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8 SOIL CONTAMINATION 
María Anaya-Romero, Teodoro Marañón, Francisco Cabrera, Engracia Madejón, Paula Madejón, José M. Murillo, 
Nicoleta-Olimpia Vrinceanu, Grzegorz Siebielec, Violette Geissen  

8.1 Description of soil contamination 
A contaminant is any substance with the potential to cause damage, irreversible or not, in the environment. 
Environmental contamination concerns the presence in the environment of any (physical, chemical or 
biological) agent or combination of agents in a site in forms and concentrations that are or may be harmful to 
health, safety or welfare of the contaminant or prevent its normal use. Soil contamination is the occurrence of 
contaminants in soil above a certain level causing deterioration or loss of one or more soil functions (JRC, 
2014). It is therefore a chemical degradation that causes partial or total loss of soil functions. Soil 
productivity is affected as well as soil organisms. A contaminated soil has exceeded its capacity for natural 
attenuation for one or more substances, and consequently passes from acting as a protector to cause adverse 
effects to the water system, the atmosphere, and organisms. The soil’s biogeochemical equilibria are modified 
and abnormal amounts of certain components appear that cause significant changes in the physical, chemical 
and biological soil properties (Adriano, 2001). 
 
The terms contamination and pollution are often used interchangeably. When a distinction is made, two main 
aspects are often considered: 

� pollution as an activity that causes contamination 
� contamination being the presence of a foreign substance, not necessarily harmful, while 

pollution indicates that harm is being done. 
 

Some definitions combine both aspects. In this report we use the term ‘contamination’ for the soil threat, as 
this is also done in the European Committee documents, and in the RECARE project documents. The human 
activity that causes contamination is called ‘pollution’. 
 
In general, the typology of contaminants is varied and complex, following different criteria: 
a) Sources 
Contaminants can be released from point pollution sources, e.g. waste water treatment plants from urban or 
industrial areas, or from diffuse sources through atmospheric deposition or from crop and animal production.  
 
On the European scale, point pollution is well documented and studied. However, diffuse contamination is the 
most widespread contamination and difficult to assess. This type of contamination is characterized by long 
distance transport of low concentrations of contaminants that are deposited in soils as a sink. They can be 
released in the environment with a specific purpose such as pesticides or as an unwished byproduct of 
production processes. Generally, they are distributed in small doses over large surfaces. Diffuse 
contamination is more difficult to control than point pollution because it is linked to a multitude of sources 
spread all over the land (Adriano 2001). 
 
b) Types of contaminants 
Nowadays, more than 700 emerging pollutants, their metabolites and transformation products, are present in 
the European environment (NORMAN 2014). Emerging pollutants (EPs) are defined as synthetic or naturally 
occurring chemicals or microorganisms that are not commonly monitored in the environment but which have 
the potential to enter the environment and cause known or suspected adverse ecological and (or) human 
health effects. EPs are categorised into more than 20 classes related to their origin (NORMAN, 2014, Figure 
8.1). The prominent classes are: pharmaceuticals (urban, stock farming), pesticides (agriculture), disinfection 
by-products (urban, industry), wood preservation and industrial chemicals (industry). 
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Soil contaminants can consist of various forms such as organic and inorganic or particulate contaminants 
(Mirsal, 2008). Organic contaminants are substances whose molecules contain one or more (often many 
more) carbon atoms covalent bonded with another element or radical (including hydrogen, nitrogen, oxygen, 
the halogens as well as phosphorus, silicon and sulfur) whereas an inorganic contaminant is any compound 
not containing carbon atoms such as heavy metals (Fig. 8.1). Inorganic pollutants do not underlay decay and 
therefore once released into the soils stay, whereas organic pollutants underlay a process of decay. 
 
Soil enrichment in inorganic contaminants may be caused by both natural and anthropogenic factors. 
Examples of natural contamination are the serpentine soils, in which elevated concentrations of nickel and 
chromium are the best recognized case of natural enrichment related to the parent rock. Volcanic emissions 
and fires are also natural sources of soil pollution (Alloway, 2013). A natural process of bioaccumulation 
usually brings about significant differentiation between metal content in humus horizons and deeper soil 
layers.  
However, the most important sources of contamination in soils are those connected with anthropogenic 
activities (Alloway, 2013), such as point pollution e.g. metal mining and smelting, industrial production, waste 
disposal and diffuse pollution by industrial activities, car emissions, application of agrochemicals, manure 
containing veterinary drugs, etc. 
 
Soils in the vicinity of smelters and other industrial plants that formerly emitted large amounts of air-borne 
metal-rich particles will remain contaminated with metals for a long time (Davies, 1983), despite the fact that 
the emissions have recently been dramatically cut. Special attention is still being given to hazardous sites 
with large amounts of heavy metals, such as abandoned mines, mine spoils, tailings and other metal-bearing 
wastes (Adriano, 2001).  
 
In light of the potential impact of these substances on aquatic life and human health, the lack of knowledge 
regarding their behaviour in the environment and the deficiency in analytical and sampling techniques, action 
is urgently required.   
 

8.2 State of soil contamination in Europe 
Soil contamination in Europe can be divided into different topics according to the source of pollution (point or 
diffuse, from industry, urban or agriculture) and the types of the (emerging) pollutant (organics, inorganics, 
particulate pollutants). 
 

Figure 8.1: Groups of emerging pollutants (EP). 
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8.2.1 Sources of point contamination 
In 2011-12, the European Soil Data Centre of the European Commission conducted a project to collect data 
on contaminated sites from national institutions in Europe using the European Environment Information and 
Observation Network for Soil (EIONET-SOIL). According to the received data, the total number of identified 
contaminated sites caused by point pollution is 2.5 million, the estimated number of potentially contaminated 
sites is 11.7 million (Panagos et al., 2013). Municipal and industrial wastes contribute most to soil 
contamination (37%), followed by the industrial/commercial sector (33%). Mineral oil and heavy metals are 
the main contaminants contributing around 60% to soil contamination (Fig. 8.2). In terms of budget, the 
management of contaminated sites is estimated to cost around 6 billion Euros (€) annually (Panagos et al., 
2013). 
 
8.2.2 Diffuse pollution with respect to heavy metals 
Lado et al. (2008) present the results of modelling the distribution of eight critical heavy metals (arsenic, 
cadmium, chromium, copper, mercury, nickel, lead and zinc) in topsoils using 1588 georeferenced samples 
from the Forum of European Geological Surveys Geochemical database (26 European countries) (Fig. 8.3). 
 
High values of Cr and/or Ni are mainly found in central Greece, northern Italy, the central Pyrenees, northern 
Scandinavia, Slovakia and Croatia and show a strong correlation between the contents of Ni and Cr and the 
magnitude of earthquakes. The seismic activity is indirectly correlated with heavy metal concentrations — 
such materials provide high quantities of Ni and Cr to the soils by weathering processes. Cadmium, Cu, Hg, Pb, 
Zn present a high concentration in Central Europe and are mainly related with agriculture and with quaternary 
limestone. The use of fertilizers, manure and agrochemicals are important sources of these elements. They 
are also inversely correlated with distance to roads (Lado et al., 2008). 

 

8.2.3 Diffuse pollution with respect to emerging pollutants from industrial/urban sources 
Although there are 700 emerging pollutants described in the European environment (NORMAN, 2014), until 
now, they are only taken under consideration in the aquatic environment. Their presence and concentration in 
the terrestrial ecosystem is unknown as is the potential risk for the environment. Aerial transport of pollutants 
from industrial and urban sources is even more difficult to monitor because their distribution and the fall out 
is not easily known. 
 
8.2.4 Diffuse pollution with respect to agrochemicals 
More than 3000 different types of pesticides have been used in the European agricultural environment in the 
past 50 years. It has been estimated that less than 0.1% of the pesticide applied to crops actually reaches 
the target pest; the rest enters the environment, contaminating soil, water and air, where it can poison or 

Figure 8.3: Heavy metal content in European soils (Lado et al. 2008). 
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otherwise adversely affect non-target organisms (Pimentel and Levitan, 1986). Furthermore, many pesticides 
can persist for long periods in an ecosystem—organochlorine insecticides, paraquat, deiquat for instance, were 
still detectable in surface waters 20 years after their use had been banned (Larson et al., 1997). Few studies 
have been carried out monitoring the mixtures of pesticides present in our soils. Oldal et al. (2006) and 
Ferencz and Balog (2010) found high concentrations of mixtures of organochlorines and lindane even 20 
years after they were forbidden in Hungarian and Romanian soils. Whilst the EC has data available on the 
herbicide applications per country (Fig. 8.4), no data exist on the actual pesticide concentration in European 
soils. 
 
We urgently recommend the establishment of European wide monitoring programs with respect to (emerging) 
pollutants in our soils. 

8.3 Drivers and pressures of soil contamination 
The main drivers of soil contamination are anthropogenic in character. They include the main sectors of the 
economy, such as industry, transport, waste management and agriculture. Manufacturing processes are 
usually accompanied by certain contaminant release at a level dependent on production intensity, 
technologies used, and materials processed. The human activities listed by Directive 2010/75/EU of the 
European Parliament and of the Council of 24 November 2010 on industrial emissions (integrated 
contamination prevention and control) (IED) posing a risk of contaminant emissions are shown in Table 8.1. 
It must be noted that implementation of modern technologies and more strict emission standards have 
reduced the level of emissions of contaminants. However, historical activities have often left significant 
contents of various substances in soils.  
 
Transport has been a source of lead compounds, however, the importance of this sector has been reduced as 
a result of implementing lead-free fuel. The information on impact of intensive road transport on release of 
organic pollutants is scarce.  
 
Agricultural production as a source of soil contamination is currently relatively less important. In the past, 
risks were related to the presence of cadmium or lead in phosphate fertilizers or waste liming materials or 
non-sustainable use of pesticides (Chaney & Oliver, 1996). Uncontrolled application of municipal sewage 
sludge might cause transfer of contaminants to soil (metals, PCBs, dioxins, etc.). 

Figure 8.4: Herbicide consumption in the EU countries (source: European Environmental Agency, EEA, 
2015). 
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The major drivers of soil contamination are European or national regulations. Increasing awareness on a risk 
related to release of pollutants has led to implementation of regulations at EU level aimed at reducing a 
pressure of urban and industrial development on natural resources, including soil.  
 
Table 8.1: List of human activities posing a risk of contaminant emissions (Directive 2010/75/EU). 

 
The Sewage sludge EU directive (Directive on the protection of the environment, and in particular of the soil 
when sewage sludge is used in agriculture – 86/278/EEC) defines conditions for sewage sludge application to 
soils. In the past, there were examples of uncontrolled application of municipal sludge of low quality that have 

Source Activities 
Energy industries � Combustion of fuels in installations with a high thermal input 

� Refining of mineral oil and gas 
� Production of coke 
� Gasification or liquefaction of coal and other fuels 

Production and 
processing of metals 
 

� Metal ore roasting or sintering 
� Production of pig iron or steel including continuous casting 
� Processing of ferrous metals 
� Operation of ferrous metal foundries 
� Processing of non-ferrous metals 
� Surface treatment of metals or plastic materials using an electrolytic or chemical 

process 
Mineral industry 
 

� Production of cement, lime and magnesium oxide 
� Production of asbestos or the manufacture of asbestos-based products 
� Manufacture of glass including glass fibre 
� Melting mineral substances including the production of mineral fibres 
� Manufacture of ceramic products by firing, in particular roofing tiles, bricks, 

refractory bricks, tiles, stoneware or porcelain 
Chemical industry 
 

� Production of organic chemicals, such as simple hydrocarbons (linear or cyclic, 
saturated or unsaturated, aliphatic or aromatic); oxygen-containing 
hydrocarbons such as alcohols, aldehydes, ketones, carboxylic acids, esters and 
mixtures of esters, acetates, ethers, peroxides and epoxy resins; sulphurous 
hydrocarbons; nitrogenous hydrocarbons such as amines, amides, nitrous 
compounds, nitro compounds or nitrate compounds, nitriles, cyanates, 
isocyanates; phosphorus-containing hydrocarbons; halogenic hydrocarbons; 
organometallic compounds; plastic materials (polymers, synthetic fibres and 
cellulose-based fibres); synthetic rubbers; dyes and pigments; surface-active 
agents and surfactants 

� Production of inorganic chemicals, such as gases, such as ammonia, chlorine or 
hydrogen chloride, fluorine or hydrogen fluoride, carbon oxides, sulphur 
compounds, nitrogen oxides, hydrogen, sulphur dioxide, carbonyl chloride; acids, 
such as chromic acid, hydrofluoric acid, phosphoric acid, nitric acid, hydrochloric 
acid, sulphuric acid, oleum, sulphurous acids; bases, such as ammonium 
hydroxide, potassium hydroxide, sodium hydroxide; salts, such as ammonium 
chloride, potassium chlorate, potassium carbonate, sodium carbonate, 
perborate, silver nitrate; non-metals, metal oxides or other inorganic compounds 
such as calcium carbide, silicon, silicon carbide 

� Production of phosphorous-, nitrogen- or potassium-based fertilisers (simple or 
compound fertilisers) 

� Production of plant protection products or of biocides 
� Production of pharmaceutical products including intermediates 
� Production of explosives 

Waste management 
 

� Disposal or recovery of hazardous waste 
� Disposal or recovery of waste in waste incineration plants or in waste co-

incineration plants 
� Landfills 
� Temporary and underground storage of hazardous waste 
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caused soil pollution. Therefore, the directive provides threshold trace metals contents in soil and sludge as 
well as allowed annual inputs of metals. They refer to the following elements: zinc, lead, cadmium, nickel, 
copper and mercury.  
 
 
 
The purpose of the ELD directive (Directive 2004/35/CE of 21 April 2004 on environmental liability with 
regard to the prevention and remedying of environmental damage) is to establish a framework of 
environmental liability, based on the "polluter-pays" principle, to prevent and remedy environmental damage. 
The ELD aims at ensuring that the financial consequences of certain types of harm caused to the environment 
will be taken by the operator who caused this harm. This prevention instrument refers to various natural 
resources including protection against soil pollution. 
 
The IE directive (Directive 2010/75/EU of 24 November 2010 on industrial emissions (integrated pollution 
prevention and control) is aimed at establishing a general framework for the control of the main industrial 
activities, giving priority to intervention at the source, ensuring prudent management of natural resources and 
taking into account, when necessary, the economic situation and specific local characteristics of the place in 
which the industrial activity is taking place. In order to ensure the prevention and control of pollution, each 
installation should operate only if it holds a permit or is registered. The Directive implements the term of 
“best available techniques” (BAT), meaning the most effective and advanced stage in the development of 
activities and their methods of operation. This indicates the practical suitability of particular techniques for 
providing the basis for emission limit values, and other permit conditions, designed to prevent and, where that 
is not practicable, reduce emissions.  
 
The Landfill Directive’s (Council Directive 99/31/EC of 26 April 1999 on the landfill of waste) objective is to 
prevent or reduce negative effects on the environment from the landfilling of waste, by introducing stringent 
technical requirements for waste and landfills. The Directive is intended to prevent or reduce the adverse 
effects of landfill on the environment, in particular on surface water, groundwater, soil, air and human health. 
It defines the different categories of waste (municipal waste, hazardous waste, non-hazardous waste and 
inert waste) and applies to all landfills, defined as waste disposal sites. Landfills are divided into three 
classes: landfills for hazardous waste; landfills for non-hazardous waste; and landfills for inert waste. 
 
The Directive 2000/76/EC on the incineration of waste (the WI Directive) is aimed at preventing or reducing 
negative effects on the environment caused by the incineration and co-incineration of waste. The WI Directive 
sets emission limit values and monitoring requirements for pollutants to air such as dust, nitrogen oxides 
(NOx), sulphur dioxide (SO2), hydrogen chloride (HCl), hydrogen fluoride (HF), heavy metals, dioxins and furans. 
Most types of waste incineration plants fall within the scope of the WI Directive, with some exceptions, such 
as those treating only biomass (e.g. vegetable waste from agriculture and forestry).  
 
One of unresolved problems in Europe is the high number of brownfields. The following definition of 
brownfields is provided by the Cabernet report (Ferber et al., 2006): “sites that have been affected by the 
former uses of the site and surrounding land; are derelict and underused; may have real or perceived pollution 
problems; are mainly in developed urban areas; and require intervention to bring them back to beneficial use”. 
There is no EU regulation concerning brownfields and only few countries have developed national strategies 
to deal with such sites. Especially problematic brownfield types are smelter waste deposits that are usually 
barren due to phytotoxicity of high-metal waste and, therefore, constitute secondary sources of pollution.  
 
Another unresolved soil pollution problem is related to former military sites that received significant inputs of 
both organic and inorganic compounds over the time of their operation. They currently pose a risk to 
groundwater quality and biota.  
 
It must be noted that in certain cases elevated metal contents in soil result from natural sources such as 
metal-rich parent rock material (e.g. high Pb dolomites or high Ni serpentine soils). Such soils are usually less 
toxic since the metals are mostly in non-bioavailable forms and such cases should not be treated as pollution. 

8.4 Key indicators to assess soil contamination 
The selection of soil indicator attributes should be based on: (i) land use; (ii) soil function; (iii) reliability of 
measurement; (iv) spatial and temporal variability; (v) sensitivity to changes in soil management; (vi) 
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comparability in monitoring systems; and (vii) skills required for the use and interpretation (Nortcliff, 2002 
cited by De la Rosa and Sobral, 2008). 
 
8.4.1 Point contamination 
Direct indicators are used to assess soil contamination. The effects of contaminants can also be measured 
indirectly by considering the indirect effects on soil functions, such as a decrease in biological activity (Huber 
et al., 2008, de la Rosa and Sobral, 2008) (Table 8.2). However, these indirect effects are much more difficult 
to measure. Although there is no EU wide soil protection law, there are several national approaches to 
establishing indicators and threshold values. In Romania, the assessment of soil pollution is carried out 
according to Order 756/3.11.1997, which sets the typical values, alert thresholds and action levels for 
inorganic and organic pollutants, by type of land use. Germany has a similar approach (Bundes-Bodenschutz, 
1999). The threshold values take the soil use into consideration, i.e. soils for agricultural use have lower 
threshold values than soils for industrial use. It is assumed that contents below the threshold values do not 
affect the soil functions and the environment. Other countries such as the Netherlands concentrate only on 
point pollution. 
 
Table 8.2: List of indicators for soil pollution, according to Huber et al. (2008) and De la Rosa and Sobral 
(2008). 

Topic Problem Indicator 
Diffuse contamination by Inorganic 
pollutants 

Which areas show critical heavy 
metal contents in excess of national 
thresholds? 

Heavy metal contents in soils 

Diffuse contamination by 
Inorganic pollutants 

Are we protecting the environment 
effectively against heavy metal 
contamination? 

Critical load exceedance by heavy 
metals 

Diffuse contamination by nutrients 
and biocides 

What are the environmentally 
relevant key trends in agricultural 
production systems? 

Area under organic farming 

Diffuse contamination by nutrients 
and biocides 

Is the environmental impact of 
agriculture developing? 

Gross nutrient balance 

Diffuse contamination by persistent 
organic pollutants 

Which areas show critical 
concentration of organic pollutants? 

Concentration of persistent organic 
pollutants 

Diffuse contamination by soil 
acidifying substances 

How is the environmental impact of 
soil acidification developing? 

Topsoil pH 

Diffuse contamination by soil 
acidifying substances 

Are we protecting the environment 
effectively against acidification and 
eutrophication? 

Critical load exceedance by sulphur 
and nitrogen 

Local soil contamination by point 
sources 

How is the management of 
contaminated sites progressing? 

Progress in management of 
contaminated sites 

Local soil contamination by point 
sources 

Is developed land efficiently used? New settlement area established on 
previously developed land 

Local soil contamination by point 
sources 

How many sites exist which might 
be contaminated? 

Status of site identification 

Filtering function of soil What is the impact on soil function? Cation exchange capacity 
Filtering function of soil Is there a loss of organic matter? Organic matter content 
Filtering function of soil What is the actual availability of 

pollutants for plants and animals? 
Bioavailability of pollutants 

 
Indicators for point contamination of inorganic pollutants, such as heavy metals, are well established taking 
into consideration the total or plant available content of the specific pollutant in the soil or critical loads 
(Huber et al.., 2008). The content of the pollutant in the soils is compared with the maximum tolerable content 
established by several national soil legislations and if they exceed the threshold values, soil remediation is 
required (e.g. Bundes-Bodenschutz, 1999).  
 
It is more difficult to establish indicators for organic pollutants coming from point contamination sources as 
they are subject to decay which may result in the formation of more or less stabile metabolites. However, 
threshold values also exist for this kind of contamination in several national legislations; although not all 
potential organic pollutants are included (e.g. Bundes-Bodenschutz, 1999). For particulate pollutants such as 
nanoparticles and microplastics no threshold values are available and analytical techniques are still in the 
process of development. 
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8.4.2 Diffuse contamination 
We distinguish between the small scale applications of agrochemicals to agricultural soils and diffuse 
contamination caused by deposition of airborne pollutants from industrial and urban sources. Concerning 
heavy metals, the same indicators can be used as for point contamination: content and critical load. 
 
Organic and particulate pollutants from diffuse sources of industrial or urban activities are very difficult to 
assess because their distribution and the fall out is not easily known. Screening techniques are required to 
assess multiple organic pollutants in soils that enter the soil after long distance transport. Furthermore, for 
many of these pollutants no threshold value is defined and their effect on soil functions is unknown. At the 
moment, there are no monitoring programs or models available that can assess the actual contamination of 
soils with these types of pollutants.  
 
The use of agri-environmental indicators play a crucial role in the development of policies aimed at 
sustainable and multifunctional agriculture (JRC, 2014). A total of 35 agri-environmental indicators have been 
defined and have provided conceptual background and initial methodological proposals for their development.  
 
A simple methodology was selected for the Pesticide Soil Contamination indicator (JRC, 2014). The selected 
approach consists of calculating the quantity of herbicides in the soil profile based on the assumption of first-
order degradation kinetics. The average annual quantity of herbicides present in soils under cereals, maize 
and sugar beet cultivation is computed based on an estimated average application rate, herbicide degradation 
properties, and average monthly temperatures (JRC, 2014). However, no model calibrations are available and 
the outcomes of the models can only be seen as rough estimations. Furthermore, no information is available 
about how high the pesticide contents are in European soils after 50 year of application and which mixtures 
of pesticides and their metabolites are actually present. We are far away from defining direct indicators such 
as threshold values, and the effect of single pesticides or their mixtures on soil functions is not sufficiently 
studied.   
 
Europe wide monitoring programs are urgently required to assess the actual state of soil contamination with 
organic pollutants. The Reports of the Soil Thematic Strategy: Pollution and Land Management (Van Camp et 
al., 2004) stated that there is a general need to achieve a greater harmonization in the quality of the 
information provided by the indicators, and in the data collection behind these indicators. This can be achieved 
by using standardised definitions, specifying the data that are required and the standardised methods of 
sampling and analysis (Van Camp et al., 2004). 

8.5 Methods to assess status of soil contamination 
Under the EU Soil Framework Directive three steps are defined for the soil status report, which the following 
details: (a) the background history of the site, as available from official records; (b) chemical analysis 
determining the concentration levels of the dangerous substances in the soil, limited to those substances that 
are linked to the potentially polluting activity on the site; and (c) the concentration levels at which there are 
sufficient reasons to believe that the dangerous substances concerned pose a significant risk to human health 
or to the environment. The directive sets a common approach for monitoring soil contamination across all 
Member States but does not specify the methods. It is up to Member States to decide the best method based 
on local conditions and existing national approaches. 
 
In addition, the Joint Research Center in their recent report “Progress in the management of Contaminated 
Sites in Europe” described four steps to characterize and assess soil contaminated areas, namely: 1) site 
identification (or preliminary studies), 2) preliminary investigations, 3) main site investigations, and 4) 
implementation of risk reduction measures. The first step refers to the mapping of sites where potentially 
polluting activities have taken place or are still in operation. Preliminary investigations and main site 
investigations considers the development of inventories and soil contamination assessments (Van Liedekerke 
et al., 2014).  
 
These assessments must take into account scientific and technical information that are available on each 
particular soil and climatic conditions, such as rainfall erosivity, length of the growing season, slope, soil 
infiltration and soil denitrification capacity (Anaya-Romero et al., 2010).  
 
Following Desaules (2012), we can consider two methods for soil contamination assessment, namely 
statistical and geochemical techniques. Statistical methods are of descriptive nature and summarize, describe 
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and interpret data that is mostly accumulated in a database. Different statistical methods are needed 
depending on the information a researcher wants to provide, such as univariate analysis, multivariate analysis 
and geostatistics (GIS). Additionally, geochemical methods involve the measurement of the soil chemistry to 
determine contamination levels and abnormal chemical patterns (Zingg, 2014). 
 
Furthermore, in order to standardize the information at the European level, it is important to identify the type 
of information and methods most commonly used in the soil assessment as a guide to data collection. In this 
sense, emerging technologies in data and knowledge engineering provides excellent possibilities for soil 
contamination assessment. This involves the development and linkage of integrated databases, evaluation 
models, and spatialization tools. Within this context, decision support systems for land evaluation such as 
MicroLEIS DSS (agro-ecological decision support system developed by CSIC-IRNAS and transferred to Evenor-
Tech, www.evenor-tech.com) are considered very appropriate tools to include the soil and climatic attributes 
for a better identification of soil contamination and vulnerable zones and, eventually, for formulation of 
action programs. 
 
Finally, future efforts in the area of soil contamination assessment will involve integrated methodologies that 
oncorporate all these different methodologies. Also, screening methods for the identification of pesticides and 
other organic pollutants resulting from diffuse sources are not available and their development is urgently 
needed. 

8.6 Effects on of soil contamination other soil threats 
Soil contamination strongly affects the other soil threats 
mentioned in this report (Fig. 8.5). The effects are based on 
processes occurring in soils caused by changes in soil 
properties. 
 
Soil contamination leads to decreased activity of soil biota 
and to decreased biodiversity (Geissen et al., 2010, 
Keesstra et al., 2012) and therefore to a decline of 
aggregate stability and a decline in decomposition  
 
Strong relationsships can also be seen between 
contamination and erosion. Decline in aggregate stability 
and organic matter caused by soil pollutants increase the 
erodibility and therefore the risk of wind and water erosion. 
On the other hand, pollutants may be transported off site 
by wind and water erosion related processes as solutes or 
particles and may pollute the connected aquatic 
environment or soils downslope. Landslides and flooding 
may cause the strongest off site transport of polluted soils.  
 
Contaminants can indirectly affect the quality of organic 
matter in soils as they influence the biological activity and 
therefore indirectly decomposition, mineralization and 
humification (Baath, 1989).  
 

Furthermore, it is important to take into consideration the interactions between the different soil threats and 
to assess the cumulated pressure on soil degradation. 

8.7 Effects of soil contamination on soil functions 
Soil contamination affects soil functions in different ways: 
1) Biomass production, including in agriculture and forestry. Soil contamination affects biomass production. 
Obviously, a contaminated soil looses the productivity and the capacity to support plants properly. Like all 
living organisms, plants are often sensitive to the deficiency of some heavy metal ions as essential 
micronutrient, while for the same ions excess concentrations are strongly poisonous to the metabolic 
activities. Research has been conducted throughout the world to determine the effects of toxic heavy metals 
on plant development and biomass production (e.g. Reeves and Baker, 2000).  
 

Figure 8.5: Effects of soil contamination on 
other soil threats. Red is negative effect. 
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2) Storing, filtering and transforming nutrients, substances and water; acting as carbon pool. Soil is not only 
part of the ecosystem but also the survival of the rest of the environment depends on its productivity. Soil 
functions such as filtering, buffering, storage and transformation systems protect against the effects of 
contamination. Low decomposition, resulting from harsh climate, acidic conditions, limited supply of essential 
nutrients and the presence of organic or inorganic pollutants, can lead to an accumulation of organic matter 
in the soil and to immobilization of essential nutrients (Swift et al., 1979). Soil contamination by trace 
elements is a potential cause of disturbance of organic matter cycling in terrestrial ecosystems. Several 
authors have reported that free heavy metal and metalloids present in the ionic form at elevated 
concentrations in the soil solution may be toxic to the soil microflora (Pérez-de-Mora et al., 2008). Moreover, 
these metals in the soil solution may inactivate extracellular enzymes responsible for the cycling of many 
nutrients (Kandeler et al., 1996). They may thus limit the biodegradation of the organic matter and cause 
nutrient deficiency. In fact, many authors have observed an increase of litter accumulation near the sources 
of pollutant emission (Cotrufo et al., 1995).  
 
3) Biodiversity pool: habitats, species and genes. The diversity at different scales (from gene to ecosystem) of 
the organisms living in the soil is strongly affected by contamination. It has been reported that plant 
biodiversity decreased in polluted soils with high concentration of bioavailable trace elements (Madejón et al., 
2013). Soil microorganisms and soil microbial processes can also become disrupted by elevated 
concentrations of trace elements in soils (Giller et al., 1998). As was indicated above, it is generally accepted 
that accumulated pollutants reduce the amount of soil microbial biomass (Chander et al., 1995) and various 
enzyme activities, leading to a decrease in the functional diversity in the soil ecosystem (Kandeler et al., 
1996) and changes in the microbial community structure (Pennanen et al., 1998). However, metal exposure 
may also lead to the development of metal tolerant microbial populations (Ellis et al., 2003).  
 
4) Physical and cultural environment for humans and human activities. Soils affect human health, and in turn 
humans affect soil health. Both soil and humans must be in a state of well-being with respect to their 
physical, chemical, and biological characteristics. Much is known about how human activity can improve or 
detrimentally affect soil health, but how soils can beneficially or adversely impact human health is less well 
documented (Pepper, 2014).  
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