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Environmental rehabilitation: efficiency and effectiveness in soil
remediation

E. Beinat, P. Nijkamp
Indtitute for Environmentd Studies and Faculty of Economics
Free Universty of Amsterdam, the Netherlands

ABSTRACT

Soil cleaning-up operations have become a priority in most western countries. In
the Netherlands, in paticular, a sysemdtic effort to restore the environmenta
quaity of polluted stes has darted in the early eighties. The cornerstone of the
Dutch legidation is tha of resoring soil multifunctiondity, which dlows the
cleaned dte to be used for any purpose, without functionad congtraints. In more
than ten years of application, this approach has shown some week points. Fird,
the cogs of cleaning-up may be extremey high. Many companies tend to dday as
much as possble the operations, ether to ddlay expenditures or to wait for the
development of more effective cleaning-up technologies. Second, many cleaning-
up techniques achieve very good reaults in terms of soil qudity, but result into a
trandfer of pollution to other environmenta media (for ingance, ar and water)
and require an intensive use of scarce resources (for instance, energy,
groundwater and space). Third, in many instances the site has a unique
dedtination, an indudrid dte for ingtance, and cleaning-up beyond the levd
grictly necessary is very cog-inefficient.

These congderations have lead to the development of a new agpproaches for soil
cleening-up and to the devdopment of methodologies and instruments for
addressng effectiveness and efficiency in soil remediation. The paper shows a
Decison Support System which asssts the planning of cleaning-up operations on
the basis of: (1) thar effectiveness in reducing the risks for the specific needs of
the site; (2) their capacity of minimising the negative influences on the
environment and on the depletion of scarce resources, (3) the posshbility of
minimigng the cogs of operation and of timing the ceaning-up invesments. The
paper focuses on the environmenta qudity pat, showing how the negative
influences of cleaning-up operaions can be taken into account in the evauaion of
cleaning-up aternatives. Application examples are adso provided.

INTRODUCTION
Soil pollution has become a priority in many indudridised countries after the

inventory of various locations in which contamination was posing a risk to people
and the environment. Table 1 shows the results of a recent survey of the number



of contaminated dStes within the teritory of the European Union. This table
highlights two main issues. The fird is the sheer number of contaminated sStes,
which exceeds 500.000. The second is the very high variability in the nationd
figures. Although EU countries share different levels of industrialisation and
environmenta degradation, this variability is manly due to the lack of a coherent
gpproach to the identification of polluted dtes and to the different schemes used
for dassfying the urgency of deaning-up. As an example, the high Dutch figure
includes polluted dtes and serioudy polluted dtes (classfied according to the
Dutch law). The number of serioudy polluted Stes, however, is around 50,000,
which means about one fourth of the tota number of listed Stes.

The edtimated costs for the cleaning-up operations range between 300 and 800
billion ECU. On this basis, soil pollution raises severd important issues. The first
is how to tackle soil remediation programmes to improve environmental quality in
an effective way. The second is how to achieve this result in an economicaly
sound way, given the enormous expenditures which are likely to be involved. The
third is how to harmonise the operations across Europe and how to dedgn a
coherent and sound approach to the estimation of pollution extent and seriousness.

Table 1. An estimate of the number of polluted sites in Europe (Okx et al. 1996).

Audria 24,155
Belgium 9,000
Denmark 10,000
France 667
Germany 143,252
Greece

Irdland

Italy 9,805
Luxembourg

The Netherlands 200,000
Portuga

Span 4,532
Sweden 1,700
United Kingdom  100.000
Totd EU 502.444

The effects of soil contamination are manifold:

o Soil pollution is a source of risk for humans and ecosystems, which are
(potentidly) affected by direct exposure to the contaminated surface or by
indirect exposure, for instance through contaminated groundwater.

o Soil contamination is a source of risk for ground works (like pipelines or utility
networks) due to the chemicd properties of the contaminant and the risk of
ignition and explogon, for ingance for fud contamination.

« For publicly owned gtes, a polluted area is a severe planning congdraint, since



the Ste use may be impossble or limited to a specific soil functiondity (eg. a
industrid  torage fadility).

« For privatdy owned dtes, a polluted area is a heavy economic burden in terms
of asset values, of remediation expenditures (a net cost for the company) and
of soil usage.

o The presence of polluted areas may hinder and delay some specific
developments which imply land use and ground works (like the provison or
maintenance of infrastructures).

« Remediation expenditures do not offer any increase in productivity, merdly the
possihility of removing a source of risk and a planning condraint.

Large scde soil remediaion in the Netherlands started in the early eghties, with
the introduction of the Soil Clean-up Guiddine (VROM, 1983; updated every two
years). The guiddine specifies how to evauate the soil state and the remediation
urgency. It dso dates that the ultimate objective of the operations is to diminate
the risks to man and the environment and to prevent the disperson of pollution,
that is to restore multifunctionality in the shortest possible time. Soil
multifunctiondity requires that the soil on the dte after sanitation should pose no
harm to humans, animas or plants, regardiess of the use of the dte, the type of
soil, the type of pollutants and the loca gtuation. This is a very demanding
objective, totdly driven by environmental qudity congderations. There is, howe-
ver, a growing awareness that other criteria should be included when assessng
remediation  drategies. One of the reasons is that the costs involved in
multifunctional operations are no longer political defendable. There is ds0 a
growing recognition that clean-up operations do not necessarily lead to a postive
environmental baance. Soil remediaion requires the use of resources (like energy
and cleen water) and may lead to a net transfer of contamination to other
compatments (for ingance, due to air emissions). Therefore, the single
perspective implied by the multifunctiondity may result into an goproach which
disregards many relevant concerns for soil remediation.

ISSUESIN SOIL REMEDIATION

Multifunctionality hes proven very difficult to achieve in practice. In the Dutch
experience, about 50% of the cleaned-up soil does not meet the multifunctiondity
target and has to be used under additional condraints (Soczé €t da., 1993).
Achieving multifunctiondlity may be hampered by the cost of the operaions and
by technicd and feashility condrants Technology for <ol remediation is
developing very quickly with a shifts from radicd, had solutions (such as
excavate-pump-and-treat) to biologica techniques which, for ingtance, exploit
natural attenuation phenomena (cf. Arendt et a. 1983). However, the cods issues
is gill a mayor condrant to soil remediation. High costs have become both
politicaly indefensble, and economicaly unfeesible

The Dutch experience shows that the compliance pool to the soil directive has
been much inferior than expected. Facing sheer expenditures, companies have



often applied a wait-and-see attitude, delaying the operations as much as possible
often exploiting the ambiguities of the guiddine and the posshility of some
discretionary interpretation of the law. The main issue raised by the private sector
is that the multifunctiondity objective sysdemdicdly disegards efficdency and
effectiveness consderations. Most companies do know wha the future use of
contaminated Stes will be, and thus question the genera principle that dl dtes
should be cleaned-up to the same extent. An industrial area may need less drict
measures than a resdentiad one. In addition, the gpplication of soft, but long,
remediation techniques may dggnificantly cut cods, dthough may dday the soil
usage and leave many sites polluted for a condderable time.

Although the cod-rdaied metters are clear, the multifunctiondity objective may
aso raise some environmental concerns. Robberse and Denneman ( 1993) consider
multifunctiondity as the oil-rdaed interpretation of sudtanability. An implict,
and admogs universd, assumption is that by cleaning-up a polluted Ste (or
rehabilitating any degraded ared) there is a net environmenta benefit. A growing
evidence has been provided tha suggests that this assumption should be
chdlenged and that the overdl environmenta balance of remediation may not be
dways podtive (Laar e d., 1997). By conddering the full life cycde of the
remediation process, it can be recognised that the process requires the use of
natura resources like energy and clean water, and may result into a trandfer of
pollution to other environments, for instance by credting ar pollution, weter
pollution and waste. The soil remediaion thus raises two types of environmenta
concerns:

1. A locd, dte specific concern, related to the need of reducing contamination
below some safe leve. This is clearly the podtive dte of the coin, in the sense
that soil remediaion provides a net locad benefit.

2. A regiond or even globa concern, rdated to the need of minimising the use of
scarce resources during the operations and the spread and transfer of pollution
to other environments. These factors are the negative Sde of the remediation
and cannot be disegarded in computing the full environmenta baance of
remediation.

Figure 1 synthesses these concepts by providing a bird's eye of soil remediation.
This figure shows that multiple perspectives in soil remediation and the main
concerns which have to be addressed to achieve environmenta effectiveness and
economic efficiency of the operations.

! During 1997 the Dutch Ministries of Economic Affairs and of Environment have announced
that the multifunctionality framework will be abandoned in the near future to introduce measures
which allow to target efficient and effective soil remediation. The new directive is likely to be in
force during 1988.
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Figure 1. A bird's eye view of soil remediation.

EFFECTIVENES EFFICIENCY: A FRAMEWORK FOR EVALUATION

The decison on how to clean-up a Ste can be divided into severa successve
phases. The first decisons is that of weather a polluted site needs to be cleaned
up. If remediation is not necessry, then the invedtigations can be stopped.
Otherwise, the invedtigations should be focussed on the screening of the suitable
remedid drategies. The criteria which will influence this last decison are:

« the totd impact of remediation Srategy on the totd risk for humans, ecosystem
and infrastructures,

o the tota impact of the remediation drategy on scarce commodities, such as
soil, ground water, drinking water, space and energy, and on the qudity of the
environment as a whole;

o the totd impact of the remediation Strategy and method on the financid assets
of the problem owner (Nijhof et d., 1996).

The REX-framework (Nijhof et al., 1996; Drunen et al., 1997), takes risks,
environmental merits and costs into account smultaneoudy, and hence ams a
optimisng a three-fold perspective (

Figure 1). The risk reduction perspective aims at minimising effects of
contamination and remediation on targets (humans, ecosystems, objects) a the
dte. This perspective is the dosest to the origind evaduation framework aming at
multifunctiondity. The environmentd menit perspective, gemming from an Life
Cycdle Inventory gpproach, ams a minimisng the use of scarce commodities and
the contamination of other compatments due to remedid activities. The codts
perspective ams a minimisng the tota costs in terms of net present vaue.

The methodology ams at producing, for each cleaning-up option, a st of three
indices: the amount of risk reduction achieved by the remediation; the
environmental balance of the operations and the codsts involved. A synthetic
overview of the functioning and results of the method is presented in Figure 3.



Risk reduction is based on the computation of the overdl exposure of people,
ecosystems and other targets (e.g. workers on the Ste during remediation) and at
the comparison of the exposure levels with acceptability standards. Risks are
computed during al phases of the operations, leading to a time-dependent profile
of the risk atenuation process. By comparing this to the risk profile of the status
quo, the amount of risk reduction can be computed. This index is expressed in
Rik Units (ru). Environmentd merit (which will be explaned in detal in the
following sections) is based on the computation of an additive index for multiple
environmental  consequences of roil remediation. The non-locd podtive and
negative outcomes of soil clean-up are weighted and summed up leading to an
indication of the environmenta peformance of the operations. These ae
compared again to the status quo (which corresponds to the O-level of
environmental merit). The index is here measured in Environmentd merit Units
(eu) (see bedow). Findly, the cogs include al costs involved in the operations,
including asset codts. Codts ae computed yearly for the full length of the
operations. The Net Present Vdue is then used as an estimate of the tota codts.

Each cog item is the sum of the expected cost in a given period plus a safety

quantity to guarantee that the red cods will have only a limited probability of
exceeding the computed costs. The rest of the paper will focus on the
environmentd  merit perspective and on the condruction of an environmenta
merit index for soil remediation.
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Figure 2. Three perspectives for soil remediation
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Figure 3. An overview of the REC models and of the results of the three REC indices.

THE ENVIRONMENTAL MERIT PERSPECTIVE

The raionde behind the Environmentad perspective is that clean-up operations
determine environmental costs and benefits beyond those encompassed by the risk
assessment. A clean-up operation may result into the use of scarce resources, such
as energy, trander the pollution to other compartments, such as emissons to
surface water during operations, and to secondary effects, like the emisson of
green house gasses due to combustion of fossl fuels. These consequences cannot
be gragped by nether the risk andyds, nor by the traditional financia assessment
caried out before remediation. This cost assessment usudly does not include
vadudion of environmenta goods and thus interndisaion of the vaues of
environmental  resources.

The evaduation of clean-up operations in terms of environmenta merit are based

on an Environmenta Merit Index (EMI). This index is condtructed by rating the

performances of clean-up options against a lit of measurable aspects and by

aggregaing these peformances with a weighting scheme. The man deps for

congructing the EM1 are based on multicriteria vaue functions (cf. Beinat, 1997)

and can be described as follows:

Step 1. Sdect a lig of measurable variables which determine the environmentd
quaity of a remedid option.

Sep 2. Quantify the performances of each remedid AdAternative dong each of
these aspects.

Step 3. Edablish a vaue functions for each aspect. This serves to transform
performance SCOres into a comparable scale.

Step 4. Edablish the weights for each aspect. Weights represent the reative
contribution of each aspect to the EMI. Intuitively, a weight states how



important an aspect is compared to another.
Step 5. Cdculate the weighted sum of the normalised scores resulting in the EM1
index for an dternative.

The aspects which are consdered in environmental merit are a cross section of the
typicd Life-Cycle-Inventory aspects and of the specific aspects reevant to soil
remediation. The reasons for going beyond the LCI indications can be
summarised in three points

1. LCI applied to soil remediation does not cover dl aspects which are consdered
rdlevant by soil remediation practitioners. The amount of space used-up by the
remedia actions, for insance, is congdered as a relevant decision factor in soil
management, especiadly where space is a scarce resource.

2. The LCl inventory provides a ligt of impacts with a strong emphasis on globd
effects (such as addification, eutrophication, globd warming, etc). In soil
remediation, not only globad effects, but dso regiond and locad consderations
are important. This cdls for a more baanced sdlection of evauation criteria

3. The LCI aspects are not suitable for a smple integration. Suitable aspects need
to respect some fundamental properties, such as independence and prevention
of double counting. If these properties are respected, then linear weighted
schemes can be used for integration. Otherwise, non-linear forms are necessary
and empirica evidence suggests that these forms become easily too complex to
be of practica relevance (Beinat, 1997).

The andysis of the practice of LCl and soil remediation and interviews with
expert pands led to the sdection for the list of aspects shown in

Table 2. These aspects include the pogtive outcomes of remediation in globd
environmental terms (an increase of the qudity of the soil stock, an increese of
the qudity of the groundwater stock and a prevention of future contamination of
the groundwater). However, this usudly comes a a cod, represented by a
depletion of resources (a net consumption of soil, groundwater, energy and space)
and the contamination of other environments (directly through surface water and
ar emissons and indirectly through the production of waste)

The environmentd merit perspective ams a quantifying the performances of
candidate cleaning-up options dong these evduation criteria. This results into an
environmental performances table, which is & the bass of the comparison of
dternatives. Since these criteria largely represent independent concerns for the
cleaning-up operations (cf. Drunen et al., 1997), the approach through additive
vaue functions can be goplied to rank the dternatives in terms of environmenta
performances (Beinat, 1997). The assessment of vaue functions is rather smple
in this case, dnce they emerge as linear functions. The reason is that the totd
environmental stocks behind each individud aspect are orders of magnitude larger
than the amounts involved in each cleaning-up operation.



Table 2. The evaluation aspects for environmental merit. The “eq. ” label indicates that
the impacts are a combination of quantity-quality factors.

Aspects Units
Positive  outcomes

Improvement of soil quality [m’® eq]
Improvement of ground water [m’ eq]
qudity

Prevention of ground water [m’® eq]
pollution

Negative  outcomes

Soil use [m3]
Groundwater use [m3]
Energy consumption [J]

Air emissons [ton]
Surface water emissons [m’ eq]
Waste produced [m’]
Space occupied [m® . year]

Examples of vaue functions are given in Fgure 2. The energy curve, for
ingtance, associates to each energy consumption a vaue score between 0 and a
negative vadue. The vaue of -1 is atached to a reference score sdected for
evauation purposes which sarves as an anchor point. If a remedid dternative
does not consume fossl fuds, its normdised score will be 0. The higher the
consumption, the more negative the normdised score.

0 0 400

-

[

| Energy : Improved
' consumption | soil
:[GJ] I quality

| : [tons]

0 50000

Figure 2: Example of value functions for energy consumption and improvement of
soil quality.

The overdl environmentd quaity of a remedid option is a weighted combination
of the normdised scores. Intuitively, weights represent the relative importance of
one dtribute compared to another. The higher the weight attached to an aspect,
the more the aspect drives the evaluation. Weights are assessed through
interviews. Precise question answer protocols ae used to ensure that the
respondent provides weights which are a true representation of hisher decision
drategy. It is very important to note that weghts answer to the following



question: “How much would you give up in a vaiadile to achieve a given
improvement on another?'. Therefore, weights are exchange rates between
aspects. The interpretation of weight as a concept of importance or priority is not
aufficient in this context. We do not ask people smply “which criteria is more
important” but “how much do you want to trade-off between criterig’. This
diginction is far beyond a pure academic congderation. It actudly digtinguishes
between an intuitive edtimate of importance (linked to generd perceptions,
fedings and attitudes of a person) and a precise satement of the decison drategy
to be gpplied in practice (Keeney, 1992). There are several assessment drategies
which can be followed for assessng the weights (see Beinat, 1997). The so-cdled
swing technique is the most frequently gpplied and has been used within the
present framework. Figure 4 shows a summary of the weights for 8 experts
interviewed in this case. As it can be seen the differences between experts can be
ubgtantid.
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Figure 4. Weights for 8 interviews with soil and environmental experts.

The weighted sum of the normdised scores provides the indication of the overdl
performances, i.e. the environmental merit score. This can be used to rank the
remedid options from the best to the word in terms of the environmentd merit

perspective.

CHARACTERISTICS OF THE APPROACH

There are fundamenta questions raised by this approach to environmenta merit:

1. Does the current practice of soil remediation lead to a postive baance for the
environment?

2. Who and how many experts should be interviewed?

3. Are the difference in opinion across experts sgnificant for the evauation.
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To answer to the firg question it is necessary to highlight a Stuation which can be
seen as representative of the norma outcomes of soil remediation. Since it is
extremdy difficult to sdect an “average’ deaning-up dStuation due to the
enormous differences between the sze of the dte, the type and concentrations of
the compounds involved, in this paper a choice has been made to sdect the most
frequent type of operaion. In the Netherlands, this usudly concerns a small-
medium Ste (around 5000 m’ of soil) with contaminants induding minerd ail,

chlorinted compounds and heavy metds. By collecting a large amount of
information on sites of these characteristics and by “averaging out” the
peformances of current cleaning-up technologies, a reference environmenta
performance can be sdected. This reference performance, which together with the
datus-quo has aso been used for the weight assessment, can be rated with the
environmenta merit index. The results are shown in Fgure 5. As it can be seen,
dl expets interviewed agree on the fact that the environmenta performance of
this reference gtudion is negative compared to the daus quo, indicating a
negative environmental balance. This is an important concluson, snce it points
out rather cealy tha the environmentd effects of remediaion should be
carefully consdered and that they cannot be assumed to be postive in al cases.
However, it is aso important to stress that a soil remediation is meant, above dl,

to provide rik reduction in the proximity of the contaminated Ste. Since dl
remedid operations do achieve this reault, the totd environmenta baance of the
operdions has to account for the risk reduction and the environmentd merit
performances smultaneoudy. On the basis of the results shown in Figure 5, it can
be speculated that either risk reduction has been consdered as the only relevant

evdudion criteia so far, or that negative environmentad consequences are
generdly compensated for by sufficient risk reduction on the ste.

Status quo —— 0

Reference 06
profile

Figure 5. The environmental performance of a reference situation. Each bar
corresponds to the environmental index Of an expert.
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The compogtion of the expert pand is dso a criticd issue. Weights should be
asessed by those who have the power and role of evauating the dternatives and
fixing priorities for evaduation. Environmenta performances regard non-locd and
public aspects. Thus, this power resides in some supra-locd, public authority, for
ingance the nationd government or the provinces. In addition, weights can be
different for different dtuations. In areas affected by groundwater scarcity, for
example, the weights attached to groundwater effects are likely to be higher than
in areas affected by soil quality problems. Consequently, it is necessary to test the
varigbility of weights for different conditions. In the example shown in this paper,
the weights are assessed by a pand of eight experts which have been interviewed
separately. They include experts working for the provinces, city councils, the
Minisry of Environment, but aso for large companies. Each expet declared
hisher reference Stuation for the assessment, thus setting a framework for the
evaduation. Three man settings emerged in this case
o the expets focusng on the soil issue, thus refering to an area where the
avalability and qudity of soil was particularly important;
« the experts focusng on the groundwater issue, thus referring to an area where
the avallability and qudity of groundwater was particularly important;
« the experts focusng on an urban environment, where the soil, space and water
quaity are particularly important;
This is summarised in Table 2, which shows the dffiliation and perspective of
eech of the expets interviewed. It is interesting to highlight that one of the
experts (E) did not complete the assessment. This expet was essentidly
concerned with the cost of the remedial alternatives, and disregarded
environmental aspects. This made it impossible to proceed to an assessment of his
priorities for environmental consequences, since they were totdly irrdevant in his

decison perspective.

Table 2: Experts, perspectives and affiliation.

......

Public Privete
Sail E, "E,- E-E,
Groundwater  E;- E;- E;  E,
Urban E,

Findly, it is important to highlight the effect of different weights on the ranking
of dterndtives. This is shown in Figure 6, which is the outcome of a red
application case with four dternatives The left hand Sde figure shows that
different expert opinion leads to different esimated of the environmental baance
of a remedid option (in this figure only sx experts are shown). Thus, the cardind
vaue of the environmenta index largedy depends on the gpecific set of weights
attached to the evaluation criteria. However, the overal indication of the group of
experts is largey condgtent with the average of expert indices shown in the lower
part of the figure.

12



The ordind content of the Environmentd merit index is raher dable across
experts. It can be eadly seen from the right part of the figure that only few rank
reversals occur between experts and that the overal postion of the expert pand
on the ranking of the dternatives is very strong and indicates a rather clear choice.
This patern of results has been obtained in dmog dl tets peformed with the
methodol ogy.

RANKING

Environmental merit

Exp1 Exp2 FExp3 Exp4 Exp5 Exp6

o

>

Environmental merit
Environmental merit

. |

Q5
1 | MFsemcavesion Control + GW reme. Escovetien + Bia. .y | MFsemcmvation Control + GW ren_ Controt Encavation + bio.

Figure 6. Application of the environmental index to a case study with 4 alternatives.
The top diagram shows, for each alternatives, the value of the index for each expert.
The bottom diagram shows the average value for each alternative.

CONCLUSIONS AND DISCUSSION

The andyds of the current prectice of soil remediation highlights that a more
comprehensive evauation framework has to be consdered in order to respond to
the gpplication needs. The REC framework presented in this paper shows how to
combine risk reduction, environmenta performance and costs of remedia actions
sysematicdly.

The use of an environmenta merit index, as described in the paper, shows that the
environmenta balance of soil cleaning-up cannot be assumed to be podtive in dl
cases. Ingtead, it should be consdered as an objective of the cleaning up
operations to be achieved by carefully designing remedia activities This raises an
important issue in decison meking for soil remediaion. The design of cleaning-
up drategies is normdly caried out independently of their evaudion. The set of
candidate cleaning-up dterndives for a dte is usudly sdected on the basis of the
auitability of the technique for the type of soil and pollution involved. Each
dternative is often a packege of activities (like digging, removing, tresting, €fc.)
which are performed smultaneoudy or with a precise timing and sequence. Once
potentidly suitable options are desgned, they are evauated and compared in
order to choose the most effective and efficient one. By usng a scheme like the
environmentd merit index in a reverse fashion, it is not only possble to evduae

13



exiding draegies, but to support the design of innovetive options which am at
achieving better environmentd merit performances. This posshility, which is a
future development 4ill to be explored in its methodological and practica
implications, has raised the largest interest amongst the end users which have so
far applied the REC  methodology. This approach would increase the
effectiveness not only of the remedia operations, but dso of the desgn of
remedid actions,

In addition to these issues, it is worth recaling the estimates provided in Table 1.
As mentioned ealier, it is of paramount importance to improve the monitoring
and dassficaion sysems for polluted stes. Differences in the exising systems
across Europe, and in the ret of the world, are incgpable of providing a uniform
and coherent picture of soil pollution. The implicit risk is that different
agoproaches to the edimate of soil pollution may become a judification for
different gpproaches to cleaning-up. This will make extremdy difficult to date
the degree to which soil pollution is addressed and the qudity of its results. A
subgtantia research effort is needed to improve the qudity and use of soil qudity
and soil pollution indices which are widdly accepted.
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