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Executive Summary 

This report presents the results of the first part of task 3.1 in GOLD which aims at mapping in detail the 

contaminated sites in the EU and their characteristics.   A distinction is made between sites/or rather areas 

affected by diffuse and by point source pollution.  

1) Diffuse pollution (def. EEA: Pollution from widespread activities with no one discrete source, e.g. acid rain, 

pesticides, urban run-off, etc.) 

2) Point source pollution (def. EPA: Pollution from any single identifiable source (e.g. landfill, mine, industrial 

site) 

Diffuse pollution 

Diffuse pollution 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 are known in various member states, however for soil pollution 

this is different. Current soil screening values  (SSV’s) 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. 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 on specific risks in view of ecosystem health, food quality and water 

quality. This approach assumes that there is a connection between soil quality as expressed by relevant soil 

properties (for metals based on pH, organic matter, and clay) and the acceptable pollutant 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 in soil 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 quality criteria, 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 either plant roots (uptake) or the soil dwelling organisms. For water quality 

the calculation is a worst-case approach 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 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 compared 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 are available for Pb. For Cu and Zn and have been used 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 additional information 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 required soil properties but do reveal however substantial differences 

in the spatial pattern and absolute level of soil carbon.  

The differences in organic carbon led to markedly different critical concentrations for Cd, Cu and Pb. Most 

noticeable are the lower critical concentrations calculated based on the LUCAS database in Poland, Spain and 

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

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 pH and 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 SoilGrids suggests 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 this study) can lead to a substantial 

range in both the actual concentration of metals and soil carbon and also in the absolute level of the critical 

concentration. 

Despite these shortcomings, the approach outlined here is a promising way to identify areas that are or can 

be at risk of pollution by the metals addressed in this study. It is 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 the concentration of metals in food. In contrast to data on soil, 

data on crop (product) quality and soils 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 an issue in view of food safety.  

Mapping contaminated sites 

Enquiry at JRC-ESDAC 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 

contaminants. Because of lack of EU wide spatially explicit sources on contaminated sites another approach 

to mapping these contaminated sites was developed. For this reason, in this study we 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 cross-check these areas with information on land 

cover and with recordings of contaminated sites in the literature and the internet. In addition, national 

registers of contaminated sites were also consulted for several countries in 2023, but with relatively little 

success.  

In addition polluted areas using other data than OpenStreetMap (OSM) was also applied because not all types 

of pollution are covered using OSM alone. This applies to land currently in use as agricultural land, that was 

previously used for irrigation with or treatment of wastewater, or for the disposal of sewage sludge.  

The results of the contaminated sites identification show that 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 2,013,722 ha. This corresponds to 0.5% of the total area of the countries 

considered. In individual countries, the area of potentially 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 150,000 ha in each 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 land cover from CLC2018  in the considered 

OSM sites corresponded to the expected land cover for the larger part, i.e. forest and other semi-natural 

vegetation for military sites, industrial or commercial units for industrial sites and brownfields, mineral 

extraction sites for quarries and dump sites for landfills. This supports the correct selection of the sites in OSM.  

In sites where pollutants may occur, land cover consisting of densely built-up area, forest or other natural 

vegetation is considered unsuitable for phytoremediation as these types of land cover areas are either already 

vegetated by trees & shrubs or sealed by buildings and roads. This also applies to other land cover types 

unsuitable for cropping, such as beaches and dunes, bare rocks and water bodies. Land cover types in 

potentially contaminated sites with discontinuous urban fabric (e.g. mineral extraction sites) and with some 

form of agricultural land use are considered suitable for phytoremediation, provided that less than 40% of the 

area is artificially sealed (impervious). The total area of potentially contaminated sites with land cover types 

suitable for phytoremediation, and with less than 40% of the area sealed (impervious), amounts to 2,013,722 

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

France, Germany, Spain and UK have the largest total areas of all types of potentially contaminated sites, 

amounting to more than 150,000 ha in each of the countries.  

Land currently in use for agriculture covers between 7% (in military sites) and 20% (in landfills) of the area in 

potentially contaminated sites identified in 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.  

The Minerals4EU database features 42,731 mines in 22 EU Member States in 8 commodity groups considered 

of interest for phytoremediation. 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 (20,137) was not 

identified in OSM, and of this number, only 204 are indicated as mines in the land cover class ‘mineral 

extraction sites’ in the Corine Land Cover database (class 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 geographical objects 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 the risk in the 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, commodities 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 considered relevant for 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 indicated as landfill in OSM is covered with some form of agricultural land, mainly by non-

irrigated arable land and pastures, which may be relevant 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 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. However, there are also countries where the total area of polygons tagged as ‘landfill’ in Open 

Street Map is larger than the total area covered by dump sites on the CLC2018 map. Again it confirms to the 

need to consult multiple spatial datasets for the purpose of mapping potentially polluted areas in or around 

landfills. 

Brownfields may be considered a sub-set 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 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 in a total of 2,725,502 ha of industrial sites and 

brownfields, occurring in the EU27 plus the UK. Of this area 167,877 ha is in use by some form of agriculture 

(according to the overlay with CLC2018), which may be relevant for phytoremediation using bioenergy crops, 

in case soil pollution is present.   

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 

conceivable that vegetation might be used to stabilize particulate matter 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 

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 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 task 3.1 in GOLD that aims at mapping in detail the 

contaminated sites in the EU and their characteristics.   A distinction is made between sites/or rather areas 

affected by diffuse and by point source pollution: 

1) Diffuse pollution (def. EEA: Pollution from widespread activities with no one discrete source, e.g. acid rain, 

pesticides, urban run-off, etc.) 

2) Point source pollution (def. EPA: Pollution from any single identifiable source (e.g. landfill, mine, industrial 

site) 

In the following we first present some 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 considering 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 land. Point source pollution usually affects a limited surface area such as 

former industrial, mining or land fill sites (Error! Reference source not found.). The type of pollution present 

in soil usually is directly related to a specific active or historic 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.  

 

Figure 1 Activities leading to local contamination. Source: EEA (https://www.eea.europa.eu/themes/soil/soil-
threats).   

https://www.eea.europa.eu/themes/soil/soil-threats
https://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 of the pollution is 

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 often 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 substances present 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 animal husbandry farms (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 EC-JRC and the EIONET of the EEA through a survey with National Reference Centres (NRCs) in 39 

European countries. The results of the survey have been reported in a JRC publication (Payá Pérez & Rodriguez 

Eugenio, 2018) and the EEA Land and soil indicator ‘Progress in management of contaminated sites’. It shows 

that that there are approximately 2.5 million sites in the EEA-39 countries which are potentially contaminated.  

National and regional inventories of replying countries reveal that out of these 2.5 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 

most used remediation technology applied, notably to point source polluted areas is “dig-and-dump”, which 

involves excavation and -off-site- disposal of contaminated soil.  

Diffuse pollution of top soils has also been systematically assessed across countries 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 survey1 showed 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. 137 000 km2) 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 GEMAS project (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 land (Ap-horizon, 0-20 cm, regularly ploughed fields) and another 

2000 sampling points in permanent grasslands (grazing land  soil, 0-10  cm)  across  Europe. The conclusion 

from GEMAS was that in the very vast majority of agricultural land contamination with metals is very low. Later 

this was also found by Toth et al. (2017). Reiman et al. (2014) even concluded that the impact of diffuse 

pollution on quality of agricultural soils was ‘vastly overestimated’ but that pollutions by anthropogenic 

sources plays an important role at a much more local level, particularly 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 topsoil 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 concentration 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 geochemical conditions (e.g. 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 topsoils in Europe. It was 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 health threat levels, in  (1) Liege (Arrondissement) (BE), Attiki (GR), Darlington (UK), 

Coventry (UK), Sunderland (UK), Kozani (GR), Grevena (GR), Hartlepool & Stockton (UK), Huy (BE), Aachen (DE) 

(As, Cd,Hg and Pb) and (2) central Greece and Liguria region in Italy (Cr, Cu and Ni). It also concluded that not 

all elements could be mapped satisfactory particularly for Cr, Cu, Hg and Zn (36–41%) and most unreliable was 

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

In addition to the dig-and-dump numerous other soil clean-up in-situ technologies have been developed 

including electro reclamation, microbially enhanced degradation and many others (Ok et al., 2020; Ossai et al., 

2020). For most persistent pollutants however, such technologies either are too expensive 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 for alternative methods to be applied. 

One such technology is phytoremediation of soil. Originally phytoremediation was quickly promoted as a 

‘green, low cost’ technique that was able to remove contaminants from soil via plant uptake. Despite 

numerous reported ‘success’ stories of phytoremediation, largely confined however to small scale (pot)trials, 

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 level of pollution. 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 advisory levels. In 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 only reduce leaching rates due to evaporation; they 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., 2021). 

The merits of 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 impact of pollution 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, 

which can be potentially categorized as ‘degraded’ can then also be certified a low ILUC biomass under the 

current EU’s Renewable Energy Directive II (RED II) mandates.  

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 approach to map contaminated 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 the issue of diffuse 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 risk based approach in which one or more critical limits in so-called end-points are used as target not to 
be exceeded. The approach of mapping areas where these end-points for diffuse pollution are exceeded is 
then further worked out in chapter 3 and in chapter 4 the results of the implementation of this approach, 
including in relation to data availability, to derive the spatial estimates of areas where critical end-points of 
diffuse pollutions are exceeded and which are potential candidates for bioremediation. In 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 spatially 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 concentrations in most topsoils in the EU, inputs of contaminants to 
soil are still ongoing and diffuse pollution of soils in the EU is a still widespread phenomenon. During the last 
decades however, the relevance 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 unchanged. In contrast to areas affected by what 
is called point source pollution, there is, in case of diffuse pollution no direct connection to a specific source. 
In the literature diffuse pollution therefore has been defined as ‘Pollution from widespread activities with no 
one discrete source, e.g. acid rain, pesticides, urban run-off, etc.’ (EEA, 2022). Previously alternative definitions 
have been proposed especially targeting the interaction between the terrestrial and aquatic ecosystems: “the 
release of potential 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, ...” SEPA (2013). In the latter definition, which also has been included in the Water 
Framework Directive (EC2000/60), a key aspect is introduced which relates to the pathways that connect 
emission of pollutants to the effect they resort. In view of the WFD ‘effects’ are primarily targeting the quality 
of surface waters. A recent update of the impact of diffuse pollution related to agriculture on groundwater 
quality reveals that substantial areas in the EU are affected by diffuse pollution (EEA, 2022) (Figure 2). Note 
however that this may relate to various kinds of ‘pollutants’ including nutrients like N and P which are essential 
in soil but can pose a threat to ground- and surface waters at the same time. 
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Figure 2 Impact of diffuse pollution on groundwater quality in the EU-27 Member States (EEA, 2022) 

In view of a more holistic approach to soil pollution other effects need to be considered as well. Relevant 
effects include among 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 build-up of levels of pollutants in soil. At present, levels of 
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 industry. Examples of such industrial emission include those by smelters of Cd and 
Zn ores which have caused widespread pollution in for example the Dutch-Belgian border area ‘de Kempen’. 
This in fact is a special case  of diffuse pollution, often called proximity pollution (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 soils related to diffuse 
inputs also revealed that for metals of concern such as Cd, predicted changes of Cd concentrations in soil are 
slow and small compared to current levels in soils (Römkens and Smolders, 2018). Nevertheless current model 
approaches allowed to assess, at country level whether or not accumulation actually occurs. In most, if not all 
countries however, predicted levels remained well below actual risk levels or soil screening values  (SSV’s) used 
at member state level. 

This is not surprising since that in most cases of diffuse pollution actual concentrations of pollutants of concern 
are well below current soil screening values (SSV’s) that have been derived in most EU member states to detect 
soil pollution. The detection of areas affected by diffuse pollution 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 determine the speed of 
accumulation in soil and last but not least the current system of SSV’s has paid limited attention to the 
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quantification of risks related to diffuse pollution. In most countries SSV’s are basically suitable to detect areas 
where risks are such that effects in soil (or adjacent water bodies) are imminent and require action to prevent 
risks for human beings or the soil ecosystem. 

A complicating factor also is that SSV’s developed so far in EU member states vary widely (see also paragraph   
2.2 Soil pollution and the need for SSVs in the EU: an overview). This is because countries used their own risk 
assessment approach and a range of acceptable risks. At EU level 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 discuss current SSV’s used at MS level (  2.2 Soil pollution and the need for SSVs ) 
followed by a discussion on the background of risk assessment approaches underlying the derivation of risk-
based SSV’s ( 2.3 The principle of harmonized risk-based critical levels of contaminants in soil) and the 
application thereof at EU level. The final paragraph ( 2.4 Calculation of time required to remediate the soil 
where critical limits are exceeded) discusses 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 overview 

A recent overview of contaminated sites in Europe was presented by JRC (Pérez & Eugenio, 2018). This 
assessment revealed that 65000 sites that have been remediated or are under aftercare, but an additional 
650000 registered sites exist where polluting activities took or take place. For these corrective actions, or the 
need thereof has not yet been established (Pérez & Eugenio, 2018).  

The awareness within Member States that soil pollution poses a potential threat to the environment has 
triggered the development 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 criteria used 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 depending on among others the parent 
material of soil. Most countries therefore identify soil quality standards at different levels ranging from what 
commonly is mentioned as ‘background’ value up to levels beyond which soils are considered polluted to such 
an extent 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 contaminants pose. 

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 the so-called threshold values which upon reviewing are 
soil screening values or background values 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 threshold values. This clearly leads to an incorrect 
estimate of the area of land that is needed for remediation either via phytoremediation or otherwise.  

This is due to the concept and often confusing nomenclature of screening value or background values, which 
has been discussed in various reviews (Rodrigues et al., 2009; Pinedo et al., 2013; Antoniadis et al., 2019). This 
concept is explained here in short. 
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In a number of EU member states various screening values are used which are used in a specific regulatory 
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 Netherlands based on the 95th percentile 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 pollution- often the term ‘background value’ is used. This 
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) in Spain (xx), or Threshold Value in Italy (xx) and Finland (). Also the approach used to derive this quality 
standard referring to the ‘non-risk level’ of background values differs slightly between EU member states. 
(Reimann et al., 2018).  

At present such SQS1 values are used in most EU member states as summarized in a report from the BIOPLAT-
EU project2. 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, does not imply 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 found in non- affected 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 
required and 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 can pose a risk 
additional soil quality standard (here identified as 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 was compiled by Carlon 
(2007) and results for EU Member States are listed in Table  for metals and in Table Error! 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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Table 2-1 SQS2 soil quality standards for selected heavy metals (Carlon, 2007 all data in mg/kg). 

 

Table 2-2 SQS2 soil quality standards for selected organic micropollutants (Carlon, 2007; all data in mg/kg 
unless specified otherwise).  
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Table 2-3 Overview of SQS2 values for Cd, Cu, Pb and Zn (mg/kg).  

 

The concept of the second soil quality standard, SQS2, or various standards, is used in a limited number 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 target to be protected is at risk. (Carlon, 2007; Swartjes et al., 2009).  

In other countries the concept of SQS2 is not used (France, Ireland). The SQS2 is potentially relevant to for 

sanitation by phytoremediation as this value declares a soil as contaminated and 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 that contain contaminants between the SQS1 and SQS 2 level need further remediation depends among 

others on the land use, the soil type and the risk considered.  

Often in-between target values have been derived that identify levels below which a specific function is 

believed to be feasible, i.e. there is no risk anymore. These SQS levels are identified here as SQSLU (LU: Land 

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 treated. Typical for SQSLU levels is that these become stricter (i.e. the value of the SQS 

decreases) when contact with soil increases. Typically, SQS-LU for industry are highest (least strict) based on 

the assumption that contact between the polluted soil and humans is limited. Also, 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 of SQS-LU typically increases from 

SQS-LU levels for agriculture and nature (one SQS-LU), housing, recreational areas to industry. 

Such SQS-LU therefore appear suitable as criteria to identify areas that need remediation. At present the 

system of SQSLU are used in the Netherlands, Germany, United Kingdom, and Belgium. An overview is given in 

Table . In Figure 3 the conceptual relation between the metal concentration in soil and the level of SQS1, 2 

and LU is shown. 

 

Figure 3 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 other hand, soils with levels in excess of SQS2 are 

in need of treatment to reduce a specified risk (which can differ per country) for man or the environment. The 

target level for this remediation (SQSLU) depends on the soil type and land use. In many cases the SQSLU for 

an area to be used for agriculture or nature will be close to the level of SQS1 to avoid any risk (here marked as 

SQSLU1. On the other hand, the SQSLU for an area designated to become an industrial area can be close to 

(but not exceed) the SQS2 level (here marked as SQSLU3). In between levels of SQSLU can refer to other forms 

of land use (e.g. recreational areas or housing). Between Member States both the number of and the absolute 

levels of such SQS-LU standards are variable. In the NL for example three levels of SQSLU are derived, one for 

allotments, nature, and arable land (SQSLU1), the level of which is equal to the background value. The second 

level SQSLU is derived for housing areas, recreational areas, and other ‘green’ spaces with designated natural 

values (SQSLU2) whereas the SQSLU3 has been derived for industry, sealed land with construction and other 

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

SQS 2 
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value, SQSLU1 cannot be lower than the background value where on the other hand the SQSLU3 cannot 

exceed SQS2 since this value is the upper limit of acceptable soil quality. 

Depending on the choices made in Member State, the number and level of SQSLU is even more variable than 
those for SQS 1 or SQS2 standards. This is partly due to differences in soil properties that are considered in the 
derivation of SQSLU standards, ranging from no correction to correction for soil pH, organic matter and/or 
texture.  

 

 2.3 The principle of harmonized risk-based critical levels of contaminants in soil 

As shown in the previous section, criteria 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 single risk-based approach. This would avoid having 
to use country specific risk limits. The rationale behind the risk based approach is that one or more critical 
limits in so-called end-points are used as target not to be exceeded.  

Here, end-points refer to the target that needs to be protected. Such targets include the quality of food, the 
quality of soil itself, e.g. in view of ecosystem health, or the quality of ground- or surface water that are affected 
by soil. For several of these end-points EU-wide legal limits are in place. This is the case for example for Cd 
(EU2021/13233), or Pb (EU2021/13174) in food or surface water concentrations for Zn and Cu (EC 2000/60). 
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 this approach, it is imperative that there is a relation (model) between the level of contaminant in 
the target (food, water, soil solution) and the concentration in soil itself. Often 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 critical limit in soil as shown by 
de Vries et al. (2007). This approach is schematically illustrated in Figure 4. 

 

 

Figure 4 Schematic representation of the derivation of risk-based critical limits in soil using specific critical limits 
in endpoints. 

 
3 Commission Regulation (EU) 2021/1323 of 10 August 2021 amending Regulation (EC) No 1881/2006 as regards maximum levels of cadmium in 
certain foodstuffs 
4 Commission Regulation (EU) 2021/1317 of 9 August 2021 amending Regulation (EC) No 1881/2006 as regards maximum levels of lead in certain 
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 risk. To apply 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 current legislation. Food 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; 2000/60/EC) that includes limits for Cu and Zn (EC, 2000). For other 
endpoints, such as the protection of soil micro-organisms, no-effect levels in soil solution have been 
derived from data (e.g. Lofts et al., 2004). 

2. All relevant soil properties used in the 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 database (Orgiazzi 
et al., 2018) include a number of essential properties such as pH, organic matter, clay and/or oxide 
content of the soil. 

3. The transfer model itself. At present, transfer models that can relate a critical concentration in food, 
water or soil solution to soil are scarce. Existing models include those to predict the Cd and Zn 
concentration in several arable 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 soil micro-
organisms to corresponding soil concentrations. For many contaminants, notably organic pollutants 
like PAH’s or emerging pollutants like PFOS and related substances, such models have not been 
derived or have been derived for a limited number of soils itself. 

4. To derive a SQS related to ground water or surface water quality, 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 due to 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.  

 
So far, 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 soil concentration for ecotoxicity considers pH and organic matter 
only (Figure 5 from Trombetti et al., 2022). 

 

Figure 5 Approach to calculate risk limits 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 
whether an area is at risk. If the current concentration exceeds the calculated critical concentration in soil, it 
is likely that the endpoint considered is not sufficiently protected. 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 key aspects of this approach is that differences in soil properties will lead to a variation in the critical 
metal concentration. This means that the metal concentration in soil alone is not the only parameter of 
relevance. For most risks considered here for example, the critical limit decreases (i.e. changes towards lower 
acceptable levels) with a decrease in pH. This can lead to a situation where, in areas with low pH and/or organic 
matter levels in soil, the critical limit can be exceeded even at a low current level in soil.  

Details of the approach used here to delineate areas where critical limits are exceeded are given 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 levels, the amount of pollutants that 
needs to be removed from soil can be calculated by subtracting the critical level from the current level. Based 
on experimental data on the annual 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 remediate the soil 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 on several factors including the uptake rate of the crop, the biomass production, the availability of 
the contaminant in the soil itself and the, often, non-linear response in crop uptake to lower pollutant levels 
in soil. This will be explained in more detail below. 

Impact of soil properties on availability of pollutants in the soil 

Since uptake of contaminants like metals occurs via roots, metals need to be in the soil solution before they 
can be transferred to the root and into the shoot. The concentration in the soil solution heavily 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 concentration 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 that occur in Central and Northern parts of the EU.  

Impact of crop type and biomass used to extract pollutants from soil  

To reduce the time required to remove pollutants from soil, crops with a high biomass production ánd high 
uptake rates are preferred. Unfortunately, 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 that 1 -5 tons per 
hectare per year, e.g. brassica species) biomass production or are relatively 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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Non-linear response of uptake at lower pollutant concentrations  

For pollutants like metals a clear non-linear relationship has been established in the relation between 
concentration in soil and crops. Often non-linear Freundlich equations are used to relate the concentration in 
crops or water to that in soil. This means that the efficiency of the annual removal rate from 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 and non-linear response) a 
model was developed to predict phytoremediation times for well-known 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 was calculated based on difference between crops 
and degree of pollution (Figure 6) or the biomass production (Figure 7). 

 

Figure 6 Effect of crop type and degree of pollution on the number of harvest cycles needed to reach the 
target concentration in soil (from: Liang et al., 2009) 

 

Figure 7 Effect of biomass production (Thlaspi caerulescens) on the time needed to reduce the level of Cd 
(left) or Zn (right) to the level of the Dutch target value for arable soils. 
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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 years for the Dutch soil and between 50 and 150 harvest cycles for the Taiwan soil. 

It is interesting to note that even the target value for Cd ranged from 0.5 mg kg-1 for the Dutch soil to 5 mg kg-

1 for the Taiwan soil. Both examples show nevertheless that extraction efficiency decreases with time which is 

largely due to the non-linear response of crops to a decrease in the availability in soil.  

 

 2.5 In summary 

Diffuse pollution 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 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. 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 on specific risks in 

view of ecosystem health, food quality and water quality. This approach assumes that there is a connection 

between soil quality as expressed by relevant soil properties (for metals based on pH, organic matter, and clay) 

and the acceptable pollutant 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. The feasibility of remediation using phytoremediation then can be assessed considering the time 

frame that is considered acceptable. Remediation 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 vary from 10 years to several 

decades for the examples tested so far. 
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3 Calculation of risk-based soil 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 either food quality, water quality or 

ecosystem health can be expected a risk assessment approach has been developed (de Vries et al., 2022). This 

was done since SSVs by individual MSs cannot be applied beyond the country itself due to country specific 

assumptions related to soil  type, land use or risk considered.  

The basic principle (see also section  2.3 The principle of harmonized risk-based critical levels of contaminants 

in soil) 

Models are used to connect critical limits in endpoints (food, water or soil dwelling organisms) to a critical 

metal concentration in soil (Figure 8). Here endpoints are those environmental compartments that need to be 

protected. This means that concentrations of pollutants in food, water or soil organisms should remain below 

an agreed upon critical limit. Examples of such critical limits in endpoints include food quality criteria, water 

quality standards or critical solution concentrations related to toxicity. Food quality criteria for example 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 large range of food products such as wheat, vegetables, fruit etc. (EU 2021/1323) Water 

quality criteria are in place to protect drinking water (Council Directive 98/83 EC) as well as surface water 

quality in view of aquatic ecosystem protection (WFD EC2000/60). For soil organisms, critical concentrations 

in solution have been derived below which the risk of adverse impacts of pollutants on microorganism 

functioning is deemed minimal (Lofts et al., 2004). Here we show how each of these three risk limit (for food, 

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. 

 

 

Figure 8 Schematic representation of the derivation of risk-based critical limits for metals in soil using specific 
critical limits in endpoints 

Once a critical concentration in soil has been derived at the appropriate scale level using representative 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 critical concentration 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 in gram/ha to be 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 are needed. Here 

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 moment only one large representative database 

with measurements at point level is available. This is the GEMAS 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 km. The  point data in the LUCAS database (n= approx.22000; Orgiazzi 

et al., 2018) are, at the time of writing, not publicly available and will not be used in this study other 

than the maps prepared by JRC from these data.  

2. Database with soil properties including pH, organic carbon and texture (clay content) available in both 

the LUCAS (Aksoy et al., 2016; Orgiazzi et al., 2018, Panagos et al., 2022) and SOILGRIDS database.  

3. Regression relationships to relate soil solution concentrations for metals to a corresponding 

concentration in the solid phase (available for most metals) (see Table ).  

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 removed to reduce the metal concentration to the critical one (or below). 

To derive approximations of the remediation time, models are needed (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 concentration in soil. To do this 

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 this information is all in there.  

Now this approach is limited to a few selected metals for which we have the requested information (see Table 

). 

For food this approach is, 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 exceeded (see Table ). For other metals specific 

health-based quality 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.). Also, there is growing concern about 

potential food safety issues related to organic emerging pollutants including pesticides, antibiotics and flame 
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retardants (a.o. PFAS). For 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 (see Table ). Finally, also spatial data to prepare maps at the desired scale level are lacking since, as of 

now, there is no systematic monitoring of most of these substances. 

 

Table 3-1 Overview of availability of data,  transfer models and critical limits for different pollutant groups 

For 
ecology the approach is now applicable for Cd, 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 the dose-response 
curves have been derived for a large range of organisms. However, data at EU level to prepare maps for other 
metals (a.o. As, and metals like Co, Mo, Se, U or V) 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-case calculation 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 topsoil.  

 

 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 wheat (next to leafy vegetables) 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 resulting calculated 

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

between soil properties and Cd in wheat is based on a database used by Römkens et al. (2007) and contains 
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field data only (measured concentrations 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 ((EU) 2021/1323) 

Dry weight wheat:   0.85 

Cdwheat-crit:   0.12 mg/kg dw 

Relation Cd in wheat and soil: 

log(Cdwheat-grain) =   0.22 – 0.12 · pHKCL – 0.33 · log(SOM) - 0.04 log(clay) + 0.62 · log(Cdsoil)  

Using the critical concentration of 0.12 mg/kg a corresponding critical Cd concentration in soil can be 

calculated: 

Log(Cdcrit food safety-soil) :   {log(Cdwheat-crit) - ( 0.22 – 0.12 · pHKCL – 0.33 · log(SOM) - 0.04 log(clay))}/0.62 

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 range of heavy metals including Cd  are in 

place. These include EU-wide standards for both drinking water and ecology. For drinking water criteria are 

set both by the EU (EU2020/2184) as well as the WHO. These range from 3 µg L-1 (WHO) or 5 µg L-1 (EU). 

Assuming that these concentrations are not to be exceeded in water that leaches from the soil, a 

corresponding critical concentration for soil can be calculated. However, values of 3 to 5 µg L-1 for Cd in soil 

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 used for drinking 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 related to ecological 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 MAC (Maximum Allowable Concentrations) values have been derived (EC2008/105). Depending 

on the class (1 to 5) AA values range from < 0.08 µg/L tot 0.25 µg/L whereas MAC values range from < 0.45 to 

1.5 µg/L. Other than for groundwater the pathway from soils to surface waters can be rather short, especially 

in areas with high groundwater tables and or surface run-off. Using critical concentrations in surface waters 

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

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 

relation between Cd in solution and soil (Römkens and Smolders, 2018): 

Log(Cd-solution) =    3.655 - 0.713*log(SOM) – 0.48*pHCaCL2 + 1.116log(Cdsoil-total) 

With Cd-solution in µg L-1; SOM in % and Cdsoil-total in mg/kg 

Hence the critical Cd concentration in soil (Mesoil-crit-W) based on the water criteria applied (Cdcrit. W) equals: 

Log(Mesoil-crit-W)  =   {log(Cdcrit. W) - (3.655 - 0.713*log(SOM) – 0.48*pHCaCL2)}/1.116 

Where, for Cdcrit. W either the critical concentration in surface waters or the drinking water standard can be 

used. 

NOTE: the critical soil concentration thus calculated is a worst case since it implies that water from the topsoil 

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 leading to much 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 consider the 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 description of both pollutants and soil properties 

but advanced hydrological input as well to characterize the flow of water through soil towards ground- and 

surface water systems. At present this information is not available at the European level but has been 

developed and applied at country level for the Netherlands (Van der Bolt and Römkens, 2022). Calculations 

for 14 metals reveal that despite considerable inputs to the soil via manure and other sources, drinking water 

criteria in upper groundwater are, at present, not 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 is because especially in the Netherlands part of the water present in soil is in short contact to surface and 

groundwater.  

For Cd the results of the combined geochemical-hydrological model are shown in Figure 9Error! Reference 

source not found.; here average concentrations are shown. 
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Figure 9 Predicted Cd concentrations in upper groundwater (Van der Bolt and Römkens, 2022). 

Results in Error! Reference source not found. clearly 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 soils, 

characterized by low pH levels, predicted Cd concentrations exceed the AA concentrations at a large scale.  

Other than for food safety and ecology, back-calculation to critical Cd concentrations in soil is difficult if not 

impossible since the resulting concentration in groundwater is a combination of the impact of soil properties, 

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 forward calculation 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 cause of the exceedance 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 topsoil, it is possible to calculate 

a critical concentration in the soil based on critical concentrations in the soil solution in view of ecotoxicity. 

This approach involves three consecutive calculations as summarized below. More details can be found in Lofts 

et al. (2004) and de Vries et al. (2007). 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 adsorbed concentration. These NOEC levels are based 
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on laboratory experiments for many test 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 protected. The 

conversion of the NOEC5 concentration 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 the critical added amount of Cd adsorbed in soil. This needs to be 

corrected for the presence of non-reactive Cd and the sum of reactive and non-reactive is called the total-

added amount (step 2). To compare this value to real field soil samples a background concentration 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 grid cell level (1x1 km upscaled value). Here we 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 NOEC5 concentration is exceeded can de 

directly calculated from organic matter and pH.  

Log Mre,add(crit) = b0 + b1log SOM + b2pH-H2O  

With Me in mg/kg, SOM in % and pH expressed as pH H2O; values of b0, b1, and b2 for Cd, Cu, Pb and Zn are 
shown in  

Table  (from de Vries et al., 2007) 

 

Table 3-2 Coefficients used to derive the critical added metal concentration in soil (from de Vries et al., 2007) 

Metal b0 

(-) 

b1 

SOM (%) 

b2  

pH-H2O (-) 

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 pool in the 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 experimentally measured in a reference 

database (Römkens et al., 2004; Groenenberg et al., 2017) and the amount in the inert fraction correlates well 

to the measured reactive fraction (as predicted in step 1 here) and soil properties according to: 

  

log Mtot,add(crit) = (log Mre,add(crit -c0 - c2log SOM - c3log clay)/c1  

 

here  
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with Mre,add and Mtot in mg kg-1, c0 – c3 regression coefficients (listed in Table ) 

 

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

Metal c0 

(-) 

c1 

Mtot (mg.kg-1) 

c2 

SOM (%) 

c3 

Clay (%) 

R2
adj se-yest

2) 

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 metals in soils. To 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 background levels in soil (Reimann and Garrett, 2005 ). The background concentration was 

found to be related to a combination of pH (KCl), organic matter and clay content. For most soils pH KCl is not 

available but is closely correlated to pH CaCl2 that is present in the database: 

pH-KCl = 0.88*pH-CaCl2  + 0.17   

The total background concentration (Metot-BG) then is calculated as: 

Log Mtot-BG = d0 + d1 log SOM + d2log clay+ d3pH-KCl 

 

With Mtot-BG in mg/kg and d0 – d3 regression coefficients (listed in Table ). 

 

Table 3-4 Coefficients to calculate background concentrations for Cd, Cu, Pb and Zn based on pH, organics 
matter and clay content (from: Reimann and Garrett, 2005 ) 

Metal d0 

(-) 

d1 

SOM (%) 

d2 

Clay (%) 

d3 

pH-KCl (-) 

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 (here: M-Cdcrit-total) that can be directly compared to the actual measured 

values is calculated as the sum of the background concentration and the total added concentration from step 

2. 

 

M-Cdcrit-total = Mtot-BG +  Mtot,add(crit) 
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 3.5 In summary  

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, three critical concentrations are 

available. For food, critical concentrations are based on WHO food quality criteria, 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 either plant roots (uptake) or the soil dwelling organisms. For water quality 

the calculation is a worst-case approach 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 hydrological data both of which are not available at EU level.   
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4 Mapped Results for diffuse pollution 

 4.1 Introduction 

As described in Chapter 3, critical limits for metals (here: Cd, Pb, Cu and Zn) depend on the relationships 

between a critical concentration in food, water or soil solution on one hand and corresponding concentrations 

in soil. Such relationships depend on key soil properties. Here we use pH, organic matter and clay as model 

parameters to predict the concentration in either food, water or soil solution. To map critical limits in soil at 

EU level therefor it is essential to have base maps of such key properties. 

All calculations and mapping actions are prepared using the QUICKScan tool. This will be briefly illustrated in 

next section) 

Maps of underlying soil properties used to calculate the critical concentrations are described in section 4.3. 

For all three key properties (pH, clay and organic matter) two widely used databases (SoilGrids and LUCAS) are 

used and will be included. By using these different, but widely published databases, we also illustrate the effect 

of using different input data for the same soil factors (pH, clay and organic matter).  

The actual risk is calculated as the difference between the actual metal concentration and the calculated 

critical concentration. For metals the following maps are available to be used as base maps: 

Cadmium: maps based on either GEMAS data (Reimann et al., 2014) after upscaling to a 1 x 1 km grid raster 

or the map prepared by JRC based on the LUCAS 2009 data (Toth et al., 2016; Ballabio et al., 2023). IN the 

assessment included in this study we use the maps prepared from the GEMAS data only5. 

Copper: map prepared by JRC based on the LUCAS 2015 database (500 x 500 m grid raster, Ballabio et al., 

2018) 

Lead: map prepared by JRC based on the LUCAS 2009 data (Toth et al., 2016) 

Zinc: map based on the GEMAS (Reimann et al., 2014) data. Maps based on LUCAS data are, at the time of 

writing not available. 

The resulting maps for the three risks considered for the four metals are discussed both in view of the spatial 

pattern observed across the EU as well as differences between risk maps considering the 2 available databases 

for soil properties (Section 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 standards but 

more so since the underlying concepts used to derive such standards are highly variable. However, the 

approach applied and illustrated here is a first attempt to predict critical concentrations in soil using selected 

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

soil to a specific endpoint. Both data and models are however not flawless and model uncertainty and or the 

use of soil data from different databases will result in a, possible considerable, uncertainty of the predicted 

 
5 A comparison (data not shown here) between maps based on GEMAS and LUCAS2009 data revealed that LUCAS, on 
average has slightly lower concentrations for most of the EU. Since point 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 

concentrations. This is illustrated 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 or SoilGrids data, we do not include exact data on the areas where metal 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 

The QUICKScan tool is used to calculate maps of critical metal concentrations from the base maps of key soil 

properties, using the equations presented in Sections 3.2, 3.3 and 3.4 for food, water and ecotoxicity, next to 

calculate maps of actual risk for the endpoints of food, water and ecotoxicity using maps of actual metal 

concentrations in soil. QUICKScan (Verweij et al 2016) is a software tool and a spatial modelling environment 

to combine expert knowledge with spatial and statistical data. In GOLD, QUICKScan is used to make spatial 

integrated assessments (SIA) for the whole EU. In QUICKScan, results are visualized in interactive maps, 

summary charts and trade-off diagrams. Results on any location in the maps of critical metal concentrations 

can be traced back to the underlying key soil properties. Results in the risk maps can be traced back to actual 

metal concentrations and critical limits.  

 

 4.3 Base maps (pH, clay, organic carbon) used to calculate critical limits for 
metals in soil 

For all three risks considered pH, organic matter and clay soil factors are needed to calculate critical limits for 

metals in soil (note: current concentrations of metals in soil are not included in this step). In Figure 10, Figure 

11 and Figure 12 the base maps for each of these three soil maps are presented derived from LUCAS and from 

SoilGrids as prepared using QUICKScan. The left side of the figure always refers to the map based on LUCAS 

data (Aksoy et al., 2016; Orgiazzi et al., 2018), whereas the right-hand side shows the maps based 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 without further processing 
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Table 4-1. Summary of data used in the risk assessment 

Element Metal data to prepare maps 
of current concentrations 

Type of data for metals soil data (pH, SOM, clay) 

Cadmium GEMAS (Reimann et al., 2014) Point data,  
upscaled to 1x1 km 

LUCAS & SOILGRIDS 

Copper LUCAS (Ballabio et al., 2018) Maps as distributed by 
ESDAC 

LUCAS & SOILGRIDS 

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

LUCAS & SOILGRIDS 

Zinc GEMAS (Reimann et al., 2014) Point data, upscaled to 1x1 
km 

LUCAS & SOILGRIDS 

 

In the results section below critical concentrations of metals are presented on top of the exceedance maps 

showing areas where the actual concentration exceeds the critical concentration.  

Here we calculate critical concentrations based on either the LUCAS soil properties (pH, SOM and clay) as 

shown in the upper left corner for all four metals. The corresponding critical limit based on soil properties in 

the SOILGRIDS database are always shown in the upper right corner. 

To calculate the exceedance map, the actual concentration for each grid cell (1x1 km) is compared to the 

corresponding critical concentration for that grid cell. Whenever the actual concentration exceeds the current 

concentration, the area is considered at risk for the specific risk considered (water quality, food quality or 

ecosystem health). For Cu and Pb this is done using the maps from the LUCAS database (as listed in Table 4-1).  

For Cd and Zn this is done using the maps based on GEMAS data (Reimann et al., 2014). The lower left figure 

for all metals shows the exceedance thus calculated when using the critical concentration based on the LUCAS 

database. The lower right figure shows the exceedance derived from the critical concentration based on the 

SOILGRIDS maps for soil properties. 
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Figure 10 Soil Organic Carbon based on LUCAS database (left) and SoilGrids data (right).  

 

   

Figure 11 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 southern areas (Figure 10). 
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This is largely related to climate; both temperature and rainfall favor the build-up 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 database compared to SoilGrids. 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 content based on both databases are fairly comparable (Figure 11), with the exception 

of areas in Balkan, notably in Romania, where predicted percentages of clay based on SoilGrids (right) appear 

to be lower compared to the ones based on LUCAS (Left). The overall pattern observed for clay is that 

concentrations are low to moderate (sandy, loamy soils) in the North-western part of the EU and moderate to 

high (loam and clay soils) in most of the southern part of the EU with the exception of Portugal. The main 

reason for the low clay content in the soils in the northern parts of the EU is the fact that these soils have 

largely been removed by glacial action during the last ice ages.  

 

 

    

Figure 12 pH-H2O based on LUCAS database (Left) and SoilGrids (right). 

The maps of pH are fairly comparable for both databases and show the general pattern that was observed for 

clay as well (Figure 12). Low pH soils dominate in the North-western parts of the EU whereas calcareous, high 

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

most of the Northwest of the EU consists of sandy parent material without any lime present. Calcareous clayey 

sediments in the South on the other hand result in high pH soils (pH > 7). In some areas, e.g. Hungary, the high 

pH is also related to saline soils. 
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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 Mediterranean soils (Figure 13). Regional 

impact of industrialization and aerial deposition have resulted in higher Cd concentrations in the Netherlands 

and Belgium, as well as in southern Poland. Also accumulation 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 natural origin and are part 

of the parent material from which the soils have developed. 

 

  

Figure 13 Soil Cd concentration (source data: GEMAS, Reimann et al., 2014). 

Critical concentrations for Cd in soil (Figure 14) 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 critical concentrations 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 (Spain, 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 difference is obvious (Figure 14). 
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Figure 14 Critical concentrations and exceedance thereof for Cd in view of Food safety. Upper and lower left 
figures are based on LUCAS data and maps; upper and lower right figures are derived from data from 
SoilGrids. 

Despite the relatively low critical concentrations for Cd, the exceedance rate is still, at EU level, low. 

Differences between the maps based on LUCAS and SoilGrids however are clear. 
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Figure 15 Critical concentrations and exceedance thereof for Cd in view of Ecotoxicological risks. 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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Critical concentrations for ecotoxicological risks due to Cd are high (> 1 mg/kg) (Figure 15) and largely in ex-

cess of current concentrations in soil. As a result, the exceedance rate is very low. Depending on the base 

maps used however, exceedance rates increase in areas in Poland which is largely due to the lower soil car-

bon content in Polish soils as present in the LUCAS database. 

 

  

  

Figure 16 Risk limits and exceedance thereof for Cd in view of Water quality. 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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For Cd the WHO guideline for drinking water was used (3 µg/L) to calculate the corresponding critical 

concentration in soil. The relationship between soil concentrations and corresponding concentrations in water 

shows that Cd is rather sensitive for pH and, to a lesser extent also SOM more so than most other metals. This 

results, in areas with either a low SOM (or SOC) content and or a low (pH < 5-6), rather low critical 

concentrations in soil. This is reflected by the large areas where critical Cd concentrations in soil are below 

0.75 mg/kg. This in turn results in the exceedance of the current soil Cd concentration in central Europe Poland, 

Germany) and areas with a low pH in the north of Portugal. However, differences between the maps based in 

LUCAS versus those based on SoilGrids are substantial. In contrast to the LUCAS based maps, there is hardly 

any exceedance for Cd in soil in case of the SoilGrids maps. 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 topsoil. In most cases, concentrations of metals in solution tend to decrease during 

transport from soil to groundwater. An exceedance in the topsoil therefore does not imply that concentrations 

in drinking water are exceeded as well. As 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, these maps show areas where 

elevated Cd concentrations in soil solution can occur due to the combination of low pH and low soil carbon. 

 

   4.5 Lead 

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, lower Pb concentrations in Mediterranean soils (Figure 

17). More so than for Cd, Cu and Zn, the regional impact of industrialization and aerial deposition, from traffic, 

have resulted 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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Figure 17 Soil Pb concentration (based on data from GEMAS). 

 

  

Figure 18 Risk limits and exceedance thereof for Pb in view of Ecotoxicological risks. 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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Critical concentrations in soil for Pb in view of ecotoxicological risks range from < 40 to more than 200 mg/kg 

soil (Figure 18). These values are, in most cases higher than current concentrations of lead in soil that range 

from 10 to 20 mg/kg (median concentrations) (Figure 17). Obviously higher concentrations occur in and 

around urban areas as shown by the map of Pb in soil. Since Pb binds quite strongly to organic matter, critical 

concentrations for Pb are markedly higher in organic carbon rich soils as present in Ireland and other areas in 

the North-western part of the EU (peat soils). Due to the substantial difference in the organic carbon base 

maps, maps of the critical concentrations for Pb also reflect this. Regional patterns of the critical 

concentrations of both maps (LUCAS vs SoilGrids) are different in the area stretching from the NL in the west 

to Poland in the east. Also in Spain, Portugal and Italy, the regional pattern based on the LUCAS data is more 

varied and, in general, shows both lower (western parts of Spain and Portugal) and higher (eastern parts of 

Spain) critical concentrations. 

 

   4.6 Copper 

Unlike Cd or Pb, sources of Cu are not specifically related to industrialization or urbanization except for the 

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 South (10-20 mg/kg) are higher 

than those in sandy soils in the North affected by glaciation (5 – 10 mg/kg) (Figure 19). Regionally, as is the 

case in Italy and parts of the Balkan areas, background levels are however higher that those 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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Figure 19 Soil Cu concentration (data: GEMAS). 
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Figure 20 Risk limits and exceedance thereof for Cu in view of Ecotoxicological risks. 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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As for Pb, Cu also preferentially binds 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 Poland, show low (< 15 mg/kg) to very low (< 5 

mg/kg) critical concentrations (Figure 20). Since total Cu concentrations in soil are also relatively low (median 

value ranging from 10 mg/kg in soils in the North-west to 20 mg/kg in soils in Mediterranean areas) (Figure 

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

to the base maps used. Especially the LUCAS database shows substantial areas where critical concentrations 

are close to or below current concentrations. This appears to be the case especially in parts of Italy and 

selected Balkan countries. Due to the low carbon levels in the LUCAS database in Poland critical concentrations 

are exceeded more so than in case of the maps based on SoilGrids. 

 

   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 database. Patterns of Zn in soil largely 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 concentrations prevail 

in central and southern areas (Figure 21). This can partly be explained by the natural presence of Zn in specific 

clay minerals, especially in river clay 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 industrialization is not visible at this scale level. 

  

Figure 21 Current soil Zn concentrations (data: GEMAS). 
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Figure 22 Risk limits and exceedance thereof for Zn in view of Ecotoxicological risks. Upper 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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Critical concentrations for Zn typically range from less than 30 mg/kg to more than 100 mg/kg (Figure 22) and 

are or can be in the same order of magnitude of current concentrations found in soils (median 30-50 mg/kg). 

Critical concentrations for Zn in view of ecotoxicology largely depend on organic carbon and pH and the spatial 

pattern of critical concentrations therefore reflects the combined effect of these two soil properties. Critical 

concentrations are typically high in organic carbon rich soils and low in soils low in carbon and/or a low pH. 

This causes a rather patchy pattern for the exceedance maps in case of the LUCAS database, whereas the map 

based on SoilGrids is more evenly distributed and also shows substantially less areas where current 

concentrations exceed critical concentrations. In case of the SoilGrids maps exceedance of critical 

concentrations is limited to areas in B (low carbon, low pH soils) and selected areas in Portugal (low pH soils 

in the North), Czech Republic (low pH soils in the border areas) and Massif Central in France (Figure 22). 

  

 

 4.8 Conclusions 

A major advantage of the risk 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 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 are available since the publication of two large databases and corresponding maps, the 

GEMAS databases (Reimann et al., 2014, point data available) and the LUCAS maps (Toth et al., 2016; Ballabio 

et al., 2018; point data not available) and are used to construct spatially explicit maps at EU level. The 

calculation of critical concentrations of metals in soil beyond which the critical concentration in water or food 

is exceeded requires additional information 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 required 

soil properties. The resulting maps of organic carbon reveal however substantial differences in the spatial 

pattern and absolute level of soil carbon. As such the spatial pattern of the map based on LUCAS data reveals 

more detail but also shows that in specific areas lower soil carbon levels are found compared to those on the 

map based on SoilGrids data. 

For pH and clay content the spatial patterns on the map based on either the LUCAS or SoilGrids database are 

more comparable but also here regional differences are observed. 

The differences in organic carbon lead to markedly different critical concentrations for Cd, Cu and Pb. Most 

noticeable are the lower critical concentrations calculated based on the LUCAS database in Poland, Spain and 

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

In general 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 pH and low soil carbon concentrations in among others 

Poland, parts of Spain and Portugal.  
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However, the difference in the exceedance when comparing results based on LUCAS data versus those based 

on SoilGrids suggests 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 this study) can lead to a substantial 

range in both the actual concentration of metals and soil carbon and also in the absolute level of the critical 

concentration. 

Despite these shortcomings, the approach outlined here is a promising way to identify areas that are or can 

be at risk of pollution by the metals addressed in this study. It is 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 the concentration of metals in food. In contrast to data on soil, 

data on crop (product) quality ánd soils 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 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 contaminated to some degree, 

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 properties 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 quantify the production 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 Commission, EEA, 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 recent Europe-wide assessment of contaminated sites is the JRC Technical Report Status of local soil 

contamination in Europe by Payá Pérez & Eugenio (2018), which was based on questionnaires to experts of 

national reference centres (NRCs) in the EEA-member countries. 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 as sites where 

polluting activities took or takes place (Payá Pérez & Eugenio, 2018). 

Among the Land and soil indicators in the EEA indicator management system, the indicator LSI003: progress 

in the management of contaminated sites provides information on contaminated sites. The data were 

collected through questionnaires from EIONET countries (overlapping with the questionnaire that provided 

the information for the above-mentioned report by Payá Pérez & Eugenio (2018)). The dataset contains total 

numbers of contaminated 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 from Open Street Map based on properties of geographical objects, and to cross-check 

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 consulted for several countries in 2023.  

We will also try to find polluted areas using other methods than OpenStreetMap (OSM), because not all types 

of pollution are covered using OSM. For example, land currently in use as agricultural land, that was previously 

used for irrigation with or treatment of wastewater, or for the disposal of sewage sludge.  
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5.2  Identifying sites with contamination risk in Open Street Map 

5.2.1 Open Street Map (OSM) 

Open Street Map carries features of geographical objects, that can be queried using ‘tags’6. These are 

expressions of the properties of the geographical objects in terms of combinations of ‘keys’ and ‘values’, for 

example: ‘landuse  = brownfield’. By using tags for the key land use7, areas, sites and land use types can be 

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 biomass crops, for example when located in built-up area or where the pollution is located below 

the topsoil layer. Inversely, there are sites that were polluted by activities in the past but cannot be identified 

from the descriptions of geographical objects in Open Street Map. For example, an ancient land fill that is 

currently in use as recreational area, and does not match the tag ‘key = landfill’ in Open Street Map.  

For these reasons, a cross-validation between the sites identified in Open Street Map with independent 

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 presumed to 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 recordings are not available. The 

current land cover in these sites was analysed using CORINE Land Cover (CLC2018). For mining sites in OSM 

we also enriched the analysis with data from the Minerals4EU database.  

5.2.2. Identification of possibly contaminated sites in Open Street Map 

The turbo overpass utility 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) quarries and mine tailings 

• (former) land fill sites 

• (former) military sites 

• former industrial sites (brownfields) 

• industrial sites 

• harbours 

• wastewater treatment plants  

• fuel stations 

 

Next, the point locations resulting from the tags were used to retrieve the polygons in which 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 areas, and descriptors of contaminated sites that come up after the first query are used 

in subsequent queries (see Figure 23 and Figure 24).  

 

Figure 23 Extract of the tags, keys and values used to identify potentially contaminated sites in Open Street 
Map. 

 

Figure 24 Example of a tag 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 Figure 25 and Figure 26. The areas of extracted polygons from Open Street Map with land use types which 

are likely to contain contaminated sites are listed per country in Table . 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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Figure 25 Quarry location in OSM, identified through the tag land use=quarry. 

  

Figure 26 All quarry locations in OSM, identified through the OSM tag=quarry (679.529 sites). 
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Table 5-1 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 overlap!)  
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5.2.3 Further characterization of sites combining OSM selections with CORINE Land Cover 
(CLC2018) and imperviousness 

The surface area (on land) of extracted polygons from OSM per country larger than 1 ha is given in Table . 

Military sites cover the largest area. The distribution of CORINE land cover classes in OSM features over 

countries in the EU27 and UK is given in Figure 27 to Figure 36. CLC classes consisting of water bodies were 

not considered. Figures of land cover are not given for the OSM features harbors, wastewater treatment plants 

and fuel 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 Service8. The land cover classes that are considered suitable for 

phytoremediation are listed in Table . Completely built-up areas and forest are excluded. In order to estimate 

the area available for cropping in the land cover types that include partly built-up area, we use the pan-

European High Resolution Layer ‘Imperviousness degree’ (IMD) (pixel size 100 m, reference year 2018)9 of the 

Copernicus Land Monitoring Service. This layer gives the percentage of impervious (sealed) soil surface per 

area unit.  

Table 5-2 Land cover classes considered suitable for phytoremediation in potentially contaminated sites, for 
the non-built-up part. Source: CORINE Land Cover database (CLC).  

CLC class  CLC class label 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 and leisure facilities 

12 211 Non-irrigated 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 with permanent crops 

20 242 Complex cultivation patterns 

21 243 Land principally occupied by agriculture with 
significant areas of natural vegetation 

22 244 Agro-forestry 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 class  CLC class label Description 

27 322 Moors and heathland 

28 323 Sclerophyllous vegetation 

29 324 Transitional woodland-shrub 

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 shooting ranges and areas for maintenance of equipment. 

Shooting ranges are typically characterized by local hot spots where extremely high concentrations of metals 

like lead (Pb), copper (Cu) and antimony (Sb) can be found (Mesman et al., 2014; Römkens and Faber, 2020).  

The highest concentrations typically are found in what is called ‘bullet-catchers’, usually small man-made 

ridges where the ammunition fired accumulated. In the Netherlands. Locally pollution with PAHs occurs in 

areas where machinery is maintained or used.  

Typical for military shooting ranges (in contrast to recreational shooting ranges) is the presence of various 

organic compounds belonging to the chemical groups of nitramines and nitroaromatics. These compounds 

originate from the use of explosives other 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 other forms of natural vegetation 

adapted to sometimes extremely high pollution levels (Römkens and Faber, 2020). Lead (Pb) being the most 

found metal also has limited potential in view of phytoextraction due to the limited transfer from soil to crop. 

Risks of contamination of ground- and 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 Land Cover map of 2018 (Figure 27). This combination of land cover types with the 

indication ‘military sites’ on Open Street Map is expected, because military sites are often positioned in areas 

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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Figure 27 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 between 250,000 

and 350,000 ha (Figure 28). 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 peat bogs. Only a small share of the military sites in Open Street 

Map is covered by built-up area (152,000 ha; see Figure 28).  

Forest and semi-natural vegetation may be able the stabilize polluting substances in place. Considering the 

large share of these land cover types in military sites, these sites are less relevant for 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 occur 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 establishment of 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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Figure 28 Most frequent (top 10) land cover types in military sites detected in OSM. 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 present and the 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 border area for 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 

including but not limited to PAHs’, mineral oil, PCBs etc. This shows that for industrial pollution no specific 

pollutants can be pointed at; and the type of industry must be considered in order to be able to predict which 

kind of pollutant can be found and in what concentration ranges. A recent estimate of soil pollution in the EU 

(FAO and UNEP 2021) reveals that about two-thirds 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 directly affect 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 the Kempen where soil life 

increased substantially after revegetation of previously bare soil (Bouwman and Vangrondsveld, 2004. 

Land cover in industrial sites 

Industrial sites in Open Street Map correspond for the largest part to the land cover class ‘industrial or 

commercial units’ in CLC 2018 (1,144,893 ha, Figure 29). The second most widespread land cover in industrial 

sites is ‘discontinuous urban fabric’ (247,946 ha). These land cover types are expected in industrial sites.  

 

 

Figure 29 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.  

The largest areas with industrial sites identified in Open Street Map are in Germany, France and Italy (resp. 

302,581, 274,506 and 202,531 ha) (Figure 30). These are mostly covered by land cover classes ‘industrial or 
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commercial units’ and ‘discontinuous urban fabric’, and therefore are already mostly built-up area, leaving 

little room for biomass cropping. Still Considering all countries in the EU27 and UK, part of the industrial sites 

in OSM is covered by agricultural land (classes ‘non-irrigated arable land’, ‘pastures’ and ‘complex cultivation 

patterns’ in CLC 2018; see Figure 29 and Figure 30). If polluting substances are present in the soils of these 

areas, they may be relevant for phytoremediation using bioenergy crops. This requires an assessment at the 

level of these sites.  
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Figure 30 Most frequent land cover types (top 10) in industrial sites detected in OSM. Source data: Open 
Street Map and CLC 2018.  
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Quarries 

Potential pollutions in quarries 

Quarries and mining activities, 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 levels of (mostly) metals in soil or have resulted in 

extreme acidification because of oxidation of sulphides. Especially the combined effect of acidification in the 

presence of elevated concentrations of metals in soil has resulted in extreme pollution of both soils and 

adjacent ground- and surface water bodies. Processing of materials from below ground mining including coal 

mines locally has resulted in extreme pollution with pollutants like PAHs. Usually, 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 

contaminants therein 

Common examples of below ground and 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 mines). 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 risks of affected areas.  

Land cover in quarries 

In the areas where quarries were identified in Open Street Map, the land cover type on CLC2018 with the 

largest extent is ‘mineral extraction sites’ (CLC code 131), covering 318,548 ha in the OSM-polygons with 

quarries in the EU-countries and UK (Figure 31). This land cover type is expected in quarries. Peat bogs were 

also found in the polygons (76,810 ha, of which 33,536 ha in Finland), which is typical in Scandinavia where 

peat collection was quite common but is now gradually banned. Considering the need to protect peatland 

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

they appear to be polluted. Non-irrigated arable land, pastures and transitional woodland take up 108,498 ha 

in areas designated as quarries. The agricultural land in these categories may be relevant for phytoremediation 

using bioenergy crops in case 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 (101,227 ha; Figure 32).  

The total area of the class ‘mineral extraction sites’ in CLC2018 is 633,848 ha in the EU27 plus UK. Of the areas 

covered by the class, 50% is not identified as ‘quarry’ in Open Street Map. By country, this share varies from 

27% (Czech Republic) to 85% (Netherlands). On the other hand, the total area covered by polygons tagged as 

‘quarry’ in Open Street Map, irrespective of the CLC2018 class, is 654,013 ha, and thus larger than the total 

area of ‘mineral extraction sites’ on CLC2018. The largest absolute differences in areas of both features 

between OSM and CLC2018 were found in Germany and Finland, where the area in OSM is larger by roughly 

18,000 and 43,000 ha, and in Spain and Romania, where the area on CLC2018 is larger by roughly 28,000 and 

14,000 ha. This points to the necessity to consult multiple spatial datasets for the purpose of mapping 

potentially polluted areas by quarries. 



 

70 

 

Growing energy crops on contaminated land for biofuels and soil remediation 

 

 

Figure 31 Area in quarries on Open Street Map covered by the 5 land cover classes with the largest areal 
extent. Source data: Open Street Map and CLC2018.  
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Figure 32 Most frequent land cover types (top 10) in quarries detected in OSM. 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 case of open or active waste disposal heaps) and leaching of 

contaminants from the bottom of the pile are the most common aspects that need to be addressed to reduce 

risks arising from such landfills. In addition to such active or recently abandoned landfills, there are 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 form of 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 been reduced 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) which is estimated at approx. 

600 (website Province Noord Brabant, https://www.brabant.nl/onderwerpen/milieu/bodem-en-

stortplaatsen/stortplaatsen). 

In most cases dust is the major issue in case of non-covered 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 identified in Open Street Map are covered for 37% by dump sites in the CLC2018 map (Figure 33). 

This is the land cover type that is expected for landfills. The cover with mineral extraction sites (15,485 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 with some form 

of agricultural land, mainly by non-irrigated arable land and pastures (Figure 33).  

  

 

Figure 33 Area in landfills on Open Street Map covered by the 5 land cover classes with the largest areal 
extent. Source data: Open Street Map and CLC 2018. 

https://www.brabant.nl/onderwerpen/milieu/bodem-en-stortplaatsen/stortplaatsen
https://www.brabant.nl/onderwerpen/milieu/bodem-en-stortplaatsen/stortplaatsen
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Across the EU and UK, the largest areas of landfills are found in Germany (21,932 ha), France (11,379 ha) and 

Poland (12,412 ha) (Figure 34). Roughly 2/3 of the area labelled as ‘landfill’ in these countries is covered by 

dump sites, mineral extraction sites and industrial or commercial units on CLC2018. The area not covered by 

constructions or disposals is mainly covered by agricultural land use types, forest or transitional forms of 

natural vegetation (Figure 34). Of these, the agricultural land use types may be relevant 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 Map is 99,992 ha, overlapping with 88% of the total 

area of dump sites on CLC2018, while the total area of dump sites in CLC2018 is 113,095 ha. This might suggest 

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

of polygons tagged as ‘landfill’ in Open Street Map is larger than the total area covered by dump sites on the 

CLC2018 map. The difference in area is largest for Germany (4,757 ha on OSM but not classified as ‘dump site’ 

on CLC2018) and France (2,707 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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Figure 34 Most frequent (top 10) land cover types in landfills detected in OSM. Source data: Open Street Map 
and CLC 2018.   
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Brownfields 

The term ‘brownfield’ is used to designate areas previously in use for industrial activity and where local soil 

contamination is likely to have occurred. In Open Street Map, areas tagged with land use ‘brownfield’ in the 

EU27 and UK cover 70,615 ha. Of these, 23,114 ha is built-up area in use for industrial, commercial or urban 

purposes (Figure 35). This corresponds to 47% of the total land 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 brownfields now corresponding to non-irrigated arable land and 

pastures (almost 7,500 ha), may be relevant for phytoremediation with bioenergy crops if polluting substances 

are present in the soil.  

 

 

Figure 35 Area in brownfields 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 area of brownfields, around 10,000 ha, is found in Germany and the UK (Figure 36). These countries 

also have the largest areas covered with agricultural land enclosed in brownfields in absolute and relative 

terms.  
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Figure 36 Most frequent land cover types in brownfields detected in OSM. Source: CLC 2018. 
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Brownfields may be considered a sub-set 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 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 in a total of 2,725,502 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 shown in Figure 

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 non-irrigated arable land. The largest total 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 167,877 ha. The countries with the largest areas in this category of land 

cover are Romania (31,640 ha) and Germany (24,981 ha).  
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Figure 37 Land cover area in industrial sites and brownfields in the EU27+UK indicated on Open Street Map. 
Only land cover classes relevant for phytoremediation are shown, and only areas with <40% imperviousness. 
Source data: Open Street Map, CLC2018, pan-European High Resolution Layer Imperviousness degree (100 
m).    
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 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 Minerals4EU database, 

created in the EU project Mineral Intelligence for Europe (Mintell4EU)10. A total of 42.731 mines is included in 

the Minerals4EU database for 22 EU Member States in 8 commodity groups considered of interest for 

phytoremediation. The distribution of mines over countries is displayed in Figure 38. The number of mines in 

Germany is relatively low because only the southern part of the country was covered in the inventory (Figure 

39).  

 

Figure 38 Number of mines in commodity groups in EU countries. Source data: Minerals4EU database.  

 
10 https://geoera.eu/projects/mintell4eu7/  

https://geoera.eu/projects/mintell4eu7/
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Figure 39 Visualisation of mine locations in the Minerals4EU database, extract. Source: 
https://geoera.eu/projects/mintell4eu7/.  

The Minerals4EU database does not include information on the area covered by the mines. 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 contaminated sites (selected in section Identification of possibly contaminated sites in Open Street 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 further 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 data and Risks of mining commodities for human health and 

suitability for phytoremediation. 

 

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 in Error! Reference source not found..  Most mines were observed in the 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 and ferro-alloys metals and minerals for chemical use, the smallest for precious and semi-precious 

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. This was done by inspecting the frequency distribution of the areas of mines (example 

in Figure 40). The average area of mines in each commodity group was calculated as the average of the area 

https://geoera.eu/projects/mintell4eu7/
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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 columns of Table .  

Mines in the commodity groups base metals, energy commodities, fertilizer minerals, iron and ferro-alloys 

metals and minerals for chemical use cover around 100 ha according to the indications on Open Street Map. 

The area of mines where precious metals are extracted (gold, silver, platina) is an order of magnitude larger 

on average (1045 ha). Average areas of mines for precious and semi-precious gemstones and special and rare 

metals are small compared to the other mines (<50 ha).  

Table 5-3 Area of mines(in ha)  as indicated in OSM for various commodity groups. Source data: OSM and 
Minerals4EU database.  

Commodity group Total nr of 
mines in OSM 
polygons 

Average area 
of mine in 
OSM-polygon 
(all included) 
(ha) 

Minimum 
area of mine 
(ha) 

Maximum 
area of mine 
(ha) 

Standard 
deviation of 
area (ha) 

Area interval 
with >90% of 
mines (ha) 

Average area 
of mines in 
<90% interval 
(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 ferro-alloys 
metals 

151 1375 1 34.543 4058 1-2700 117 

minerals for chemical 
use 

102 477 1 33.644 3365 1-2500 99 

precious and semi-
precious gemstones 

12 15 6 18 3 6-18 15 

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       
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Figure 40 Frequency distribution of mine area (in ha) in commodity group ‘base metals’. Source data areas: 
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. Built-up areas and areas covered with vegetation or ecosystems 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 found.. The table includes counts of mines from the Minerals4EU 

database in commodity groups relevant for phytoremediation (Table ), that were identified 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 polygons tagged as ‘industrial’ (196) or 

‘quarry’ (314 ha). This gives some confidence in the identification of mines in OSM. However, many mines in 

the Minerals4EU database (20,137) is not identified in OSM, and of this number, only 204 are indicated as 

mines in the land cover class ‘mineral extraction sites’ in the Corine Land Cover database (class nr 7). This 

shows us that for a more accurate estimation of potentially contaminated sites, dedicated databases are 

required with spatial information on geographical objects associated 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 phytoremediation (>2,000) were found in the 

Minerals4EU database in the land cover classes ‘non-irrigated arable land’, ‘pastures’ and ‘transitional 

woodland-shrub’ on the CLC2018 map (Table ). Of the total of 20,708 mines observed in land cover classes 

considered relevant for phytoremediation, almost half (10,206) are located in areas with agricultural land use 

(CLC classes 12-22). This offers potential for options to use existing agricultural land for biomass crop 

production.  

Table 5-4 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 
classes that were not identified in OSM are given in column ‘No polygon in OSM’. Source data: land cover: 
CLC2018 (Copernicus Land Monitoring Service); occurrence of mine locations: Minerals4EU database; areas 
of mines: Open Street Map.   

   OSM land use tag 
CLC class Description  No polygon in 

OSM 
Brownfields Industrial Landfill Military Quarry Total 

2 Discontinuous urban fabric 1198  26  1 5 1230 

3 Industrial or commercial 
units 

151 1 68 1 2 4 227 

4 Road and rail networks and 
associated land 

41      41 

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 urban areas 26 3 1    30 
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   OSM land use tag 
CLC class Description  No polygon in 

OSM 
Brownfields Industrial Landfill Military Quarry Total 

11 Sport and leisure facilities 97  2 1  2 102 

12 Non-irrigated arable land 2967  11 2  30 3010 

13 Permanently irrigated land 92      92 

14 Rice fields 1      1 

15 Vineyards 167      167 

16 Fruit trees and berry 
plantations 

127   1   128 

17 Olive groves 725  1   1 727 

18 Pastures 2169  4 1  13 2187 

19 Annual crops associated 
with permanent crops 

94    1  95 

20 Complex cultivation 
patterns 

1220  6 1  8 1235 

21 Land principally occupied by 
agriculture with significant 
areas of natural vegetation 

1378  7  1 6 1392 

22 Agro-forestry areas 1170     2 1172 

26 Natural grasslands 1889    6 15 1910 

27 Moors and heathland 1455 1 3  3 9 1471 

28 Sclerophyllous vegetation 1929  13  3 11 1956 

29 Transitional woodland-
shrub 

2297 1 2  2 26 2328 

32 Sparsely vegetated areas 617    6 5 628 

33 Burnt areas 49    1  50 

38 Salines 25  1    26 

Total  20137 7 196 27 27 314 20708 

 

5.3.3. Risks of mining commodities for human health and suitability for phytoremediation 

From the Minerals4EU database a sub-selection of 65 commodities was made that is produced in the mines. 

These commodities were ranked according to two aspects:  

▪ 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 commodity is high and 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 score of 2 indicates positions in between.   

 

▪ 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. How likely 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 scoring for these ranking is: 1: likely or proven, 2: unknown or questionable, 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 typical 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. This number is 

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 from the typical size area (Table ) per commodity group. For this reason, we 

present the assessment of risk for human health and suitability of mines for phytoremediation in numbers of 

mines in classes, instead of in area covered.  

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

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 pose a high 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 phytoremediation for this category, we find that the 

largest numbers of mines are estimated likely to treat with phytoremediation through extraction or 

stabilization of the commodities (Table ). 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 Minerals4EU database.  

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

Level of risk, need and possibility to 
phytoremediate 

Number of mines 

High (1) 24.074 

Medium (2) 702 

Low (3) 17.869 

  

Total 42.645 

 

Table 5-6 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 by extraction 

Level of risk, need and 
possibility to phytoremediate 

Likely (1) Unknown/ 
questionable 
(2) 

Not 
effective 
(3) 

High (1) 12087 5899 6088 

Medium (2) 600  102 

Low (3) 724 12708 4437 



 

85 

 

Growing energy crops on contaminated land for biofuels and soil remediation 

    

Total 13411 18607 10627 

 

Number of mines Likeliness of phytoremediation by stabilization 

Level of risk, need and 
possibility to phytoremediate 

Likely (1) Unknown/ 
questionable 
(2) 

Not 
effective 
(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 degradation 
or volatilization 

Level of risk, need and 
possibility to phytoremediate 

Likely (1) Unknown/ 
questionable 
(2) 

Not 
effective 
(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 factories with blast furnaces 

(Blast Furnace-Basic Oxygen Furnace, BF-BOF). 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 production 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 emitted 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 distance from the production sites.  

Locations of the production sites were obtained from the European Steel Association (EUROFER) (Figure 41). 

Land cover within 5 km from the sites was derived from CLC 2018. Total areas per class for the 27 production 

sites are displayed in Figure 42. Only areas were considered with land cover relevant to phytoremediation 

(Table ) and with an imperviousness <40%. The imperviousness of the soil surface was derived from the  pan-
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European High Resolution Layer ‘Imperviousness degree’ (IMD) (pixel size 100 m, reference year 2018)11 of 

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.  

 

 

Figure 41 Locations of steel production sites with blast furnaces. Source: EUROFER (www.eurofer.eu).  

 
11 https://land.copernicus.eu/pan-european/high-resolution-layers/imperviousness 

http://www.eurofer.eu/
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Figure 42 Land cover in an area within 5 km distance from 27 steel production sites with blast furnaces in 
Europe, with <40% soil sealing. Source data: CLC2018 and pan-European High Resolution Layer 
‘Imperviousness degree’ (IMD) (pixel size 100 m, reference year 2018)12 of the Copernicus Land Monitoring 
Service.  

 

 

 

 

 

 

 
12 https://land.copernicus.eu/pan-european/high-resolution-layers/imperviousness 
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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 given in Table . 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 

2,013,722 ha. This corresponds to 0.5% of the 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 areas of all types of potentially 

contaminated sites, amounting to more than 150,000 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 areas between 10,000 and 290,000 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 100,000 ha. For industrial sites and brownfields, the total area is largest in Romania, with more than 

80,000 ha. For quarries, Spain follows behind France and Germany with almost 50,000 ha. Poland, France and 

Germany have the largest total area of landfills (between 10,000 and 19,000 ha).  

Table 5-7 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 potentially contaminated site   

Country Military Industrial & 
brownfields 

Quarries Landfills Total area Total area country 

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 2.311 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 
Kingdom 

97.519 36.874 42.057 6.793 183.243 24.361.000 

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 GOLD that aims at mapping in detail the 

contaminated sites in the EU and their characteristics.   A distinction is made between sites/or rather areas 

affected by diffuse and by point source pollution: 

1) Diffuse pollution (def. EEA: Pollution from widespread activities with no one discrete source, e.g. acid rain, 

pesticides, urban run-off, etc.) 

2) Point source pollution (def. EPA: Pollution from any single identifiable source (e.g. landfill, mine, industrial 

site) 

Areas affected by diffuse pollution cover a larger area than sites 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 often have a direct 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 is to map areas of sites in the EU that are contaminated to some degree, 

that need cleaning or stabilisation and that may be suitable for bioremediation through the cultivation of 

biofuel crops. In the following the main conclusions in relation to the spatial identification of areas affected by 

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 to map these 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 clay contents and 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 to Cd. 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 specific health-based quality 

criteria only exist for mercury (Hg) and arsenic (As) but this refers almost exclusively 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 (a.o. PFAS). For 

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 
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spatial data to prepare maps at the 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 in both 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 current metal concentrations exceed 

critical limits in view of food safety, ecology or water quality. This requires a more in-depth analysis of the 

quality 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 that it is likely 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 combination of soil type 

(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, regional industrial 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 low to moderate 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 ecotoxicology are 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 for this exceedance.  

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 calculated critical 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 contaminated sites  

Enquiry at JRC-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 recent Europe-wide assessment of contaminated sites is the JRC Technical Report 

Status of local soil contamination in Europe by Payá Pérez & Eugenio (2018), which was based on 

questionnaires to experts of national reference centres (NRCs) in the EEA-member countries. I revealed that 

of the 39 countries surveyed, 28 maintain comprehensive inventories for contaminated sites at national or 
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regional level. It became clear that in total 65,000 sites had been remediated or are under aftercare, and 

650,000 sites are registered as sites where polluting activities took or takes place (Payá Pérez & Eugenio, 2018). 

Because of lack of EU wide spatially explicit sources on contaminated sites an other approach to mapping 

these contaminated sites was developed. For this reason, potentially contaminated sites were identified first 

in Open Street Map (OSM). These were reviewed by comparing the sites against polluted site locations that 

were known to WR-experts, to current land cover as represented on CLC2018 and - for mines only - to locations 

in the Minerals4EU database.  

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

• (former) quarries and mine tailings 

• (former) land fill sites 

• (former) military sites 

• former industrial sites (brownfields) 

• industrial sites 

• harbours 

• wastewater treatment plants  

• fuel stations 

 

Conclusions from the review of OSM in combination with other spatial data sources are:  

• 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 total area on land covered 

by these sites is 4,718,773 ha. Harbours, wastewater treatment plants and fuel stations cover minor 

areas compared to these categories. This total area has been further reviewed for suitability for 

phytoremediation by overlaying it with additional spatial data sources.  

• The land cover from CLC2018  in the considered OSM sites corresponded to the expected land cover 

for the larger part, i.e. forest and other semi-natural vegetation for military sites, industrial or 

commercial units for industrial sites and brownfields, mineral extraction sites for quarries and dump 

sites for landfills. This supports the correct selection of the sites in OSM.  

• In sites where pollutants may occur, land cover consisting of densely built-up area, forest or other 

natural vegetation is considered unsuitable for phytoremediation as these types of land cover areas 

are either already vegetated by trees & shrubs or sealed by buildings and roads. This also applies to 

other land cover types unsuitable for cropping, such as beaches and dunes, bare rocks and water 

bodies. Land cover types in potentially contaminated sites with discontinuous urban fabric (e.g. 

mineral extraction sites) and with some form of agricultural land use are considered suitable for 

phytoremediation, provided that less than 40% of the area is artificially sealed (impervious).  

• The total area of potentially contaminated sites with land cover types suitable for phytoremediation, 

and with less than 40% of the area sealed (impervious), amounts to 2,013,722 ha in the EU27 and UK. 

This area corresponds to 0.5% of the total surface area of these countries.  
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• France, Germany, Spain and UK have the largest total areas of all types of potentially contaminated 

sites, amounting to more than 150,000 ha in each of the countries.  

• Land currently in use for agriculture covers between 7% (in military sites) and 20% (in landfills) of the 

area in potentially contaminated sites identified in 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.  

• In the areas where quarries were identified in Open Street Map, the land cover type on CLC2018 with 

the largest extent is ‘mineral extraction sites’ (CLC code 131), covering 318,548 ha in the OSM-

polygons with quarries in the EU and UK, with Germany having the largest coverage (101,227 ha). The 

total area of the class ‘mineral extraction sites’ in CLC2018 is 633,848 ha in the EU27 plus UK. This 

implies that 50% of the CLC2018 class ‘mineral extraction sites’ is not identified as ‘quarry’ in Open 

Street Map. This points to the necessity to consult multiple spatial datasets for the purpose of mapping 

potentially polluted areas by quarries. 

• The Minerals4EU database features 42,731 mines in 22 EU Member States in 8 commodity groups 

considered of interest for phytoremediation. 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 (20,137) was not identified in OSM, and of this number, only 204 are indicated as mines in 

the land cover class ‘mineral extraction sites’ in the Corine Land Cover database (class 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 

geographical objects 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 the risk in the 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, commodities do not pose a high risk for human health and the need to 

apply remediation is low. 

 

• Most mines with commodities relevant for phytoremediation have land cover ‘non-irrigated arable 

land’, ‘pastures’ and ‘transitional woodland-shrub’ (>2,000 in the EU for each land cover class). Of 

the total of 20,708 mines observed in land cover classes considered relevant for 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.  

 

• In the group of mines 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 commodities (37% of 

the total number).  There is less potential for or degradation/ volatilization of the compound by 

planting vegetation.                     

• 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 are covered 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, which may be relevant 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 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. However, there are also countries where the total area of polygons 

tagged as ‘landfill’ in Open Street Map is larger than the total area covered by dump sites on the 

CLC2018 map. Again it confirms to the need to consult multiple spatial datasets for the purpose of 

mapping potentially polluted areas in or around landfills. 

• Brownfields may be considered a sub-set 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 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 in a total of 

2,725,502 ha of industrial sites and brownfields, occurring in the EU27 plus the UK. Of this area 

167,877 ha is in use by some form of agriculture (according to the overlay with CLC2018), which may 

be relevant for phytoremediation using bioenergy crops, in case soil pollution is present.   

• 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 conceivable that vegetation might be used to stabilize particulate matter 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 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 fine particulate 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: 

• The collection and analysis of national and regional data on potentially contaminated sites will be con-

sidered for several EU countries in 2023. The aim is to refine the mapping of contaminated sites based 

on OSM and CLC2018.  
• Continuation of the modelling of diffuse pollution with updated (better) input data where possible on 

soils and contamination data in soils and pedo-transfer models.   
• Based on the mapped information presented in this report the sites will be selected for the spatially 

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 in The Netherlands are collected and documented at 

regional level by the larger municipalities (a.o. Rotterdam, Amsterdam) and the regional environmental 

agencies, on behalf of municipalities. At the moment of writing, there is no central registration at national level 

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 regions (www.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 Subsurface13 as off 2024.  

A national register of all contaminated sites in The Netherlands was built in 2021 by a consultancy firm for the 

construction sector14, but this is not publicly accessible. However, the identification of contaminated sites for 

phytoremediation focusses on areas that are not considered for construction and are intended to remain 

vegetated. Therefore, we will not consider this register for cross-checking 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 Noord-Brabant by the environmental agency 

Omgevingsdienst Zuidoost-Brabant15. This region was selected to cross-check 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 of Budel (Figure 43, Figure 

44).  

 
13 https://basisregistratieondergrond.nl/english 
14

https://anteagroup.nl/diensten/milieu-en-omgevingsdata/bodem-digitaal-op-de-kaart 
15

https://odzob.nl/ 

http://www.bodemloket.nl/
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Figure 43 Zinc factory of the N.V. Kempensche Zinkmaatschappij in the municipality of Budel, The Netherlands 
in 1973. Source: http://www.historiekzm.nl/. 

 

Figure 44 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 Noord-Brabant in The Netherlands. Source: 
https://noord-brabant.omgevingsrapportage.nl/#. 

http://www.historiekzm.nl/
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 xml-format, including information on: 

• Polygons delineating areas where soil surveys were carried out based on suspicion or mention of 
contamination, including locations of soil borings;  

• Polygons delineating areas that were identified as being contaminated and areas where 
contamination was remediated.  

An impression of how the information is organized when imported in GIS is given in Figure 45.  
The information from the soil information system is coded according to the SIKB 0101 protocol16 for the 
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 of thresholds 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 the geodataset 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 and contaminated 
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.   

 

Figure 45 Example of contents of the soil information system of the environmental agency Omgevingsdienst 
Zuidoost-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 Zuidoost-Brabant, information received on 31-3-2022. 

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

In Belgium, the Public Waste Agency of Flanders (OVAM) is responsible for the management of waste, 

materials and soil remediation in the region of Flanders.  A public geoportal (Geopunt) provides georeferenced 

information on investigated sites that were reported at OVAM (Figure 46). The sites include locations where 

soil pollution was reported and where claims of damages were made. Locations of soil surveys and soil 

decontamination are also included in the geoportal. Each site is characterized by an identification number 

referring to the underlying reports and uploaded data. The color of the polygons indicates the type of report 

(preliminary investigation, detailed investigation, remediation project, remedial actions, monitoring) (Wille 

and Isenborgs, 2022).   

 

 

Figure 46 Presentation of (potentially) contaminated sites in Flanders in the geoportal Geopunt. Coloured 
polygons show areas for which files are available. Reports can be requested from the Flemish government 
through the file numbers. Source: https://www.vlaanderen.be/geopunt/kaarttoepassingen/ovam-geoloket-
bodemdossierinformatie.   

For landfills, OVAM maintains a map with the contours of administrative parcels where activities of waste 

dumping are known to occur. The map of landfills indicate if the waste dumping is still active, the presence of 

hazardous waste and the type of waste. The map of landfills can be consulted through the geoportal Geopunt.  

https://www.vlaanderen.be/geopunt/kaarttoepassingen/ovam-geoloket-bodemdossierinformatie
https://www.vlaanderen.be/geopunt/kaarttoepassingen/ovam-geoloket-bodemdossierinformatie
https://www.vlaanderen.be/geopunt/kaarttoepassingen/ovam-geoloket-bodemdossierinformatie
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Figure 47 Map of landfills for the region of Flanders in the geoportal Geopunt. Source: OVAM, version 23-01-
2023. https://www.vlaanderen.be/datavindplaats/catalogus/stortplaatsen-in-vlaanderen  

 

  

https://www.vlaanderen.be/datavindplaats/catalogus/stortplaatsen-in-vlaanderen
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France 

The national database of contaminated or potentially contaminated sites for France is Base des sols pollués 

(BASOL). There is also the national Inventory of Abandoned Industrial Sites (Inventaire des Anciens Sites 

Industriels et Activités de Service (BASIAS)). Spatial data on the sites in BASIAS are included in the map of 

abandoned industrial sites held by the national geological service BRGM, entitled CASIAS (Carte des Anciens 

Sites Industriels et Activités de Services).  

There is also a public website of brownfields in France, where citizens can provide and consult local information 

on brownfields, entitled Cartofriches. The site contains the data from the databases BASIAS and BASOL.   

 

Figure 48 Presentation of Cartofriches, the public webportal of brownfields in France. Source: 
https://cartofriches.cerema.fr/. 

 

 

  

https://www.data.gouv.fr/fr/datasets/base-des-sols-pollues/
https://www.data.gouv.fr/fr/datasets/base-des-sols-pollues/
https://www.georisques.gouv.fr/risques/basias/donnees#/
https://www.georisques.gouv.fr/risques/basias/donnees#/
https://www.georisques.gouv.fr/risques/pollutions-sols-sis-anciens-sites-industriels
https://cartofriches.cerema.fr/cartofriches/_w_b16351b4/_w_f11e7c2e/?bbox=2.208251953125,48.2466255907138,2.208251953125,48.2466255907138
https://cartofriches.cerema.fr/
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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 years ago but was never implemented (Laumanns et al., 2021). In 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 initiated for recording 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 for 

most of the country’s industrial activity) (Tsompanidis et al 2016). The goal of this study was the detection, 

recording and the initial characterisation of potentially contaminated sites focusing on areas with heavy 

industrial activity, storage areas of industrial and hazardous waste, waste-management areas, mining 

activities, shipyards etc. All sites were classified into two categories: as controlled (legal) or uncontrolled 

(illegal) sites. 2.029 potentially contaminated sites were identified and prioritized. The 300 most important 

contaminated sites were selected for further investigation through questionnaires and on-site assessment. 

This project was the first approach and indicates that more research is needed, including ecotoxicological 

studies, a setting out of 36 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 

analytical 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 December 2014. 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 

in 2010 but, in the meantime, most of them have been rehabilitated (Pérez and Eugenio 2018). Therefore, 

based on the above it is obvious that the contaminated site in Greece is still pending. 

In the meantime many more scientific approaches have been implemented to mapping contaminated sites in 

Greece. In the following an overview is given of these as summarized by Eleni Papazoglou in 2023.  

 

Literature on soil contamination  

1. Level of Contamination Assessment of Potentially Toxic Elements in the Urban Soils of Volos City (Central 

Greece) (Golia et al., 2021). 

Research area: Volos City (Central Greece) 

Surface: 3.65 km2   

Source of pollution: industrial area that also includes a steel 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 present: Co, Mn, Cd, Zn, Cu, Pb, Cr, Ni 

Level of contamination: low to moderate   
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Results: The 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 values. The largest number 

of soil samples had CF values belonging to class II (1–3) and were characterized as “moderate contamination”. 

In class ΙΙ, the order of CFs was as follows: Cd = Zn > Ni > Co > Cu = Pb = Cr = Mn. In class III (CF: 3–6), 

characterized as “considerable contamination”, the order changed as follows: Ni > Co > Zn = Cd. There were 

no soil samples with CF > 6, i.e., belonging to class IV with “very high contamination”. 

 

2. A Study of Chromium, Cooper, and Lead Distribution from Lignite Fuels Using Cultivated and Non-cultivated 

Plants as Biological Monitors (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 soil is described 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 were found in the most 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 

Mediterranean region: The case of C. Evia and Assopos-Thiva Basins, Greece (Megremi et al., 2019). 

Research area: Assopos-Thiva Basins and C. Evia 

Source of pollution: widespread occurrence of ophiolites and Fe-Ni-laterite deposits 

Type of pollutants present: Cr, Ni, Co 

Level of contamination: high 

Results: Average metal values in soils range from 50 to 190 mg/kg Cr in the Oropos area and from 130 to 

520 mg/kg at the Avlona area in the Assopos-Thiva Basin, 230 to 310 mg/kg Cr (occasionally 800 mg/kg) in the 

north part of the basin (Thiva area), with an increasing trend from south to north. 
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Fig. 1. Maps of Cr, Ni, Co and Mn (a–d) spatial distribution in soils of the Evia and Assopos-Thiva basins. 

 

 

  

4. Species adaptation in serpentine soils in Lesbos Island (Greece): 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 

Results:  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 lowest Mg/Ca quotient. Olympos has the highest Mg values. Nickel 

concentrations were always >1,000 mg kg−1 across all locations. 

 

 

5.  Investigation of heavy metal pollution of the soils of the areas of Inofyta – Oinoi  

–  Schimatari (Tsoumani, 2021). 

Research areas: 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 of lead, nickel, 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 Oinofyta and 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 indicate stronger 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 0.49 with background 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, Sn 

10.49 vs. 2.5, and Tl 17.51 vs. 0.5. It should be noted that some of the studied elements showed low levels: 

Cd, Pb, and V were well below their background levels, while average Cu (39.78) and Zn (69.23 mg kg−1) were 

similar to their respective background levels. Also, from the elements covered by the EU Directive (CEC, 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 4.4-fold higher than its limit of 75 mg kg−1. soils were extremely enriched 

with Tl, a highly toxic metal. Along with it, other less expected elements were also found severely enriched, 

i.e., Se, Sb, and Mo; soils also contained high concentrations of As, Ni and Cr. 

 

7. Magnetic signature, geochemistry, and oral bioaccessibility of “technogenic” metals in contaminated 

industrial soils from Sindos Industrial Area, Northern Greece (Bourliva et al., 2016). 

Research area:  Sindos Industrial Area  

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

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

Results:  The 28% of the studied soil samples were characterized as ‘’moderately to heavily polluted’’ with 

reference to Cd and Zn, while especially for Zn 14% of the samples are classified as ‘’heavily to extremely 

heavily polluted’’. One specific soil sample collected in the area north-west of the industrial unit was 

characterized as ‘’extremely polluted’’ for Cd and Pb and ‘’heavily to extremely polluted’’ for Zn. 

 

8. Heavy Metals in Agricultural Soils of the Mouriki-Thiva Area (Central Greece) and Environmental Impact 

Implications (Antibachi et al., 2012). 

Research area: Mouriki-Thiva Area, situated in the prefecture of Viotia 

Surface: 150 km2  

Source of pollution: 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 the plain area 

Results:  The soils of the Mouriki-Thiva 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). 

Research area: ‘Agios Philippos’ in the Kirki region (NE Greece) 

Surface: 20 km2  

Source of pollution: abandoned lead–zinc 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 contamination (Skordas et al., 2005). 

Research area: Agia area in the eastern part of the Larissa town, central Greece 

Coordinates: latitudes 39°41’00’’–39°45’00’’ and longitudes 22°41’00’’–22°47’00’’     

Type of pollution:  metals and metalloids 
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Type of pollutants present: 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 (category I). According to the concentration values of As and Cu the area of Agia is 

characterized as uncontaminated (category I) 91 and 88%, respectively, or slightly contaminated (category II) 

9 and12%, respectively. Almost the whole area is characterized as slightly to contaminated (categories I–IV) 

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 largest part of the area 

studied is slightly contaminated (category II, 88%) or contaminated by Mn (category III, 88%), 4% of the soil 

samples are heavy contaminated. The largest part of the Agia area is characterized as slightly contaminated 

(category II) by V, 3% as contaminated and 9% as uncontaminated (category I). 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 As. All these metals studied 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 

Type of 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 (Casentini et al., 2011). 

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 513 mg/kg inside to 5–66 mg/kg outside the 

geothermal area. 

 

13. Investigating the sources and potential health risks of environmental contaminants in the soils and drinking 

waters from the rural clusters in Thiva area (Greece) (Kelepertzis, 2014). 

Research area: Thiva 
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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. Lead and 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 a lignite-fired power plant (Noli and Tsamos, 2016). 

Research area: area is part of the Kozani Ptolemaida-Amyntaion basin, northwestern Greece 

Surface: 400 km2 

Source of pollution: coal mining  

Type of pollution: metals and metalloids 

Type of pollutants present: As, Βa, Co, Cr, Sr, Sc, Th, U, Zn 

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 POLLUTION AS ECOLOGICAL FOOTPRINT OF HISTORICAL MINING ACTIVITIES IN GREECE (Kalyvas 

et al., 2018). 

Research area:  Lavrion area 

Surface: 150 km2  

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 severe soil pollution 

 

 Table 1. Concentrations of heavy metals in different areas in Lavrio 

Location  Source  Pb 
(mg/kg) 

Zn 
(mg/kg) 

Cd 
(mg/kg
) 

Cu 
(mg/kg
) 

Ni 
(mg/kg
) 

As 
(mg/kg
) 



 

112 

 

Growing energy crops on contaminated land for biofuels and soil remediation 

Neraki   Theodoratos 
et al., 2000) 

11.560 9380 63,52 220 330 940 

Thorikos 
Beach 

Panagopoulo
s et 
al., 2009) 

2.615,25 2.295,1 9,925 106,69 <2 10.719 

Thorikos 
Beach 

(Panagopoul
os et al., 
2009)  

4.286,10 9.843 29,903 295,29 47,346 11.974 

Cultural 
Technologica
l 
Park 

 Moutsatsou 
et al., 2006 

64.195 55.900   4.100  7.540 

Kabodokano  Environment
al 
Laboratory 
2015 

9.993 31.600 14 812  1.225 
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Table 2. Contamination cases and reported trace elements in Greece as published since 2007. Elements in 

italics are those elevated at concentrations higher than legislation limits.   

Area/(Possible 
contamination 
sources) 

Site description Elements References 

 
Urban Athens 
(City activities) 

Old cemetery As, Cr, Cu, Pb, Ni, Zn Massa et al. (2018a) 

Historic shooting range Pb, Ni, Zn Urrutia-Goyes et al. 
(2018) 

Children’s playground Co, Cr, Cu, Ni, Pb, Zn Massas et al. (2010) 

Lavrio 
(Pb/Zn historic 
mines from c. 
5,000 BC to c. 

1900 AD) 

 As, Cd, Cr, Cu, Ni, Pb, 
Zn 

Kalyvas et al. (2018) 

 As, Cd, Cr, Cu, Mo, 
Ni, Pb, Se, Zn 

Panagopoulos et al. 
(2009) 

 
Thriasio 

(Industrial area 
near Athens) 

 As, Cd, Co, Cr, Cu, 
Mo, Ni, Pb, Se, V, Zn 

Antoniadis et al. 
(2017b) 

 Co, Cr, Cu, Ni, Pb, Zn Massas et al. (2013) 

 
 
 
 
 

Attica 
(The Athens 
Prefecture) 

Int’l Airport Cr, Cu, Ni, Pb, Zn Massas et al. (2018b) 

NE Attica, agricultural-
forest area 

As, Cd, Cr, Cu, Ni, Pb, 
V, Zn 

Kampouroglou and 
Economou-
Eliopoulos (2017) 

Around the Prefecture As, Co, Cr, Cu, Ni, Pb, 
V, Zn 

Kampouroglou and 
Economou-
Eliopoulos (2016) 

NE Attica, agricultural-
forest area 
 

As, Cu, Mo, Pb, Zn Kampouroglou and 
Economou-
Eliopoulos (2013) 

Rural area near the Int’l 
Airport 

Co, Cr, Cu, Ni, Pb, Zn Kaitsantzian et al. 
(2013) 

 
 
 

Thessaloniki 
(City activities) 

Sindos industrial area As, Cd, Co, Cr, Cu, Ni, 
Pb, Mo, Zn 

Bourliva et al. 
(2017a) 

Historic centre road dust Cd, Cr, Cu, Ni, Pb, Zn Bourliva et al. (2018) 

Historic centre road dust Cd, Cr, Cu, Ni, Pb, Zn Bourliva et al. 
(2017b) 

City soils As, Cr, Cu, Ni, Pb, Zn Topalidis et al. 
(2017) 

City soils As, Cd, Co, Cr, Cu, 
Mo, Ni, Pb, V, Zn 

Bourliva et al. (2016) 

 
Assopos basin 

(High natural Cr 
and Ni plus 

 Cr, Co, Ni Megremi et al. 
(2019) 

 Cr, Ni Lilli et al. (2015) 

 Co, Cr, Cu, Ni, Pb, Zn Antibachi et al. 
(2012) 
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Area/(Possible 
contamination 
sources) 

Site description Elements References 

under-regulated 
factories) 

 Co, Cr, Cu, Ni, Pb, Zn Economou-
Eliopoulos et al. 
(2012) 

Kozani 
(Highland 

lignite-bearing 
plain with many 

lignite-fired 
power plants) 

 As, Cu, Ni, Pb, Zn Nanos et al. (2015) 

 As, Cd, Co, Cr, Pb, Zn Noli and Tsamos 
(2016) 

 Cd, Cu, Ni, Zn Papadopoulos et al. 
(2017) 

Drama 
(Abandoned Mn 

mines) 

 As, Cd, Cu, Pb, Zn Sofianska and 
Michailidis (2016) 

 As, Cd, Cu, Pb, Zn Sofianska and 
Michailidis (2015) 

Kirki 
(Abandoned 
Pb/Zn mines) 

 As, Cd, Pb, Zn Nikolaidis et al. 
(2013) 

Kavala 
(Around a major 

motorway) 

 As, Cd, Cr, Cu, Ni, Pb, 
Zn 

Christoforidis et al. 
(2009) 

Thiva 
(Town activities) 

 Co, Cr, Ni Kelepertzis and 
Stathopoulou (2013) 

Argolida 
(Citrus growing 

area) 

 As, Cd, Co, Cu, Ni, Pb, 
Zn 

Kelepertzis et al. 
(2014) 

Ermoupoli 
(Aegean island 
town—touristic 

flow) 

 Cr, Cu, Ni, Pb, Zn Massas et al. (2009) 

 
Volos 

(industrial area) 

 Co, Mn, Cd, Zn, Cu, 
Pb, Cr, Ni 

Golia et al. (2021) 

 Ag, As, Co, Cr, Mn, 
Mo, Ni, Sb, Se, Sn, Tl, 
Ni, Cr   

Antoniadis et al. 
(2019) 

Ptolemais, Agios 
Dimitrios region 
(four coal power 

plants) 
   

 Cr, Cu, Pb Sawidis et al. (2011) 

Agia, Thessaly, 
Greece 

(apple trees) 

 Cu, Pb, Zn, Ni, Co, 
Mn, As, V, Cr, Fe, Mg 

Skordas and 
Kelepertsis (2005) 

Prefecture of 
Chalkidiki close 

to the 

 As Casentini et al. 
(2011) 
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Area/(Possible 
contamination 
sources) 

Site description Elements References 

municipality of 
Nea Triglia 

(agricultural 
fields) 

Lesbos Island. 
Four serpentine 

sites: Loutra, 
Ampeliko, 

Olympos and 
Vatera 

 Ni, Co, Cr, Zn Kazakou et al. (2010) 
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Italy  

In Italy the Environmental Protection and Research (ISPRA) and the Superior Health Institute (ISS) focusses 

on monitoring contaminated sites.  A digital database of contaminated sites and the associated maps has 

been published in 2021: ISPRA (2021). Lo stato delle bonifiche dei siti contaminate in Italia: I dati regionali. 

ISPRA, Rapporti 337/21 ISBN 978-88-448-1043-6 

The GIS data used in the report have not been made public sofar.  

An overview of reviewed sites and the status of remediation is presented in this report for all regions. See 

underneath: 

 

In underneath table also area coverage is reported per region. 
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The spatial data available, but not made publicly available are presented in underneath map: 
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Annex 2 Level of risk and need to remediate commodities 

from mines and suitability for phytoremediation 

Commodities were ranked on two aspects: 

▪ 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 commodity is high and can be remediated by phytoremediation, 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 score of 2 

indicates positions in between.    

 

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

is as follows:  

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

5. How likely is it that by using plants (in combination with other chemicals), the compound of 

interest can be immobilized such that risks are reduced? 

6. How likely is it that plants are able to assist in in situ degradation of the compound of interest?  

The suitability scores for the three modes of phytoremediation are respectively listed in the columns 

Extraction, Stabilization and Degradation/ volatilization. The scoring for these ranking is: 1: likely or 

proven, 2: unknown or questionable, 3: most likely not effective.   

Source data: Locations and commodities of mines: Minerals4EU database 

(https://geoera.eu/projects/mintell4eu7/); ranking: own elaboration; estimated area of mines: Minerals4EU 

database and Open Street Map.  

  Potential for phytoremediation by:   

Commodity Level of risk 
and need  
1) High 
2) Medium 
3) low 

Extraction Stabilization Degradation/ 
volatilization 

Number of point 
locations of mines 

Aluminium 3) 3 1 3 188 

Antimony 1) 2 1 3 531 

Arsenic 1) 1 1 3 763 

Asphalt 1) 3 3 3 92 

Baryte 1) 2 1 3 1410 

Base Metal 1) 1 1 3 52 

Bauxite 3) 3 1 3 128 

Beryl 1) 2 2 3 28 

Beryllium 1) 2 2 3 113 

Bismuth 1) 2 2 3 136 

Boron 1) 1 2 3 1 

Cadmium 1) 1 1 3 16 

https://geoera.eu/projects/mintell4eu7/
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  Potential for phytoremediation by:   

Commodity Level of risk 
and need  
1) High 
2) Medium 
3) low 

Extraction Stabilization Degradation/ 
volatilization 

Number of point 
locations of mines 

Carbon 3) 3 3 1 71 

Cesium 1) 2 1 3 8 

Chemical Compound 1) 2 1 1-3 1 

Chromium 1) 2 1 2 132 

Coal 3) 3 3 3 2523 

Cobalt 1) 2 1 3 525 

Copper 1) 1 1 3 6220 

Ferrous Metal 1) 1 1 3 583 

Fluospar 1) 2 2 3 835 

Gallium 1) 3 2 3 6 

Gemstones 3) 3 3 3 161 

Germanium 1) 2 2 3 15 

Gold 1) 3 2 3 1580 

Indium 1) 2 2 3 8 

Industrial rocks and minerals 1) 3 3 3 14 

Iron 3) 2 3 3 12708 

Lead 1) 3 1 3 3840 

Lithium 1) 3 2 3 112 

Magnesia 3) 1 2 3 183 

Magnesium 3) 1 2 3 3 

Manganese 2) 1 2 3 600 

Mercury 1) 2 1 2 133 

Metal 1) 2 2 3 2 

Molybdenum 1) 1 2 3 173 

Natural Gas 3) 3 3 1 854 

Nickel 1) 1 1 3 110 

Niobium 1) 2 2 3 45 

Oil 1) 3 3 1 199 

Oil Shale 2) 3 3 1 102 

Organic Material 3) 3 3 1 492 

Palladium 1) 2 2 3 8 

Phosphate 1) 1 2 3 920 

Platinum 1) 3 2 3 14 

Potash 3) 1 1 3 18 

Potassium 3) 1 3 3 7 

Precious Gemstones 3) 3 3 3 20 

Rare Earth Element 1) 2 2 3 64 

Rare Earth Oxide 1) 2 2 3 5 
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  Potential for phytoremediation by:   

Commodity Level of risk 
and need  
1) High 
2) Medium 
3) low 

Extraction Stabilization Degradation/ 
volatilization 

Number of point 
locations of mines 

Rhodium 1) 2 2 3 1 

Rubidium 1) 2 2 3 2 

Salt 3) 1 3 3 513 

Selenium 1) 1 2 3 2 

Silver 1) 3 2 3 107 

Strontium 1) 2 2 3 21 

Sulphur 1) 1 3 3 1519 

Tantalum 1) 2 2 3 16 

Thorium 1) 2 2 3 17 

Tin 1) 2 1 3 982 

Titanium 1) 3 3 3 124 

Tungsten 1) 2 2 3 846 

Uranium 1) 1 2 3 1242 

Vanadium 1) 2 2 3 15 

Zinc 1) 1 1 3 486 

 


