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Soil is generally defined as the top layer of the earth’s crust, formed by mineral 
particles, organic matter, water, air and living organisms. As soil formation is an 
extremely slow process, soil can be considered essentially as a nonrenewable 
resource.  

The living skin of the planet earth 
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Thematic Strategy for Soil Protection (2006) 
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What is soil contamination? 
 
Soil contamination and pollution mean different things even though we 
often use these terms to mean one thing.  

 
Soil pollution means the presence in soil of chemicals or 
substances at a higher than normal concentration that has 
adverse effects on living organisms (FAO and ITPS, 2015).  
 
Soil contamination is when the concentration of chemicals, 
nutrients or elements in the soil becomes more than it normally 
or naturally is, as a result of human action. If this contamination 
goes on to harm living organisms, we can call it pollution. 

serpentine soils  
Alyssum bertolonii  



Main contaminants 
 

Inorganic: heavy metals, cyanides, fluorides, radionuclides, asbestos, …  
 

Organic: petroleum hydrocarbons, polycyclic aromatic hydrocarbons 

(PAHs), polychlorinated biphenyls (PCBs), pesticides and herbicides, 

dioxins, ...  

WHO (2013)  

Ten chemicals of major 

health concern 
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«With a growing population expected to reach 9 
billion by 2050, soil pollution is a worldwide 
problem which reduces food security by either 
reducing crop yields due to toxic contaminant 
levels or by producing foods that are unfit for 
human and animal consumption. 
The entity of the problem is still unknown as not 
certain data are available on a global scale» 

One of the highest ranking 

problem in Europe 



Contamination can seriously affect the ability of soil to perform 
some of its key ecosystems functions, for example it reduces the 
soil ability to act as a carbon sink, making it difficult to achieve 
the 1.5/2 °C target of the Paris Agreement (Service de 
l’observation et des statistiques, 2015) 

2 (zero hunger),  
3 (good health and well-being),  

15 (life on land) 

Soil contamination reduces food 

security both by reducing yields of 

crops due to toxic levels of 

contaminants and by causing the 

crops that are produced to be unsafe 

to consume, endangering the 
possibility of meeting the SDGs 
(UN, 2017).  



 

Decision makers, scientists, businesses 

and individual citizens generally accept 

and understand that air and water 

pollution can have negative impacts on 

human health, but the impacts of such 

soil pollution on our health have had a 

much lower profile, and are not so well 

understood. 



Despite its importance for our society, and unlike air and water, there 

is no EU legislation specifically targeting the protection of soil 



It is important to distinguish between: 

 local soil contamination   
occurs where intensive industrial activities, inadequate waste 

disposal, mining, military activities or accidents have introduced 

excessive amounts of contaminants. Soils only have a limited ability 

to process these contaminants, through filtering or transformation. 

Once this ability is exceeded, issues such as water pollution, human 

contact with polluted soil, plants taking up contaminants and 

dangers from landfill gases become more significant (EEA, 2007). 

 

diffuse soil contamination  
covering large areas 



Local contamination 

local contamination resulting from past intensive Pb-Zn mining 
activities (processing and exploitation);  

 

these sites provide sources of contamination by heavy metals 
which can be transferred by wind and water into nearby soils, 

stream systems and vegetation. 

Abandoned mine sites in Morocco  



 
Soil alkaline conditions (pH 7.9-8.2) and low solubility of Pb and Zn 

mineral phases 
 
 

Low mobility by dissolution and low bioavailability of Pb and Zn 
 

the transfer can occur by particles water and wind erosion 
given aridity and strong winds, inhalation of airborne particulates may be a concern 

Hemimorphite 

(Zn4Si2O7(OH)2H2O) 
Smithsonite        

(ZnCO3) 
Cerussite  

(PbCO3)  

The most important Pb and Zn mineral-hosts in soil 
and tailings  

P. Iavazzo et al. / Journal of Geochemical Exploration 113 (2012) 56–67 



Local contamination resulting from past industrial activities 

Dismantled industrial site in Italy THE BAGNOLI BROWNFIELD SITE 



Parco Omo 

Parco minerali Parco fossili 

Campo Americano 

Soil morphology strongly disturbed by 
occurrence and stratification of materials 

used in the industrial process. 
 

Low mobility of heavy metals 
 

Fine sediments illuviation down the profile 

Adamo et al., The Science of the Total Environment 295 (2002) 17–34 



Severe radioactive soil contamination caused by Fukushima 
nuclear plant accident (FNPA) that occurred following the Great 

East Japan Earthquake on March 11, 2011. 



Vertical distribution of 134Cs and 137Cs in the top 0–15 cm layer of soil 

137Cs strongly bound to the fine clay, weathered biotite, and OM in soil (Nakanishi, 2018) 

surface soil 

Organic matter 

silt, sand and gravel 

clay and OM 



Soil decontamination by Radiocesium  

Top soil removing and stripping, soil bags piled up and stored in nuclear plant  

grass plots  agricultural field 



 in EU around 1,5 millions of potentially contaminated sites (19,000 new sites 

every year), 148,000 (10% PCS) contaminated sites, 65,500 (45% CS) 

remediated sites (JRS, 2018)   

Contaminated 

Potentially  
contaminated 

Remediated 

Under 
investigation 

Sites x 1.000 

Evident problem of countries 
capability to deal with this huge 

environmental problem! 

STATUS OF LOCAL SOIL CONTAMINATION IN EUROPE 



(JRS, 2014)  

Which sectors contribute most to soil contamination? 
 

Overview of activities causing soil contamination in Europe 



Main contaminants  
affecting soil in and around contaminated sites in EU 

(JRS, 2014)  

Overview of contaminants affecting soil in Europe 



Annual cost for management of contaminated sites is 
estimated around 6 billion Euros annually 

42%  
public budgets  

58%  
private investments 

81%  
remediation measures 

15% 
site investigation  

4% 
after care measures and 

redevelopment of the sites 

Very important element taken into account by policy makers  and  

the most criticized issue in the proposed European soil framework directive!  



Remediation techniques  
 
The most commonly used remediation procedure 
seems to be the ex-situ technique “dig-and-dump”, 
which involves the excavation and off-site disposal of 
contaminated soil. 
 
Remediation actions are very costly, especially if the 
area to be remediated is large and the contamination is 
persistent (European Commission, 2006). 

2018 JRS Technical report 



When a soil must be considered contaminated? 

Combined approaches to 

encourage staged 

assessment processes, 

considering screening 

values but allowing the 

flexibility to use 

comprehensive assessment 

tools for site-specific risk 

assessment are nowadays 

the most extended practice to 

deal with soil contamination 

across Europe. 



Soil SVs adopted in EU countries are 

widely variable for 
 

 terms: screening values, guidance values, target 

and intervention values, max acceptable 

concentrations, cut off values, trigger values, 

environmental quality objectives, etc.  

 

 numerical values  

 

Lack of a coherent framework in Europe for the 

derivation and in the use of SVs. 

Derivation methods have scientific and political 

bases 

Screening Values (SVs)  

Screening Values (SVs) are generic soil-quality standards  defined for most 
pollutants and different soil uses and adopted in many countries to regulate the 
management of contaminated soil.  
 
They are in the form of concentration thresholds (mg/kg soil-dw) of contaminants 
in soil above which certain actions are recommended or enforced. 



Carlon, 2007  

SVs for potentially unacceptable risk for metals and 
metalloids (mg/kg d.w.)(residential soil-use) 



No SVs for agricultural soils 

Italian screening values (92 contaminants) in soil according to two different 

land uses (residential and industrial/commercial) - DL 152/2006 

SVs for assessing the need for 
investigation  

(potentially contaminated soil) 

if available, soil background values 
are used as reference levels.  

on-site-specific risk assessment for 
assessing the need for intervention 

(Contaminated soil)  



Adverse effects are not necessarily only manifested in the 
environment when PTMs have an anthropogenic origin. Naturally 
high concentrations of some elements also cause toxicity and lead 
to natural adaptation of the biota to these high concentrations. 

Cr, Ni in serpentine soils (Kelepertzis 
et al., 2013; Kelepertzis and 
Stathopoulou, 2013) 
 
 
As in groundwater in Bangladesh, 
India, China, Mexico, etc. (Mahimairaja 
et al., 2005) 
 
 
Se in seleniferous soils (Dhillon and 
Dhillon, 2003) 

Esempi: 

Alyssum bertolonii  



Risk management based only on 
total or “pseudototal” content of 

pollutants in soil might minimize the risks 

Mobility, bioavailability, 

bioaccessability, biodegradability 

Risk/toxicity 

Remediation techniques 

Management 

Where contaminants are tightly bound by the soil and not bioavailable, 
exhaustive clean-up of soils may be not necessary as the contaminants 

may not pose a risk to end users. By contrast, the “risk-based land 
management” (RBLM), may save millions of euros in remediation costs.  



 The pseudototal metal fraction is of little value for the 
prediction of ecological impact.  

 An increasing need is felt not only to analyse metal 
concentrations in soils, but also to assess their influence on 
the terrestrial ecosystem itself, such as toxicity of metals 
to soil micro-organisms, and on other boundary 
ecosystems such as ground water, air, plants, animals and 
humans. 



Take home messages 

 An evident problem in terms of countries capability to deal with soil 

pollution problem exists. 

 The use of SVs alone might not be appropriate to assess the 

problem in an efficient and economically viable manner. 

  Activities of harmonization of SVs derivation procedures are 

necessary at a EU level. 

 For a correct assessment of risk/toxicity of a polluted soil and to 

predict its decrease after remediation it is crucial to establish the 

mobility, bioavailability and bioaccessability of contaminants.  

 New approaches moving from measuring concentrations to 

measuring effects are required. 

 A comprehensive EU strategy for soil protection is needed. 


