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It may have consequences for the adjustment or
improvement of policies but it has never been used in
the first stage of the policy life cycle, to convince
politicians of the need for soil protection. The change
of the state of soil over time is too slow, apart from
changes resulting from changes in the use of the land
or from sudden events like flooding. Significant and
politically convincing changes may take half a
century. Because many changes in soil due to
contamination are very hard to reverse, we will have
to conclude that prevention should have started 50
years ago. This is not a very effective way to raise the
right awareness for the need of soil protection.

4.3  The need for information and monitoring
in the EU thematic strategy for soil

In discussions about the Soil communication and the EU
thematic strategy for soil the members of the European
parliament stressed the need for general and policy
relevant information on European soils. They asked for a
catalogue of soil status, vulnerability, threats and
pressures as a basis for future policy and decision-
making. They also asked for a policy that prevents further
loss of soil information for instance present in national
institutes.  Existing national soil maps should be
harmonized and the use soil information for spatial
planning and sustainable land use should be intensified.
These are indeed the questions that are raised during the
first stage of the policy life cycle.

The need of monitoring the state of soil has been
mentioned in the TWG contamination report in relation
with the management of large-scale diffuse pollution, as
an element of the management and control stage of the
policy life cycle, comparable to the national approaches.
For such a management approach, which should address
the soil-sediment-surface water and groundwater system,
it is absolutely necessary that the fate and transport of the
most important contaminants are known, and are followed
in time. On the basis of this information models can be
designed that permit the optimization of abatement
scenarios for diffuse sources.

In contrast to national soil protection approaches that
developed gradually and where the various stages in the
policy life cycle do show a nice sequence, the
development of EU soil policy appears to be a mixture of
stages. There is a need for information from inventories
and surveys to justify further actions at EU level (first
stage in the policy life cycle). There is an existing body of
EU legislation already addressing soils which may need
fine-tuning (last stage) and new legislation is being
formulated (intermediate stage in the policy life cycle).
Because we have to address all stages simultaneously in
the soil thematic strategy, there is a very large demand for
all sorts of information, but this should not imply that the
tools for the collection and management of information
loose their original policy life cycle dependent purpose.
Monitoring in the classical sense will always remain a tool
for answering policy questions from the last stage almost
exclusively.

Given the large demand for information to support an EU
policy one may have different views on a monitoring
directive:

1] A directive that forces the member states to monitor
concentrations of contaminants at regular intervals in soil
(monitoring in the classical, narrow sense of the word).
This will be a technical directive.

2] A directive organizing the flow of all policy relevant
information for an EU soil policy. This is a directive which
sets rules for data ownership, describes competences for
organizations involved in collecting, analysing and
reporting information and provides a framework for further
harmonization of national reporting of DPSIR for soils. It
may (of course) also contain instructions for classical
monitoring but the emphasis of the directive is on
information management procedures.

A technical directive has the possible advantage of being
very concrete in the sense that methods of measuring
contaminants in soils are available and standardized. But
the big disadvantage is that other DPSIR information on
soils, which is needed for EU policy purposes, is not
addressed and may be labelled as “less relevant”
because it is not included in THE directive.

4.3.1 National inventories

The completion of national inventories follows today
different approaches according to criteria and definitions
established in national policies and to resource allocation
strategies. As an example some legislative frameworks
addressing soil contamination do not include sites used
for agricultural use. In some Member states soil
inventories are not explicitly focused on contamination,
but e.g. on soil fertility or environmental status of soils due
to different national priorities. Some soil inventories are
established only at the regional level which is the effect of
legal responsibilities.

In order to register suspected contaminated sites, affected
by local contamination, it is a general policy to conduct a
preliminary survey on existing soil polluting activities and
activities that have taken place in the past, including an
historical investigation on the site use. This activity may
be performed at the regional scale and collected in the
national register. The following step envisages the setting
of priorities for selecting sites where a preliminary site
investigation is needed. This investigation may lead to the
definition of the site as contaminated. According to other
policies only the following main site investigation and site-
specific risk assessment decides upon the status of the
site and its remediation requirements.

These two levels of inventories, suspected contaminated
sites and confirmed contaminated sites, should generally
be kept at the national level. More detailed inventories
may record the different activities carried out on the sites
and their abandoned/active state in the case of industrial
or waste disposal sites.

Inventories of contaminated sites, generally do not include
sites where naturally occurring substances are present at
anomalous levels, except if they are concentrated by
industrial activities, e.g. mining exploitation.

In order to get national information on soils affected by
diffuse contamination, several approaches are used,
direct and indirect ones.

Direct approaches are soil inventories based on
systematic grids or representative site selection carried
out once, often intended to be done more frequently in
order to monitor the changes of soil conditions over time.
Regarding diffuse soil contamination national or regional
soil inventories across Europe are often focussing on soil
properties like pH or base saturation and total contents of
heavy metals, but less on organic compounds and bio-
availability of these contaminants. Apart from these
common objectives on the measured parameters, there
are a lot of differences in the methodology. Indirect
approaches to identify diffuse inputs to soil are necessary
are to measure atmospheric deposition, e.g. with air
monitoring or with moss monitoring technique. If lacking of
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these measurements, deposition rates will be modelled
using transfer functions based on emissions of
contaminants.

4.3.2 Comparability of existing data

For soil contamination, work on development and
population of indicators at the EU level has generally
been limited to the collection of ‘country level' information
for local contamination. Several exercises have been
carried out to define indicators and to collect data at
'regional' and 'province levels' (NUTS 3 level® ), with the
purpose to reach a higher detail, trace variations within
countries and regional areas and to identify 'hot spots'.
Concerning data quality and comparability the results
obtained so far show large heterogeneity (lack of
comparability) in the gathered data at country level as well
as at higher spatial detail. The major reasons are the
following:

* Progress in the management of soil contamination,
and the knowledge base, is very different among
countries and, in some countries, among regions.
This is mainly caused by the different start of
relevant policies in the different countries: some
countries have enforced relevant legislation one or
two decades earlier than others. At a
regional/provincial level larger variability is due to
non homogeneous administrative procedures in
place that may be highlighted whenever
planning/remediation/and licensing rests on local
authorities responsibilities.

Different legal frameworks are adopted in the
different countries. This means that policies may
differ in many aspects, first of all by setting different
political and environmental targets and as a
consequence in different  definitions  of
‘contaminated ' and 'cleaned-up or remediated site'.
Different technical criteria used in site investigation
and application of management solutions may also
vary from country to country.

For these reasons indicators, even when derived by
aggregated data, may give responses that are difficult to
compare and perhaps of questionable use in policy
making decisions.

There is then a general need to achieve a higher
harmonization in the quality of the information provided by
the indicators, and in the data collected behind. This can
be achieved by using standardised definitions, specifying
the data that are required and the standardised methods
of sampling and analysis to be used for acquiring them.
The following tools are recommended:

. provide guidance and relevant technical

guidelines

. establishing an EU information and monitoring
system able to trace soil contamination state
and trends at different spatial levels.

Concerning monitoring of diffuse soil contamination we
see that different sampling designs and methods as well
as different analytical methods for the same parameters
are used, even within a country (with regional
inventories). Furthermore the monitoring frequency
varies very much between the countries, but also within
countries (different levels of monitoring or regional

® NUTS s the Eurostat nomenclature for the territorial unit

decisions). Further standardisation of methods would
help to improve comparability but this is not so essential
if monitoring schemes are designed to answer the same
policy question. The methods used may be different but
the conclusions reached on the basis of results from
different monitoring schemes may still be consistent. It
should be investigated whether the current national
monitoring approaches can already lead to harmonised
conclusion without complete harmonisation of the
methods used.

4.4 Monitoring from TWG

contamination

Action-driven monitoring - a general
approach to monitoring and reporting
of soil contamination

proposals

441

Use of indicators as aggregated information

Indicators simplify information that can help to reveal
complex phenomena.” Indicators should be related to
policy-relevant questions and help evaluate specific
measures by describing the situation at certain time
intervals and showing changes over time. Indicators are
usually based on a number of single parameters which
are combined according to a specific methodology. *

The use of indicators at EU level for monitoring the state
of the environment and temporal trends is a consolidated
practice. It is used to assess the state and the trends in
the environment, analyse the impacts of economic
activities and provide information to help framing,
implement and evaluate policies. Indicators are developed
and data collected and updated on a regular basis for the
major environmental areas or topics.

The design of a system of indicators should be
implemented through a dynamic and flexible cycle. The
system could be built on systems already in place both at
the European and national level. It should fulfil known
requirements, mainly based on a number of already
available and comparable data at the different spatial
scales. Long-term needs should also be identified to plan
activities over a wider time scale. The use of the DPSIR
assessment framework will be of great help to integrate
information on all related soil threats and environmental
media. It can be used not only to identify linkages
between degradation of soil and its impacts on other
media, but also identify the connections between different
soil threats (e.g linkages between soil sealing, soil erosion
and hydro-geological risk).

The main elements of a proposal on a general approach
to the monitoring and reporting of soil in the EU, as
applied to soil contamination in particular, are listed
below.

1. The implementation of the soil information and
monitoring system on soil contamination should
follow a progressive upgrade in terms of quality and

7 Example for an aggregated indicator: heavy metal load in agricultural areas due to
application of sewage sludge application.

Policy question: How big is the extent of agricultural land treated with sewage sludge
and how high is the heavy metal input in these areas. Necessary input parameters are:

. amount of sewage sludge used in agriculture
. amount of sewage sludge applied per ha
. heavy metal content in sewage sludge.
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quantity of information collected. The system
architecture and individual data collection items will
be updated along with the improvement of the
information basis that will be available with the
enforcement of a harmonized EU Soil Protection
Policy.

2. The system should be built on systems already in
place both at the European and national level.

3. The system design should be implemented
following a dynamic and flexible nature and devised
to fulfil short-term requirements, mainly based on a
number of already available and comparable
indicators and parameters at the different spatial
scales. Long-term needs should also be identified.

4. The monitoring and assessment system of soil
contamination should be based on the following
elements:

a. Action-driven monitoring

b. Identification of relevant indicators and related
data needs
c. Integration with existing European monitoring

and reporting activities
d. Integration of local and diffuse contamination

e. Streamlining (not extensive multi-purpose
monitoring but based on specific policy
needs)

f. Tiered approach, according to the following
geographical levels:

i.  Country

ii.  Catchment (regions of natural boundaries)

ii.  Site-specific-European Level (full EU coverage
limited to pressures; detailed monitoring limited
to problem areas)

iv.  Site-specific- national Level
guidelines for national inventories))

(limited  to

g. Step-by-step implementation and harmonisation
(gradual implementation and learning by doing)
h. Guidelines for national monitoring (data
collections activities, national inventories,
etc.).

5. The Driving Forces-Pressures-State-Impacts-
Responses (DPSIR) assessment framework
should be used to identify and prioritise the
policy-relevant indicators to include in the
system.

4.4.2  Classical monitoring

The present section will provide some recommendations
for classical monitoring and give further details on the
choice of substances to be monitored. So in this section
the term “monitoring” will refer to measurements of
concentrations of substances in soils at regular intervals .
If soil measurements are not intended to be repeated, we
may use the terms ‘Inventory’ or ‘Survey’. Other policy
relevant information which has to be provided at regular
time will be denoted as “reporting”. In this terminology,
“action driven monitoring of policy performance indicators”

will be labelled as reporting. There is a strong relation
between monitoring and reporting, because policy
performance indicators may use information from local
monitoring schemes. Indicators can also be used to
combine and evaluate the data deriving from classical
monitoring schemes and provide conclusions in a format
more accessible to policy makers. To make this relation
clearer, the use of monitoring in the basic soil protection
strategies for soil contamination, which were introduced
by the TWG contamination, as well as the needs for
aggregated information, will be briefly described. This will
lead to the conclusion that monitoring as defined above is
only useful at the EU level for large scale diffuse inputs
and contaminated regions (megasites).

4421 Local sources

The preventive strategy aims at the application of
technical measures that prevent contaminants from
entering the soil system at sites where activities entail
such a risk (like industrial facilities, underground storage,
waste disposal sites, etc). Monitoring  systems
(measuring concentrations of substances that are relevant
in view of the risk activity, in soil and groundwater) are
designed to detect failure of the technical preventive
measures as fast as possible. Results of this type of
monitoring are very specific and less relevant for a
general impression of the state of the soil (or
groundwater) with respect to contamination. The data
may be useful for some exploratory data analysis but not
for reporting to EU and even national authorities.
Reporting about local sources will make use of more
aggregated information like failure frequency of specific
preventive technologies or general policy performance
indicators.

4.4.2.2 Contaminated land management

Measurements of contaminant concentrations in soils are
needed to assess the risks of contamination. These
measurements are not intended to be repeated in most
cases, so they should be considered as local inventories.
These local inventories may be used to draw soil
contamination maps, which may be useful for local spatial
planning in view of land use restrictions due to
contamination. Sometimes it is not possible to restore a
contaminated site for some intended use. Risk
management plans will promote measures and actions
suitable for improving the situation gradually and for
avoiding unacceptable human health and ecological risks.
Long-term risk management plans often require
monitoring. The monitoring will be specific for the site and
of limited representativity, unless there are a larger
number of similar sites. Only for very large sites
(megasites), where risk management plans are at the
regional scale (like for instance “the Kempen” in NL and
the Flemish region, the old coal and steel region in the
North of France, or the Bitterfeld area in Germany),
reporting of monitoring data may be of EU interest. EU
relevant information about contaminated land problems
and solutions will be reported in the form of policy
performance indicators. Data on concentrations of
contaminants at individual sites (there may be more than
1.000.000 sites in EU) make little sense for EU policy
discussions.

4.4.2.3 Sources of contamination resulting
from agricultural practices

The preventive strategy for contamination from
agricultural land use should be based on a long-term
balance approach. To balance inputs and outputs at a
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farm scale, some information on the concentrations of
contaminants in soil and the nutrient status of soil is
useful for managing purposes. Sometimes a soil
investigation is required before the application of organic
waste as fertilizer, like sewage sludge. Collecting these
data may also be useful for scientific purposes, to improve
conceptual models of substance flows in agricultural
systems. A number of farming systems maybe monitored
through EU and such a monitoring system may help to
improve GAP (good agricultural practice).

Given the large number of farms in EU it will be expedient
to aggregate all information in policy performance
indicators or sustainability indicators for reporting to EU.

It should be noted that plant protection products although
applied to plants or soil are more often monitored in plants
and groundwater than soil, as required by the Pesticide
(91/414/EEC), Drinking water and Water Framework
Directives. In some cases (risk areas) monitoring the
amount applied to soil may be useful but additional
information is required to relate this to potential
environmental impacts, such as described in Directive
91/414/EEC. Hence it would be relevant to monitor certain
of these products in soil solution as well.

4424  Large-scale diffuse pollution

This is the policy area where monitoring is of utmost
importance and relevant at EU level because of the
transboundary nature of large scale diffuse pollution.
Monitoring the fate and transport of potential
contaminants through environmental media will help us to
find the best national and regional abatement strategies.
These integrated environmental assessments will also
indicate our success. Because all environmental
compartments are involved, soil and sediment monitoring
should be linked to monitoring of surface water as
required in the Water Framework Directive, monitoring of
groundwater, as required in the Groundwater directive
and also linked to air pollution monitoring. A number of
soil monitoring networks already exist in member states.
The EU monitoring system could use already existing
networks as a starting point. Even if the methods used
differ between networks, the conclusions may still be
consistent.

4,425 Which substances should be

monitored?

In order to specify the requirements of monitoring in
relation to diffuse inputs the task group on Diffuse Inputs
of the TWG contamination defined monitoring as follows:

Monitoring should focus on the abatement of (current and
future) effects due to diffuse inputs, but should include
effects of measures to reduce inputs as well.

It will be clear that monitoring a few thousands of
substances that may enter the soil system by diffuse
contamination is not feasible. Even the selection of high
production volume chemicals by OECD covers 4000
substances. We need to set priorities and consider only
those substances which may reach critical limits in soil in
view of human heath, food safety, soil fertility, ecological
risks especially concerning biodiversity in solil,
groundwater and surface waters. Monitoring should only
be done where there are real concerns (risk areas) rather
than a routine grid sampling. The following paragraph will
list the choice of high priority substances for monitoring
diffuse soil contamination and will give some justification
for their choice. The substances listed are minimum

requirements for consideration. More substances may be
added if they are of general interest but these will
increase the costs of the monitoring. Furthermore
parameters related to acidification, like pH, cation
exchange capacity and base saturation should be
considered. These parameters are also relevant for other
threats and give some information on bioavailability of
substances.

Cadmium

This contaminant is often discussed in relation with food
safety issues. It readily accumulates in crops especially in
acidic soils with low binding capacity. Exposure risk due
to soil ingestion is less critical although recent
investigations in the Kempen area (NL and Flemish
region) indicate that exposure through indoor dust (soil
related) is as high as exposure due to consumption of
homegrown vegetables. In slightly acidic soils with low
binding capacity there is a high risk of leaching to the
subsoil and the groundwater.

Copper

Copper is an essential element for life but it is also very
toxic. Ecological risk assessment is difficult for this
element since generic safe levels derived from toxicity
tests are below the levels necessary to sustain life in less
sensitive organisms. Experience with the assessment of
ecological impacts may improve if copper is monitored in
soil in conjunction with biodiversity indicators. There is
some concern of acute toxicity in children due to ingestion
of soils containing only moderate levels of copper
contamination®.

Lead

Although emissions from lead to soil are decreasing, it is
still a substance of concern given the amounts of lead
stored especially in organic layers of topsoils. Effects
associated with soil ingestion by children are well known.
Critical levels in soil (based on total concentrations) for
long-term exposure are often exceeded in urban areas,
although bioavailability may be low. There is some
concern of acute toxicity in children due to ingestion of
soils containing only low levels of lead contamination *.

Zinc

Zinc is an essential element for life but it is also very toxic
for  micro-organisms leading to a decreased
decomposition of organic matter. Ecological risk
assessment is difficult for this element since generic safe
levels derived from toxicity tests are below the levels to
sustain life in less sensitive organisms and even lower
than background levels. Experience with the assessment
of ecological impacts may improve if zinc is monitored in
soil in conjunction with biodiversity indicators and
assessments of soil decomposition processes. Also zinc
deficiencies related to crop production could be identified.

8 Calabrese, E.D., Stanek, E.J., James, R.C. & Roberst, S.M. (1997). Soil Ingestion:
A Concern for Acute Toxicity in Children. Environmental Health Perspectives, 105,
1354-1358.

Strategic Overview and Status of Contamination



Soil Thematic Srategy: Contamination and Land Management

Mercury

Mercury is very toxic, mainly accumulates in soils and
sediments, but can be transformed into mobile fractions
(e.g. methyl mercury). Hg is prioritised in many
environmental programmes at EU level (Heavy metal
protocol of CLRTAP, Sewage sludge directive, proposal
for biowaste directive, strategy for health and
environment) and also national level. Unfortunately it is
difficult and expensive to measure.

Arsenic

In many areas in the EU natural high concentrations of
arsenic exist in soils. Arsenic accumulates in soils (mainly
linked to iron oxides). The risk of leaching to groundwater
is usually low, as is bioavailability. This may change
however after a change in soil conditions or after
ingestion by humans (especially children) ® and grazing
animal. Arsenic is to be considered as a priority element
within the strategy for health and environment.

Nickel and Chromium

Although these metals are less “critical”, they can be
included in routine monitoring since they can be
measured together with the metals mentioned above in an
ICP scan.

PAH

This group contains a number of known carcinogens.
PAH concentrations do show a long term upward trend in
soils since the beginning of the previous century
according to results obtained at Rothamsted in UK.
Human health risks associated with soil ingestion already
occur at moderate contamination levels (above 40 mg/kg
for the sum of 10 PAH in the NL).

Dioxins, PCB and other substances with

dioxine-like behaviour

Dioxins are considered the most dangerous substances.
Many other substances like some PCB’s have a similar
mode of action. PCB’s are a burden of the past and
especially of concern in sediments. Measuring dioxins
(including furans) in soil is expensive but individual
substances relevant according to WHO guidelines should
be considered.

Other PCBs

PCBs related to certain products should also be
considered. Combustion of these products may cause
emissions of PCB’s, which can accumulate in the
environment. Usually the 6 congeners of Ballschmiter are
analysed. However they should be given less priority than
the PCB’s with dioxin-like mode or action.

HCH, DDT/DDE

These banned pesticides are very persistent and are now
ubiquitous in soils. Monitoring will indicate whether
biodegradation is occurring and whether further dilution of
these substances does occur. DDT and DDE are also of
concern since they are slowly transported by air and

bioaccumulate in polar animals. Monitoring will also point
out how much of these persistent substances have to be
accepted as “background levels” for the next century.

The Nitrogen cycle

Various forms of nitrogen should be measured as input to
soils and as concentrations in soil in view of prevention of
eutrophication of surface water, prevention contamination
of groundwater, acidification of soils. There is some
concern about long-term health effect associated with
changes in the global nitrogen cycle.®

Phosphate

In view of leaching of phosphate to groundwater and the
risk of eutrophication of surface waters, it would be useful
to monitor the degree of phosphate saturation and the
water soluble fraction of phosphate which gives
information on actual P availability in case of high P
supply in soils used in agriculture. Because the impacts
of high P supply are restricted to agriculture this
monitoring can also be considered as “action driven”.

4.4.2.6  Putting monitoring of substances of

soil into practice

Results from a monitoring programme should enable the
user to:

1. Evaluate the impact (= quantity and quality) of
diffuse inputs in relation to other inputs (e. g.
what is the contribution of atmospheric inputs
compared to inputs by manure?). This will, later
on, steer the measures to be taken to reduce
inputs according to relevance.

2. Evaluate the future state of the system, i.e. how
does the current land use (or changes thereof)
affect soil quality. Again, soil quality in relation
to crop growth, water quality, ecosystem etc.
This means that input output (balance)
approaches are needed that are able to
calculate fluxes into (inputs), within (processes)
and out (outputs) of the system. Based on the
outcome of these balance approaches, inputs
can be reduced or effects can be reduced
(accept a certain input but make sure effects
are negligible, e.g. by additional liming).

This calls for integrated monitoring where not only soil
aspects are important but even more so, accurate
measurements of quantity and quality of in- and outputs
and processes in the soil system itself that affect the
behaviour of substances. This is important because an
increase or decrease of a concentration of a substance
over time will not tell us much about the reasons behind
this change. It will be clear that the interpretation of trends
in the concentration of substances in soil indeed requires
additional information.

It may be worthwhile then to measure total concentrations
and bioavailable concentrations, and to measure
concentrations in pore space water to assess the mobility
of the identified substances. In addition a number of soil
parameters should be measured which control the fate

9 Townsend, AR, et al. (2003). Human health effects of a changing
global nitrogen cycle. Front Ecol Environ 2003 1(5): 240-246.
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and transport of substances in soils and sediments. Soil
Organic Matter (stable and dissolved), pH, CEC, soil
texture and redox-potential are the most important ones.

As soil monitoring pertains to repeated measurements in
time it is necessary to specify the frequency of the
measurements.  Concerning the metals and organic
contaminants listed above most changes are likely to be
slow. A sampling interval of 10 years and more seems
adequate. On the other hand substances like N and P
and the inputs or outputs of contaminants to the soil
system may change faster. A sampling interval of 5 to 10
years may be a good compromise if all parameters need
to be measured simultaneously. If more knowledge of the
dynamics of the various parameters is available, the
sampling frequency could be adjusted accordingly for
each group of substance.

The extrapolation of observations at a single point to a
larger area is an additional problem to consider. To be
representative for EU soils, a monitoring network should
cover the major forms of land use, climate, hydrological
regime and soil type, as strata in a stratified sampling
design. Although monitoring could be done on an arbitrary
grid basis, it is not very efficient to consider soil as a black
box system and ignore that land uses, soil types, climate
and hydrological regimes are major factors determining
the influence of diffuse inputs on the state of soils.
Stratified sampling is much more powerful in this case
because it addresses these factors explicitly and will
make interpretation of data much easier.

Since several soil monitoring networks already exist within
different countries, harmonisation of what and how is
being measured seems a good start to use existing
information at the EU levels. However the limitation of
such a network is that the designated sites might diverge
from the rest of the country.

4.5  Concluding remarks

Methods for measuring concentration of contaminants in
soil and a number of important soil characteristics like
CEC, organic matter content and pH are available and
even standardized by 1SO. CEN is in the process of
adopting 1SO standards for soil as European standards.
However it should be noted the difficulty that in many
cases there is more than one standard method for
measuring a parameter. The interpretation of the results
of this type of measurements in a monitoring program is
less straightforward however. A large amount of additional
information must be available to interpret the results in a
meaningful way for policy making and policy evaluation.
On the other hand, performance indicators used in
“action-driven monitoring” or reporting (in the sense
described in this paper) are less well standardized and
may have different meanings in different countries. They
are of interest since they reflect the political perception of
certain soil problems by member states. They also have
one big advantage over classical monitoring data: their
ease of interpretation.

Monitoring and reporting approaches need to evolve into
a more harmonised EU information management
framework. EU Monitoring has to start with aggregating
the already existing monitoring schemes as much as
possible and will identify the need for harmonisation and
additional monitoring information for the interpretation of
the results. Reporting has to start by using already
defined program performance indicators and will have to
accept some differences between member states. As
policy will become more uniform due to the EU soll
strategy, policy implementation differences between

member states will gradually disappear and policy
performance indicators will become more comparable.

So, both for monitoring and for reporting, we need to
accept that the first results will give a rather blurred image
of the DPSIR for soil contamination. But the quality of the
information will improve gradually if information exchange
and harmonisation of approaches is stimulated.

5 CROSS-CUTTING ISSUES

According to the mandates cross-cutting issues are to be
dealt with by all technical working groups. Due to this fact
there may be some overlaps of the following with text of
other working group reports, although here it was tried to
focus only on issues linked to soil contamination.

5.1 Basic definitions

The TWG Contamination considers soils as a part of the
soil-water-sediment system which requires an integrated
approach concerning protection against the threat of
contamination, towards a sustainable use of its resources
and ecological services. There exist direct relationships
between the compartments soil, water and sediment
because of several fluxes of substances and energy.
Processes like leaching and weathering are involving the
whole system. Contaminants (heavy metals, POPSs)
deposited on soils are often accumulated, but under
specific conditions they can be transferred through the
whole soil-water-sediment system. On the other hand
heavy metals naturally inherited in bedrock can be
transferred into the soil compartment and released by
leaching. Furthermore the process of erosion can
contribute to contamination of water-sediment systems
(e.g. in alluvial areas).

Soil contamination can occur under all land uses (due to
atmospheric deposition), but most likely in soils under
urban and industrial use. The timeframe of the process of
contamination is very different depending on the land use
(industrial accident vs. low atmospheric deposition in
natural areas) and also its perception. Therefore all kinds
of (past and present) land use have to be addressed
when assessing soil contamination and defining
appropriate measures to remediate or prevent
contamination. Land use planning should take into
account the status of soils and consider a suitable land
use distribution at the local and regional level to avoid soil
contamination in sensitive areas (e.g. no placement of
potentially polluting industrial facilities near playing
grounds or arable land). Already contaminated land
should be used for specific land use for which
contamination does not matter (e.g. reuse of brownfields
for trade and industry areas) under the precondition that
harm to the wider environment (e.g. groundwater) is not
expected, or should be restored for intended uses and
functions

Conclusions:  Protection against the threat of
contamination has to consider the whole soil-water-
sediment system and all kinds of (past and present) land
use have to be addressed for the definition of appropriate
measures.

5.2 Climate change

Climate change will result in significant change of weather
conditions (e.g. more often heavy rainfalls) which will
have influence on run-off and consequently on soil
erosion. Due to erosion of soil particles adhering nutrients
and pollutants will be transported from one field to another
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or even into nearby surface water. This movement can
contribute to or cause eutrophication and contamination of
soils and also water courses. It can be expected that
distribution of precipitation will change spatially and
temporally. This could affect the water flow through soils
and change leaching conditions of pollutants.

Furthermore climate change will cause changes of land
use which will have influence on the situation of soil
contamination. Forests are filtering more airborne
pollutants than agricultural vegetation does which are
deposited on the soil. Agriculture requires fertilisation
which can be achieved by application of different
materials (mineral fertilisers, manure, slurry, compost,
sewage sludge) containing certain amounts of
contaminants. Their accumulation in the soil depend from
various factors, among them the content of organic
matter. This factor has a relationship to climate change
because soils have a potential as a carbon sink and can
therefore reduce the concentration of carbon dioxide in
the atmosphere which contributes to the climate change.

Conclusions: Effects of climate change on the impacts of
soil contamination will be caused by changes in the water
flow and organic matter status of soils. This will in turn
influence the fluxes and the bioavailability of
contaminants. The conclusions from the EU funded
Chemical time bomb project (1991) are still relevant in this
respect and need to be further explored to yield reliable
scenarios in view of decision making.

5.3 Environment and health

It is estimated that around 25-33% of the total burden of
the diseases in industrialised countries can be attributed
to environmental factors (WHO, 2002).

Health impacts derived from soil issues may occur in
different ways. Exposure pathways are either directly
through the ingestion of soil or indirectly via leaching
through the soil into groundwater or surface water,
release into the atmosphere or uptake by plants and
animals causing an accumulation in the food chain.
Especially children and vulnerable groups, such as poor
and women in reproductive age are the critical population
for environmental pollutant exposure.

Exposures to substances like lead, mercury can lead to
mental or physical disabilities of infants. Chemicals like
endocrine disruptors, can also act like hormones and
disrupt the way of body functions with adverse effects a
reproductive capacity.

Most examples of ill health associated with the soil are
caused by concentrations of elements in food or water
that are either deficient or toxic. Their concentrations
might reflect the natural condition of the soil, or the effects
of people's activities, such as pollution. In isolated
subsistence communities distinct relations between
elements and the aetiology of diseases can be identified.
Examples include Keshan disease caused by selenium
deficiency, and itai-itai disease caused by excess
cadmium.

Even if people do not come in direct contact with soils
dust particles due to wind erosion can also affected
human health. The suspended particulate matter involved
in dust contamination ends up making its way into the
ambient air and other environmental media causing
negative impacts to human health.

Some of the relations between soil and health are
uncertain and the causes assumed, and they require
further research to validate them. Currently a European
Environment and Health Strategy is under development
which aims to achieve a better understanding of the
environmental threats to human health to identify the
disease burden caused by environmental factors in the
EU and to plan policy responses to the challenges that
emerge. Although the cause-effect relationships are not
all known a strong link between the two strategies is
recommended, also concerning monitoring and
information systems.

Conclusions: Apart from the clear human health risks
associated with heavily contaminated areas the relation
between soil contamination and human health is rather
vague. In view of the uncertainties of the cause-effect
relationships between soil health and human health a
strong link between the Soil Thematic Strategy and the
Strategy on Health and Environment is recommended.

5.4 Biodiversity

The biodiversity issue is mainly dealt with by the TWG
Organic matter. As regards soil contamination this threat
can have a significant influence on biodiversity, in
particular soil biota. According to ecotoxicity tests specific
species of micro-organisms and also plants show
negative effects above a certain concentration of heavy
metals in soil, especially in the soil solution. This NOEC
toxicity data is used in eological risk assessment of soil
contamination and in defining critical limits used for
calculation of critical loads of heavy metals in order to
protect the most of the ecosystems (Hettelingh et al.,
2002). Also eutrophication and acidification can be
assessed by a quite similar approach. Enhanced
concentration of nitrogen and hydrogen protons
respectively can change occurrence and abundance of
plants and microbiota. This can have further implications
on plant uptake of nutrients and pollutants as well as soil
processes like mineralisation.

Conclusions: There is clear evidence of adverse effects
of soil contamination on soil biota and plants. Methods for
ecological risk assessment should be further developed
and further research is needed for implementation of
specific indicators concerning the protection of
biodiversity.

5.5 Role of land use planning policy

As mention already before land use planning has an
important influence on the soil status and consequently on
the content of contaminants. For certain kinds of land
(arable land, grassland, pastures, forest) suitable
assessment methods on the status of soils have been
developed and can be used to identify the suitability and
capability of soils for these land uses. As regards urban
areas and its specific land uses (e.g. infrastructure, trade
and industry, playing grounds, recreation areas) and soil
forming processes (e.g. refilling of excavated soils) such
evaluation methods have been developed within the
contaminated land risk assessment framework (See
CLARINET and CARACAS reports, www.clarinet.at).
Specific soil characteristics and functions (e.g. water
retention capacity, compaction, stability, filtering capacity,
soil biological processes) are relevant for these
assessments and drive the suitability for certain soil uses.
The need for land in urban areas is high and causes a
high degree of competition. This situation requires a
carefully land use planning based on appropriate
methods. Synergies with the urban thematic strategy are
needed in this respect. The role of land use planning in
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contaminated land management has been intensively
discussed during the CLARINET project. The CLARINET
report contains many suggestions for improving the
synergy between land use planning and environmental
concerns.

Conclusions: Land use planning should consider soil
contamination, in particular in urban areas which show the
need for consideration of soil degradation in the urban
thematic strategy.

5.6 Role of agriculture and
revitalising soil

forestry in

As regards soil contamination different measure for
revitalising soils will have influence on the level of
contamination in the soil. Application of different
pesticides, soil improvers and fertilisers can cause
accumulation of pollutants in the soil if no proper
application is carried out. Guidelines and regulations are
useful and further needed in order to avoid
mismanagement with these materials (e.g. regulations
and directives concerning pesticides, fertilisers, sewage
sludge and biowastes). More general rules on agricultural
management for the conservation of a good agricultural
and environmental condition are given in EC Regulation
1782/2003 in order to receive direct financial support
under the common agricultural policy. These rules should
also consider best practices for avoiding soil
contamination apart from the basic requirement to comply
with the Sewage sludge and the Nitrate Directive (e.g.
suitable application of manure and reduction of feed
additives).

Beside regulations and directives there are other
instruments like agri-environmental programmes in place
which give incentives for certain soil conservation
practices (e.g. promotion of organic farming, reduction of
fertilisation, renunciation of pesticides). The acceptance of
certain measures to avoid soil contamination could be
promoted.

Conclusions: Guidelines and regulations for materials
applied to agricultural are useful and further needed in
order to avoid contamination, but also incentives are
suitable to enhance soil protection, e.g. by reducing input
of pollutants into soils.

5.7 Co-ordination of the world-wide

dimension

Due to the fact that contamination is mainly caused by
localised input of contaminants into soils, there is no big
need for co-ordination of the world-wide dimension,
except for large-scale diffuse contamination due to
atmospheric deposition. In relation to the latter there
exists the Convention on Long-Range Transboundary Air
Pollution (UN-ECE CLRTAP). According to its protocols
for heavy metals and persistent organic pollutants the
member states have committed themselves to reduce
emissions of these pollutants in order to protect
ecosystems. Relevant data have to be provided on a
regular basis. Currently the discussion on which organic
pollutants should be included in the reporting obligations
is ongoing. The evaluation is based on a comparison of
calculated depositions and critical loads which would
protect certain ecosystems by 95% of the area. It is
strongly recommended to develop synergies between the
soil strategy and this convention. This can help to reduce
diffuse inputs, but also to avoid repetitions and double

national reporting (i.e. ask countries to provide same
information twice or more).

Conclusions: Regarding large-scale diffuse
contamination it is strongly recommended to develop
synergies between the soil strategy and the Convention
on Long-Range Transboundary Air Pollution.

5.8 Awareness, communication and

participation

Awareness raising on soil issues is very important in order
to avoid soil contamination. Often there is a big delay
between occurrence of contamination and perception of it.
Awareness helps to implement regulations and encourage
landowners to protect their soils. In case of historical
contamination awareness and information by local
authorities can be very helpful, in particular if buildings for
living are erected on contaminated land. Mediation
processes can help people to cope with the situation and
their fears. Furthermore consideration of soil issues in
processes of the local agenda 21 would give citizens the
possibility to actively participate in soil protection.

Due to the fact that all people are in contact with soils in
some way (e.g. landowners, recreation areas) and many
of them can cause contamination, education in soil issues
is needed. Education can be achieved by integration in
lessons at school or adult education, by internet platforms
or more specific by training courses for entrepreneurs and
its employees.

In urban areas there is a high competition for the available
land and also a lot of contaminants are produced or
imported from other areas. Sustainable and efficient use
of soils is therefore necessary. Urban administrations
should perceive this and set some supporting measures
(e.g. sealing tax, guidance for proper treatment of private
gardens) and incentives (e.g. reuse of derelict land). At
European level an initiative called European Land and
Soil Alliance has been founded already with the aim of
making an active contribution to sustainable soil use in
communes.

In order to derive the information for dissemination a lot of
detailed data are needed, in particular concerning soil
contamination. Often the data gathering is time
consuming and costly. So the data should be available for
multi-purpose use, but the dissemination has to be carried
out in a differentiated way according to the audience.
Meta information and aggregated information should be
made accessible for a wider audience, but site-specific
information (raw data) should be restricted to experts
because otherwise there is a high risk of
misinterpretations. Furthermore the problem of data
comparability from different data sources has to be taken
into account and tried to be solved as much as feasible. In
this context the requirements for INSPIRE need to be
defined.

Conclusions: Awareness raising on soil issues is very
important in order to avoid soil contamination. Therefore
provision of information is recommended using different
tools adapted to the audience to be addressed.

5.9 Property rights related to soil and soil
data

Data on soil contamination are mainly sensitive
information and can have negative implications on
landowners and are therefore often under restrictive
accessibility. On the other hand potential buyers of land
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want information on it in advance. It is recommended that
a report on land status should be drawn by the landowner
(or his expert consultant) for the new owner and the
competent public authority upon any transaction of land
property according to requirements and instructions of the
competent authority. According to the Aarhus Convention
the public should have the right to have access to
environmental data. Therefore data should be available to
the public if a contamination becomes public interest (e.g.
contamination of playing grounds, groundwater).
Accessibility of data owned by the private sector should
be regulated at the national or regional level.

Another fact that affects data accessibility in practise is
costs that have been spent to gather data and the
administration of soil data in Member States depending
on their structure (responsibility for soil issues at national,
regional or local level). Nevertheless data owned by
public administrations has to be made publicly available
(Directive  2003/4/EC).  Soil information systems
accessible by internet can provide such services.

Conclusions: Data owned by public administrations has
to be made publicly available, but also private data in
case they are getting of public interest due to risk of
damage to the environment.
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