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Abstract 
Knowledge about soil quality at a European scale is urgently required for e.g., the new European Chemicals 
Regulation, the pending EU Soil Protection Directive and, the assessment of soil as a repository of organic 
carbon in a changing climate. A unique data collection on total organic matter (TOC) has been established 
by the Geological surveys in 33 European countries, covering an area of more than 5 million km 2. The 
sampling density of each arable land (0-20 cm) and grazing land (0-10 cm) is of 1 site per 2500 km2. The 
sampling was carried out according to a jointly agreed field protocol. All samples were prepared and 
analysed in just one laboratory. All samples were sampled during 2008 and early 2009. For both arable land 
and grazing land the results show a tendency to higher contents of TOC in the northern countries, Ireland and 
United Kingdom than other countries, even though some local differences are present for most countries. 
The concentrations of TOC vary between 0.4 and 46 % w/w for arable land and between 0.4 and 49 % w/w 
for the grazing land. Managing soil organic matter are important for e.g., the ecosystem servicing including 
soil, air and water quality, fewer pollutants, productivity, and mitigation of climate change.  
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Introduction 
The organic fraction of soils often accounts for a small but variable proportion of the total soil mass but 
nevertheless the organic fraction can exert a profound influence on e.g., soil properties, ecosystem 
functioning, and the magnitude of various ecosystem processes.  
 
The organic matter may influence the physical properties (colour, water retention, and stabilization of 
structure), the chemical properties (CEC, buffering capacity, pH, chelation of metals and interactions with 
xenobiotics) and biological properties (reservoir of metabolic energy, source of macronutrients, ecosystem 
resilience, stimulation and inhibition of enzyme activities) (Sumner 2000; Van-Camp et al. 2004). The need 
for accurate information on the organic matter content in soils at European, National or Regional level has 
been increasing steadily over the past few years (Van-Camp et al. 2004). Knowledge about soil quality at 
European scale is urgently required for e.g., the new European Chemicals Regulation, the pending EU Soil 
Protection Directive, assessments of soil as a repository of organic carbon in a changing climate, soil 
degradation and desertification.  
 
The content of TOC in one site per 2500 km2 of arable land and grazing land has been measured for soil 
samples collected during 2008 and early 2009. Local differences in the contents of soil organic matter are 
not reflected in the study but the sampling density brings about valuable information (a snapshot) about the 
prevailing status of soil organic matter in topsoils within 33 European countries. 
 
Methods 
Field sampling method and analysis 
All soil samples were sampled following a jointly agreed field protocol (EuroGeoSurveys Geochemistry 
Working Group 2008). For each 2500 km2 one sample were collected from arable land and grazing land. 
Five subsamples were collected from each corner and the centre of a 10 x 10 m square and composited to 
provide one large sample (2-2.5 kg) which was directly placed into a Rilsan® bag. All soil samples were air 
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dried and sieved < 2mm prior to analysis at the same preparatory laboratory. Organic carbon was analysed as 
described by ISO 10694 Soil quality - Determination of organic and total carbon after dry combustion 
(elementary analysis) (1995). The concentration of TOC in the topsoil was expressed as a percentage of soil 
weight (TOC % w/w, i.e. g C/100g soil) 
    
Results 
The contents of TOC in 2197 samples from below arable land (Figure 1) vary between 0.4 and 46 %.  
The highest concentrations of TOC were measured in samples from Finland, Ireland and Norway (46 % ) but 
also in other countries (e.g., in Sweden, United Kingdom, Germany) distinctively high concentrations were 
measured. The median value for arable land is 1.7 % TOC. 
 

 
Figure 1. The spatial distribution of total organic carbon (TOC) in the upper twenty centimetres below arable 
land at  2197 sites – on average 1 site per 2.500 km2. 
 
The contents of TOC in 2113 soil samples from below grazing land (Figure 2) vary between 0.4 and 49 %.  
The highest concentrations of TOC were measured in samples from Sweden, United Kingdom, Norway, and 
Finland (44-49 %). The median value for grazing land is 2.7 % TOC.  
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Figure 2. The spatial distribution of organic carbon (TOC) in the upper ten centimetres below grazing land at 
2113 sites – on average one site per 2.500 km2. 
 
 
Conclusion 
The content and distribution of TOC demonstrates considerable differences within Europe governed by 
differences in natural factors e.g., temperature, moisture, altitude, topography, soil parent material and 
human-induced factors e.g., land use and the nature of farming systems. The distribution of soil organic 
matter indicates large and important regional differences for the ecosystem services.  
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