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Executive Summary

This report presents the results of the first part of tadki8. GOLD which aimsratipping in detail the
contaminated sites in the EU and their characteristi&glistinction is made between sites/or rather areas
affected by diffuse and by point source pollution

1) Diffuse pollution(def. EEAPollutionfrom widespread activities with no one discrete source, e.g. acid rain,
pesticides, urban ruoff, etc)

2) Point source pollutiofdef. EPAPollution from any single identifiable source (e.g. landfill, mine, industrial
site)

Diffuse pollution

Diffusepollution is ongoing in the EU and has already caused widespread emission of a range in pollutants
including nutrients, organic pollutants and metals. Effects of diffuse pollution on water quality are well
documented and effects of proximity pollution &re@wn in various member statdwweverfor soilpollution

this is different. Grrenta 2 A & ONXB S y Aaye Fargélihgtpoir source poflufioh @d@stly whereas soils
affected by diffuse pollution often do not exceed such SSVs. This does nahanhpgliffuse soil pollution

poses no risk to the soil ecosystem or quality of food and fodder. A direct assessment of the current soil quality
as affected by diffuse pollution is however not possible since SSVs currently in use are specific for individual
member states. At EU level there is currently no agreed uniform screening level that can be used as a first
approximation to allocate areas that need remediation. Therefore, in this project we propose a risk assessment
model instead that is applied based specific risks in view of ecosystem health, food quality and water
guality. This approach assumes that there is a connection between soil quality as expressed by relevant soll
properties (for metals based on pH, organic matter, and clay) and the adegpbdibtant concentration at

which the risk for either food, water or ecosystem is avoided. The resulting regional critical concentrations in
soil can be compared with actual concentrations to detect areas at risk.

Critical concentrations of pollutants $oil can be related to critical concentrations in three environmental
compartments: water, food and soil dwelling organisms. For each of these, three critical concentrations are
available. For food, critical concentrations are based on WHO food quaktyac for water critical
concentrations based on drinking water criteria or aquatic organisms are available. For soil dwelling organisms
critical concentrations in solution have been derived from laboratory studies for a large number of species. All
of these can be converted to a corresponding critical concentration in soil that can be compared to current,
measured concentrations in soil. For food and ecotoxicology the results are realistic in that the pollutant in
the soil is in direct contact with eéh plant roots (uptake) or the soil dwelling organisms. For water quality
the calculation is a worslase approach since it would assume that water leaving the topsoil is in equilibrium
with the groundwater. An alternative approach for water is availalilesiguires a substantial amount of both

soil chemical and hydrological data both of which are not available at EU level.

A major advantage of the risk based approach as outlined in this chapter is that metal concentrations across
member states can be ogared using the same criteria considering specific risks for humans and the
environment. Here risks are expressed in calculated critical concentrations in soil as related to the quality of
food, drinking water and ecotoxicology.

Maps of heavy metals asvailablefor Pb. For Cu and Amd have beerused to construct spatially explicit
maps at EU level. The calculation of critical concentrations of metals in soil beyond which the critical
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concentration in water or food is exceeded requires additionalrirdtion on soil properties. Key properties
include soil organic carbon, pH and clay content. Here we use the two largest databases currently available
(LUCAS and SoilGrids) that do contain all requirgatepérties buidoreveal however substantial difences

in the spatial pattern and absolute level of soil carbon.

The differences in organic carblad to markedly different critical concentrations for Cd, Cu and Pb. Most
noticeable are the lower critical concentrations calculated based on the LU@B&sdah Poland, Spain and

part of Portugal and Italy. This also leads to differences in the level of exceedance at counimgénesial,

however, the exceedance risk of Cd critical concentrations appears to be limited as is the exceedance risk in
view of ecotoxicology for Pb. For Cu and Zn the exceedance of the ecotoxicological critical concentrations is
larger. This is partly related to higher concentrations of Cu in areas in the Mediterranean countries and, for
Zn, related to a combination of low @Ad low soil carbon concentrations in among others Poland, parts of
Spain and Portugal.

However, the difference in the exceedance when comparing results based on LUCAS data versus those based
on SoilGridsuggests that these results need to be used wdite. Both uncertainty related to differences in

basic soil properties as well as model uncertainty (not addressed further in this study) can lead to a substantial
range in both the actual concentration of metals and soil carbon and also in the absaltd the critical
concentration.

Despite these shortcomings, the approach outlined here is a promising way to identify areas that are or can
be at riskof pollution by the metals addressed in this stutljs however recommended to critically evaluate
current soil databases to establish the reliability of maps derived from these databases. In addition, model
uncertainty in many of the models used here can be reduced when more data become available. This
specifically relates to models used to predict tbacentration of metals in food. In contrast to data on soil,
data on crop (product) qualigndsoils where these crops are grown are scarce. This is even more of an issue
when considering many of the emerging contaminants that are or will become amisgwe of food safety.

Mapping contaminated sites

Enquiry alRESDAC and consultation of the websites of EEA and Eurostat revealed that at present, there is
no database of contaminated sites for Europe that carries spatially referenced information on area and
contaminantsBecause of lack of EU wide spatially exlatitces on contaminated sitesotherapproach

to mapping these contaminated sites was developad. this reasonin this studywe have taken another
approach to mapping contaminated sites, i.e. to identify potentially contaminated areas from Open Street
Map based on properties of geographical objects, and to -ctuessk these areas with information on land
cover and with recordings of contaminated sites in the literature and the intdmeiddition, national
registers of contaminated sitegere alsoconsulted for several countries in 2Q23ut with relatively little
success

In addition plluted areas using othelatathan OpenStreetMap (OSMpasalsoappliedbecausenot all types
of pollution are covered using O%llbne This applies téand currentlyin useas agricultural landhat was
previously used farrigation with or treatment ofvastewater or for the disposal cfewage sludg

The results of the contaminated sites identification shibat the total area estimated in potentially
contaminate sites due to military training activities, industrial activities, mining and landfills, of which less
than 40% is sealed, amounts to 2,013,722 ha. This corresponds to 0.5% of the total area of the countries
considered. In individual countries, the ardgotentially contaminated sites identified on Open Street Map
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is at most 1% of the total surface area of the country. France, Germany and Spain have the largest total areas
of all types of potentially contaminated sites, amounting to more than 150,0@0d@&h of the countries.

The largest areas of potentially contaminated sites are in areas tagged on OSM as military sites (41%), industrial
sites and brownfields (29%), quarries (25%) and landfills (4%). The larfdocov@r C201&n the considered
OSMsites corresponded to the expected land cover for the larger part, i.e. forest and othemadenal
vegetation for military sites, industrial or commercial units for industrial sites and brownfields, mineral
extraction sites for quarries and dump si@slandfills.This supports the correct setén of the sites in OSM.

In sites where pollutants may occur, land cover consisting of denselyuaitea, forest or other natural
vegetation is considered unsuitable for phytoremediatisthese types dfind cover areas are either already
vegetated by trees & shrubs or sealed by buildings and rdduils also applies tther land cover types
unsuitable for cropping, such as beaches and dunes, bare rocks and water bodies. Land cover types in
potentiallycontaminated sites with discontinuousbanfabric (e.g. mineral extraction sites) anith some

form of agricultural land use are considered suitable for phytoremediation, providddshaham0% of the

area is artificially sealg@mpervious) The total area of potentially contaminated sites with land cover types
suitable for phytoremediation, and witkss thart0% of the areaealed ifnperviouy, amounts to 013722

ha in the EU27 and UK. This area corresponds to 0.5% ofdhsudace area of these countries.

France, Germanyspainand UKhave the largest total areas of all types of potentially contaminated sites,
amounting to more than 15000 ha in each of the countries.

Land currently in use for agriculture covers betw&% (in military sites) and 20% (in landfills) of the area in
potentially contaminated sites identifisid OSM. These areas offer opportunities for phytoremediation
through biomass cropping, because less effort is required for conversion of the ldhdrug¢he area would

be covered by constructions or natural areas.

The Minerals4EU database features’82 mines in 22 EU Member States in 8 commodity groups considered

of interest for phytoremediation. Of these, only 738 were found in proximity ehgiatly contaminated sites
identified in Open Street Map. A large humber of mines in the Minerals4EU databA$¥)(2@as not
ARSYUGAFASR AY h{aX IyR 2F (KAa ydzYoSNE 2yfe& wunan
SEG NI Ol A 2 yCoriaeAL&n8 Edver dayabaseKchss nr 7). These findings show that the databases with
European coverage OSM and CLC2018 represent only a small part of the potentially contaminated sites, and
that dedicated databases with spatial information on geograpdiijatts associated with local contamination

are required to map contaminated sites.

Commodities produced in mines, as specified per mine in the Minerals4EU database, were ranked according
to the risk for human health and the possibility to reduce thé& iisthe site with biomass crops, and the
likeliness of three modes of phytoremediation to manage the commodity. In 57% of the mines, commodities
pose a high risk to human health and there is a need to remediate the contamination. For the commodities
in this group phytoremediation might be possible to reduce the risk. In 40% of the mines, commaodities do
not pose a high risk for human health and the need to apply remediation is low.

Of the total of 20,708 mines observed in land cover classes considergdmefer phytoremediation, almost
half (10,206) are located in areas with agricultural land use. These findings suggest a potential for options to
use existing agricultural land in (former) mine areas for biomass crop production.
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21% of the areas indicateas landfill in OSM is covered with some form of agricultural land, mainly by non
irrigated arable land and pastures, whichy be relevant for phytoremediation using bioenergy crops, in case
soil pollution is present. This requires an assessment ag\bedf these sites.

The total area of landfills in EU27 and UK on Open Street Map is 99,992 ha, overlapping with 88% of the total
area of dump sites on CLC2018 (113,763 ha). This might suggest that not all landfills are identified in Open
Street Map. HOMBS NE G KSNB FFNBE Ffaz2z O02dzyiNASa ¢gKSNB GKS i
Street Map is larger than the total area covered by dump sites on the CLC20¥8yaiapt confirms to the

need toconsult multiple spatial datasets for the purpa mapping potentially polluted areas in or around
landfills.

Brownfields may be considered a sdi of industrial areas. In Open Street Map, 66,048 ha was tagged as
both types of land use in the EU27 and UK, corresponding to 94% of the total arearffdids. For the
generation of a map of potentially contaminated sites, the polygons tagged as industrial areas and brownfields
on Open Street Map were therefore merged. This results in a totgV25,202 ha of industrial sites and
brownfields, occurng in the EU27 plus the U8t this area 167,877 ha is in use by some form of agriculture
(according to the overlay with CLC2018), whialy be relevant for phytoremediation using bioenergy crops,

in case soil pollution is present.

In the category of indstrial sites, steel production sites with blast furnaces may deliver pollution risks
through the emission of fine particles, but pollution of soils has not been demonstrated. It is however
conceivable that vegetation might be used to stabilize particulaia@ter in the vicinity of the steel
production sites and to prevent transport to other areas. 27 steel production sites with blast furnaces were
mapped in the EU, with land cover in an area of 5 km around these sites. Considering only land cover types
sutable for phytoremediation with <40% imperviousness, 60% of the area currently has land cover reflecting
agricultural use. This might offer potential to deploy the area for stabilization of fine particulate matter by
biomass crops.
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1 Introduction

1.1 Aim

This report presents the results of the first part of taskrBGOLDhat aims atmapping in detail the
contaminated sites in the EU and their characteristisglistinctioris made between sites/or rather areas
affected by diffuse and by point source pollution:

1) Diffuse pollution(def. EEAPollutionfrom widespread activities with no one discrete source, e.g. acid rain,
pesticides, urban ruoff, etc)

2) Point source pollutiofdef. EPAPollution from any single identifiable source (e.g. landfill, mine, industrial
site)

In the following we first preselsbme more background to the issue of contaminated sites/areas and why
and with what purpose these are to be identified spatially in the GOLD project. The last section elaborates
further on the organisation of this report is chapters.

1.2 Context

When cosidering soil contamination one has to distinguish between point source pollution usually occurring
at or near contaminated, active or abandoned industrial sites versus diffuse pollution usually affecting larger
areas of land, including agricultural laRdint source pollution usually affects a limited surface area such as
former industrial, mining or land fill siteSrfor! Reference source not fouhdThe type of pollution present

in soil usually is directly related to a specific activastofic source and often reaches high concentrations in
excess of soil standards aimed at the protection of human or animal health as well as ecosystem health.

Local contamination

Polluting activities (2)

Industrial production and commercial services
Bl Power plants
I storage of polluting substances
[ Municipal waste treatment and disposal
Industrial waste treatment and disposal
M Oil industry
Other, including transpart spills, mining and military

Figurel Activities leading to local contaminati@ource: EEAtfps://www.eea.europa.eu/themes/soil/soil

threats).
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Areas affected by diffuse pollution not only cover a far greater area, often also the source dlutienge

not clear and includes sources like traffic, industry (both leading to deposition via air) as well as agriculture.
An additional difference between point source and diffuse pollution is the type and level of pollution. Point
source pollutants e¢n have a direct link to a specific industry which sometimes leads to a limited number of
pollutants present but at high levels. Diffuse source pollution via air or because of agricultural soil management
can be characterized by a wide range of substapoesent in soil ranging from metals (in fertilizers and
manure) to nutrients (N and P), biocides, persistent organic pollutants present in sludge applied to land as well
as soil acidifying substances like ammonia emitted from nearby intensive animaldrydbans (Huber et

al., 2008).

Most European countries by now made good general inventories of contaminated sites, the type of pollutions
and the status of remediation. Some of this information is collected and European wide level through a joint
effort of the ECJRC and the EIONET of the EEA through a survéNatidthal Reference Centres (NRCs) in 39
Europeancountrige ¢ KS NBadzZ Ga 2F GKS adz2NIISe KIS Rodiggz NB L
Eugenio, 2018) and the EEA Land andysétlA O} 1 2 NJ Wt NPANB&a Ay YIyl3ISYSyi
that that there are approximately 2.5 million sites in the-B&8ountries which are potentially contaminated.
National and regional inventories of replying countries reveal that oueeétB.5 million sites 650,000 are
registered sites where polluting activities took or are still taking place. Out of these more than 65,500 sites
have been remediated. Contaminants most frequently encountered include mineral oil and heavy metals. The
mostdzAa SR NBYSRAF A2y (SOKyz2f238 | LILX A SadRdrelid O f @K NG
involves excavation andff-site- disposal of contaminated soil.

Diffuse pollution of top soils has also been systematically assesseccaartsies in different projects. Three

main studies have been done that provide a quite detailed overview, particularly on metals. A study by the JRC
(Toth et al., 2017) based on the LUCAS 2009 top soil sshayed the distribution of concentration of
metal(loid)s. In the large majority of agricultural lands the concentration of metals is very low and far below
levels that pose a threat to human health. Still Toth et al. (2017) estimated that in 6 % of the agricultural
surface of the EU (approx. 137 00f°) there are elevated levels that need local assessment and potentially
remediation action. This is also the land on which the new LUCAS topsoil survey 2018 concentrated and most
probably the new ongoing LUCAS 2022 survey.

A previous study by the GEBlAroject (Reiman et al., 2014) which was done with the Euro GeoSurveys
Geochemistry Expert Group and Eurometaux, analysed samples of arable and grassland soils sampled in
approximately 2000 points used as arable landh@tzon, 620 cm, regularly plougtd fields) and another

2000 sampling points in permanent grasslands (grazing land -$0il,cth) across Europe. The conclusion

from GEMAS wadbkat in the very vast majority of agricultural land contamination with metals is verydtsy.

this was alsdound by Toth et al(2017). Reiman et al. (201dyen concluded that the impact of diffuse
LRRffdziAzy 2y ljdzafAGe& 2F | INAKOdzZ G dzNI f azata o1 a \u
sources plays an important role at a much more local, |garticularly around large cities (e.g. mercury
concentrations). In addition, Reimann et all. (2014) pointed out that for metals like cobalt, copper and zinc

1 Topsoil Survey. Arsenic (As), cadmium (Cd), cobalt (Co), chromium (Cr), copper (Cu), iron (Fe), mercury (Hg),
nickel (Ni), magnesium (Mg), manganese (Mn), phosphorous (P), lead (Pb), vanadium (V) and zinc (Zn) were

analysed in about 22,000 tops oil points, with a sampling density of 200 km2. The analysis of heavy metals will be
repeated again in the LUCAS 2018 Topsoil Survey. On this occasion, the analysis for metals will be repeated only in
topsoil samples collected from locations where the conc entration of the metal was above a certain threshold value.
(Liederke et al., 2018)
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regional deficiencies may occur due to low native levels in soil, prevailing geochemicalnsoeliy. high
soil pH) or low supply to the soil.

An older study by FORESG project (Lado et al., 2008) modelled the spatial distribution of eight critical heavy
metals (arsenic, cadmium, chromium, copper, mercury, nickel, lead and zinc) in topaailgenlEwas based

on 1588 georeferenced samples from the Forum of European Geological Surveys Geochemical database (26
European countries). The results showed the highest concentrations of heavy metals, although not per se
exceeding critical human healifireat levels, in (1) Liege (Arrondissement) (BE), Attiki (GR), Darlington (UK),
Coventry (UK), Sunderland (UK), Kozani (GR), Grevena (GR), Hartlepool & Stockton (UK), Huy (BE), Aachen (I
(As, Cd,Hg and Pb) and (2) central Greece and Liguria relgédy (€r, Cu and Ni). It also concluded that not

all elements could be mapped satisfactory particularly for Cr, Cu, Hg andZt#43@&nd most unreliable was

Cd. Elements that could be mapped best were As, Ni and Pb.

In addition to the diganddump numeous other soil cleanp insitu technologies have been developed
includingelectro reclamationmicrobially enhanced degradation and many others (Ok et al., 2020; Ossai et al.,
2020). For most persistent pollutants however, such technologies either aexpeasive to be applied at

large scale or are too ineffective to obtain the desired target levels within a specific amount of time or budget.
Hence removal of the polluted soil still is effectively the only way to decrease the pressure to the environment
of human health resulting from the presence of pollutants. This approach (dig and dump) as well as most other
soil clean up technologies is not very suitable to deal with diffuse polluted areas due to the sheer volume of
soil to be treated. This calls falternative methods to be applied.

One such technology is phytoremediation of soil. Originally phytoremediation was quickly promoted as a
WINBSyYysz t2¢g 02ai0Q GSOKYyAldzS GKFG ¢sFa FotS (2 NB
numerous reported?d dzO0S a4 a8 Q AG2NASE 2F LIKE@G2NBYSRAFGAZ2Y S I
it became clear that even though plants are able to remove contaminants from soil, the ultimate effectiveness
under field conditions depends on the type and l@fglollution. Nevertheless, phytoremediation can be a
successful strategy to be used in those cases where the pressure on land to be used for other purposes or
pollution levels are low to moderate but still in excess of for example agricultural aceistsy Ih addition,

rather than aiming to clean the soil, crops grown on moderately or highly polluted soils also can prevent
deleterious effects of the pollutants present on nearby water systems or humans living in the vicinity of such
sites. Crops not dynreduce leaching rates due évaporation;ithey also can reduce emission of dust which

can affect nearby residents. In addition, plants can increase soil health by providing nutrients and organic
matter to the rhizosphere (Peco et al., 2R21

The meritsof growing crops can be further enhanced if crops are used that can be (partly or in its entirety)
used as biomass feedstock to produce biofuels from. The key advantage of this combined strategies therefore
is that it tackles both the extent and impactpailution on health and the environment and in addition uses
marginally suitable land, now often left bare, for energy production. The biomass from these type of lands,
GKAOK Oly 06S LRGSYyGArtte OFGS3I2NAT SR bibmass Wik BNl RS R
OdzZNNBy i 9! Qa wSySglroftS 9ySNHE 5ANBOGAGS LL o6w9s5 L
Clearly such a combined strategy, and the potential for upscaling across the EU requires several technical
issues to be resolved. In this report we present the approaclapocontaminated sites/areas in the EU further

in order to understand their real extend and the type of polluted lands that are suitable for bioremediation in
combination with biofuel production. There are several mapping challenges to be overcome to derive
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acceptable spatial estimates, location and classification of contaminated lands in the EU in relation to best
strategies to stabilize and clean the soils.

1.3 Structure of this report

This report consists of 6 chapters. The second chapter addresses thefigtitfuse pollution. First it is
discussed how the thresholds are to be determined for identifying areas where contamination levels exceed
critical limits and which are candidates for phytoremediation. Here the work presented aims to identify EU
wide rsk based approach in which one or more critical limits-taed enepoints are used as target not to

be exceeded. The approach of mapping areas where thespadnid for diffuse pollution are exceeded is

then further worked out in chapter 3 and in git@r 4 the results of the implementation of this approach,
including in relation to data availability, to derive the spatial estimates of areas where critipalireisdof

diffuse pollutions are exceeded and which are potential candidates for bioreraadilti Chapter 5 the
approach to mapping contaminated sites suitable for bioremediation in combination with biomass production
for biofuels is addressed. It will first elaborate on the availability of data and then propose an approach on how
to derive spatlly explicit estimates of these contaminated sites given data availability and the objective of
GOLD. The report finishes with conclusions and a description of further work planned in the project within
WP3.
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2 Diffuse Pollution in the EU

2.1 Introduction

Despite the, on average low to normal concentration®ost topsoils in the EU, inputs of contaminants to
soilarestill ongoing and diffuse pollution of soils in the EU is a still widespread phenomenon. During the last
decades however, theslevance and contribution of common sources of diffuse pollution have changed.
Emission by industry and traffic have been greatly reduced (a.o. emission of Cd and Pb) whereas emission via
agriculture (manure, sludge, compost) has remained virtually unetahgcontrast to areas affected by what

is called point source pollution, there is, in case of diffuse pollution no direct connection to a specific source.
Ly GKS tAGSNI GdzNB RAFTFdzAS LRt fdziAz2y (KSteBWwitamS KI &
one discrete source, e.g. acid rain, pesticides, urbagrinf = SGiO0®PQ 699! X HAHHOP t NB
KIS 6SSy LINRPLRASR SalLlSOAlrffe GFNBSGAYy3I GKS AyidSN
release of potatial pollutants from a range of activities that individually may have no effect on the water
environment, but at the scale of a catchment can have a significant impact (i.e. reduction in water quality,
decrease in wildlife,£ { 9t ! 0 H n modéfihition, yWwhichi &s® haks begniifcNded in the Water
Framework DirectiveE{C2000/6)) a key aspect is introduced which relates to the pathways that connect
SYAaaArzy 2F LRfttdzilyda G2 GKS SFFSO0 thdthe qhilya 2 NI @
of surface waters. A recent update of the impact of diffuse pollution related to agriculture on groundwater
guality reveals that substantial areas in the EU are affected by diffuse pollution (EEAig022)). Note
K26SOSNI GKIFG GKA& YIF& NBEFGS (2 OFNAR2dza {AYyRa 27F
in soil but can pose a threat to groursthd surface waters at the sartime.
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Guadeloupe and Svalbard (NO),
Martinique Islands (FR) Diffuse pollution from agriculture
causing poor chemical status in
groundwater bodies in the EU-27

Il Groundwater bodies in
poor chemical status

French Guiana (FR) [ No data

| Outside coverage

Mayotte Island (FR)

Reunion fsland (FR)

=~

Azores Islands (PT)

Madeira Island (PT)

Canary Islands (€S)

Reference data: ©ESRI | ©EuroGeographics

Figure2 Impact of diffuse pollution on groundwater quality in the2ZWlember States (EEA, 2022)

In view of a more holistic approach to soil pollution other effects need to be considered as well. Relevant
effects includeamong others the protection of the soil ecosystem and food quality intended for human and
animal consumption to mention two relevant aspects.

Typically for diffuse pollution is a slow but ongoing huyilabf levels of pollutants in soil. At present, lead]

most pollutants in soil have not yet reached critical levels beyond which effects in soil become noticeable.
Exceptions to this are areas that have been subjected to higher inputs of pollutants due to for example the
presence and emission by industBxamples of such industrial emission include those by smelters of Cd and

Zn ores which have caused widespread pollution in for example the-D@dh A3 A 'y 062 NRSNJ | NB I
This in fact is a special case of diffuse pollution, often called progottitiion (van Camp et al., 2004), since

there is one specific source that has caused the majority of the emission (and subsequent deposition) in a
specific area.

An example of the assessment of the impact of agriculture on the quality of arable atéld teldiffuse

inputs also revealed that for metals of concern such as Cd, predicted changes of Cd concentrations in soil are

at2g¢g FyR avYlff O2YLI NBR (G2 OdaNNByid fS@gSta Ay azat.

approaches allowed tassess, at country level whether or not accumulation actually occurs. In most, if not all

O2dzy UNASE K2gSOSNE LINSERAOGSR tS@Sta NBYIAYSR oS¢t ¢

at member state level.

This is not surprising sintt&t in most cases of diffuse pollution actual concentrations of pollutants of concern

INBE ¢Sttt 0St2¢ OdzNNByid az2Aat AONBSyAy3 @I fdzSa o{{+

soil pollution. The detection of areas affected by defpsliution is more complicated than that of areas

affected by point source pollution. The three main reasons for this are that it typically would require a much

larger area to investigate (monitoring); it requires much more data to actually determirgpéleel of

F OO0dzydzt F iA2y Ay &az2if +tyR flLad odzi y2a4 tSraid GKS
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jdzt yGAFAOFGAZ2Y 2F NAR&ala NBEFGISR (G2 RAFTFdAzAS LIt f dzi
where risks are such theffects in soil (or adjacent water bodies) are imminent and require action to prevent
risks for human beings or the soil ecosystem.

I O2YLX AOFGAY3 FFHOG2NI Ffaz2z Aa GKIG {{+Qa RS@St 2LIS
2.2 Soil pollution and the need for SSVs in the EU: an ewdnihis is because countries used their own risk
assessment approach and a range of acceptable risktl &tvel there is, at present no harmonized approach

to detect risks beyond that at individual member states. This implies that risk levels, and the need to remediate
soils, depends on the country itself.

In this chapter we will first discu€sdzNNB y i { { £+ Q& 2.8Bo®Rllutiorii anchtfie néed BrSHVs 6
followed by a discussion on the background of risk assessment approaches underlying the derivation of risk
o0l &SR 2.3TheQuaincigle of harmonized riblased critical levels of contaminants in)seitd the
application thereof at EU level. The final paragrajh4(Calculation of time required to remediate the soll
where critical limits are exceedediscusses the potential of phytoremediation considering factors that affect
the duration of the process.

2.2 Soil pollution and the need for SSVs in the EU: an ovewvi

A recent overview of contaminated sites in Europe was presented by JIREB T 9 9 JzaM8sy A 2 =
assessmentevealed that 65000 sites that have been remediated or are under aftercare, but an additional
650000 registered sites exist where polluticgdties took or take place. For these corrective actions, or the
need thereof has not yet been establishedg NBT 39 9dzaASYyA 23 HAMYy

The awareness within Member States that soil pollution poses a potential threat to the environment has
triggered the deviepment of soil quality guidelines in many EU Member States. The general idea behind many
of these quality standards is that when exceeded, the soil or the use of the soil (for agriculture, water quality
etc.) is at risk. However, the approach and critesied to derive soil quality standards varies strongly between
countries. In addition, soil monitoring studies revealed that even without anthropogenic influence soil quality
(i.e. levels of most heavy metals in soil) vary strongly within the EU dependingong others the parent
material of soil. Most countries therefore identify soil quality standards at different levels ranging from what
Oo2yYyYz2yte A& YSYUAz2ySR Fa Wol O1l3INRdzyRQ @I f dzS dzLJ G2
an exten that they cannot be used for normal purposes or pose a threat to human health. Such levels often
are called intervention values which states that some action is needed to protect the ecosystem and humans
from toxic effects metals and other contaminantse.

A previous overview of such heavy metal thresholds in EU countries has been made with the goal of mapping
polluted soils (Hirschmugl & Sobe, 2020). Used were tealkml threshold values which upon reviewing are

soil screening values or backgrouadlres cited in Amlinger et al (2004) and Carlon et al (2007). As discussed
by Hirschmugl & Sobe (2020) the result of the match between current levels of contaminants in soil and such
critical values is that large areas of Europe exceed these threshadd.vBhis clearly leads to an incorrect
estimate of the area of land thatngededfor remediation either via phytoremediation or otherwise.

This is due to the concept and often confusing nomenclature of screening value or background values, which
has bea discussed in various reviews (Rodrigiesd, 2009; Pinedet al, 2013; Antoniadist al, 2019). This
concept is explained here in short.

20




G o L D Grewingenergy creps-ephtaminated dand dor biefuels.and seilremediatio

In a number of EU member states various screening values are used which are used in eegpéatificy
framework. For example in the Netherlands there a relative low soil quality standard has been derived (SQS1)
below which levels in soil are not assumed to pose any risk to either man or the environment. This low soil
screening value, SQS1, is, in the Nédneisbased on the 95percentile value of soil samples collected from

100 sites that are assumed not to be affected by specific anthropogenic activities. Due to the nature of these
samples-i.e. not affected by specific forms of polluichTF G Sy (K$ INB YR WG OdzSQ A 2
approach has been used in other countries as well but the name given to the resulting soil quality level varies
among countries. Where it is called background value in the Netherlands, it is called Reference Generic Level
(RGL)n Spain (xx), or Threshold Value in Italy (xx) and Finland (). Also the approach used to derive this quality
a0 yRINR NBTSNWNAY I SI@S (K S2 TWyRlyOl INRBdzy R @I f dzS&a RA T
(Reimanret al, 2018).

At present sah SQS1 values are used in most EU member states as summarized in a report from the BIOPLAT
EU project However, in view of risk assessment the use of such background or reference levels to identify
soils that are at risk is questionable since the SQS1 commonly represents a level of contaminants in soil below
which risks are absent. This, however, doesmpty that soil where contaminants exceed such SQS1 levels
automatically are at risk. This is partly due to the derivation of background values which are often not risk
based but rather represent levels of metals that are expected to be found4aff@ied soils. In most cases

soils where the background is exceeded are not at risk at all. Hence using a background (or reference value)
as indicative for soils in need of remediation would lead to a gross overestimation of the area where action is
requiredand above all would result in a selection of areas where the soil de facto is not at risk at all.

To overcome this and to identify levels of contaminants in soil beyond which these metals carripbse a
additional soil quality standarhere identified a SQS2) were derived above which risks are assumed and
actions are necessary (Pinedo et al., 2013). As with background values, the nomenclature and approach used
to derive SQS2 levels for contaminants differs per country. The first such comparison wigsl con@arlon

(2007) and results for EU Member States are list8dchie for metals andn TableError! Reference source

not found.for selected organic micropollutants. For metals, an update was prepared recently by Baritz et al.
(2021;Table) showing not only that some SQS2 values have changed during the last two decades but also that
in many countries the level of SQS2 itself depends on land use and soil type.

2 https://bioplat.eu/
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Table2-1 SQS2 soil quality standards for selected heavy metals (Carlon, 2007 all data in mg/kg).

Legend: Austria (AUT); Belgium Flanders (BE(F)); Belgium Bruxelles (BE(B)), Belgium Walloon (BE{W)),; Czech Republic
(CZE); Finland (FIN); Italy (ITA); Lithuania (LTU); Netherlands (NLD); Poland (POL); Slovakia (SVK); United Kingdom
(UK); Denmark (DNK)

AUT BE(F)* BE(B) BE(W) CZE FIN ITA LTU NLD POL SVK UK DNK

As 50 110 110 300 70 50 20 10 55 22,5 50 20 20
Ba 1000 600 625 285 2000

Be 20 2 10 30 30

Ccd 10 6 6 30 20 10 2 3 12 5.5 20 2 5
Co 300 100 20 30 240 45 300

Cr 250 300 520 500 200 150 100 380 170 800 130 1000
Cu 600 400 400 290 600 150 120 100 190 100 500 1000
Hg 10 15 15 56 10 2 1 1.5 10 4 10 8 3
Pb 500 700 700 700 300 200 100 100 530 150 600 450 400
Mo 100 5 200 25 200

Ni 140 470 470 300 250 100 120 75 210 75 500 30
Sb 5 40 10 10 10 15

Se 3 5 100 20 35

Sn 300 1 10 900 40 300

Te 600

Tl 10 1 15

v 450 150 90 150 250 500

Zn 1000 1000 710 2500 250 150 300 720 325 3000 1000

*For new contaminants only

Table2-2 SQS2 soil quality standards for selected organic micropollutants (CarlgralR@&ta in mg/kg
unless specified otherwise).

Legend: Austnia (AUT); Belgium Flanders (BE(F)); Beigqium Bruxelies (BE(B)), Belgium Walloon (BE(W)); Czech Republic
(CZE); Finland (FIN); Italy (ITA); Lithuania (LTU); Netherlands (NLD); Poland (POL); Spain (ESP); Siovakia (SVK);
Sweden (SWE); United Kingdom (UK) for human health; Denmark {DNK)

AUT BE(F)* BE(B) BE(W) CZE FIN ITA LTU NLD POL ESP UK DNK

Benzene 0.5 0.5 0.4 0.8 0.2 0.1 0.5 1 12.6 1
Ethylbenzene 5 5 28 50 10 0.5 5 50 38 20 41
Toluene 15 15 33 100 5 0.5 0.1 130 38 30
Xylene 15 15 10 30 10 0.5 0.1 25 18 100
Naphtalene 5 5 60 s 5 5 12,5 8
Anthracene 70 70 60 5 5 5 12.5 100
Benzo(a)anthracene 10.5 10.5 5 5 5 0.5 125 2
Benzo(g,h,i)perylene 3920 3920 15 30 0.1 10
PAHs (total) 50 30 10 5 40 30 40
Dichloromethane 0.35 0.35 1 0.1 2 10 6
Trichloroethylene 1.4 1.4 1 1 2 60 7
Tetrachloromethane 0.02 0.02 0.1 1 1 0.5
Hexachlorobenzene 0.1 0.1 0.05 0.05 0.5 0.1
Phenol 1 10 40 10.25 70 280
Cresols (sum) 0.1 5 10.25 40
Atrazine (p) 1 0.01 6 3
DDT (S;T)[I)Dé))‘f, DDE 1 4 2.01
PCB 1 0.9 5 0.5 0 0.1 1 0.55 0.08
methyl t-butyl ether 9 9 5 10 100
1,1,1-trichloroethane 13 13 0.5 15
Chlumbetl;f;enas (to- 30 1.05
Benzo(a)pyrene 5 1.5 1.5 4.4 2 2 0.1 0.1 7.5 0.2
Pca_i’ggrzzﬂ;gn)g I 100 0.5 0.0001 1‘225— 0.001

*For new contaminants only
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Table2-3 Overview of SQS2 values for Cd, Cu, Pb and Zn (mg/kg).

Cadmium (Cd)

Copper (Cu)

Geographical Intermediate risk Critical risk Intermediate risk Critical risk
region Stratification SV Stratification SV Stratification SV Stratification sV
Albania_Tirana 0,7 36,3
Austria Land use 1-40 10 Land use  100-1500 600
Belgium_Brus 1 Land use 2-30 40 Land use 145-800
Belgium_Fland Land use 2-30 Land use 200-800
Brussels_Wall. Land use 1-10 Land use 10-50 Land use 40-120 Land use 80-500
Bulgaria pH 0.04-3 pH 15-280
Czech Republic 10 Land use and Texture  0.4-30 500 Land use and Texture  60-1500
Denmark 5 5 500 1000
Finland 1 Land use 10-20 100 Land use 150-200
Germany 20
Hungary 1 10 75 1000
Ireland 1
Italy Land use 1.5-15 Land use 100-600
Lithuania 3 100
Netherlands Land use -10 tand use 1293 landuse -200 190
and Texture and Texture
Land use, Saturated Land use, Saturated
Poland hydraulic conductivity 1-20 hydraulic conductivity —30-1000
and Soil depth and Soil depth
Slovakia Land use 0.1-5 20 Land use 1-100 500
Slovenia 2 12 100 300
Sweden landuse  0.4-12 4 Land use  100-300 1000
United Kingdom Land use 2-1400 500
Lead (Pb) Zinc (Zn)
Geographical Intermediate risk Critical risk Intermediate risk Critical risk
region Stratification SV Stratification sV Stratification SV Stratification SV
Albania Tirana 85,5 151
Austria Land use  100-300 500 300
Belgium_Brus 120 Land use 200-2500 120 Land use 300-3000
Belgium_Fland Land use 200-2500 Land use 600-3000
Brussels_Wall. Land use 80-385 Land use 170-360 Land use  120-320 Land use 215-1300
Bulgaria pH 20-80 pH 20-370
Czech Republic 250 Land use and Texture  100-800 1500 Land use and Texture 130-5000
Denmark 40 400 500 1000
Finland 60 Land use 200-750 200 Land use 250-400
Germany 400
Hungary 100 750 200 2500
Ireland
Italy Land use 100-1000 Land use 150-1500
Lithuania 100 300
Netherlands tanduse 5 Sg9 530 tanduse o4 720 720
and Texture and Texture
Land use, Saturated Land use, Saturated
Poland hydraulic conductivity  50-1000 hydraulic conductivity 100-3000
and Soil depth and Soil depth

Slovakia 150 600 Land use 2-500 3000
Slovenia 100 530 300 720
Sweden Land use 80-300 800 Land use  350-1050 3500
United Kingdom Land use 450-750

The concept of the second soil quality standard, SQS2, or various standards, is Uiseiteth rumber of
European countries (Austria, Belgium, Germany, Denmark, Spain, Finland, Italy, Lithuania, Netherlands,
Sweden, United Kingdom), and is often based on some form of model approach to identify the critical level in
soil beyond which the tget to be protected is at risk. (Carlon, 2007; Swaetjed, 2009).

In other countries the concept of SQS2 is not used (France, Ireland). The SQS2 is potentially relevant to for
santation by phytoremediation as this value declares a soil as contaiaatl actions to be taken.

In most if not all cases, the SQS2 level exceeds the SQS1 level and this often can lead to confusion as to how
to assess the impact of degrees of contamination in soils between the SQS1 and SQS2 level. Whether or not
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soils thatcontain contaminants between the SQS1 and SQS kaafurther remediation depends among
others on the land use, the soil type and the risk considered.

Often inbetween target values have been derived that identify levels below which a specifiorfuact
believed to be feasible, i.e. there is no risk anymore. These SQS levels are identified hergldd: 3@Q8d

Use) which indicates that the level of acceptable risk is linked to the land use that is foreseen in a specific area
that needs to be trated. Typical for SQSLU levels is that these bestmceer (i.e. the value of the SQS
decreases) when contact with soil increa3agicallySQS.U for industry are highest (least strict) based on

the assumptionthat contact between the polluted soil drhumans is limitedAlso,in case of industry the

impact on the soil ecosystem is allowed to be larger than for example in case of other forms of land use such
as areas intended for housing, agriculture or recreation. In the NL the order-btUS@)$icdy increases from

SQ&.U levels for agriculture and nature (one ®Q% housing, recreational areas to industry.

Such SQBU therefore appear suitable as criteria to identify areas niead remediation. At present the
system of SQ&are used in the Netherlands, Germany, UnKé@tgdomand Belgium. An overview is given in
Table. InFigure3 the conceptual relation between the metal concentration in soil and the level of SQS1, 2
and LU is shown.

SQs1 SO

Cont < SQS1 Cont > 5QS2

SQS.y, SQSy; SQS, 3

Figure3 Conceptual relation between the contaminant concentration in soil and corresponding soil quality
standards.

According to this scheme, soils with contaminations below the level of SQS1 are considered to pose no risk
and are suitable to be used for any kind of land use. On the laéimek,soils with levels in excess of SQS2 are

in need of treatment to reduce a sgiéed risk (which can differ peountry) forman or the environment. The

target level for this remediation (SQSLU) depends on the soil type and land use. In many cases the SQSLU fo
an area to be used for agriculture or nature will be close to thedé®S1 to avoid any risk (here marked as
SQSLUL. On the other hand, the SQSLU for an area designated to become an industrial area can be close tc
(but not exceed) the SQS2 level (here marked as SQSLU3). In between levels of SQSLU can refer to other form
of land use (e.g. recreational areas or housing). Between Member States both the number of and the absolute
levels of such SQYJ standards are variable. In the NL for example three levels of SQSLU are derived, one for
allotments,nature,and arable land3QSLU1), the level of which is equal to the background value. The second
level SQSLU is derived for housing areas, recreatimaad Y R 2 1 KSNJ WANBSyQ &aLJ O0Sa
values (SQSLU2) whereas the SQSLUS3 has been derived for industrigrealgld construction and other

green areas where contact between humans and soil is limited. Boundaries for SQSLU1 is the background

24




G o L D Grewingenergy creps-ephtaminated dand dor biefuels.and seilremediatio

value, SQSLU1 cannot be lower than the background value where on the other hand the SQSLU3 cannot
exceed SQS2 since thiedue is the upper limit of acceptable soil quality.

Depending on the choices made in Member State, the number and level 0isS€¥8n more variable than
those for SQS 1 or SQS2 standards. This is partly due to differences in soil propertiesaihnsitiared in the
derivation of SQ§standards, ranging from no correction to correction for soil pH, organic matter and/or
texture.

2.3 The principle of harmonized riskased critical levels of contaminants in soil

As shown in the previous section,teria to derive SQS in soil differ between countries. As a result,
corresponding SQS levels also vary widely between countries. To decide which areas are in need of
remediation it can, therefore, be advantageous to use a singtbagsd approach. This wid avoid having

to use country specific risk limits. The rationale behind the risk based approach is that one or more critical
limits in secalled endpoints are used as target not to be exceeded.

Here, endpoints refer to the target that needs to be peoted. Such targets include the quality of food, the
guality of soil itself, e.g. in view of ecosystem health, or the quality of grousurface water that are affected

by soil. For several of these epdints EUwide legal limits are in place. Thishis case for exampléor Cd
(EU2021/1323, or Pb(ELR021/1317) in food or surface water concentrations for Zn and EXti 2000/6D

For others, like ecosystem health, critical limits in soil solution for metals have been derived that can be
converted to corresponding critical limits in soil (Lofts et al., 2004).

To apply thipproach,t is imperative that there is a relation (model) between the level of contaminant

the target (food, water, soil solution) and the concentration in sailfit©ften this requires a number of
selected soil properties (e.g. pH) to translate the critical limit in a specific endpoint to a level in soil. This relation
is then to be used to convert the critical limit in the target to a corresponding critidahlisoil as shown by

de Vries et al. (2007). This approach is schematically illustrefeglined.

Soil properties
(e.g. pH, soil org.mat., clay, oxides)

Critical limit endpoint l
(Food quality criteria, water gy Transfer model mmmmmp Critical limit Soil

quality criteria, soil solution
criteria)

Figure4 Schematic representation difet derivation of riskased critical limits in soil using specific critical limits
in endpoints.

3 Commission Regulation (EU) 2021/1323 oAdgust 2021 amending Regulation (EC)L881/2006 as regards maximum levels of cadmium in
certain foodstdifs

4Commission Regulation (EU) 2021/1317 of 9 August 2021 amending Regulation (EC) No 1881/2006 as regards maximumiteveltanf lead
foodstuffs
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Once a critical limit for a specific area is calculated, the comparison with the actual concentration in soil reveals
whether the endpoint chosen is at risko Bpply this approach on a regional scale the following data and
models are needed:

1. Critical limits in endpoints. At present a limited number of critical limits in endpoints (food, water,
ecosystem) have been derived or are actually in use in curretategisFood quality criteria as well
as water quality standards are already implemented in several EU Directives such as Commission
Regulation (EU) 2021/1323 that regulates levels of Cd in food products (EU, 2021) or the Water
Framework Directive (WFD; @D60/EC) that includes limits for Cu and Zn (EC, 2000). For other
endpoints, such as the protection of soil miorganisms, neffect levels in soil solution have been
derived from data (e.g. Lofts et al., 2004).

2. All relevant soil properties usedtire transfer model to relate the critical endpoint to a corresponding
level in soil. At present soil data collected at EU level, e.g. as present in the LUCAS @atgibaze (
et al., 2018 include a number of essential properties such as pH, organiermaty and/or oxide
content of the soil.

3. The transfer model itself. At present, transfer models daairelate a critical concentration in food,
water or soil solution to soil are scarce. Existing models include those to predict the Cd and Zn
concentraton in severalarable crops and models to predict soil solution concentrations. The latter
can be used to convert critical concentrations in solution that have been derived to protect seil micro
organisms to corresponding soil concentrations.rfany contaminants, notably organic pollutants
fA1S t!1Qa 2NJ SYSNBAy3a LRtfdzityda fA1S tCh{
derived or have been derived for a limited number of soils itself.

4. To derive a SQS related to ground water or surface watdity} additional hydrological models as
well as information on the composition of the soil profile below the surface layer are needed. During
the flow from topsoil to deeper soil layers and water bodies concentrations usually decrease
substantially dued sorption and it is therefore not realistic to relate the quality of the topsoil and the
water quality of this layer directly to surface or groundwater quality standards.

Sofar, the approach as outlined above has been applied at EU level only for food quality criteria for Cd and
ecosystem health for Cd, Cu, Pb and Zn. For food quality, both soil pH, organic matter and clay are used
whereas the model to derive the critical soihcentration for ecotoxicity considers pH and organic matter

only Figure5 from Trombetti et al., 2022).

Food Quality
Standard

Ecological Risk
Limit Solution

Organic Organic
Matter Matter

Figureb Approach to calculate rigiknits in soil in view of food safety (left) or ecotoxicity (right).
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Once the critical limit in soil has been established, a comparison with the actual concentration in soil will reveal
whetheran area is at risk. If the current concentration exceedsdhailatedcritical concentration in soil, it

is likely that the endpoint considered is sofficientlyprotected. This could mean that Cd in food products

will exceed the legal limit or that the functioning of soil organisms is affected.

One of the kegpspects of this approach is thdifferences in soil propertiasill lead to a variation in the critical
metal concentrationThis means thathe metal concentration in soil alone is not the only parameter of
relevanceFor most risks considered here foaeple, the critical limit decreases (thanges towards lower
acceptable levelsyith a decrease in pArhiscan lead to a situation wheri@, areas with low pH ahar organic
matter levels in soil, the critical limit can be exceeded even at a lowntiavel in soil.

Details of the approach used here to delineate areas where critical limits are exaeed@cen in chapter 3.

2.4 Calculation of time required to remediate the soil where critical limits are
exceeded

In those areas where the current concentration in soil exceeds the critical levals)ahatof pollutants that
needsto be removed from soil can be calculated by subtracting the critical level from the current level. Based
on experimental data on the anal removal rate of metals via phytoremediation, the time required to achieve
the minimum quality (i.e. Cd concentration in soil) then can be calculated.

A crucial aspect to establish the applicability of phytoremediation is the time required to reatbdiabil to

a target concentration. Other than the typical soil remediation approach where polluted soil is replaced by
clean soil, phytoremediation will cause a gradual decrease of the pollutant level in soil. This removal rate
depends orseveralfactors including the uptake rate of the crop, the biomass production, the availability of
the contaminant in the soil itself and the, often, Horear response in crop uptake to lower pollutant levels

in soil. This will be explained in more detail below.

Impada of soil propertie®n availability of pollutants in the soil

Since uptake of contaminants like metals occurs via,raudtals need to be in the soil solution before they

can be transferred to the root and into the shoot. The concentration in the adilosoheavily depends on

soil properties like pH and organic matter and solution concentrations for most cationic metals tend to
decrease strongly with an increase in both pH, soil organic matter and clay content. This already suggests that
metal concentation in soil solution tend to be very low in soils with a neutral to alkaline pH and high clay
content like the ones that are commonly found in Mediterranean countries. On the other hand, the solution
concentration can be high in acidic sandy soils thatioin Central and Northern parts of the EU.

Impact ofcrop type and biomass used to extpaliutantsfrom soll

¢2 NBRdAzOS (GKS GAYS NBIdZANBR (2 NBY2@S LRftftdzil yia
uptake rates are preferredinfortunately,this combination is rather rare and crops that tend to accumulate
large amounts of, for example, metals (hyperaccumulators) tend to have a low (typically less thas per

hectare per year, e.g. brassica species) biomass production oelatigely slow growing (e.g. willows).
Further understanding of this will of course be generated in the other activities in this GOLD project.
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Nortlinear response of uptake at lower pollutant concentrations

For pollutants like metals a clear Alimear elationship has been established in the relation between
concentration in soil and crops. Often Aarear Freundlich equations are used to relate the concentration in
crops or water to that in soil. This means that the efficiency of the annual remav&lomat soil decreases
upon a reduction of the metal concentration in soil as was documented by Koopmans et al., 2008).

Considering the three aspects mentioned above (availability, biomass production dimeabnesponse) a
model was developed to predighytoremediation times for weknown sites affected by proximity pollution

(Koopmans et al., 2008) for a soil located in the Netherlands as well as by Liang et al. (2009) for a site in Taiwan.

In both cases a strong increase of the remediation time waigsilated based on difference between crops
and degree of pollutiorF{gureb) or the biomass productiofrigure?).
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Figure7 Effect of biomass production (Thlaspi caerulescens) on the timelrieedduce the level of Cd
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All results show that remediations times to clean soils to a selected safe (target) value are long and range from,
in this cases 10 years to 80 yefanrsthe Dutch soil and between 50 and 150 harvest cycles for the Taiwan soil.

It is interesting to note that even the target value @iranged from 0.5 mg Kgor the Dutch soil to 5 mg kg

Lfor the Taiwan soil. Both examples show nevertheless thatatixn efficiency decreases with time which is
largely due to the nofinear response of crops to a decrease in the availability in soil.

2.5In summary

Diffuse pollution is ongoing in the EU and has already davisespread emission of a range in pollutants
including nutrients, organic pollutants and metals. Effects of diffuse pollution on water quality are well
documented and effects of proximity pollution are known in areas in various member states. At present
however current SSVs are targeting point source pollution mostly whereas soils affected by diffuse pollution
often do not exceed such SSVs. This does not imply that diffuse soil pollution poses no risk to the soil ecosystem
or quality of food and fodder. direct assessment of the current soil quality as affected by diffuse pollution is
however not possible since SSVs currently in use are specific for individual member states. At EU level there is
currently no agreedniform screening level that can be usas a first approximation to allocate areas that

need remediation.

Thereforein this project we propose a risk assessment model instead that is applied based on specific risks in
view of ecosystem health, food quality and water quality. This approadmessiat there is a connection
between soil quality as expressed by relevant soil properties (for metals based on pHpuaaeniand clay)

and the acceptable pollutant concentration at which the risk for either food, water or ecosystem is avoided.
Theresulting regional critical concentrations in soil can be compared with actual concentrations to detect
areas at risk. The feasibility of remediation using phytoremediation then can be assessed considering the time
frame that is considered acceptable. Reliation times, however, strongly depend on both initial pollutant
levels, soil properties of the targeted area, biomass production. Also, the efficiency of phytoremediation
typically decreases with time and expected remediation duration times can varyl@gears to several
decades for the examples tested so far.
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3 Calculation of riskbased solil screening values to detect
areas at risk of diffuse pollution

3.1 Introduction

To determine where, at present, soil quality is such that effects on eithdr doality, water quality or
ecosystem health can be expected a risk assessment approach has been developed (de Vries et al., 2022). Thi
was done since SSVs by individual MSs cannot be applied beyond the country itself due to country specific
assumptiongelated to soil type, land use or risk considered.

The basic principle (see also secBa®The principle of harmonized riblased critical levels of contaminants

in soi)

Models are used to connect critical limits in endpoints (food, water or soil dwelling organisms) to a critical
metalconcentration in soiFigure8). Here endpoints are those environmental compartments that need to be
protected. This means that concentrations of pollutants in fa@der or soil organisms should remain below

an agreed upon critical limit. Examples of such critical limits in endpoints include food quality criteria, water
guality standards or critical solution concentrations related to toxicity. Food quality ciiteeaaimple are

set for a range in pollutants including metals such as cadmium (Cd), lead (Pb), arsenic (As) and mercury (Hg).
For As and Hg these refer largely to fish and other food products from aquatic environments but for Pb and
Cd these include a lazgange of food products such as wheat, vegetables, fruiiett2021/1323) Water

guality criteria are in place to protect drinking wat€o(ncil Directive 98/83 E&3 well as surface water
guality in view of aquatic ecosystem protectiS¥HDEC2000/6Q For soil organisms, critical concentrations

in solution have been derived below which the risk of adverse impacts of pollutants on microorganism
functioning is deemed minimaldfts et al., 2004}Here we show how each of these three risk limit (fodfoo

water and ecosystem health) can be used to derive critical limits in soil. For both food, water and soil solution,
soil properties including pH, organic matter or clay are relevant since they affect the transfer from soil into
water and food.

Soil properties
(e.g. pH, soil org.mat., clay, oxides)

Critical limit endpoint l
(Food quality criteria, water gy Transfer model mmmmm) Critical limit Soil

quality criteria, soil solution
criteria)

Figure8 Shematic representation of the derivation ofislsed critical limitfor metalsin soil using specific
critical limits in endpoints

Once a critical concentration in soil has been derived at the appropriate scale iegekpsesentative soil
properties for that area, a match between the actual (measured) concentrations and the critical
concentrations then reveals whether an areas is at risk. Once it has been established that the actual
concentration exceeds the criticadncentration the amount of pollutants that has to be removed can be
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calculated. This amount is equal to the difference between the actual and the critical concentration multiplied
by the depth of the layer and bulk density. This yields the amount inffgrambe remediated. This pool to

be removed then can be used as input for the phytoremediation models to calculate how long removal of the
excess amount of pollutants would take. As will be illustrated in the examples, this time required also depends
on soil type and crop type (biomass/uptake rates).

In order to spatially map areas of actual, critical and exceedance maps (i.e. maps showing only these areas
where actual concentration exceed critical concentrations), several databases and models areH®eded.

we briefly summarize those applied here. In this chapter we illustrate this approach for metals which require
the following data and models:

1. Database with current metal concentrations. At the monaly onelargerepresentativedatabase
with measuements at point levak available. Tisis theGEMAS database (n=approx. 4000, Reimann
et al.,, 2014) The model currently used is therefor based on the GEMAS data and point data are
upscaled to spatial grids of 1x 1 Krhe point data inthe LUCAS databa (n= approx2000;Orgiazzi
et al., 2018are, at the time of writing, nqiubliclyavailable andvill not be used in this studyther
than the maps preparedy JRC from these data

2. Database with soil properti@scluding pH, organic carbon and text(cky contentpvailable irboth
the LUCA$AKsoy et al., 2016; Orgiazzi et al., 20ahagos et al., 20P2nd SOILGRIDfAtabase.

3. Regression relationships to relate soil solution concentrations for metals to a corresponding
concentration in thesolid phase (available for most metdi®eTable).

4. Critical limits in food (for Cd and Pb) or fodder (for Zn and Cu), water (drinking water criteria) or toxicity
(note: the toxic concentration in soil solution can be calculated using pH and SOM based on Lofts et
al., 2004; this concentration then can be recalculated to a corresponding level in the soil as
summarized in section 2.3, based on de Vries et al., 2007).

This will yield the areas where the critical concentration exceeds the actual one as well as the total pool of
metals to be removetb reduce the metal concentration to the critical one (or below).

To derive approximations of the remediation time, modeésneeded (to be supplied by other GOLD project
partners) that describe the uptake of metals by the crops tested as well as expected biomass production. These
parameters then are used to calculate the time needed to reduce the metal concentrationTio slmilthis

we also need information on water dynamics (how much water is leached each year) to account for leaching
losses. Ideally you need all inputs and outputs to the soil (inputs via fertilizer, manure etc.). This can be done
in INTEGRATOR since itifigrmation is all in there.

Nowthis approach is limited to a few selected metals for which we have the requested infor(ragdable
).

For food this approads, for now, limited to Cd since, for Pb the relation between soil and crops is poor so we
cannot predict at what levels in soil food quality criteria are excegxdsI able). For other metals specific
health-basedquality criteria only exist for mercury (Hg) and arsenic (As) but this refers almost exclusively to
products of marine or fresh water organisms (fish, mollusks etc.). tAé&ye is growing concern about
potential food safety issues related to organic egireg pollutants including pesticides, antibiotics and flame
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retardants (a.0. PFAS). Foost ofthese substances (with the exception of plant protection chemicals or
metabolites thereof) food quality criteria are not available. Also, there is a ladiablersoil to crop transfer
models(seeTable). Finallyalso spatial data to prepare maps at the desired scale level are lacking since, as of
now, there is no sysmatic monitoring of most of these substances.

Table3-1 Overview of availability of data, transfer models and critical limits for different pollutant groups

Compound Data availability |Availability Relevant critical Application
EU level (soil) transfer models |limit level

Metals Moderate to good Sufficient (Cd, Zn) Food (Cd, Pb) Regional
(GEMAS, 4000 Moderate (Cu, Pb) Water (Cu, Zn)
samples) plus raster Ecotox (Cd, Cu, Pb, Zn)
maps derived from
LUCAS data

Metals Moderate to good Moderate-Limited: Water (other metals: Sb, Regional
(GEMAS, 4000 Limited for food As, Co, Cr, Ni, V)

samples) plus raster Moderate for water,
maps derived from Limited for ecotox

LUCAS data
Organic chemicals Poor, no national Very limited (water) to Limited in soil for ecotox. Local
(PAH’s, pesticides) coverage absent (poor Generic standards soil
relationships) protection; ecotox in
water
Upcoming chemicals Very poor, initial Under development  Limited Local
(PFAS, nanoparticles) stage based on laboratory  (water, generic
experiments standards soil
protection)

For

ecology the approacis now applicable foCd, Cu, Pb and Zn (Lofts et al., 2004; de Vries et al., 2007). The
principles applied can be used for other metals of interest as well since for most metals theedpsase

curves have been derived for a large range of organisms. However, data at EU level to prepare maps for other
metals (a.0. As, and metals like Co, Mo, Se W) are not yet publicly available.

For water we can do this for all relevant metals based on including drinking water criteria. However, this is a
worst-casecalculation since it assumes that the water concentration leaving the topsoil is the same as the
concentration in groundwater. This is almost never the case since metals will be retained during vertical
transport through the soil column which means that the concentration that reaches the groundwater
invariably will be (much) lower than that in the s$op.

3.2 Critical soil concentrations in view of Food Safety

Here we use wheat as the key crop to be considered. This is because wheat is a staple crop that is grown in
large parts of the EU. In addition, Cd is taken up rather easily by wheab(leafytvegetables) compared to

most other crops which means it is a suitable crop to be used as indicator. The critical limit in wheat, here we
use the WHO food quality criteria, is converted directly to critical concentration in soil. The resultlatedalcu

value is expressed in mg/kg soil and directly comparable to measured values in Aqua Regia. The relationship

68iG638y &2Af LINPLISNIASE FYyR /R Ay 6KSIG Aa ol asR
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field data only (measured concenits in soil and corresponding Cd concentrations in grains grown at these
soils)

Model assumptions:

Cd limit in food 0.10 mg/kg fresh weight for wheat (note: critical values range from 0.05 for
rye and barley to 0.2 for wheat germ ((2021/1323)

Dry weight wheat: 0.85

Cdhneaterit: 0.12 mg/kg dw

Relation Cd in wheat and soil:

log(Célheatgrain) = 0.22¢n ®PMHkadn Pdlo 1 -I@AD{ hBHOOf 0 b ndCH

Using the critical concentration of 0.12 mg/kg a correspandritical Cd concentration in soil can be
calculated:

LOg(Cdn food safetysoil) {Iog(cdheapcrit) - ( 022( n q) M HKCLdn ml (0] l = 0@43)9(({'3&)3/062

Where Cdsoil is expressed in mg/kg dw, SOM and clay in % and Cd wheat in mg/kg dw

3.3 Critical soil concentrations in view Water Quality

For the protection of water quality relevant threshold criteria for a randreavy metalsncluding Cd are in

place. These include Blide standards for both drinking water and ecology. Fimkoirg water criteria are

aSt 020K o0& (GKS 9! 069! HaHAnkHumynU +t&2 16hS0 2 NER). 1KSD |
Assuming that these concentrations are not to be exceeded in water that leaches from the soil, a
corresponding critical concedd- G A 2y F2NJ a2Aft OFly 6S O t'@Gd&dins8IR® | z
solutions are rather high and such values would therefore lead to rather higher corresponding critical limits in
soil. In addition, the pathway from soil to groundwater usedirinking water extraction usually is long and
concentrations in the upper part of the soil are not representative for the final concentration in groundwater.

Next to criteria for drinking water, also critical concentrations in surface water relagedltmyical risks can

be used to calculate corresponding critical concentrations in soil. For Cd such criteria have been derived for
surface water bodies. For inland surface waters Cd is considered a priority toxic substance and AA (Annual
Average) and MA@Iaximum Allowable Concentrations) values have been derived (EC2008/105). Depending
2y GKS OflFraa om (G2 po !'! @lItdzSa NI'y3aS FTNRY f nony
M®Pp ¥xIK[ D hIKSNI GKI Yy F2N IshNiaczyitess -canddhtlieKksBort lebpéciilly | &
in areas with high groundwater tables and or surfaceaffinUsing critical concentrations in surface waters

to derive corresponding critical levels in soil therefor seems more plausible than usingcontealrations

based on drinking water standards.
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The critical concentration in soil as related to a critical concentration in water is derived directly using the
NBfFGA2Y 0S06SSy /R Ay az2fdziazy yR az2if owlY{Sya

Log(Cekolution) = 3.655-0.713*log(SOMg 0.48*pHcaciz+ 1.116log(C@iotal)

With Cda 2 t dzil A 2;\50M iy % and8 Gl in mg/kg

Hence the critical Cd concentration in soil {Ma.w) based on the water criteria applied {tel) equals:
Log(M&oitcritw) = {log(Cdir. w) - (3.655- 0.713*log(SOMY, 0.48*pHcac1}}/1.116

Where, for Cdi. w either the critical concentration in surface waters or the drinking water standard can be
used.

NOTEthe critical soil concentration thus calculated isoasticase since it implies that water from the topsoll

is in equilibrium with that of groundwater or surface water. Especially in case of groundwater, retention of
pollutants in deeper soil layers will cause a substantial removal from solution thus teatinch lower
concentrations in groundwater. Critical concentrations in soil derived via this approach therefore tend to be
overprotective compared to those derived in view of food safety (par 3.2) and ecology (par 3.4).

An approach that would considédret actual displacement of chemicals through soil, requires, however, much
more information (data) as well as models (hydrology) to accurately predict the vertical displacement of
pollutants through soil. This requires not only detailed profile descriptibath pollutants and soil properties

but advanced hydrological input as well to characterize the flow of water through soil towards-gnedind
surface water systems. At present this information is not available at the European level but has been
develoR YR F LI ASR |4 O2dzyiNR fS@Stf T2NJ 4KS bSGKS]
for 14 metals reveal that despite considerable inputs to the soil via manure and other sources, drinking water
criteria in upper groundwater are, at presengt exceeded. Due to the relatively short pathways in specific
areas with high groundwater tables, ecological risk limits in surface waters can be exceeded at a regional level.
This isecauseespecially in the Netherlands part of the water present inso short contact to surface and
groundwater.

For Cd the results of the combined geochervigalrological model are shown kigure9Error! Reference
source not found.here average concentrations are shown.
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Cd concentration
upper groundwater

0.000 - 0.008
0.008 - 0.016
0.016 - 0.025
0.025 - 0.038
0.038 - 0.056
0.056 - 0.083
0.083-0.118
0.118-0.182

0.182-0.354
0.354 of groter

Figure9 Predicted Cd concentrations in upper groundwaery( RSNJ . 2f 4 [y R wl Y(Syas

Results irfError! Reference source not fourndearly illustrate the dominant role of soil properties, in this case
pH and, to a lesser extent organic matter. Especially in soils from natural areas (forest) and arable sandy sails,
characterized by low pH levels, predicted Cd concentrations exceéétbencentrations at a large scale.

Other than for food safety and ecology, ba&ekculation to critical Cd concentrations in soil is difficult if not
impossible since the resulting concentration in groundwater is a combination of the impact of soiigspp

inputs to soil and hydrology. This means there is a number of variables that affects the relationship between
pollutants predicted in groundwater and corresponding levels in the topsoil. The approach used here therefore
only can be used in a forwhcalculation mode, i.e. based on current conditions, expected concentrations in
water can be calculated and compared with critical limits in groundwater. This does not however automatically
imply that the topsoil concentration of Cd is the main causkeoéxceedance of groundwater concentrations.

3.4 Critical soil concentrations in view of potential effects on the soil ecosystem

Since soil dwelling organisms are in direct contact with the soil solution in the topsoll, it is possible to calculate
a ciitical concentration in the soil based on critical concentrations in the soil solution in view of égotoxic

This approach involves three consecutive calculations as summarized below. More details can be found in Lofts
et al. (2004) and de Vries et @007). The main assumption is that critical concentrations in soil are based on

an equivalent toxic amount that is added to the soil to provoke an effect. First the critical concentrations in
solution (NOEC levels) are converted to a corresponding adsmmbeentration. These NOEC levels are based
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on laboratory experiments fananytest organisms and the 5 percentile of all test results is chosen as the
relevant protection level which implies that below this concentration, 95% of all species are prdibeted.
conversion of the NOE€oncentration to a corresponding adsorbed concentration in soil depends on pH and
organic matter and is based on a Freundlich type equilibrium between solution and soil solid phase. The
outcome of this step is the amount of tleetical added amount of Cd adsorbed in soil. This needs to be
corrected for the presence of naeactive Cd and the sum of reactive and #neactive is called the total

added amount (step 2). To compare this value to real field soil samples a backgnocemntration needs to

be added to obtain the total critical Cd concentration in soil (step 3)

This yields the total critical metal concentration in soil that can be compared to the total measured
concentration at grigell level (1x1 km upscaled valuggrddwe briefly summarize the models used in step 1,
2 and 3.

Step 1: calculation of critical reactive added concentration in soil

Critical concentrations in soil added to soil at which the critical N€@BCentration is exceeded can de
directly calculatd from organic matter and pH.

LOg Me,add(crit)= b) + blqbg SOM +2@H'H20
With Me in mg/kg, SOM in % and pH expressed as@H/&lues ofd b, and bfor Cd, Cu, Pb and Zn are
shown in

Table (from de Vries et al., 2007)

Table3-2 Coefficients used to derive the critical added metal concentration in soil (from de Vries et al., 2007)

Metal bo by b2

() SOM (%) pHHO ()
Cadmium -2.27 1.00 0.33
Lead 0.58 0.66 0.11
Copper 0.26 0.68 0.02
Zinc -0.74 1.07 0.14

Step 2: Conversion of critical reactive added to critical total added

For most if not all metals, part of the poottie soil solid phase is considered geochemically inert. This includes
metals present in clay or oxide minerals that do not take part in the geochemical equilibrium between the
solution and the solid phase (sorption). This fraction has been experimengbured in a reference
RFGFolFasS 6wl Y{Sya SG Fft®dX wnnnT DNRSYSYyoSNHB Si | f
to the measured reactive fraction (as predicted in step 1 here) and soil properties according to:

l0g Motaddcri= (109 Me ada(crit-Co - C2Abg SOM czdg clay)/e

here
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with Mre,add and Mtot in mg Kg & ¢ cs regression coefficients (listed Trable)

Table3-3 Coefficients to calculate the total added metal concentration in soil from the reactive added
concentration

Metal Co C1 C Cs Rad S€Yes?
) Mot (mg.kg) SOM (%)  Clay (%)

Cadmium  -0.089 1.075 0.022 -0.062 0.96 0.11

Lead -0.263 1.089 0.031 -0.112 0.92 0.16

Copper -0.331 1.152 0.023 -0.171 0.93 0.13

Zinc -0.703 1.235 0.183 -0.298 0.96 0.16

Step 3: calculation of background total concentration

The amount calculated up to step 2 still only refers to the total added amount of medaitsinTo convert

this amount to a corresponding level in field soils a background concentration has to be added. Here we use
the results from the Geochemical Atlas of Europe (GEMAS) that was used to derive a relationship between soil
properties and backgund levels in soil (Reimann and Garrett, 2005 ). The background concentration was
found to be related to a combination of pH (KCI), organic matter and clay content. For most soils pH KCl is not
available but is closely correlated to pH ti@t is preseat in the database:

pHKCI = 0.88*piCaCl + 0.17
The total background concentration (Mgg then is calculated as:

Log Mot-se= th + diog SOM +dbg clay+ ¢pHKCI

With Mwt-scin mg/kg and 6l¢ ds regression coefficients (listedTiable).

Table3-4 Coefficients to calculate background concentrations for Cd, Cu, Pb and Zn based on pH, organics
matter and clay content (fronReimann and Garrett, 2005

Metal do i d- ds

) SOM (%) Clay (%) pHKCI )
Cadmium  -1.919 0.418 0.186 0.059
Lead 0.443 0.469 0.267 -
Copper -0.142 0.481 0.594 -
Zinc 0.330 0.402 0.425 0.076

The final critical concentration in soil (hereQd;i.«ota) that can be directly compared to the actual measured
values is calculated as the sum of the backgraamdentration and the total added concentration from step
2.

M-Cdit-total = Mot-se+ Mot,add(crit)
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3.5In ummary

Critical concentrations of pollutants in soil can be related to critical concentrations in three environmental
compartments: water, food and soil dwelling organisms. For each of, these critical concentrations are
available. For food, critical concentrations are based on WHO food quality criteria, for water critical
concentrations based on drinking water atidlor aquatic organisms are available. For soil dwelling organisms
critical concentrations in solution have been derived from laboratory studies for a large number of species. All
of these can be converted to a corresponding critical concentration ithabidan be compared to current,
measured concentrations in soil. For food and ecotoxicology the results are realistic in that the pollutant in
the soil is in direct contact with either plant roots (uptake) or the soil dwelling organisms. For watgr qualit
the calculation is worst-caseapproach since it would assume that water leaving the topsoil is in equilibrium
with the groundwater. An alternative approach for water is available but requires a substantial amount of both
soil chemical and hydrologiatdta both of which are not available at EU level.
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4 MappedResults fordiffuse pollution

4.1 Introduction

As described in Chapter &itical limits for metals (here: Cd, Pb, Cu and Zn) depend on the relationships
between a critical concentration in fdowater or soil solution on one hand and corresponding concentrations
in soil. Such relationships depend on key soil properties. Here we use pH, organic matter andadiay as
parameters to predict the concentration in either food, water or soil solufio map critical limits in soil at

EU level therefor it is essential to have base maps of sugrdqasrties.

All calculations and mapping actions are prepared using th€K®Bantool. This will be briefly illustrated in
next sectiof

Maps ofunderlyingsoil propertiesused to calculate the critical concentraticar® described isection 4.3
For all three key properties (pH, clay and organic matter) two widely used databd&¥giéSand LUCAS) are
used and will be includeBy using these different, but widely published databases|so illustrate the effect
of using differentnput datafor the same soil factors (pH, clay and organic matter)

The actual risks calculatedasthe difference between the actual metal concentration and the calculated
criticalconcentrationFor metals the following maps aeailableo beused as base maps:

Cadmiummaps based on either GEMAS data (Reimann et al., 2014) after upscaling fokm gridaster
or the map prepared by JRC based on the LUCAS 2009 ol al., 2016Ballabio et al., 2033IN the
assessment included in this studg use the maps prepared from the GEMAS dalg.

Copper map prepared by JRC based on the LUCAS 2015 dafa@®ase500 m grid rasteBallabio et al.,
2018

Lead map prepared by JRC based on the LUCAS 20d dth et al., 2016

Zinc map based on the GEMAS (Reimann eR@l4)data. Maps based on LUCAS data are, at the time of
writing not available.

The resultingnaps for the three risks considerfmt the four metalsare discussebloth in view of the syl
pattern observed across the EU as well as differences between risk maps consid@rangpitadle databases
for soil propertiegSection 4.3

The approach used here allows for the objective comparison of soils across countries more so than using soil
quality criteria used by countries. This is not only because countries use different soil quality stautdards
more so since the undeihg concefis used to derive such standards are highly variable. However, the
approach applied and illustrated here is a first attempt to predict critical concentrations in sodalsotgd

soil properties, selected risks to be considered and specific transfeisrtode used to relate the quality of

soil toa specific endpoint. Both data and models are however not flawless and model uncertaintyrend or

use ofsoil data from differentdatabases will result in a, possible considerable, uncertainty of the teédic

5 A comparisorfdata not iown here)between maps based on GEMAS and LUCAS200®desded that LUCAS, on
average haslightlylower concentrations fomost ofthe EU Sincepoint data from the LUCAS database are not publicly
available the reason for this cannot be assessed.
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critical concentration. This obviously affects the area where critical concentrations are exceeded as well since
this area is calculated as the total area where current concentrations in soil exceed predicted critical
concentrationsThis is illustrate by the results from the two databases used here. As such this approach is
therefore under development. To avoid ample discussion on differences between the maps based on either
LUCAS data opifrids data, we do not include exact data on the areas whaedal concentrations in soil
exceed critical limits. This will be included in an updated version following a more thorough evaluation of the
selection of input data to be used (both maps of current metal concentrations in soil as well as soil properties).
The results presented here merely are to be considered an illustration of the approach.

4.2 Mapping tool Quickscan

TheQUICKScawool is used taalculate maps of critical metal concentrations frdm base maps of key soil
properties using the equatins presentedn Sections 3.2, 3.3 and 3.4 for fowgter and ecotoxicitypext to
calculate maps of actual risk for the endpoints of foedter and ecotoxicity usimgaps of actual metal
concentrations in soiQUICKScaVerweij et al 2016) is a software t@mida spatial modelling environment
to comhkine expert knowledge with spatial arstiatistical dataln GOLDQUICKScais used to make spatial
integrated assessments (SIA) for the whole IRBIQUICKScamesults are visualized in interactive maps
summary charts and tradeff diagramsResulton any locationn the maps of critical metal concentrations
canbe traced back to the underlyikgy soil properties. Results in the risk maps can be traced bactutd
metd concentrations and critical limits.

4.3 Base mapgqpH, clay, organic carbon)sed to calculate critical limits for
metals in soil

For all three risks considered pbtganic matter and claoil factorsare neededo calculate critical limits for

metals in soi{note: current concentrations of metals in soil are not included in this. dtefgigurel0, Figure

11 andFigurel2the base maps for each of geethree soil maps are presenterived from LGAS and from
SoilGridsas prepared usin@QUICKScaithe left side of the figure always refers to the map baseldUDAS
data(Aksoyet al., 208; Orgiazzi et al., 20},8vhereas theight-handside shows the magthased on SOILGRIDS
(https://soilgrids.org). The LUCAS data used are based on the maps provided by JRC (1 x 1 km grid) and
converted to a corresponding map in QUICKSCAN witlmtler processing
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Tabled-1. Summary of data used in the risk assesgmen

Element Metal datato prepare maps @ Type of data for metals | soil data(pH, SOM, clay)
of current concentrations
Cadmium | GEMAS (Reimann et al., 201 Point data, LUCAS & SOILGRIDS
upscaled to 1x1 km
Copper LUCAS (Ballabio et al., 2018 Maps as distributed by LUCAS & SOILGRIDS

ESDAC

Lead LUCAS (Toth et al., 2016) | Maps as distributed by LUCAS & SOILGRIDS
ESDAC

Zinc GEMAS (Reimann et al., 201 Point data, upscaled to 1x LUCAS & SOILGRIDS
km

In the results section belowritical concentrations of metalgepresentedon top ofthe exceedance maps
showing areas where the actual concentration exceeds the critical concentration

Here we calculate critical concentrations basedeither the LUCAS soil properties (pH, SOM anjladay
shown in the upper left corner for all four metalfie corresponding critical limit based on soil properties in
the SOILGRIDS database are always shown in the upper right corner.

To calculate thexceedance map, the actual concentration for each grid cell (1x1 km) is compared to the
corresponding critical concentration for thgrid cell Whenever the actual concentration exceeds the current
concentration, the area is considered at risk for thecjwerisk considered (water quality, food dtyabr
ecosystem health)-or Cu and Pb this is done usingrtaps fromthe LUCAS ddtase(as listed imTable4-1).

For Cd and Zn this is done using the maps based on GEMAReiatann et al., 2014)he lower left figure

for all metals shows the exceedaras calculated when using the critical cemication based on the LUCAS
database. The lower right figure shows theemdance derived from the critical concentration based on the
SOILGRIDS maps for soil properties.
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N 100-200 -
. 200-300
. 30.0-400

Figurell Clay content based on LUCAS database (Left) and SoilGrids (right)

Soil carbon concentrations vary widely between regions in the EU, with, on average higher soil carbon
concentrations in the Northwestern part of the EU and lower levels in central and southerr-ayasei ().
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This is largely related to climate; bégimperature and rainfall favor the builg of soil carbon in cool climates
compared to warmer climates. Differences between the map based on LUCAS (left) and SoilGrids (right) are
clearly visible with lower values of soil carbon in the LUCAS databassredntpSoilGrids. Also the spatial
patterns of LUCAS seem more variable as can be seen in Spain, France and Poland for example.

Maps of the soil clay otent based on both databases deérly comparablgFigurell), with the exception
of areas in Balkamotably in Romanjavhere predicted percentages of clay based3wilGridgright) appear
to be lower compared to the ones based on LUCAS (Lk#)overall patterrobserved for clay is that
concentrations are low to moderate (sandy, loamy soils) iNthth-western part of the EU andoderate to
high (loam and clay soils) nmost of the southern part of the EU with the exception of Portufa main
reason for the low clay content in the soils in the northern parts of the EU fadhthat these soils have
largely been removed by glacial action during the last ice ages.

Figurel2 pH-H20 based on LUCAS database (Left) and SoilGrids (right)

The maps of pH are fairly comparable for both databasdshow the general pattern that was observed for
clay as wellFigurel?). Low pH soils dominate in theerth-western parts of the EWhereas calcareous, high

pH soils dominate in the southern parts of the EU. This is related to the parent nwdtdr@atoils which, in

most of the Northwest of the EU consists of sgrahent material without any limgresent. Calcareowdayey
sediments in the Soutbn the other hand result in high pH soils (pH > 7). In some areas, e.g. Hungary, the high
pH isalso related to saline sails
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4.4 Cadmium

The distribution of Cd follows the pattern as observed for pH and clay, with low Cd soils dominating in the
Scandinavian area and, on average, lower Cd concentrations in MediterraneaRigoits18). Regional

impact of industrialization and aerial deposition have resulted in higher Cd concentrations in the Netherlands
and Belgium, as well as in southern Poland. Alsaradation of Cd in organic rich soils such as in Ireland have
resulted in higher Cd concentrations compared to those in most mineral soils. Also in some calcareous
sediments in the Balkan higher Cd concentrations prevail, these are also mostly of ngiarahdrare part

of the parent material from which the soils have developed.

Cd_NCU_Cortert_Masked
ma/kg
=005
B 0.05-0.10
Bl 0.10 - 0.15
B 0.15-0.20
N 0.20-0.25
0.25-0.30
0.30-0.35
0.35-0.40
0,40 - 0.45
B 0.45-0.
M 0.50 - 0,
. 055 -
- 060

Figurel3 Soil Cd concentratidqeourcedata: GEMAS, Reimann et al., 2014)

Critical concentrations for Cd in s&ilgurel4) are close to current concentrations observed in soil and are
usually in the range from 0.5 to 1.0 mg/kg. The spatial pattern (top graphs) of the crittzaltcations shows

that these are lowest in Central Europe and parts of Portugal. This is largely due to a combination of low levels
of soil carbon and low pH values present in these areas. Soils rich in soil carbon (such as in Ireland) or high pH
soils (Pain, Italy) have higher critical concentrations compared to most mineral soils. The maps based on the
LUCAS database tend to yield lower critical concentrations compared to the map based on SoilGrids. Especially
in Poland and Portugal this differencelisious Figureld).
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Critical limit in mg/kg
B <=025

0.25-0.50
7 050-0.75
. 0.75-1.00

Figurel4 Critical concentrationsnd exceedance thereof for @driew ofFood safetyUpper and loweeft
figuresare based on LUCA&ta and maps; upper and lower right figures are derived diatenfrom
SoilGrids.

Despite the relatively low critical concentrations for Cd, the exceedance rate is still, at EU level, low.
Differences between the maps based @CIAS and SoilGrids however are clear.
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Figurel5 Critical concentrationand exceedance thereof for i@driew ofEcotoicological riskdJpper and
lower left figures are based on LUCAS data and maps; upper and lower right figures are derived from data
from SoilGrids.
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Critical concentrations for ecotoxicological risks due to Cd aré>higing/kg{Figurel5) and largely in ex-
cess of current concentrations in séit a result, the exceedance rate is very &pending on the base
maps used however, exceedance rates increase in areas in Rblahds largely due to the lower soil car-
bon content in Polish soils present in the LUCAS database.

CdUenitWater
mg/kg relative to the limit
B <=-30
B -30--20
20--1.0
-1.0-00
EN00-01
| __EXB)

Figurel6 Risk limits and exceedance thereof foinGdew ofWaterquality. Upper and lower left figures are
based on LUCAS data and maps; upper and lower right figures are derived from data from SoilGrids.
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C2NJ /R GKS 21 h 3dzARStAYS F2NJ RNAY(lAy3a 41 GSNI g1l a
concentration in soill he relationship between soil concentrations and corresponding concentrations in water
shows that Cd is rather sensitive for pH,and lesser extent al®OM more so than most other metals. This
results, in areas with either a low SOM (or SOC) comtedtor a low (pH <-6), rather low critical
concentrations in soillhis is reflected by the large areas where critical Cd concentrations in soil are below
0.75 mg/kgThis in turn results ithe exceedance of the current soil Cd concentratiaeimralEurope Poland,
Germany) and areas with a low pH in the north of Portugal. However, differences between the maps based in
LUCAS versus those based oitGBds are substantial. In contrast to the LUCAS based maps, there is hardly
any exceedance for Cd inilse case of thesoilGridamaps.In addition, these maps need to be used with
caution since the approach is based on the apparent relationship between a critical concentration in
groundwater applied to the topsdih most cases, concentrations of metalsolution tend to decreasiuring
transport from soil to groundwater. An exceedance in the topsoil therdfmes not imply thatoncentrations

in drinking water are exceeded as wal. documented in the previous chapter, a more elaborate evaluation
that takes into account this delayed transport requires much more information on hydrology and soil
properties which at present are not available at the European level. If anything, thesshma@mreas where
elevated Cd concentrations in soil solution cecuo due to the combination of low pH and low soil carbon.

4.5lead

As for Cd, also the distribution of Pb follows the pattern as observed for pH and clay with low Pb soils
dominating in the Scandinavian area and, on average, lonwarkntrations in Mediterranean soildure

17). More so than for Cd, Cu and Zn, the regional impact of industrialization and aerial deposition, from traffic,
haveresulted in markedly higher Pb concentrations across the EU near urban areas and industrial areas. This
is visible in a.o. the UK, Poland and Germany (Ruhrgebiet).
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PCritEcotax
Critical it in ma/kg
B <= 400
40.0-80.0
| 80.0- 1200
B 1200 - 160.0
W 160.0 - 200.0
. - 2000

Figurel8 Risk limits and exceedance thereoffbin view ofEcotokcological riskdJpper and lower left
figures are based on LUCAS data and maps; upper and lower right figures are derived from data from
SoilGrids.
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Critical concetmations in soil for Pb in view of ecotoxicological niakgefrom < 40 to more than 200 mg/kg
soil (Figurel8). These values are, in most cases higher than cucantentrations of lead in soil that range
from 10 to 20 mg/kg (median concentration&jgurel17). Obviously higher ementrationsoccur in and
around urbarareas as shown by the map of Pb in Sailce Pb binds quite strongly to organic matter, critical
concentrations for Pb amaarkedly higher in organic carbon rich soils as presdrglandandother areas in
the Northwestan part of the EU (peat soilf)ue to the substantial difference in the organic carbon base
maps maps of the critical concentrations for Pb also reflect tRisgional patterns of the critical
concentrations of both maps (LUCASik>8ds) are different in the area stretching fraime NL in the west

to Poland in the easAlso in SpainPortugal and #ly,the regional pattern based on the LUCAS datadre
varied and, in general, showsth lower(western parts of Spain and Portugatd higher €astern parts of
Spain)ritical cancentrations.

4.6 Copper

Unlike Cd or Pb, sources of Cu are not specifically related to industrialization or urbaakcajurforthe

use of Cu in vineyards which has resulted in higher levels of Cu in Mediterranean soils. In most soils, Cu levels
are still relatively low even though background levels in the clayey soils in the Se2@mfditkg) are higher

than those in sandy ssiln the North affected by glaciation {80 mg/kg)(Figurel9). Regionally, as is the

case in Italy and parts of the Balkan areas, background levels are howeeerthéghthose observed
elsewhere. Aside from inputs in areas used for wine growing, such elevated levels are partly of natural origin
as well.
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Figurel9 SoilCuconcentrationdata: GEMAS)
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Figure20 Risk limits and exceedance thereofdain view ofEcotoxcological riskdJpper and lower left
figures are based on LUCAS data and maps; upper and lower right figures are derived from data from
SoilGrids.
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As for Pb, Cu also preferentialynds to organic carbon and the spatial distribution of the critical
concentrations for Cu are rather similar to those for Pb. Higher (> 40 mg/kg) critical concentrations prevail in
areas with peat soils whereas soils lower in carbon such as in Polandowh(< 15 mg/kg) to very low (< 5
mg/kg) critical concentratior(&igure20). Since total Cu concentrations in soil are also relativelynhadién

value rangingrdbm 10 mg/kg in soils in the Nortleest to 20 mg/kg in soils in Mediterranean arg&syure

19), critical concentrations are exceedaken though the degree to which this occurs again is related strongly

to the base maps used. Especially the LUCAS databasessitstestial areas wheritical concentrations

are close to or below current concentrations. This appears to be the case especially in partsaod Italy
selected Balkan countries. Due to the low carbon levels in the LUCAS database crifoddndncentrations

are exceedednhore so than in case of the maps base®oilGrids

4.7 Zinc

For Zinc data in the LUCAS databased are, at the time of writing not available and the distribution of Zn in soil
is solely based on data from the GEMAS dataPagterns of Zn in soil lgely coincide with those for Cu with

the exception of vineyards areas where Zn levels are not different from those in the surrounding areas. Again,
glaciation has resulted in soils low in Zn in the Northern parts of the EU where higher concentratidins preva
in central and southern areasigure21). This can partly be explained by the natural presence of Zn in specific
clay minerals, especially in rivedlay deposits. Also higher Zn concentrations can be found in many of the
mountain areas across the EU, notably the Alps but also visible in other mountain areas such as the Pennine
(UK) and Massif Central (France). For Zn the impact of industrialigat@mrvisible at this scale level.

Zn_NCU_Content_Masked
mkg
. <=5
. 15-20
B 20-30
o 30 - 40
40-50
50 - 60
60 - 70
B 70 - 80
B 80 - %
. - %0

Figure21 Current sil Znconcentratios (data: GEMAS)

53




G o L D Growing-enpergy crops-arpRtaminated andfop bivfuels-and seilremediatio

2ZrCritEcoton
Critical linit in ma/kg
B <= 200

[ 120.0-40.0
11400 - 60.0
B 60.0 - 80.0
I 80.0 - 1000
. > 1000

Figure22 Risk limits and exceedance thereofZioin view ofEcotoicological riskdJpper and lower left
figures are based on LUCAS data and maps (soil properties only, metal concentrations to calculate
exceedance are based on GEMAS data); upper and lower right figures are derived from data from SoilGrids.
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Criticalconcentrations for Ztypically range from less than 30 mg/kg to more than 100 m(§iggre22) and
areor can be in the same order of magnitude of current conceptratfound in soils (medi&®9-50 mg/kg)
Critical concentrations for Zn in view of ecotoxicolleggely depend on organic carbon andarid the spatial
pattern of critical concentrations therefareflects the combined effect of these two soil properti€sitical
concentrations are typically high in organic carbon rich soils and Iswailglow in carbon and/or a low pH.
This causes a rathpatchy patterrfor the exceedance majs case of the LUCAS databageereasthe map
based onSoilGridsis more evenly distributed andalso shows substantially less areas where current
concentrations exceed critical concentratioris. case of the SoilGridsmaps exceedancef critical
concentrations is limited to areas in B (low carbon, low pH soilgedectal areas in Portugal (low pH soils
in the North) Czech Republftow pH soilén the border areasgnd Massif Central in Fran@@&gure2?2).

4.8 Conclusions

A major advantage of thésk based approach as outlined in this chapter is that metal concentrations across
member states can be compared using the same criteria considering specific risks for anchans
environment. Here risks are expressed in daled critical concentrations in soil as related to the quality of
food, drinking water and ecotoxicology.

Maps of heavy metals are available since the publication of two large databdsasresponding mapthe
GEMAS databases (Reimann eRfll4 point data availabjeand the LUCASBaps(Toth et al., 2016Ballabio

et al., 2018 point data not availabjeand are used to construct spatially explicit map&U level. The
calculation of critical concentrations of metals in soil beyond whictritieal concentration in water or food
is exceeded requires additional information on soil properey properties include soil organic carbon, pH
and clay content.

Here we use the two largest databases currently available (LUCASi ity that do contain all required

soil properties. The resulting maps of organic carbon reveal however substantial differences in the spatial
pattern and absolute level of soil carbés. such the spatial pattern of the map based on ISd@# reveals

more detail balso shows that in specific areas lower soil carbon levefsward compared to those on the

map based o%oilGridglata.

For pH and clay content the spatial patterns on the map based on either the LUEDAG riniglatabase are
more comparabléut alo here regional differences are observed.

The differences in organic carbon lead to markedly different critical concentrations for Cd, CulodtPb
noticeable are the lower critical concentrations calculated based on the LUCAS database in Polamdl Spain
part of Portugal and Italy. Thatso leads to differences in the level of exceedance at country level.

In general however, the exceedance riskCaf critical concentrations appears to be limited as is the
exceedance risk in view of ecotoxicology tmrFor Cu and Zn the exceedance of theadoological critical
concentrations is larger. This is partly related to higher concentrations of Cu in areas in the Mediterranean
countries and, for Zn, related to a combination of low pH and low soil carboantmtions in among others
Poland, parts of Spain and Portugal.

55




G o L D Grewingenergy creps-ephtaminated dand dor biefuels.and seilremediatio

However the difference in the exceedance when comparing results based on LUCAS data versus those based
on SoilGridsuggests that these results need to be used with care. Both uncertainty related to differences in
basic soil properties as well as model uncertainty (not addressed further in thiscstudisad to a substantial

range in both the actual concentrationrmgtals and soil carbon and also in Hi#solute levebf the critical
concentration.

Despite these shortcomings, the approach outlined here is a promising way to identify areas that are or can
be at riskof pollution by the metals addressed in this stutis however recommended to critically evaluate
current soil databases to establish the reliability of maps derived from these datdbaaddition, model
uncertainty in many of the models used here can be reduced when more data become available. This
gpecifically relates to models used to predict the concentration of metals inlfoodntrast to data on soill,

data on crogproduct)lj dzi f Aieé + yR a2ifa 6KSNB (KSaS OMNBissae I NB
when considering many of the engémg contaminants that are or will become an issue in view of food safety.
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5 Identifying sites in the EU affected by point source pollution

5.1 Introduction

The assignment in the GOLD project is to map areas of sites in the EU that are contaminatediepsee,

that need cleaning or stabilisation and that may be suitable for bioremediation through the cultivation of
biofuel crops. The mapping exercise should result in locations, and surface area of these sites, documented
with the prevalent soil propties and contaminations present. The resulting maps will be used in the GOLD
project to assess the potential of these terrains for the production of the biofuel crops selected in WP1. The
mapped information will also be used in scenario studies to qudhéfproduction of biomass and amounts

of soil pollution that could be remediated in next tasks in WP3.

As a first step, datasets and reports on contaminated sites in Europe were sought in data and knowledge
platforms of EU institutions (European CominissEEA, EIONET). Enquiry at ESDAC and consultation of the
websites of EEA and Eurostat revealed that at present, there is not database of contaminated sites for Europe
that carries spatially referenced information on area and contaminants.

The most recet Europewide assessment of contaminated sites is the JRC Technical Report Status of local soil
O2y il YAYlFIGA2Y Ay 9dzNRPLIS o6& tleét tSNBI 3 9dASYyAz2 ¢
national reference centres (NRCs) in the-EEefber coumtries. Of the 39 countries surveyed, 28 maintain
comprehensive inventories for contaminated sites at national or regional level. The study revealed that 65.000
sites that had been remediated or are under aftercare, and 650.000 sites are registered agheie
LR2ffdziAy3a OGAGAGASE G221 2N GF1Sa LXFOS otlet tS

Among the Land and soil indicators in the EEA indicator management system, the ib&ik&Q8r progress

in the management of contaminated sitpsovides information on contamated sites. The data were
collected through questionnaires from EIONET countries (overlapping with the questionnaire that provided
the information for the abow Sy i A 2y SR NB L2 NI o6& tl &t t SNBT 9 9dAaSs
numbers of contanimated sites and population per country, but no information on degree or type of
contamination, nor of the areas affected.

For this reason, we have taken another approach to mapping contaminated sites, i.e. to identify potentially
contaminated areas fror@pen Street Map based on properties of geographical objects, and techeass

these areas with information on land cover and with recordings of contaminated sites in the literature and the
internet. National registers of contaminated sites will be céeddbr several countries in 2023.

We willalsotry to find polluted areas using other methods than OpenStreetMap (@8bfuse not all types
of pollution are covered using OSdr exampleland currentlyin useas agricultural landhat waspreviously
used forirrigationwith or treatment ofwastewater or for the disposal (fewage sludg
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5.2 ldentifying sites with contamination risk in Open Street Map

5.2.10pen Street Map (OSM)

Open Street Map carries features of geographc@ 2 SOG as> G KIF G OF y® Thée diedzS NA S
SELINBaarz2ya 2F GKS LINPLISNIASA 2F GKS 3823NI LKAOLK ¢
SEIFIYLX SY Wil yRdzaS ' 0 NP land sk areaR, Qites andid wka thpgsTanibé 34 1
identified where activities occur or occurred that may have caused or still cause soil pollution.

Not all locations or objects found in this way will be actually polluted, and not all will be suitable for the
cultivation of biomasgsaps, for example when located in buifh area or where the pollution is located below

the topsoil layer. Inversely, there are sites that were polluted by activities fragihdutcannot be identified

from the descriptions of geographical objects in ©f¢reet Map. Foexample,an ancient land fill that is
OdzNNByGte Ay dzasS da NBONBIGA2yLFf FNBFX FyR R2Sa y

For these reasons, a cresslidation between the sites identified in Open Street Map with ieddent

sources of information on contaminated sites is necessary. European registers of contaminated sites and
recordings of existing contaminated sites in the literature were used for this purpose. In the approach we
adopted, these data sources are presgao contain the most detailed and reliable information on actually
contaminated sites in a country or region. We used indications of these sites in Open Street Map to find
potentially contaminated sites in countries where national registers of recordiegeot available. The
current land cover in these sites was analysed using CORINE Land Cover (FoC20ih8)g sites in OSM

we also enriched the analysis with datam the Minerals4EU database.

5.2.2. ldentification of possibly contaminated sites in Ogtineet Map

Theturbo overpasatility in Open Street Map was used to retrieve point locations of the following geographical
objects with presumed potential to have caused soil pollution in the direct neighbourhood:

(former) quarriesand minetailings
(former) land fill sites

(former) military sites

former industrial sites (brownfields)
industrial sites

harbours

wastewater treatment plants

=A =4 =4 4 =4 4 -4 4

fuel stations

Next, the point locations resulting from the tags were used to retrieve the polygaiécim the objects are
located, with the current land use. The number of properties in Open Street Map that is used to describe
geographical objects is unlimited. Therefore there are numerous combinations of keys and values describing

6 https://wiki.openstreetmap.org/wiki/Map_features
7 https://wiki.openstreetmap.org/wiki/Map_features#Landuse
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potentially polluted eeas, and descriptors of contaminated sites that come up after the first query are used
in subsequent queries (s&&gure23 andFigure24).

https://wiki.openstreetmap.org/wiki/Tag:man made=spoil heap Tag:man_made=spoil_heap https://taginfo.openstreetmap.org/keys/man made#values
https://wiki.openstreetmap.org/wiki/Tag:man_made%3Dtailings_pond Tag:man_made=tailings_pond  https://taginfo.openstreetmap.org/keys/man_made#values
https://wiki.openstreetmap.org/wiki/Tag:hazard%3Dcontamination Tag:hazard=contamination https://taginfo.openstreetmap.org/keys/contamination#values
https://taginfo.openstreetmap.org/search ?g=wasteland#values https://taginfo.openstreetmap.org/search?q=wasteland#values
https://wiki.openstreetmap.org/wiki/Tag:landuse%3Dbrownfield Tag:landuse=brownfield https://taginfo.openstreetmap.org/tags/landuse=brownfield

https://wiki.openstreetmap.org/wiki/Key:military
https://taginfo.openstreetmap.org/tags/disused=yes#overview
https://wiki.openstreetmap.org/wiki/Tag:military%3Ddanger_area

https://taginfo.openstreetmap.org/tags/landuse=military
https://taginfo.openstreetmap.org/tags/disused=yes#overview

Figure23 Extract of the tags, keys and values used to identify potentially contaminated sites in Open Street
Map.

Tag:man_made=spoil_heap

Tag:man made=spoil heap - Other languages £ Purge * Help|
Deutsch - English - polski - pycckuit -

Other languages - Translate

Spoil heaps, otherwise known as [w] Spoil tip are piles of waste rock removed during mining. . man_made =spoil_heap*" d-e

This tag may also be used for piles of dredge tailingsc#, which is the sediment that is dumped next to a river/lake when the river is dredged (made deeper using
excavators and other machinery). Not to be confused with man made=tailings pond

How to map

Map the outline of the spoil heap as a closed polygon [+ and tag it with man_made=spoil_heap.

- If there is a common name add name=* .
Description

Spoil heap, piles of waste rock
Example poil neap, piles of
removed during mining

Group: Man made

- . Used on these elements
R

Useful combination
® name=*
Monte Kali in Germany Status: in use
taginfo [More..]
[&] 72 o00%

[J 3815 014%
46 031%

Figure24 Example of a @used to identify potentially contaminated sites in Open Street Map.

An example of the identification of potentially contaminated sites in Open Street Map is illustrated for quarries
in Figure25 andFigure26. The areas of extracted polygons from Open Street Map with land use types which
are likely to contain contaminated sites are listed per counffabie. Only the polygons with an area larger

than 1 ha were included, because this area is considered the minimum required size to establish cropping
fields for phytoremediation and biomass production.
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| A OpensStreetMap

| Way: 416286086

Figure26 All quarry locations in OSM, identified through the OSM tag=quarry (679.529 sites).
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Tableb-1 Surface Area (on land only; in hectares) of extracted polygons from OSM per country larger than 1
ha. (Notice:Polygons of land use categories may ovérlap

Hectares of extracted OSM polygons per country (individually having an area >= 1.0 ha)

37547
cH 18813

cy 2914

cz 1691 51106 2802 22769
DE 307889 22764 102626
DK ELECEL

EE 8599 3445

ES 170180 5124

FI 49612 4746

FR 281080 11696

GR 18662 2395

HR

HU

IE

1)

LT

L

Lv 14667

NL 21115

NO 136636

PL 152707

PT 1335 15699

RO 6223 21177 1312

Se 2844

sl 2809

sK 1468 61825

UK 151413 7349 15362824

GrandTot 49492 230 2009240 104838 2778153 899
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5.2.3 Further characterization of sites combining OS#ections with CORINE Land Cover
(CLC201&nd imperviousess

The surface area (on land) of extracted polygons from OSM per country larger than 1 ha isTgilsén in

Military sites cover the largest area. The distribution of CORINE land cover classes in OSM features over
countries in the EU27 and UK is giveRigure27 to Figure36. CLC classes consisting of water bodies were

not considered. Figures of land cover are not given for the OSM features harbors, wastewater treatment plants
andfuel stations because of their limited areal extent.

Information on the current land cover is drawn from the CORINE Land Cover database (CLC), version 2018, of
the Copernicus Land Monitoring Ser¥icdhe land cover classes that are considered suitaile f
phytoremediation are listed ihable. Completely builtp areas and forest are excluded. In order to estimate

the area available for cropping in the land cover types that include partlyupusltea, we use thpan

9dzNRB LISIHY |1 A3K wSazfdziAzy [F &SN WLYLISNIA 2 d2oftleaa RS
Copernicus Land Monitoring Service. This layer gives the percentage of impervious (sealed) soil surface per
area unit.

Table5-2 Land cover classes considered suitable for phytoremediation in potentially contaminated sites, for
the nonbuilt-up part. Source: CORINE Land Cover database (CLC).

CLC clas! CLC class labt Description

2 112 Discontinuous urban fabric
3 121 Industrial or commercial units
4 122 Road and rail networks and associated land
5 123 Port areas
6 124 Airports
7 131 Mineral extraction sites
8 132 Dump sites
10 141 Green urban areas
11 142 Sport andeisure facilities
12 211 Norvirrigated arable land
13 212 Permanently irrigated land
14 213 Rice fields
15 221 Vineyards
16 222 Fruit trees and berry plantations
17 223 Olive groves
18 231 Pastures
19 241 Annual crops associated witermanent crops
20 242 Complex cultivation patterns
21 243 Land principally occupied by agriculture w
significant areas of natural vegetation
22 244 Agroforestry areas
26 321 Natural grasslands
8 https://land.copernicus.eu/pan -european/corine -land -cover
9 https://land.copernicus.eu/pan -european/high -resolution -layers/imperviousness
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CLC clas! CLC class labt Description

27 322 Moors and heathland
28 323 Sclerophyllous vegetation
29 324 Transitional woodlanghrub
32 333 Sparsely vegetated areas
33 334 Burnt areas
38 422 Salines

Military sites

Potential pollutions in military sites

Pollution of military sites are usually found in the shoatamges and areas for maintenance of equipment.
Shooting ranges are typically characterized by local hot spots where extremely high concentrations of metals
fA1S tSIR 6to0x O2LIISNI 6/ dz0 FYR lylAYz2ye aR®.v Ol y
¢CKS KAIKSald O2yOSYidNrdAzya (e&i0kx OIOKSHNAE R Nibaddhiadiztzf R & A
ridges where the ammunition fired accumulated. In the Netherlands. Locally pollution with PAHs occurs in
areas where machinery is maintainedused.

Typical for military shooting ranges (in contrast to recreational shooting ranges) is the presemgeusf
organic compounds belonging to the chemical groups of nitramines and nitroaromatics. These compounds
originate from the use of explosivether than ammunition use by riffles (Broomandi et al., 2020).

In many cases shooting ranges are not used for any form of agriculture and are or have been, by definition,
enclosed areas. Abandoned shooting ranges often are covered by forest or atiepfaratural vegetation
FRFLIGSR (2 a2YSiAYSa SEGNBYSt& KAIK (Pigbeiigdeémosty f S ¢
found metal also has limited potential in view of phytoextraction due to the limited transfer from soil to crop.
Risks of comtmination of groundand surface water strongly depends on the local soil conditions.

Land cover in military sites

Military sites in Open Street Map are covered for the largest part by forest, woodland and shrubs and natural
grassland on the Corine Landv€r map of 2018Higure27). This combination of land cover types with the
AYRAOIFGAZ2Y WYATAUGINER aAGSaQ 2y hLISY nfpasibdBes in araas LI A &
with these land cover types for the purpose of military exercises, and to avoid safety issues with areas where
people work and live, and at distance from areas with vulnerable objects (e.g. industries, infrastructure, water
bodies).
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5 most frequent CLC Land use types in OSM feature
"'military'in EU27 + UK

0 250000 500000 750000 1000000 1250000 1500000
area (ha)
B Coniferous forest Natural grasslands
Broad-leaved forest Transitional woodland-shrub
Mixed forest

Figure27 Area in military sites on Open Street Map covered by the 5 land cover classes with the largest areal
extent. Source data: Open Street Map and CLC 2018.

The largest areas covered by military sites are found in Germany, Finland and Sweden, with bet@@@én 250
and 350000 ha Figure28). Most of the land cover is in the form of forest, transitional woodland and shrub.
In Finland and Sweden part of the cover is by pegs. Only a small share of the military sites in Open Street
Map is covered by builtp area (15000 ha; sed-igure28).

Forest and semmatural vegetation may be able the stabilize polluting substances in place. Considering the
large share of these land cover types in military sites, these sites areldessiréor the implementation of
phytoremediation with bioenergy crops. However, in case there is polluted land with no or limited vegetation
cover and buildings there may be opportunities for biomass cropping with phytoremediation. These situations
may acur where military sites overlap with CLC classes indicating presence of open terrain such as transitional
woodland shrub, pastures, airports, open land within industrial or commercial units (see also Figure 16). In all
other land cover classes establigmhof new crops may not be a good choice as it will disturb strongly natural
vegetation cover present and strong loss of above and below ground carbon.
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Most frequent land use types (CLC2018)in OSM category 'military’

area (ha)
0 50000 100000 150000 200000 250000 300000 350000 400000

AT N

B Il

Fi - -

U | | I u

B Coniferous forest Natural grasslands Broad-leaved forest
Transitional woodland-shrub  m Mixed forest Moors and heathland
M Peat bogs Airports M Industrial or commercial units

Pastures

Figure28 Most frequent (top 10) land cover types in military sites detéct@EM. Source data: Open Street
Map and CLC 2018.
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Industrial sites

Potential pollutions in industrial sites

Soil pollution in or near industrial areas are characterized by an enormous range in both type of pollutant
found, concentration ranges presenidathe area affected. Depending on the type of industry pollution with

both organic and inorganic chemicals can occur. In case of industry that processes specific ores of metals, the
range in the type of pollutants is limited. In the Dutch Belgian bordarfar example, processing of Zn ores
imported from various countries has resulted in a wide area affected by 4 metals mostly (Cd, Zn, Pb and As).
In other areas petrochemical industries on the other hand have emitted a wide range of organic pollutants
inOf dzZRAY 3 odzi y20 fAYAGSR G2 t!13aQ> YAYSNIE 2Af> t
pollutants can be pointed at; and the type of industiystbe considered in order to be able to predict which

kind of pollutant can be found ara what concentration ranges. A recent estimate of soil pollution in the EU
(FAO and UNEP 2021) reveals that aboutthivds of the number of cases of soil pollution stems from
industrial pollution in combination with waste management and disposal thereof

In contrast to military shooting ranges, industrial soil pollution often can be located near areas used for
housing. Especially in case of extreme soil pollution which prevents the area being revegetated, emission of
dust via wind erosion can directlyfedft human health. In those cases, reduction of erosion via
phytostabilization can help to reduce human exposure. In addition, this can also reduce leaching and increase
the potential for soil life as was demonstrated in extremely polluted soils in thpelkewhere soil life
increased substantially after revegetation of previously bare soil (Bouwman and Vangrondsveld, 2004.

Land cover in industrial sites

LYRdzZA GNAIf aAdGdSa Ay hLISy {GNBSG al Ll O2NNBaal2yR ¥
O2YYSNDOALIf dzy X4489 halFigure9). The secomdymosi widespread land cover in industrial
AAGSA AAd WRAAO2 Y (DAGhaERT i landzbabet typeshre expktél@ industriat sites.

top 5 CLC classes in OSM feature 'industrial' in EU27 + UK

0 250000 500000 750000 1000000 1250000 1500000 1750000
area (ha)
m Industrial or commercial units m Discontinuous urban fabric
Non-irrigated arable land Pastures

Complex cultivation patterns

Figure29 Area in industrial sites on Open Street Map covered by the 5 land cover classes with the largest
areal extent. Source data: Open Street Map and CLC 2018.

Thelargest areas with industrial sites identified in Open Street Map are in Germany, France and Italy (resp.
302581, 274506 and 20531 ha) Figure30). These are mostl O2 GSNBR o6& flyR 02 OSSN
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O2YYSNODAIE dzyAdaQ |yR WRA&O2Y (A Y ustyzduiltopgNiea, Eaviigh 0 NR C
little room for biomass cropping. Still Considering all countries in the EU27 and UK, part afstimlisttes

AY h{a A& O2@SNBR o0& -ANNRKDdid S RzNI I & § § Rf OYOR® A 481 3
LI GG SNY &Q A Kigure2d and RignreB9).Tif palldir) substances are present in the soils of these
areas, they may be relevant for phytoremediation using bioenergy crops. This requires aneagsasthe

level of these sites.

67




G o L D Growing-enrergy crops-ampRtaminated iandfopbifuels-and seiliemediatio

Most frequent land use types (CLC2018)in OSM category 'industrial'
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W Discontinuous urban fabric
Non-irrigated arable land
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Complex cultivation patterns
Port areas
B Mineral extraction sites
Land principally occupied by agriculture with significant areas of natural vegetation
m Coniferous forest

Broad-leaved forest

Figure30 Most frequent land cover types (top 10) in industrial sites detected in OSM. Source data: Open
Street Map and CLC 2018.

68




G o L D Grewingenergy creps-ephtaminated dand dor biefuels.and seilremediatio

Quarries

Potential pollutions in quarries

Quarries and miningctivities, including open pit mines and below ground mines have caused a large impact
on the surrounding areas in view of pollution. Spreading of waste material including processed ores or raw
materials like iron sulphides have caused both elevated lef/ésostly) metals in soil or have resulted in
extreme acidificatiotrecause obxidation of sulphides. Especially the combined effect of acidification in the
presence ofelevated concentrationsf metals in soil has resulted in extreme pollution of both soils and
adjacent groundand surface water bodies. Processing of materials from below ground mining including coal
mines locally has resulted in extreme pollution with pollutants like RAly,the impact of processing is
confined to hot spots at or near the processing site. The impact of waste disposal can affect much larger areas
depending on the amount of waste processed and environmental conditions affecting the mobility of
contaminantgherein

Common examples dfelow groundand open pit mines in the EU include iron ore mines (typically below
ground), brown coal mines (typically open pit mines) and sulphide mines associated with the mining of copper,
zinc or lead (typically open pit rei). A recent study requested by the EU parliament shows the considerable
social and environmental impact of these types of mines (Mononen et al., 2022).

In most cases pollution levels in mine waste affected soils are such the actual removal of the pollutants is not
an option. Reduction of wind and water erosion as can be obtained via phytostabilization seems the most
effective way to reduce current riskkaifected areas.

Land cover in quarries

In the areas where quarries were identified in Open Street Map, the land cover type on CLC2018 with the
fr NBS&ad SEGSYG A& WYAYSNI f SE b48hdit the gShalyginSwith o/ [
guaries in the Ektountries and UKF{gure31). This land cover type is expected in quarries. Peat bogs were
also found in the polygons (;Ba0 ha, of which 38336 ha inFinland), which ig/pical in Scandinavia where

peat collectionwas quite common but is now gradudiignned.Considering the neetb protect peatland

areas, phrased in the new EU Soil Strategy, these areas are less suited to consider for biomass cagming

they appear to be polluted. Ndrrigated arable land, pastures and transitional woodland take uga8&a

in areas designated as quarries. The agricultural land in these categories may be relevant for phytoremediation
using bioenergy crops irage soil pollution is detected in the areas of these quarries. This requires an
assessment at the level of these sites.

Looking at the distribution of areas with quarries over countries, by far the largest total area is found in
Germany (10227 hajFigure32).

¢KS G2GFt FINBF 2F GKS Of I aa ,84¥HajhhalEWR7 phisUKNOf iBdiafegsy &
covered by the class, 50% is not identified WIlj dzt NNEQ Ay hLISy {iGNBSG al Lo
27% (Czech Republic) to 85% (Netherlands). On the othertharidial area covered by polygons tagged as
Wijdzk NNBQ AY hLISyYy { G4§NBSi{ clask, 54013 KaEndhudSabgerkh@Stheaotal 0 K S
FNBF 2F WYAYSNIt SEGNI OGA2zYy araiasaqQ 2y /[/uamyod ¢
between OSM and CLC2018 were foim@&ermanyand Finland, where the aré@ OSM is larger by roughly

18,000 and 4D00ha, and in Spain and Romania, where the area on CLC2018 is larger by ro0Q0 Isrz8

14,000 ha. This points to the necessity to consult multiple spatial datasets for the purpose of mapping
potentially polluted areas by quarries.
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top 5 CLC classes in OSM feature 'quarry'in EU27 + UK

0 100000 200000 300000 400000 500000

area (ha)

B Mineral extraction sites M Peat bogs
Non-irrigated arable land Pastures

Transitional woodland-shrub

Figure31 Area in quarries on Open Stréédp coveredby the 5 land cover classes with the largest areal
extent. Source data: Open Street Map and CLC2018.
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Most frequent land use types (CLC2018)in OSM category 'quarry’
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Figure32 Most frequent land cover types (top 10) in quarries detest&EM. Source data: Open Street Map
and CLC 2018.
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Landfill

Potential pollutions in landfills

The impact of landfills present in all member states is restricted to the area of the landfill itself and the
immediate surroundings. Both wind erosion (in aafsepen or active waste disposal heaps) and leaching of
contaminants from the bottom of the pile are the most common aspects that nheed to be addressed to reduce
risks arising from such landfills. In addition to such active or recently abandoned |émet#lare numerous
historic landfills including small local landfill areas used by local communities. Often the presence of such
former sites is not well documented and the presence of the land fill is only recognizable at the location itself
in the formof small elevated areas now covered by natural vegetations. The number of such historic sites will
increase further in the future due to the reduction of designated landfill sites. In the Netherlands for example
the number of formal landfill areas has beaeduced from 100 to 20 in the period from 1990 til today (WAR,
2020). This number however is still very small when compared to the number of historic landfill sites in the
province of Noord Brabant alone (one of the 12 Provinces in the Netherlands)suitimated at approx.

600 (website Province Noord Brabanthttps://www.brabant.nl/onderwerpen/milieu/boderen-
stortplaatsen/stortplaatsen

In most cases dust is the major issue in case oftnwared landfills and the composition thereof strongly
depends on the type of waste deposited which can include plastics, metals or organic materials.

Land cover in landfills

Landfills idatified in Open Street Map are covered for 37% by dump sites in the CLC2018iguegs0).

This is the land cover type that is expected for landfills.cdter with mineral extraction sites (485 ha,

15%) might refer to areas where residues from mining operations are piled up next to the mine, and are
covered by some form of vegetation. 21% of the areas indicated as landfill in OSM is covered withrsome f
of agricultural land, mainly by namigated arable land and pasturddgure33).

top 5 CLC classes in OSM feature 'landfill'in EU27 + UK

0 10000 20000 30000 40000 50000 60000 70000 80000 90000 100000

area (ha)
W Dump sites W Mineral extraction sites
Non-irrigated arable land M Industrial or commercial units

Pastures

Figure33 Area in landfills on Open Strééap coveedby the 5 land cover classes with the largest areal
extent. Source data: Open Street Map and CLC 2018.
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Across the EU and UK, the largest areas of landfills are found in Germ@a# (), France (1379 ha) and

Poland (1212 ha) Figure340 @ w2 dzaKf & Hko 2F GUKS | NBIF fFro6StftSR |
dump sites, mineral extraction sites and industrial or commercial units on CLC2018. Th¢ esearad by
constructions or disposals is mainly covered by agricultural land use types, forest or transitional forms of
natural vegetationKigure34). Of these, thagricultural land use typesay berelevant for phytoremediation

using bioenergy crops, in case soil pollution is present. This requires an assessment at the level of these sites.

The total area of landfills in EU27 and UK on Open Street Map92 B8, overlapping with 88% of the total

area of dump sites on CLC20dAile the total area of dump sites in CLC2018%085ha. This might suggest

that not all landfills are identified in Open Street Map. However, there are also countries where thestotal

2F LkRfedz2ya dGdF33ISR Fa WilyRFATEQ Ay hLISy {(iNBSi a
CLC2018 map. The difference in area is largestfor Germany @ KI 2y h{a odzi y2dG Of
on CLC2018) and France/(® ha). This points to the necessity to consult multiple spatial datasets for the
purpose of mapping potentially polluted areas in or around landfills.
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Most frequent land use types (CLC2018)in OSM category 'landfill’
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Figure34 Most frequent (top 10) land cover types in landfills detected in &&ivte data: Open Street Map
and CLC 2018.
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Brownfields

¢CKS GSNXY WONRBOYTFTASERQ A& dzaSR (2 RSaA3aIylLrGS | NBIa
contamination is likely to have occurred. In Open Street Map, areas taggdd wyhR  dzA S Wo NR gy T.
EU27 and UK cover,B@5 ha. Of thes&23,114 ha isbuilt-up area in use for industrial, commercial or urban
purposes Figure35). This caespondsto 47% of the totaland cover in these areas. These land cover types

are expected in areas that were previously in use for industry and where new development is taking place.

The area not covered by buildings, such as brownfieldscoawsponding to noiirrigated arable land and
pastures (almost,300 ha), may be relevant for phytoremediation with bioenergy crops if polluting substances
are present in the soil.

top 5 CLC classes in OSM feature 'brownfield' in EU27 + UK

0 5000 10000 15000 20000 25000 30000 35000

area (ha)

o Industrial or commercial units ® Discontinuous urban fabric
Non-irrigated arable land Pastures

B Mineral extraction sites

Figure35 Area in brownfields on Open Stribtp coveredy the 5 land cover classes with the largest areal
extent. Source data: Open Street Map and CLC 2018.

The largest area of brownfields, arounddlD ha, is found in Germany and the Bi§re36). These countries
also have the largest areas covered with agricultural land enclosed in brownfields in absolute and relative
terms.
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Most frequent land use types (CLC2018)in OSM category 'brownfield'
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Figure36 Most frequent land cover types in brownfieldeded in OSM. Source: CLC 2018.
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Brownfields may be considered a sdi of industrial areas. In Open Street Map088 ha was tagged as

both types of land use in the EU27 and UK, corresponding to 94% of the total area of brownfields. For the
generationof a map of potentially contaminated sites, the polygons tagged as industrial areas and brownfields
on Open Street Map were therefore merged. This results in a totgV25,202 ha of industrial sites and
brownfields, occurring in the EU27 plus the UK.

The areas and distribution across countries of land cover in the industrial sites and brownfields which are
relevant for phytoremediation and which concern areas with an imperviousness of <40% are dfigue in

37. As shown in the figures on industrial sites and brownfields above, the most frequent land cover type are
industrial and commercial units, followed by rpigated arable land. The largegitdl areas occur in
Romania, France and Germany.

The total area of land in industrial sites and brownfields, that is already in use for some form of agriculture and
where imperviousness is <40%, is,887 ha. The countries with the largest areas in ¢htegory of land
cover are Romania (/Y0 ha) and Germany (281 ha).
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Romania
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Land cover in industrial areas and brownfields
(relevant for phytoremediation and <40% impervious)
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Figure37 Land cover area in industrial sites and brownfields in the EU27+UK indicated on Open Street Map.
Only land cover classes relevant for phytoreatieth are shown, and only areas with <40% imperviousness.
Source data: Open Street Map, CLC2018Fpaopean High Resolution Layer Imperviousness degree (100
m).

78




G o L D Growingeenergy ciops-cepntaminated iand Jop kiefuels-and seil-remediatio

5.3 Integration of EU wide OSM & CLC data on potential contaminated sites with
other data sources

5.3.1 Mines in EU spatial data

Information on the location and commodities of mines was derived from the electronic Minerals Yearbook in
the European Knowledge Base on raw materials. This information was improved in the Minelctsdade,
created in the EU project Mineral Intelligence for Europe (MintelAEARotal of 42.731 mines is included in

the Minerals4dEU database for 22 EU Member States in 8 commodity groups considered of interest for
phytoremediation. The distributioof mines over countries is displayed-igure38. The number of mines in
Germany is relatively low because only the southern part of the country was covered irettterinFigure

39).

Number of mines in commodity groups
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Figure38 Number of mines in commodity groups in EU countries. Source data: Minerals4EU database.

10 ht tps://geocera.eu/projects/mintell4eu7/
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Figure39 Visualisation of mine locatie in the Minerals4EU database, extract. Source:
https://geoera.eu/projects/mintell4eus/

The Minerals4EU database does not include information on the area covdtesirbjnes. This information

was taken from polygons in Open Street Map (OSM). Polygons were selected from OSM which include one or
more point locations of the mines and carry one or more of the 8 land use tags likely to indicate the presence
of contaminagd sites (selected in sectiddentificationof possibly contaminated sites in Opgtieet M. A

total of 738 mines resulted from this selection.

In order to create an overview of potentially polluted area suitable for phytoremediation using biomass crops,
these mines were fther explored on their average area per commodity group, their current land cover and
the type(s) of commodity produced. The results of these analyses are presented subsequently in sections
Combining mines in EU with OSM and CLC atataRisks of mining commodities for human health and
suitability forphytoremediation

5.3.2. Combining mines in EU with OSM and CLC data

Mines in the Minerals4EU database that were identified in Open Street Map are listed according to commodity
group inError! Reference source not foundviost mines were observéuthe commodity group base metals.

The area covered by the mines according to the polygons identified in OSM varied widely, ranging from 1 to
34.543 ha for all commodity groups. The largest mines (>30.000 ha) were found for the commodity groups
iron andferro-alloys metals and minerals for chemical use, the smallest for precious an@reeimis
gemstones (diamond) (<20 ha).

For the estimation of the potentially polluted area around mines, an average area of mines was inferred for
each commodity group his was done by inspecting the frequency distribution of the areas of mines (example
in Figure40). The average area of mines in each commodity group was calculétedaagrage of the area
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interval that included >90% of the mines in the group. The area intervals and average mine areas for the
commodity groups are listed in the last two column$atile.

Mines in the commodity groups base metals, energy commodities, fertilizer minerals, iron aralldgso

metals and minerals for chemical use cover around 100 ha according to the indications on Open Street Map.
The area of mines where precious metalseatgacted (gold, silver, platina) is an order of magnitude larger

on average (1045 ha). Average areas of mines for precious angreeious gemstones and special and rare
metals are small compared to the other mines (<50 ha).

Table5-3 Area of ming@n ha) as indicated in OSM for various commodity groups. Source data: OSM and
Minerals4EU database.

Commodity group Total nr of Average area Minimum Maximum Standard Area interval Average area
mines in OSM of mine in area of mine area of mine deviation of with >90% of of mines in
polygons OSMpolygon @ (ha) (ha) area (ha) mines (ha) <90% interval

(all included) (ha)
(ha)

base metals 221 754 1 23.551 2334 1-1400 106

energy commodities 154 609 1 12.344 1866 1-1200 117

fertilizer minerals 47 423 1 5389 1315 1-1300 85

iron and ferrealloys 151 1375 1 34.543 4058 1-2700 117

metals

minerals for chemica 102 477 1 33.644 3365 1-2500 99

use

precious and semi 12 15 6 18 3 6-18 15

precious gemstones

precious metals 35 1965 2 23.551 4558 2-4900 1045

special and rare metals 16 364 4 5099 1264 3-1800 48

Total 738

Frequency distribution of areas of mines with base metals
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Figure40 Frequency distribution of mine afgaha)A y O2 YY2 RA (& 3INRdzL) &éab:aS Y S
Open Street Map. Source data on number of mines: Minerals4EU database.

The current land cover in mine areas is relevant for the investigation of areas potentially suitable for
phytoremediation. Builp areas and areas covered with vegetation arsgstems that should not be
converted to biomass crops are not considered suitable and are excluded from the inventory.

The areas of mines in commodity groups and land cover classes considered suitable for phytoremediation are
listed in Error! Reference source not foundihe table includes counts of mines from the Minerals4EU
database in commodity groups relevant for phytoremediafi@blg), that were idatified in one of the land

use tags for potentially contaminated sites in Open Street Map (OSM). The table also includes counts of mines
that were not identified in OSM.

Of the mines identified on OSM, the largest total area was observed in polygor® tagjgé WA y Rdza ( NA |
WijdzZ NNEQ domn KFEOod ¢KA& 3IAPSE az2yYS O2ymanbes®dS Ay
the Minerals4EU database (287) is not identified in OSM, and of this number, only 204 are indicated as
minesinthe ¥R O2@BSNJ Of  8&4 WYAYSNIt SEGNI OGAzY ariGsSaqQ
shows us that for a more accurate estimation of potentially contaminated sites, dedicated databases are
required with spatial information on geographical objexgsociated with local contamination, and that we
cannot rely solely on topographical information from Open Street Map and land cover information that cover
the European domain.

The largest numbers of mines in commodity groups relevant for phytoremedja600) were found in the
aAySNIfano! RFEdGlIolrasS AYAINNRSII 6BRRII A2 FERI Of yRASA W
woodlandd K NHz6 Q 2y (i KBable). [Of thenotayof 2708Ldhinés observed in land cover classes
considered relevant for phytoremediation, almost halfZ@8) are located in areas with agricultural land use

(CLC classes -22). This offers potential for options to use existing agricultural land for biomass crop
production.

Table5-4 Area of mines (ha) potentially suitable for phytoremediation in combinations of CORINE land cover
classes (CLC2018) and land use tags identified in Open Street Map (OSM). Areas of mines in selected CLC
OfraasSa GKFG 6SNB y2G ARSYGAFASR Ay h{a INB 3IADSY
CLC2018 (Copernicus Land Monitoring Sergm®=)rrence of mine locations: Minerals4EU database; areas

of mines: Open Street Map.

OSM land use tag

CLC clas! Description No polygon in Brownfields Industrial Landfill Military Quarry Total
OSM

2 Discontinuous urban fabric 1198 26 1 5 1230

3 Industrial or commercial 151 1 68 1 2 4 227
units

4 Road and rail networks and 41 41
associated land

5 Port areas 1 1

6 Airports 9 1 10

7 Mineral extraction sites 204 1 36 13 174 428

8 Dump sites 39 15 7 3 64

10 Green urbarareas 26 3 1 30
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CLC clas: Description

OSM
11 Sport and leisure facilities = 97
12 Nortirrigated arable land 2967
13 Permanently irrigated land = 92
14 Rice fields 1
15 Vineyards 167
16 Fruit trees and berry 127
plantations
17 Olive groves 725
18 Pastures 2169
19 Annual crops associated | 94
with permanent crops
20 Complex cultivation 1220
patterns
21 Land principally occupied b 1378
agriculture with significant
areas of natural vegetation
22 Agroforestry areas 1170
26 Natural grasslands 1889
27 Moors and heathland 1455
28 Sclerophyllous vegetation = 1929
29 Transitional woodland 2297
shrub
32 Sparsely vegetated areas = 617
33 Burnt areas 49
38 Salines 25
Total 20137

OSM land use tag

No polygon in Brownfields Industrial

7

2 1
11

1
1
4 1
6 1
7
3
13
2
1
196 27

Landfill

Military Quarry Total

N W w o

»

27

2
30

13

15

11
26

314

102
3010
92

1
167
128

727
2187
95

1235

1392

1172
1910
1471
1956
2328

628
50

26
20708

5.3.3.Risks of mining commodities for human health and suitabilitypfoitoremediation

From the Minerals4EU database a-sekection of 65 commodities was made that is produced in the mines.
These commodities were ranked according to two aspects:

A The risk of the commodity for human health (and the need to reduce the risk) and the possibility to
manage the mining site with biomass crops, such that risks of the commodity for human health are
reduced. If the risk for human health of the commodityigh land can be remediated to some extent
by growing plants, a score of 1 is attributed. If the risk for human health is low, for example in case of
a sand pit, and therefore the need to remediate the commodity is low too, a score of 3 is attributed.

A scoe of 2 indicates positions in between.

A The suitability of phytoremediation as a means to manage the commodity. The ranking in this aspect

is as follows:

1. How likely is it that plants can remove the chemical listed from the soil through extraction?

2. Howlikely is it that by using plants (in combination with other chemicals), the compound of
interest can be immobilized such that risks are reduced?

3. How likely is it that plants are able to assist in in situ degradation of the compound of interest?
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The scorig for these ranking is: 1: likely or proven, 2: unknown or guestionable, 3: most likely not
effective.

The scores for all commodities on both aspects are presented in Annex 2. We estimated areas of mines with
the scores on levels of risk, need and suitability for phytoremediation by combining the numbers of mines in
each combination of aspects with the tgli area of the commodity group to which the mine belongs from
Table. The total area of mines so obtained from the Minerals4EU database is 6.208.776 ha. Thisshumber
one order of magnitude higher than the total area of quarries indicated on Open Street Map (654.013 ha) and
the total area of mineral extraction sites in CORINE Land Cover 2018 (633.848 ha). This indicates that the area
of mines cannot be inferred frothe typical sizearea(Table) per commodity groupFor thisreason,we

present the assessment of risk for human health and suitability of mines for phytoremeiiationbers of

mines in classemstead of in area covered

Table shows that the largest number of mines (24.074, 57% of the total number) is in the categamngf

with high risk and need to remediate contamination by the commodities produced in the mines, and where
phytoremediation might be possible to reduce the risk (score 1). Another 40% of the mines (17.869) is in the
category where commodities do not pasédigh risk for human health, and where consequently the need to
apply remediation is low (score 3). Our interest is in the area contained in the first mentioned category of
mines.

If we look at the possibility to apply different modes of phytoremedidtio this category, we find that the
largest numbers of mines are estimated likely to treat with phytoremediation through extraction or
stabilization of the commoditiegdble). There is less potential for or degradation/ volatilization of the
compound by planting vegetation. The numbers with possibility for extraction or stabilization correspond to
resp. 28% and 37% of the total number of mines in the Mineralsdabage.

Table5-5 Numbers of mines with rankings of level of risk, need and possibility to phytoremediate for all
commodities.

Level of risk, need and possibility to Number of mines
phytoremediate

High (1) 24.074

Medium (2) 702

Low (3) 17.869

Total 42.645

Table5-6 Numbers of mines with scores on level of risk, need and possibility to phytoremediate commodities
in mines for phytoremediation by extraction, stabilization or degradation/ volatilization.

Number of mines Likeliness of phytoremediation bytraction

Level of risk, need and Likely (1) Unknown/ Not

possibility to phytoremediate questionable = effective
) (©)

High (1) 12087 5899 6088

Medium (2) 600 102

Low (3) 724 12708 4437
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Total

Number of mines

13411 18607

10627

Likeliness of phytoremediation by stabilization

Level of risk, need and Likely (1) Unknown/ Not

possibility to phytoremediate questionable @ effective
(2 3

High (1) 15792 6334 1948

Medium (2) 600 102

Low (3) 334 186 17349

Total 16126 7120 19399

Number of mines

Likeliness of phytoremediation by degradatior

or volatilization

Level of risk, need and Likely (1) Unknown/ Not

possibility to phytoremediate questionable @ effective
2 3

High (1) 199 266 23609

Medium (2) 102 600

Low (3) 1417 16452

Total 1718 266 40661

5.3.4. Combining industrial sites and dump sites with the locations of the known blast furnace
steel industries

A special category within industrial sites that may deliver pollution risks are steel factorigastittirnaces

(Blast Furnac8asic Oxygen FurnaceBBF). In these sites, iron is produced from iron ore. Carbon is used
to separate iron from oxygen. Approximately 60% of steel in the EU is produced via this production route
(EUROFER, 2020).

In the praduction process, CO2 and fine particles are emitted, but pollution of soils due to deposition of fine
particles has not been demonstrated. The risk for human health in this production process that is proven is
the inhalation of fine particles which are ¢ by the furnaces. It is conceivable that vegetation might be
used to prevent further distribution of particulate matter in the vicinity of the steel production sites with blast
furnaces. For this reason we consider land use in the area of 5 km distandke production sites.

Locations of the production sites were obtained from the European Steel Association (EURQFERY) (

Land cover within 5 km from ttsites was derived from CLC 2018. Total areas per class for the 27 production
sites are displayed iRigure42. Only areas were considered with land cover relevaphigoremediation

(Table) and with an imperviousness <40%. The imperviousness of the soil surface was derived from the pan
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the Copernicus Land Monitoring Service. 60% of the area considered (and 31% of the total area around the
production sites) currently has land cover reflecting agricultural use. This might offer potential to deploy the
area for stabilization of fine particulate matter by biomass crops.
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Figured41 Locations of steel production sites with blast furnggesrce: EUROFERv(v.eurofer.ell

11 hitps://land.copernicus.eu/pan -european/high -resolution -layers/imperviousness
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Land cover in 5 km from steel production sites
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Figure42 Land cover in an area within 5 km distance from 27 gtedlction sites with blast furnaces in
Europe, with <40% soil sealiSgurce data: CLC2018 grath-European High Resolution Layer
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5.4 Integrated spatial database on contaminated sites

A summary of the mapping of potentially contaminated sites in the EU27 and UK using the data sources
presented above is givenTiable. The total area estimated in potentially contaminated sites due to military
training activities, industrial activities, mining and landfills, of which less than 40% is sealed, amounts to
2,013722 ha. This corresponds to 0.5%le total area of the countries considered. In individual countries,

the area of potentially contaminated sites identified on Open Street Map is at most 1% of the total surface
area of the country. France, Germany and Spain have the largest total &ralhgypes of potentially
contaminated sites, amounting to more than XH®D ha in each of the countries.

France and Germany are in the top 3 of countries with the largest total area in all types of potentially
contaminated sites, with total aredstween 10000 and 29@O00 ha. In the category of military sites, United
Kingdom is also in the top 3 countries with the largest total potentially contaminated area, amounting to
almost 100000 ha. For industrial sites and brownfields, the total areagedain Romania, with more than
80,000 ha. For quarries, Spain follows behind France and Germany with alfifstt Poland, France and
Germany have the largest total area of landfills (betweed000and 1900 ha).

Tableb-7 Total area (in ha) of potentially contaminated sites identified in Open Street Map, with land cover
types relevant for phytoremediation and less than 40% imperviousness. Source data: OSM, CLC2018, HRL
IMD2018.

Area (ha) Type of potatially contaminated site
Country Military Industrial & Quarries | Landfills = Total area Total area country
brownfields

Austria 17.551 4.157 8.423 927 31.058 8.387.900
Belgium 13.777 11.208 4.948 739 30.672 3.052.800
Bulgaria 9.973 17.400 30.418 2.462 60.253 11.037.000
Croatia 10.217 3.679 2.352 708 16.956 5.659.400
Czech Republic 42.335 14.581 21.100 2.504 80.520 7.886.800
Denmark 21.218 9.711 4.306 181 35.416 4.292.400
Estonia 8.538 3.733 7.523 3.163 22.957 4.522.700
Finland 48.932 13.971 14.586 3.844 81.333 33.844.000
France 126.163 78.260 55.948 10.164 270.535 63.318.660
Germany 118.826 65.857 84.051 18.652 287.386 35.737.600
Greece 15.373 5.904 25.319 2.325 48.921 13.204.900
Hungary 14.785 31.178 9.151 2311 57.425 9.301.100
Ireland 2.253 4.924 8.605 821 16.603 6.979.700
Italia 36.462 43.963 37.393 5.967 123.785 30.207.300
Latvia 5.720 4.973 3.287 180 14.160 6.457.300
Lithuania 5.207 12.962 5.281 146 23.596 6.528.600
Luxembourg 21 355 197 201 774 258.600
Malta 10 55 280 345 31.540
Netherlands 11.026 19.076 810 783 31.695 4.154.000
Poland 56.571 44.248 36.234 11.003 148.056 31.267.900
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Portugal 9.299 9.873 9.976 1.094 30.242 9.222.600
Romania 16.755 80.607 22.453 5.401 125.216 23.839.070
Slovakia 14.641 12.640 3.543 1.302 32.126 4.903.500
Slovenia 1.177 737 863 61 2.838 2.027.300
Spain 90.160 43.326 49.973 4.588 188.047 50.594.400
Sweden 39.404 17.848 10.261 2.051 69.564 43.857.400
United 97.519 36.874 42.057 6.793 183.243 24.361.000
Kingdom

Total area 833.913 592.100  499.338 88.371 2.013.722
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6. Conclusions and further steps

6.1 Introduction

This report presents the results of the first part of task 3.1 in GiCaims atmapping in detail the
contaminated sites in the EU and their characteristiésdistinction is made between sites/or rather areas
affected by diffuse and by point source pollution:

1) Diffuse pollutiondef. EEAPollutionfrom widespread activities witio one discrete source, e.g. acid rain,
pesticides, urban ruoff, etc)

2) Point source pollutiofdef. EPAPollution from any single identifiable source (e.g. landfill, mine, industrial
site)

Areas affected by diffuse pollution cover a larger areasitaa affected by point source pollution. For diffuse
pollution the source of pollution is not clear either and can be caused by sources like traffic, industry (both
leading to deposition via air) as well as agriculture. Point source pollutants oftem dieet link to a specific
industry or activity, like mining, and usually leads to a limited number of pollutants present but at high levels.
The pollutions from diffuse sources can range from metals (in fertilizers and manure) to nutrients (N and P),
biocides, persistent organic pollutants present in sludge applied to land as well as soil acidifying substances
like ammonia emitted from nearby intensive animal husbandry farms.

For contaminated sites, the aim here igrtap areas of sites in the EU tlae contaminated to some degree,

that need cleaning or stabilisation and that may be suitable for bioremediation through the cultivation of
biofuel cropsin the following the main conclusions in relation to the spatial identification of areas affgcted b
diffuse and points source pollution is presented.

6.2 Conclusion for bioremediation of diffuse pollution sites

A method was developed and applied to estimate risks from diffuse pollution from various substances for
human health and ecosystems, and taprhese risks for Europe in terms of the deviation of the current
content of the substance to a critical limit for each substance. Maps were generated for cadmium, lead,
copper and zinc. Input data for the analysis include soil organic carbon and tdayscand pH and actual
contents of the metals considered. These data were derived from ESDAC and SoilGrids .

Now this approach is limited to a few selected metals for which we have the requested information. For food
this approach is, for now, limited €d. For Pb the relation between soil and crops is poor so we cannot
predict at what levels in soil food quality criteria are exceeded. For other metals specifibheattiquality
criteria only exist for mercury (Hg) and arsenic (As) but this refeesiadéxclusively to products of marine or
freshwater organisms (fish, mollusks etc.). Also, there is growing concern about potential food safety issues
related to organic emerging pollutants including pesticides, antibiotics and flame retardants (§.0-8FAS
most of these substances (with the exception of plant protection chemicals or metabolites thereof) food
quality criteria are not available. Also, there is a lack of reliable soil to crop transfer models. Finally, also

90




G o L D Grewingenergy creps-ephtaminated dand dor biefuels.and seilremediatio

spatial data to prepare mapsthe desired scale level are lacking since, as of now, there is no systematic
monitoring of most of these substances.

The resulting maps of deviations of the four metal contents from the critical limits vary between the two
data sources. Uncertainties inth sources should be taken into account in the interpretation of the result
maps. Basically, the results included in this report are to be used as an example of the approach. It is
impossible to generate exact data on the extent of the areas where cunetat concentrations exceed

critical limits in view of food safety, ecology or water quality. This requires a ramptinanalysis of the

guality of input data and models used as well. So, work will continue to improve the models and to obtain a
better understanding of the influence of the input data on the final results.

A qualitative assessment of the maps provided nevertheless shows that there are specific areas where a
combination of soil conditions and metal concentrations in soil is such théikely that critical limits are
exceeded.

In case of food safety related to cadmium (Cd) uptake by wheat, soils in Central Europe including areas in the
Netherlands and Belgium can be considered vulnerable. This is largely due to a combinatigrpef soil t

(sandy soils, loamy soils) with initial low pH levels. Liming has increased soil pH to some extent but a majority
of these soils can be prone to acidification once liming is stopped. In addition, in areas in Belgium, the
Netherlands and Poland, regidmadustrial pollution has contributed to the increase of the initially low Cd
concentrations in soils. This in combination with low soil carbon and moderate soil pH results in the regional
exceedance of critical concentrations of Cd in soil. These Imederate pH soils are also vulnerable in view

of water quality although the risk of Cd leaching from soil to groundwater is reduced substantially during the
transport from upper soil to groundwater. However, Cd leaching to groundwater has been reported

especially in areas affected by proximity pollution, i.e. diffuse pollution caused by industry. This is the case
both in the Dutch Belgian border area (Kempen) as well as in the heavily industrialized areas in southern
Poland.

Risks in view of ecotoxicologge noticeable in Italy and Greece and areas in France and Spain with
viniculture. In most cases a combination of higher natural concentrations of copper in soil and the extensive
use of plant protection chemicals that contain copper are the reason foexbeedance.

For cadmium (Cd) and lead (Pb) risks in view of ecotoxicology seem minor, for both metals the calculated
critical concentrations appear to be substantially higher than current concentrations in soil. For zink (Zn)
exceedance of the calculateritical limit is confined to areas with low pH soils similar to those with a
reported exceedance of the critical limit for cadmium (Cd) in food.

6.3 Conclusions for potentially@ntaminated sites

Enquiry attREESDAC and consultation of the websiieEEA and Eurostat revealed that at present, there is

not database of contaminated sites for Europe that carries spatially referenced information on area and
contaminants. The most recent Eurepale assessment of contaminated sites is the JRC TedRejwait
{GFrGdza 2F 20!l f azaf O2yGFYAYFrGA2Y Ay 9dzNRBLIS o8
guestionnaires to experts of national reference centres (NRCs) in thadritfer countriesl revealed that

of the 39 countries surveyed, 28 maintain comprehensive inventories for contaminated sites at national or
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regional levellt became clear that in tot&5,000 sites had been remediated or are under aftercare, and
650,000 sites are registered as siteswhej2 f £ dzi Ay 3 | OGAQGAGASaE G221 2NJ Gk 1

Because of lack of EU wide spatially explicit sources on contaminated sites an other approach to mapping
these contaminated sites was developed. For this reasanpally contaminatd sites were identifiedirst

in Open Street Map (OSM). These were reviewed by comparing the sites against polluted site locations that
were known to WkXxperts, to current land cover as represented on CLC201-8@nudines only to locations

in the Mirerals4EU database.

FromOSM the following sites were selected with presumed potential to have soil pollution present:

1 (former) quarriesand mine tailings
(former) land fill sites

(former) military sites

former industrial sitegbrownfields)
industrial sites

harbours

wastewater treatment plants

fuel stations

=A =4 =4 4 =4 4 =4

Conclusions from the reviest OSM in combination with other spatial data souares

A The largest areas of potentially contaminated sites are in areas tagged on O$iMrgssites (41%),
industrial sites and brownfields (29%), quarries (25%) and landfills (4%). The total area on land covered
by these sites is, 418773 ha. Harbours, wastewater treatment plants and fuel stations cover minor
areas compared to these categs. This total area has been further reviewed for suitability for
phytoremediation by overlaying it with additional spatial data sources.

A The land covefrom CLC2018n the considere@SMsites corresponded to the expected land cover
for the larger par i.e. forest and other senmatural vegetation for military sites, industrial or
commercial units for industrial sites and brownfields, mineral extraction sites for quarries and dump
sites for landfillsThis supports the correct setion of the sitesn OSM.

A In sites where pollutants may occur, land cover consisting of denselybuaitea, forest or other
natural vegetation is considered unsuitable for phytoremedia®these types of land cover areas
are either already vegetated by trees & shrobsealed by buildings and roadsis also applies to
other land cover typesinsuitable for cropping, such as beaches and dunes, bare rocks and water
bodies. Land cover types in potentially contaminated sites with discontirurbas fabric (e.g.
mineral extraction sites) anavith some form of agricultural land use are considered suitable for
phytoremediation, provided thdess thard0% of the area is artificially seal@dpervious)

A The total area of potentially contaminated sites with land cover typigable for phytoremediation,
and withless tham0% of the areaealed impervious, amounts to 213722 ha in the EU27 and UK.
This area corresponds to 0.5% of the total surface area of these countries.
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A France, Germanypainand UKhave the largestotal areas of all types of potentially contaminated
sites, amounting to more than 1800 ha in each of the countries.

A Land currently in use for agriculture covers between 7% (in military sites) and 20% (in landfills) of the
area in potentially contamited sites identifiedin OSM. These areas offer opportunities for
phytoremediation through biomass cropping, because less effort is required for conversion of the land
use than if the area would be covered by constructions or natural areas.

A Inthe areas wére quarries were identified in Open Street Map, the land cover type on CLC2018 with
GKS fINBS&ald SEGSYyld A& WYAYSNIt SEGNI OGAzy &Adl
polygons with quarries in the EU and Wikh Germany having the largestveoage (101,227 hayhe
G240t I NBF 2F (GKS Oflada WYAYSNIf SEGNI OGAzy &
AYLX ASAE GKFG prs 2F GKS [/ [/ Hnmy OflFaa WYAYSNI
Street MapThis points tahe necessity to consult multiple spatial datasets for the purpose of mapping
potentially polluted areas by quarries.

A The Minerals4EU database features782 mines in 22 EU Member States in 8 commodity groups
considered of interest fgghytoremediation. Of these, only 738 were found in proximity of potentially
contaminated sites identified in Open Street Map. A large number of mines in the Minerals4EU
database (2A37) was not identified in OSM, and of this number, only 204 are indiasitedhes in
GKS flIyR O2@0SNJ Of 4484 WYAYSNIf SEGNI OGA2Yy &aAiGSs:
findings show that the databases with European coverage OSM and CLC2018 represent only a small
part of the potentially contaminated sites,dathat dedicated databases with spatial information on
geographical objects associated with local contamination are required to map contaminated sites.

A Commodities produced in mingas specified per mine in the Minerals4EU databasze ranked
accordingo the risk for human health and the possibility to reduce the risk in the site with biomass
crops, and the likeliness of three modes of phytoremediation to manage the commaodity. In 57% of
the mines, commodities pose a high risk to human health and tiere need to remediate the
contamination. For the commaodities in this group phytoremediation might be possible to reduce the
risk. In 40% of the mines, commodities do not pose a high risk for human health and the need to
apply remediation is low.

A MostmySa gAGK O2YY2RA0ASA NBf SO yld TFidighleddiabléi 2 NS Y
fIyYRQZ WLI 40 dz2NBaQ -BKRUz@ONGtHEEW foriedcyf larid caye? @aRd). IOf R
the total of 20708 mines observed in land cover classes constezkevant for phytoremediation,
almost half (1(206) are located in areas with agricultural land use. These findings suggest a potential
for options to use existing agricultural land in (former) mine areas for biomass crop production.

A In the group of nmes with high risk for human health with commodities suitable for
phytoremediation, the largest numbers of mines are estimated likely to treat with phytoremediation
through extraction (28% if the total number of mines) or stabilization of the commodRi&% (of
the total number). There is less potential for or degradation/ volatilization of the compound by
planting vegetation.

A Landfills identified in Open Street Map are covered for 37% by dump sites on the CLC2018 map and
for 15% by mineral extraction sites (15,485 ha). The latter might refer to areas where residues from
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mining operations are piled up next to the mine, and aneered by some form of vegetation. 21%

of the areas indicated as landfill in OSM is covered with some form of agricultural land, mainly by non
irrigated arable land and pastures, whichy be relevant for phytoremediation using bioenergy crops,

in case sibpollution is present. This requires an assessment at the level of these sites.

A The total area of landfills in EU27 and UK on Open Street Map is 99,992 ha, overlapping with 88% of
the total area of dump sites on CLC2018 (113,763 ha). This might suggestttall landfills are
identified in Open Street Map. However, there are also countries where the total area of polygons
GFr33SR a WElIYyRFAE{EQ Ay hLISy {GNBSG al Ll Aa €I
CLC2018 mapgain it confirms toéhe need toconsult multiple spatial datasets for the purpose of
mapping potentially polluted areas in or around landfills.

A Brownfields may be considered a s of industrial areas. In Open Street Map, 66,048 ha was
tagged as both types of land usetlie EU27 and UK, corresponding to 94% of the total area of
brownfields. For the generation of a map of potentially contaminated sites, the polygons tagged as
industrial areas and brownfields on Open Street Map were therefore merged. This results iofa total
2,725502 ha of industrial sites and brownfields, occurring in the EU27 plus thefliiks area
167,877 hais in use by some form of agriculture (according to the overlay with CLC2018hawhich
be relevant for phytoremediation using bioenergy crapsase soil pollution is present.

A In the category of industrial sites, steel production sites with blast furnaces may deliver pollution
risks through the emission of fine particles, but pollution of soils has not been demonstrated. It is
however concarable that vegetation might be used to stabilize particulate matter in the vicinity of
the steel production sites and to prevent transport to other areas.

A 27 steel production sites with blast furnaces were mapped in the EU, with land cover in an &rea of
km around these sites. Considering only land cover types suitable for phytoremediation with <40%
imperviousness, 60% of the area currently has land cover reflecting agricultural use. This might offer
potential to deploy the area for stabilization of fiparticulate matter by biomass crops.

6.4 Further review of information

Further review of information will be done by the project team in 2023 on the following aspects:

A The collection and analysis @ftional and regional datan potentially contaminated sitesll be con-
sideredfor several EU countries in 20Z3e aim is to refine the mapping of contaminated sites based
on OSM and CLC2018.

A Continuation othe modelling of diffuse pollution witlpdated better) input datawhere possiblen
soils and contaminatiotiata in soils and pedmansfermodels.

A Based on the mapped information presented in this report the witébe selected for thepatially
explicit modelling of the selected value chains in task 3.2.2.
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Annex 1 Overview of data on contaminated sites at
national level

Netherlands

Georeferenced data on (potentially) contaminated sites inNétberlands are collected and documented at
regional level by the larger municipalities (a.0. Rotterdam, Amsterdam) and the regional environmental
agencies, on behalf of municipalities. At the moment of writing, there is no central registration at tetinal

that is publicly accessible, although there is an online office for information on soil quality that refers to the
websites and geoportals of municipalities and regiangw.bodemloket.nl Data on substances in soil en
subsoil that are relevant for the quality of life (no only pollutants) will be included in the Dutch National Key
Registry of the Subsurfdéas off 2024.

A national register of all contaminated site3 e Netherlands was built in 2021 by a consultancy firm for the
construction sectdf, but this is not publicly accessible. However, the identification of contaminated sites for
phytoremediation focusses on areas that are not considered for constructibaranintended to remain
vegetated. Therefore, we will not consider this register for echesking the identification of contaminated
sites in Open Street Map.

The municipalities and regional environmental agencies manage information on contaminated and
remediated sites in soil information systems. We will illustrate the way in which the information is stored and
hosted in an example for a region in the province of N&rebant by the environmental agency
Omgevingsdienst ZuidoeBtabant®. This regionwas selected to crossheck the identification of
contaminated sites in Open Street Map, because the occurrence of areas polluted with heavy metals is known
in the area, for example by ashes of zinc coming from a factory in the municipality oFRyuadtei8, Figure

44).

13 https://basisregist  ratieondergrond.nl/english
14https://anteagroup.nl/diensten/milieu -en-omgevingsdata/bodem  -digitaal -op-de-kaart
15 https:/iodzob.nlf
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Figure43 Zinc factory of the N.V. Kempensche Zinkmaatschappij in the municipality of Budel, The Netherlands
in 1973. Sourcduttp://www.historiekzm.nl/
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Figure44 Fragment of a map with contours of contaminated areas in the soil information system of the
environmental agency in the southeast of the province of Narafgant in The Netherlands. Source:
https://noord-brabant.omgevingsrapportage.nl/#
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We requested geoinformation on the contours of contaminated and remediated sites in the region from the
soil information system of the environmental agency, including information on the cause of the pollution and
the type and amounts of contaminants found in each site. We received detailed information from the soil
information system in xribrmat, including informatio on:
1 Polygons delineating areas where soil surveys were carried out based on suspicion or mention of
contamination, including locations of soil borings;
1 Polygons delineating areas that were identified as being contaminated and areas where
contamination vas remediated.
An impression of how the information is organized when imported in GIS is giiguare45.
The information from the soil informati system is coded according to the SIKB 0101 prétdoolthe
exchange of soil information between authorities and parties with an obligation to provide soil information.
The attribute information on the polygons contains information on exceedance reshtiids for
contamination, but information on the type(s) of contaminating substances is not clearly indicated and was
found only for some of the polygons in the attribute field with remarks.

The information in the soil surveys to each polygon in thea@aset can be requested at the environmental
agency. For each surveyed lot, this consists of a series of reports in pdf format, made by engineering offices
with detailed information on the current and historic use of the lot, the soil properties andndoatad
substances observed.

In summary, detailed information on contaminated sites is stored in the regional soil information system at
the level of plots of land in the land register, grouped per municipality. For the Netherlands as a whole, a
geoinformation system with contours of contaminated sites and types and contents of contaminating
substances, is not available.
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Figure45 Example of contents of the soil information system of the environmental agency Omgevingsdienst
Zuidmst-Brabant for the municipality of Moerdijk in The Netherlands. An industrial site of the Shell company
is shown in light purple. Polygons in dark purple indicate areas with information on contamination. Source:
Omgevingsdienst ZuidoeBtabant, informatin received on 33-2022.

16 https://www.sikb.nl/datastandaarden/sikb0101 -bodembeheer
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Flanders(Belgium)

In Belgiumthe Public Waste Agency of Flandé@VAN is responsible forthe managementof waste,
materials and soil remediatiamthe regiorof FlandersA public geopo#l (Geopunj) providesgeoreferenced
information oninvestigated sites that were reported at OVANgure46). The sites includecations where

soil pollution was reported and where claims of damages were made. Locations of soil surveys and soil
decontamination are alsimcluded in the geoportaEach site is characterized by an identification number
referring to the underlying reports and uploaded data. ddler of the polygonsndicatesthe type of report
(preliminary investigation, detailed investigation, remediation project, remedial actions, moni{uviiig)

and Isenborgs, 2022)
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- Evaluati schadegeval

ne
H

ioeenH=

? Dossiergebied-hoogste opdrachttype
B sitebesluit
@ orienterend bodemonderzoek
[@ eeschrijvend bodemonderzoek
B Bodemsaneringsproject
@ Eindevaluatieonderzoek

08-09

7] Evaluatierapport schadegeval
[ vaststelling schadegeval

[ Melding schadegeval

[ Melding bedemverontreiniging

2/ BB ¥ N

"f“"t 8,
LS

Figure46 Presentatiorof (potentially)contaminatedsites in Flanders the geoportal GeopunColoured
polygons show areas for whifiles are availableReports can bequestedrom the Flemish government
throughthe file numbes. Sourcehttps://www.vlaanderen.be/geopunt/kaarttoepassingen/ovgevoloket
bodemdossierinformatie

For landfills, OVANhaintainsa map with the contours of administrative parcels where activitidsvaste
dumpingare known to occuiThemap of landfills indicate if the waste dumping is still active, the presence of
hazardous wastand the type of wastelhe map of landfills can be consulted thriotige geoportal Geopunt.
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Figured7 Map of landfills for the region of Flanders in the geoportal Geopantce: OVAM, version-@3
2023. https://www.vlaanderen.be/datavindplaats/catalogus/stortplaatseivlaanderen
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France

The nationatlatabaseof contaminatedor potentially contaminateditesfor Franceis 8 S RSa &2f a
(BASOL)There is alsdahe national Inventory of Abandonedhdustrial Siteglnventaire des Anciens Sites

Ly Rdza 4 NA St S (i(BASIAF)Spatial agaion ReSsites i BESIAS Gre includdtkimap of
abandonedindustrial sites held bghe national geological service BRGivititled CASIA8 arte des Anciens
SSGSa LYRdAZAGNAStE R S ! OGAgAaGSa RS { SNBAOSa

There is alsapublicwebsite of brownfields in France, wheitdzens camprovide and consulbcalinformation
on brownfields entitled CartofrichesThe site containge data from the deabases BASIAS aBASOL.
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Greece

The existing contaminated soil management in Greece is fragmentary and complicated and the authorities
involved are understaffed without the appropriate expertise, in most of times. The Greek inventory for
contaminated sites started a couple of y®eago but was never implementfcaumanns et al., 2021) 2009

a study was completed for the investigation, evaluation and remediation of uncontrolled (illegal) contaminated
sites with industrial and hazardous wastes. In 2013 another study was infitiated¢ording and evaluation

of the contaminated sites by industrial hazardous wastes in the region of Attica and the prefecture of
Thessaloniki, Viotia, Evia, Kozani, Achaia, Heraklion, Magnisia, Kavala and Chalkidiki (the areas that account fc
mostof KS O2dzy i NE Q& Ay Rdza G NR I TheQanhothisistudy wastthé gevettibny A R A
recording and the initial characterisation of potentially contaminated sites focusing on areas with heavy
industrial activity, storage areas of industréald hazardous waste, wasgtanagement areas, mining
activities, shipyards et@\ll sites were classified into two categories: as controlled (legal) or uncontrolled
(illegal) sites. 2.029 potentially contaminated sites were identified and prioritize@0Uhmost important
contaminated sites were selected for further investigation through questionnaires asitk assessment.

This project was the first approach and indicates that more research is needed, including ecotoxicological
studies, a setting outf®6 polluting parameters and thresholds, clarification of reference sampling and robust
site sampling and monitoring (Tsompanidis et al 2016).

Laumanns et al. (2021) concludes that with regard to sites contaminated by illegal landfills, Greece has an
andytical database. According to official data reported to the European Commission in the context of the
relevant decision of the European Court of Justice imposing fines on Greece for the case of illegal landfills,
there were 293 illegal landfills in Decean014. By December 2017 the number had dropped to 44. The rest
(149) have been rehabilitated. It should be noted that the number of illegal landfills exceeded 3.000 landfills
AY Hnanmn o0dziz Ay (GKS YSFIyGAYSIZ Y2 a iligeoR2018)KTherefofel &3S
based on the above it is obvious that the contaminated site in Greece is still pending.

In themeantimemany more scientific approaches have been implemented to mapping contaminated sites in
Greece. In the following an overvievgigen of these as summarizedEigni Papazoglou in 2023.

Literature on soitontamination

1. Level of Contamination Assessment of Potentially Toxic Elements in the Urban Soils of Volos City (Central
Greece) (Golia et al., 2021).

Research ared/olos City (Central Greece)
Surface: 3.65 kin

Source of pollutionindustrial area that also includestael plant and large cement industry, producing seven
types of cement, clinker, solid fuels, and aggregates, is located a distance of 4 km to the east part of the city

Type of pollutants presen€o, Mn, Cd, Zn, Cu, Pb, Cr, Ni

Level of contamination: lo moderate
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ResultsThe mean values of metal concentrations were found to be lower than maximum permitted values,
except Co and Mn mean concentrations ha were higher than maximum permitted Valeiéargest number

of soil samples had CF values belogpgo class 1 ¢b 0 | YR 6SNB OKIF NI OGSNAT SR I a
Ly OflFraa 113 GKS 2NRSN) 2F /Cca o+a | a FTz2ftfz26payY

/
OKI NI OGSNAT SR +a 602y &ARSNI 0t SwON ¥ Gd>Zh yCdiThete/er®

y2 a2if alyYLX Sa 6AGK /C B c= AdSds 68t2y3Iaya G2 O

2. A Study of Chromium, Cooper, and Lead Distribution from Lignite Fuels Using Cultivateccatti/ated
Plants as Biological Mitors (Sawidis et al., 2011).

Research area: Ptolemais, Agios Dimitrios region
Source of pollution: four coal power plants

Type of pollutants present: Cr, Cu, Pb

Level of contamination: low

Results: The mean heavy metal content in the sdddsribed in the descending order of Cr>Pb>Cu. Stations

in the vicinity of the CPP showed a distinctly high load of chromium in the soil, whereas for the other metals,
no such correlation has been noted. In the case of lead, higher concentrations werinfthenmost remote
stations. Results showed that there is no serious heavy metal pollution in the area of the coal power plant.

3. Spatial diversity of Cr distribution in soil and groundwater sites in relation with land use management in a
Mediterranearregion: The case of C. Evia and Assdjpbs Basins, Greece (Megremi et al., 2019).

Research area: Assopbhiva Basins and C. Evia

Source of pollution: widespread occurrence of ophiolites ardiHerite deposits
Type of pollutants present: Cr, Ng C

Level of contamination: high

wSadzZ Gay ! SN 3S YSGlrt @rftdzSa Ay az2ifta NIy3aS FNB°
pHn Y3Ak13 G GKS ' @K2YF L NBRAYEXEYyHOKSOGRAAMD2¥Ik] 3T /
north part d the basin (Thiva area), with an increasing trend from south to north.
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Fig. 1. Maps of Cr, Ni, Co and Mgdjaspatial distribution in soils of the Evia and Assdpos basins.

4. Species adaptation in serpentine soils in Lesbos I§amece): metal hyperaccumulation and tolerance
(Kazakou et al., 2010).

Research area: Lesbos Island. Four serpentine sites were selected in the following localities: Loutra, Ampeliko,
Olympos and Vatera

Type of pollutants present: Ni, Co, Cr and Zn

Resuls: Data showed that there is a gradient of increasing heavy metal concentration from the Vatera to
Ampeliko localities. Ampeliko has the highest heavy metal concentrations (Ni, Co, Cr and Zn), whereas Vatera
has the lowest Ni concentration and the lowkkj/Ca quotient. Olympos has the highest Mg values. Nickel
concentrations were always >1,000 mé kgross all locations.

5. Investigation of heavy metal pollution of the soils of the areas of Inpfytaoi
¢ Schimatari (Tsoumani, 2021).

Researchreas: Avlona, Schimatari, Oinoi and Inofyta
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Source of pollution: industrial activity
Type of pollutants present: Cu, Ni, Co, Cr, Zn, Pb
Level of contamination: high

Results: Total heavy metal concentrations showed that soils are polluted in terms ofdiesld chromium

and less in terms of manganese, while they do not show much pollution from copper and zink. The highest
concentrations of bioavailable nickel and manganese were determined in Oinofyta and Avlona, while
bioavailability of lead in Oinofy#aad Schimatari. The highest values of the available forms of copper and zink
are found in the wider area of Inofyta. According to the soil pollution indices calculated, in general soils are
moderately polluted by heavy metals, but the indicators indidadager soil pollution by the elements lead

and nickel.

6. Soil and maize contamination by trace elements and associated health risk assessment in the industrial area
of Volos, Greece (Antoniadis et al., 2019).

Research area: Volos

Source of pollution: steel factory

Type of pollution: metals and metalloids

Type of pollutants present: Ag, As, Co, Cr, Mn, Mo, Ni, Sb, Se, Sn, Tl, Ni, Cr
Land use: highly intensive agricultural activities

Results: Ag was 0.49tkwvbackground of 0.13, As was 100.33 vs. background of 6.83, Co was 34.85 vs. 11.3, Cr
438.29 vs. 59.5, Mn 762.02 vs. 480, Mo 10.68 vs. 1.1, Ni 327.46 vs. 29, Sb 18.47 vs. 0.67, Se 14.40 vs. 0.44, ¢
10.49 vs. 2.5, and Tl 17.51 vs. 0.5. It should be rthtgdsome of the studied elements showed low levels:

Cd, Pb, and V were well below their background levels, while average Cu (39.78) and Zn (69'p@eng kg

similar to their respective background levels. Also, from the elements covered by the EuEDEEE, 1986),

Cd (3), Cu (140), Pb (300), and Zn (300) were found well below that threshold (legal limit thresholds in
parentheses), while average Ni was#ld higher than its limit of 75 mg*®gsoils were extremely enriched

with Tl, a highly togimetal. Along with it, other less expected elements were also found severely enriched,
i.e., Se, Sh, and Mo; soils also contained high concentrations of As, Ni and Cr.

T® al3ySGAO aA3IYylFiGdaNBZ 3IS20KSYAAGNEZ intcgh@mirathd f 6 A
industrial soils from Sindos Industrial Area, Northern Gré&mearliva et al., 2016).

Research area: Sindos Industrial Area
Source of pollution: major part of the industrial activity of the Thessaloniki plain

Type ofpollution: metals and metalloids
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Type of pollutants present: As, Cd, Co, Cr, Cu, Ni, Pb, Mo, Zn

wSadzZ Gay ¢KS wHy: 2F GKS &addzZRASR az2Af alyLiSa ¢S
reference to Cd and Zn, while especially for Zn24 G KS al YLX Sa | NS Of I aaATAa
KSIF@Afe LRtfdziSRQQP hyS aLISOA Fued ofile Antustrial uvit.da§ O2 f
OKI N} OGSNAT SR a4 WQSEGUNBYSteée LRtfdzZiSRIN F2NI /R |y

8. Heavy Metals in Agricultural Soils of the Modiifitva Area (Central Greece) and Environmental Impact
Implications Antibachiet al., 2012).

Research area: Mourikhiva Area, situated in the prefecture of Viotia

Surface: 150 ki

Source of palition: major part of the industrial activity of the Thessaloniki plain

Type of pollution: metals and metalloids

Type of pollutants present: Co, Cr, Cu, Ni, Pb, Zn

Land use: Potatoes, carrots, cotton, grain, and beans are mainly cultivated in thesalain ar

Results: The soils of the MouiThiiva area showed elevated concentrations of Ni, Cr, Co, Fe and Mn. The
studied soils are significantly contaminated by Ni, presenting concentrations that are extremely higher than
the Dutch proposed guideline value.

9. Public health risk assessment associated with heavy metal and arsenic exposure near an abandoned mine
(Kirki, Greece) (Nikolaidis et al., 2013).

wWSASEFNDK FNBFY W 3Az2a tKAfALLIRAQ Ay (GKS YANJL A NBI
Surface: 20 kf

Source opollution: abandoned leaginc mine

Type of pollution: metals and metalloids

Type of pollutants present: As, Cd, Pb, Zn

10. Soil contamination by toxic metals in the cultivated region of Agia, Thessaly, Greece. Identification of
sources of contaminatiofskordas et al., 2005).

Research area: Agia area in the eastern part of the Larissa town, central Greece
I 22NRAYF0SaY f&kddAmpdREmQO ® decyifm QO QdzRO® HHcnMQAn Q

Type of pollution: metals and metalloids

109




G o L D Grewingenergy creps-ephtaminated dand dor biefuels.and seilremediatio

Type of pollutants prent: Cu, Pb, Zn, Ni, Co, Mn, As, V, Cr, Fe and Mg
Level of pollution: slightly contaminated to contaminated
Land use: apple trees

Results: According to the concentrations of Pb and Zn the soils of the studied area are characterized as
uncontaminated (caigory I). According to the concentration values of As and Cu the area of Agia is
characterized as uncontaminated (category 1) 91 and 88%, respectively, or slightly contaminated (category II)
9 and12%, respectively. Almost the whole area is characterizdigjlatty to contaminated (categoriedV)

by Ni. Only two samples have values >1000 ppm (category V). According to the concentration values of Cr the
soils of the Agia area are characterized as slightly contaminated or contaminated. The largesteareaf th
studied is slightly contaminated (category Il, 88%) or contaminated by Mn (category Ill, 88%), 4% of the soll
samples are heavy contaminated. The largest part of the Agia area is characterized as slightly contaminated
(category II) by V, 3% as cantaated and 9% as uncontaminated (category ). Agia soils are mainly
contaminated by Ni, Cr, Fe, V and Mn. The results of soil analyses from the region of Agia, Central Greece
showed elevated concentrations of Ni, Cr, Co, Fe, Mn, Zn, Cu, V and A< Alethésstudied are present in

soil with concentrations above the mean values of global soils. Some elements like Ni, Cr, Mn and V have
concentrations that according to G.L.C.

11. Environmental geochemical research for the levels and the sources of toxic metals in the agricultural soils
of dimitraeleftherion and platycampos region, Thessaly, Greece (Skordas et al., 2017).

Research area: Platycampos region, Thessaly, Greece
Typeof pollution: metals and metalloids
Type of pollutants present: Cu, Pb, Zn, Ni, Co, Mn, Fe, As, V, Cr and Mg

Level of pollution: slightly contaminated to contaminated

12. Arsenic accumulation in irrigated agricultural soils in Northern Greece (Catenitir2011).
Research area: Prefecture of Chalkidiki close to the municipality of Nea Triglia

Type of pollution: metalloids

Type of pollutants present: As

Land use: agricultural fields

Results: Arsenic content in sampled soils ranged from 20 to 51&)rmgide to §66 mg/kg outside the
geothermal area.

13. Investigating the sources and potential health risks of environnoemtiaiminants in the soils and drinking
waters from the rural clusteis Thiva area (Greece) (Kelepertzis, 2014).

Research ared:hiva
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Type of pollution: metals and metalloids
Type of pollutants present: Ni, Cr, Co, Mn, Cu, Pb, Zn, Cd

Results: Copper is the only metal with more than half of the collected samples showing pollution indexes above
1 with a maximum of 1.67. Leadd Zn for a small number of soils also demonstrate a relative enrichment
with respect to the maximum background value.

14. Concentration of heavy metals and trace elements in soils, waters and vegetables and assessment of health
risk in the vicinity of Bignite-fired power plant (Noli and Tsamos, 2016).

Research area: area is part of the Kozani Ptolerfaigantaion basin, northwestern Greece

Surface: 400 kin
Source of pollution: coal mining

Type of pollution: metals and metalloids
Type of pollutants p@ Sy Y !'as wtX /23X /' NE {NE {0 ¢KXI ! 3 wny
Level of pollution: slightly contaminated

Results: The obtained data in most of the cases did not exceed the normal levels and indicated that the
investigated area was only slightly contaminated.

15. TOPSOIL POLIONIAS ECOLOGICAL FOOTPRINT OF HISTORICAL MINING ACTIVITIESIYNMa6GREECE (
etal., 2018).

Research area: Lavrion area

Surface: 150 kin

Type of pollution: metals and metalloids

Source of pollution: mining and metallurgical activities
Type of pollutants present: Zn, Cu, Ni, Cr, Cd, Pb, As
Level of contamination: severe

Results: Zinc, Pb, Cd, and As median total concentration values were 4, 9, 1.4, and 17 times higher than the
respective intervention thresholds, indicating severepsmsitition

Table 1 Concentrations of heavy metals in different areas in Lavrio

Location Source Pb Zn Cd Cu Ni As
(mg/kg) | (mg/kg) | (mg/kg | (mg/kg | (mg/kg | (mg/kg
) ) ) )

111




G o L D Grewing-Lnergy crops-aephtaminated dand for biofuels-and seilremediatio

Neraki Theodoratos | 11.560 | 9380 63,52 | 220 330 940
et al., 2000)
Thorikos Panagopoulo| 2.615,25| 2.295,1 | 9,925 | 106,69| <2 10.719
Beach s et
al., 2009)
Thorikos (Panagopoul | 4.286,10| 9.843 29,903 | 295,29 | 47,346 | 11.974
Beach os et al,
2009)
Cultural Moutsatsou | 64.195 | 55.900 4,100 7.540
Technologicq et al., 2006
I
Park
Kabodokano | Environment | 9.993 31.600 | 14 812 1.225

al
Laboratory

2015
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Table 2 Contamination cases and reported trace elements in Greece as published sincEl@@@nts in
italics are those elevated at concentrations higher than legislation limits.

Area/(Possible | Site description Elements References
contamination
sources)

Old cemetery As, Cr, Cu, PNj, Zn | Massa et al(2018a)

Urban Athens
(City activities)

Historic shooting range

Ph Ni, Zn

UrrutiasGoyes et al
(2018)

/] KAt RNBy Qa

Co, Cr, CWlNi, Pb,Zn

Massas et al. (2010

Lavrio As Cd Cr, CuNi, Ph | Kalyva®t al. (2018)
(Pb/Zn historic Zn
mines from c. As Cd Cr, Cu, Mol Panagopoulos et 4
5,000 BC to c. Ni, Ph SeZn (2009)
1900 AD)
As Cd Co, Cr, Cy | Antoniadis et al
Thriasio Mo, Ni, Ph Se, VZn | (2017b)

(Industrial area
near Athens)

Co, CrCuNi, Ph Zn

Massas et al. (2013

LydQf ! ANLR

Cr, CuNi, Pb,Zn

Massas et al. (2018

NE Attica, agricultura
forest area

As Cd,Cr, CuNi, Pb,
V,Zn

Kampouroglou ang
Economou
Eliopoulos (2017)

Around the Prefecture

As Co,Cr, CuNi, Pb,

Kampouroglou ang

(City activities)

Attica V, Zn Economou
(The Athens Eliopoulos (208)
Prefecture) NE Attica, agricultura| As Cu, Mo, Pb, Zn | Kampouroglou ang
forest area Economou
Eliopoulos (203)
w dzNJ f I NB I | Co, Cr, Cu, NPh Zn | Kaitsantzian et a
Airport (2013)
Sindos industrial area | As Cd Co, CrCu Ni, | Bourliva et al
Ph Mo,Zn (2017a)
Historic centre road dus| Cd Cr,Cy Ni, Ph Zn | Bourliva et al. (2018
Thessaloniki | Historic centre road dus| Cd Cr,Cu Ni, Ph Zn | Bourliva et al.

(2017b)

City soils As, Cr, Cu, Ni, Pb, Z Topalidis et al
(2017)
City soils As, Cd, Co, CCu | Bourliva et al. (2016
Mo, Ni,Ph V,Zn
Cr, CoNi Megremi et al.
Assopos basin (2019)
(High natural Ci Cr, Ni Lilli et al. (2015)

and Ni plus

Co, Cr, CWNi, Pb, Zn

Antibachi et al

(2012)
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