.uk
- Environment agency

http://www.environment-agency.gov.uk/subjects/landquality/113813/881475/?version=1&lang= e

- ITRC (Interstate Technology and Regulatory Cooperation)

http://www.itrcweb.org/webphyto/EnvDept/PHYTO/wwwphyto/View Document Online/view document onlin
e.htm

- Land Contamination and Reclamation http://www.btinternet.com/~epppublications/

- Remediation.co.uk http://www.remediation.co.uk

- Environment Canada
*  aboutREMEDIATION.com - A Wealth of Knowledge
* Phytorem and Phytopet - Selecting Plants for Site Decontamination

»  Selecting the Right Sorbent for Oil Spill Response
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- PHYTOREM has been developed by Environment Canada and its partners as a worldwide interactive
electronic database of more than 700 plants, lichens, algae, fungi, and bryophytes with a demonstrated
capacity to tolerate, accumulate, or hyperaccumulate a range of 19 different metals.

Division, Cominco, Royal Military College, University of Saskatchewan, Department of National Defence, and
Natural Resources Canada.

http://www.clu-in.org/products/tins/display.cfm?id=72994597

http://ncrweb.ncr.ec.gc.ca/etad/default.asp?lang=En&n=BF9AG6F73-1

- US EPA

http://cluin.org/databases/#Phytotechnology Project Profiles

EPA has developed this Web site to summarize timely information about selected full-, field- and large
greenhouse-scale applications of phytotechnology. Phytotechnology is an emerging technology that
uses various types of plants to degrade, extract, contain, or immobilize contaminants in soil and water.
Projects for this Web site are collected using information from technical journals, conference
proceedings as well as information obtained from technology vendors and site managers. The project
profiles contain information about relevant site background, the types of contaminants treated, type of
vegetation used, phytotechnology mechanisms, planting date, project size, location, cost, monitoring and
performance results, as well as points of contact and references. This Web site can be used as a
networking tool (each profile has a contact) to provide past solutions and lessons learned to new sites
with similar contaminants and climate.

http://cluin.org/products/phyto/search/phyto _search.cfm

Contacts

ITRC Phytoremediation Workgroup Contacts

Bob Mueller Co-Team Leader

New Jersey DEP, 401 East. State Street, CN 409, Trenton, NJ 08625
Phone 609-984-3910, Fax 609-292-7340, bmueller@dep.state.nj.us

Dib Goswami, Ph.D Co-Team Leader
Washington State Department of Ecology, 1315 W. 4th Avenue, Kennewick, WA 99337
Phone 509-736-3015 Fax 509-736-3030 dibakar_goswami@rl.gov

Steve Rock, USEPA - Cincinnati
5995 Center Hill Avenue, Cincinnati, OH 45224
Phone 513-569-7149 Fax 513-569-7879 rock.steven@epamail.epa.gov

Ray Arguello
Coleman Research Corp, 2995 North Cole Road, Suite 260, Boise, ID 83704
Phone 208-375-2844 Fax 208-375-5506 rayarguello@uswest.net

List of European experts in Phytoremediation : http://w3.gre.ac.uk/cost859/members.html

France: Mme Frédérique CADIERE, ADEME, Direction Déchets et Sols (DDS), Département Sites et Sols
Pollués (DSSP), 20, avenue du Grésille, BP 90406 - 49004 ANGERS Cedex 01, Tel direct:
02.41.91.40.51, Fax: 02.41.91.40.76
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10 List of Abbreviations

ADEME Agence de I'Environnement et de la Maitrise de I'Energie; www2.ademe.fr

AMF Arbuscular Mycorrhizal fungi

ASTM American Society for Testing and Materials

ATP Adenosintriphosphate

BATNEEC Best Available Techniques Not Entailing Excessive Cost

BCF Bioconcentration Factor

BCR Community Bureau of Reference of the European Commission

BCS Bioavailable Contaminant Stripping

BURGEAP Environmental Engineering Company; www.burgeap.fr

CABERNET | Concerted Action on Brownfield and Economic Regeneration Network

CAC 40 Continuous Assisted Quotation

CARACAS Concerted Action on Risk Assessment for Contaminated Sites

CBA Cost Benefit Analysis

CCE Calcium-Carbonate-Equivalent

CEA Cost Effectiveness Analysis

CEC Cation Exchange Capacity

CFU Colony Forming Units

CLAIRE Contaminated Land: Applications In Reas Environments

CLARINET Contaminated Land Rehabilitation Network for Environmental Technologies in Europe
Model procedures for the management of land contamination (2004);

CLR-11 http://www.eugris.info/DisplayResource.asp?ResourcelD=4823

COST Action | European Cooperation in the field of Scientific and Technical Research

CSMWG Contaminated Site Management Working Group in Canada

CSR Corporate Social Responsibility

DARTS Decision Aid for Remediation Technology Selection

DGT Diffusive Gradients in Thin films

DIFPOLMINE | Diffuse Pollution From Minining Activities (LIFE Project; www.difpolmine.org)
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DIN Deutsche Industrie Norm

DOM Dissolved Organic Matter

DST Desicion Support Tool

DTPA Diethylenetriaminepentaacetic Acid

DW Dry Weight

EDDHA Ethylenediamine-N,N'-bis(2-hydroxyphenylacetic acid)

EDDS Ethylenediaminedisuccinic Acid

EDTA Ethylenediaminetetraacetic Acid

EEA European Environmental Agency

EEC European Economic Community

ERA NET European Research Area Network

ETCA Environmental Technologies Concerted Action

EUGRIS European Groundwater and Contaminated Land Information System
European Co-ordination Action for Demonstration of Efficient Soil and Groundwater

EURODEMO | Remediation

GDP Gross Domestic Product

GMO, OGM | Genetically Modified Organism

GRO Gentle Remediation Options

IAEA International Atomic Energy Agency

ICOBTE Inteternational Conference on Biogeochemistry of Trace Elements

ICP-AES Inductivle Coupled Plasma - Atomic Emision Spectrocopy

IPPC Integrated Pollution Prevention and Control

IRH IRH Environnement, Tolouse, France

ISO International Standord Organisation

ISTEB International Society of Trace Element Biogeochemistry

L/S Liquid to Solid ratio

LCA Life Cycle Assessment

LIFE LIFE Environment, http://ec.europa.eu/environment/life/

LMWOA Low Molecular Weight Organic Acids and amino acids

MCA Multi Criteria Analysis

MVDA Multivariate Data Analyses

NICOLE Network for Industrially Contaminated Land in Europe
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NTA Nitrilotriacetic Acid

OECD Organisation for Economic Co-operation and Development

PBET Physiologically Based Extraction Test

PEC/PNEC | Predicted Environmental Concentration / Predicted No-Effect Concentration

PGPR Plant Growth Promoting Rhizobacteria
Phytoremediation Decision Support System;

PhytoDSS http://www.ito.ethz.ch/people/robinson/PhytoDSS/Phyto-DSS.html

PRF Pulverised Refuse Fines

QA/QC Quality Assurance / Quality Control

RBLM Risk-Based Land Management

REACH Registration, Evaluation, Authorisation and Restriction of Chemical substances

Rhizon SMS | Soil Moister Sampler

ROTAS Rapid On-site Toxicity Audit System

SCl journals | Science Citation Index Journals

SEA Socio-Economic Assessment

SENSPOL Sensors for Monitoring Water Pollution from Contaminated Land, Landfills and Sediments
Sustainable maNagement of sOil and groundWater under the pressure of soil pollution and

SNOWMAN | soil contaMinAtioN

SUMATECS | SUstainable MAnagement of Trace Element Contaminated Soils

SWOT Strengths, Weaknesses, Opportunities, Threats

TE Trace Element

TECS Trace Element Contaminated Soils

TOC Total Organic Carbon

UK United Kingdom

USEPA United States Environmental Protection Agency

WHO World Health Organisation

WP Work Package

WTP Willingness To Pay techniques

WWS Water Treatments Sludge

List of abbreviations of SUMATECS partner institutions

ARC

Austrian Research Centers GmbH — ARC, Austria

BOKU

University of Natural Resources and Applied Life Sciences, Austria
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HAU Hasselt University, Belgium

LTU Luled University of Technology, Sweden

LFUG Saxon State Agency for Environment and Geology, Germany
RUB Ruhr-University Bochum, Germany

INRA Institut National de la Recherche Agronomique, France
INERIS Institut National de I'Environnement industriel et des RISques
INERTEC INERTEC, constructeur de solutions environnementales; www.inertec.fr
UTC Université de Technologie de Compiégne, France

UoB University of Brighton, UK

CULS Czech University of Life Sciences Prague, Czech Republic
UniFi University of Florence, Italy
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Bundesministerium fur Land- und
Forstwirtschaft, Umwelt und
Wasserwirtschaft (BMLFUW)

http://www.lebensministerium.at/

Openbare Vlaamse
Afvalstoffenmaatschappij (OVAM)

http://www.ovam.be

Agence De I'Environnement et de
la Maitrise de I'Energie (ADEME)

http://www.ademe.fr

Umweltbundesamt (UBA)

http://www.umweltbundesamt.de

Stichting Kennisontwikkeling en
Kennisoverdracht Bodem (SKB)

http://www.skbodem.nl/

Naturvardsverket (SEPA, Swedish
Environment Protection Agency)

http://www.naturvardsverket.se/

The Environment Agency of
England and Wales

http://www.environment-agency.qov.uk/






