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• The combined Forest Soil Condition Database stores heavy 
metal data for about 1000-1500 ICP Forests Level I plots in 
the first inventory (1985-1996, mainly forest floor) and 
3000-3500 ICP Forests Level I plots in the second inventory 
(2006-2008, mainly forest floor and mineral topsoil). 

• Natural background concentrations differ between 
countries and biogeographical regions, where the boreal 
zone shows the lowest concentration levels for most heavy 
metals. 

• Overall, we see decreases in the concentrations of the 
heavy metals between both surveys for most plots, 
countries and biogeographical regions, with larger changes 
in the forest floor compared to the mineral topsoil. 

• The observed spatial distribution patterns across Europe are 
comparable with those of the moss survey of ICP Vegetation 
and the EMEP deposition data for Cd, Pb, and Hg. 

The Air Convention aims at reducing the pressure of air 
pollutants on the environment and human health, including 
heavy metals which can lead to soil contamination. Heavy 
metals can result from human activities and products (e.g. 
fertilisers, waste) or short-range air pollution from industry (e.g. 
smelters). Cadmium (Cd), lead (Pb) and mercury (Hg) are 
common air pollutants, being emitted mainly as a result of 
various industrial activities. Other trace metals like nickel (Ni), 
zinc (Zn), chromium (Cr) and copper (Cu) find their origin in the 
soil parent material.  

This study was a first exploration of the occurrence of heavy 
metals in forest soils measured during two soil inventories (S1: 
1985-1996, S2: 2006-2008) on the plots of the ICP Forests 
Level I network. The objectives of the study were: 

• to explore the spatial patterns and hotspots of heavy 
metals in the forest floors and topsoils throughout Europe; 

• to investigate if there is a significant temporal change 
between the first and second soil survey; 

• to evaluate whether the heavy metals concentrations and 
stocks exceed contamination or pollution levels;  

• to compare the observed forest soil concentration levels 
with reference databases and maps of heavy metals in soils 
(LUCAS survey) or in mosses (ICP Vegetation survey) at the 
European scale.  

The study is based on data from the Combined Forest Soil 
Condition Database (FSCDB.LI) of ICP Forests holding 
descriptive and analytical information of soil samples obtained 
from two soil surveys on the ICP Forests’ Level I transnational 
systematic grid. The soil samples were analysed for their Cd, Cr, 
Cu, Hg, Ni, Pb and Zn aqua-regia extractable concentrations in 
the forest floor and mineral topsoil (0-10 cm), amongst other 
analyses. Because on most plots bulk densities were measured, 
the stocks could be calculated as well. 

Heavy metal concentration in soils are often close to their 
quantification limit. This is the lowest measurable concentration 
that laboratory can measure in a reliable way. Appropriate 
statistical techniques were applied to work with low 
concentrations.  

Sample geometric means were used as distribution metric and 
the bootstrapping technique to estimate 95% confidence 
intervals for evaluation of factor differences (e.g. the WRB 
Reference Soil Groups) and temporal changes. For each heavy 
metal, concentration and stock maps were produced. Their 
distribution patterns were related to environmental factors such 
as biogeographical region, soil group and humus form. 

The spatial distribution pattern of heavy metals in forest floors 
and topsoils across European forests is metal specific. Regional 
hotspots with elevated metal concentrations compared to 
baseline levels are clearly visible on the maps and could be 
linked to local pollution sources and well-known contaminated 
areas. 



 

Cadmium  
Cadmium is a relatively rare metal, has no essential biological 
functions and can be highly toxic to plants and animals. The two 
major anthropogenic sources of Cd in soils are rock phosphate 
fertilizer and atmospheric deposition (Alloway 2012). Assuming 
phosphate fertilizer usage is rather limited in forests, 
atmospheric deposition must be the main cause of elevated 
levels of cadmium in forest soils. It is often associated with Zn, 
as Cd is a by-product of the smelting of Zn and other base 
metals. 

We found average Cd concentrations ranging from 0.35 to 
0.62 mg/kg in mineral topsoil, 0.40-0.65 mg/kg in forest floors 
and 0.26-0.60 mg/kg in peat soils. Cd shows a high spatial 
distribution. In most countries, Cd concentration in the forest 
floor is higher than in the mineral topsoil, indicating that 
deposition is the main source. Exceptions are the United 
Kingdom (UK) and Serbia (RS) where the Cd concentration in the 
topsoil is significantly higher than in the forest floor. This may 
be related to the parent material like sedimentary rock or black 
shales containing high natural Cd content. Furthermore, the Cd 
concentration in the forest floor across Europe varies less than 
in the mineral topsoil. 

Industrial and mining areas are associated with elevated heavy 
metal topsoil concentrations (Tóth et al. 2016). A hotspot of 
elevated Cd concentration is clearly visible in the Upper Silesian 
mining district in south-central Poland (see Figure 7.1). High Cd 

concentrations in the area are known to be the consequence of 
historical Zn-Pb mining (Pan et al. 2010). Other regions with 
elevated Cd concentration in forest floors are the Ruhr region 
(Germany), Campine region (Belgium), northern Slovenia and 
eastern Slovakia. High mineral topsoil concentrations are 
observed in UK, Austria, Slovenia, and Serbia. 

The mineral topsoils in the Boreal region generally show lower 
concentrations of Cd compared to the Alpine forest topsoils. 
Podzols are typical soils of boreal forests and Mor is here the 
dominant humus form. Both Podzols and Mors are associated 
with low Cd concentrations. Other sandy soils like Arenosols, 
also show low Cd concentrations, well below the limit of 
quantification. 

On soil with secondary carbonates, like Calcisols, Cd 
concentrations are generally low. Usually Cd bio-availability in 
these soils is also low due to adsorption on calcite or 
precipitation as Cd-carbonates. 

Histosols (peat soils) and Phaeozems are soils rich in organic 
matter. These soil types show the highest Cd concentrations, 
illustrating the affinity of this metal for organic matter. On the 
opposite, the Cd concentration in Regosols are usually low. 
These are relatively young soils, often low in organic carbon. 
Indeed, 70% of the Regosols in our dataset is located on the 
Scandinavian Peninsula, typically formed in unconsolidated 
deposits after the melting of the ice cap since the last ice age. 

  
Figure 7-1: Spatial distribution maps of Cd concentration in forest floor (left) and mineral topsoil (right) of the second forest soil condition survey (S2). 



 

Chromium 
Chromium concentrations are generally well quantifiable. 
Average Cr concentrations are 21-33 mg/kg in mineral soils, 
around 18 mg/kg in forest floors and 4-13 mg/kg in peat soils. 
On the majority of the plots, the Cr concentration in the forest 
floor is lower than in the topsoil, except for Spain and Poland. 
This shows that Cr concentrations are spatially very variable. 
The Boreal region hosts the lowest Cr concentrations, while the 
opposite is true for the Alpine region. Hence, the majority of the 
Cr content in soils is believed to be of lithological origin. 
Moreover, Cr is scarcely consumed by the vegetation, so no 
enrichment via plant litter is taking place.  

Cr concentration is lowest in Podzols, Histosols and Arenosols, 
and highest in Calcisols and Phaeozems, and so show an 
opposite pattern compared to Cadmium. You see in Figure 7-2 
that for example the Landes (France) with their poor sandy soils 
is an area with naturally low Cr concentration. In some regions, 
the contribution from wind-blown dust plays a significant role 
(Frontasyeva et al. 2020). This is for example the case for sandy 
soils in Poland showing elevated Cr concentrations.  

In semiterrestrial humus forms the concentrations are 
significantly lower than in well-aerated terrestrial forms, where 
there are concentration differences between Mor and the 
Moder/Mull forms. Since concentrations are higher in mineral 
soil, enhanced bioturbation in Mull and Moder types increases 
the concentration through mixing with mineral soil particles. 

Nickel 
The concentrations in mineral soil range from 15 to 32.7 mg/kg, 
but are much smaller in organic soil material: 3-11 mg/kg in 
peat soils and around 10 mg/kg in forest floors. In Boreal and 
Continental biogeographical regions, forest floor concentrations 
are usually higher than in mineral soil, whereas the opposite is 
true for the Alpine region.  

The spatial distribution of Ni concentration across European 
forests shows a similar pattern to Cr. We found low Ni 
concentrations in Histosols and sandy soil groups (Arenosols, 
Podzols), but higher concentrations in, for example, Luvisols. 
This is in line with the findings of Alloway (2012) who stated 
that Ni and Cr concentrations are generally lower in coarse 
textured and peaty soils, and higher in clayey soils. 

Comparison by humus type gives exactly the same pattern as for 
Cr, with lower Ni concentrations in semi-terrestrial humus, 
medium Ni concentrations in Mor and higher Ni concentrations 
in Moder and Mull forms. This is expected as Cr and Ni have 
similar geochemistry. Ni load is classified as critical in certain 
areas like northern Slovakia, central Germany and northern Italy. 
As was the case for Cr stocks, critical zones derived from topsoil 
Ni stocks are not reflected in forest floor Ni stocks and vice 
versa. 

 

  
Figure 7-2: Spatial distribution maps of Cr concentration in forest floor (left) and mineral topsoil (right) of the second forest soil condition survey (S2). 



 

Copper 
Average Cu concentrations in our dataset range from 10 to 
22 mg/kg in mineral soils, from 11 to 16 mg/kg in forest floors 
and from 6 to 17 mg/kg in peat soils. The concentration in the 
forest floor is usually higher than in the forest topsoil. 
Exceptions are found in Italy, Slovenia and Austria, and this is 
also reflected in the Alpine and partly Mediterranean bioregion. 
Yet unexplained is the high concentration of Cu in Danish forest 
floors, compared to their very low mineral soil concentrations 
near the limit of quantification. 

The higher concentration in forest floors might reflect a 
relatively high contribution of atmospheric deposition to the 
total Cu content in the forest soil. The Boreal region hosts on 
average lower Cu concentrations in the forest topsoil than other 
biogeographical regions (Figure 7-3). This is presumably linked 
with the dominance of Podzols and Mor-humus and the 

tendency of Cu to be stabilized by organic matter through 
adsorption. 

Geographically, high Cu concentrations in the forest topsoil can 
be found in the Mediterranean as the Apennine peninsula hosts 
high natural concentrations of Cu (Ballabio et al. 2018), as well 
as Trodos mountain range in Cyprus and southwestern Spain. 
Important anthropogenic sources of Cu are mining and Cu-Ni 
melting. For example, the hotspot around the urban industrial 
centres of Krompachy in Slovakia is due to metallurgic activities 
(Bobro et al. 2000). The load of Cu is also critical in the Black 
Triangle region along the Czech-Polish-German border. Note 
that critical stocks for Cu are reached in the forest floor, but 
apparently not in the mineral topsoil (Figure 7-4). Thus, the 
forest floor compartment seems to be a better indicator for Cu 
contamination than the mineral topsoil. 

  
Figure 7-3: Spatial distribution maps of Cu concentration in forest floor (left) and mineral topsoil (right) of the second forest soil condition survey (S2).  

  



 

  
Figure 7-4: Spatial distribution maps of Cu stocks in forest floor (left) and mineral topsoil (right) of the second forest soil condition survey (S2). 

 

 

 

Lead 
Soil is a sink for anthropogenic Pb and there are several well-
known major Pb sources like mining and melting activities, 
contamination from vehicle exhausts and application of sludges. 
Alloway (2012) stated that most soil datasets support the 
hypothesis that much of the observed Pb in soil in many areas 
has originated from anthropogenic emissions, leading to low-
level contamination of about 30-100 mg/kg.  

Our data reveal average concentrations in mineral topsoil 
around 30-40 mg/kg and 10-15 mg/kg in subsoil (between 20 
and 80 cm). This finding points towards significant deposition 
effects. Concentrations in the forest floors are generally higher 
(40-65 mg/kg) and even more elevated (30-340 mg/kg) in peat 
soils. This illustrates the strong affinity of Pb for organic matter. 

Stratified according to biogeographical region, we see the 
lowest Pb concentrations in the Boreal zone where the 
concentration is higher in the forest floor higher than in mineral 

soil (Figure 7-5). In the Mediterranean region, the 
concentrations are rather low but they show higher values in 
the mineral soil compared to the forest floor. 

No clear patterns are seen when stratifying following the WRB 
Reference Soil Group. Stratified according to humus type, semi-
terrestrial and the Mull humus forms show lower concentrations 
than the remaining terrestrial forms. 

High levels of lead in forest floors can be found in North Rhine-
Westphalia, southern Poland and along the border of the Czech 
Republic with Germany and Poland. The Harz Mountains of 
Germany are important for the extraction of ore (mainly Cu, Pb 
and Zn) (Pan et al. 2010). This location is clearly marked on the 
maps as polluted with Pb. 

Contamination patterns are better indicated by forest floor than 
topsoil concentrations. Critical Pb stocks in forest floors do not 
always correlate well with stocks in topsoils and vice versa 
(Figure 7-6). 



 

  
Figure 7-5: Spatial distribution maps of Pb concentration in forest floor (left) and mineral topsoil (right) of the second forest soil condition survey (S2). 

  
Figure 7-6: Spatial distribution maps of Pb stocks in forest floor (left) and mineral topsoil (right) of the second forest soil condition survey (S2). 



 

Zinc 
Together with Cd, Zn is the most mobile and potentially 
bioavailable element. It is an essential trace element for 
humans, animals and plants, though in high concentrations it 
can be toxic. The average total Zn content in the lithosphere is 
approximately 80 mg/kg. In sedimentary rocks the highest 
concentrations are found in shales and clayey sediments 
(80-120 mg/kg), while sandstones, limestones and dolomites 
hold lower concentrations (10-30 mg/kg) (Alloway 2012). 

The mean Zn concentration in mineral soil is between 40 and 
70 mg/kg and around 70 mg/kg in forest floors but is lower in 
peat soils (20-60 mg/kg). Except for the Mediterranean region, 
concentrations of Zn in forest floors are generally higher 
compared to the mineral top soils. The difference between 
forest floor and upper soil concentrations is often quite large, 
suggesting Zn cycling by trees. 

The variation in Zn concentration in the forest floor when 
stratified according to the WRB Reference Soil Group (IUSS WG 
on WRB, 2006) is rather low. The difference in the mineral top 
soil is somewhat more explicit. Andosols show the highest Zn 
levels (around 100 mg/kg) while Podzols, Arenosols and 
Albeluvisols have lowest concentrations (<20 mg/kg). Mor, 
Histomors and Anmoors (Zanella et al. 2006) show slightly 
smaller concentrations than other humus forms, but differences 
are mostly non-significant. 

Zones with elevated concentrations are found in Slovakia and 
southern Poland, the Campine region in Belgium close to the 
(former) Zn melters, the Ruhr area in Germany, northern Italy 
and Slovenia (Figure 7-7).  

Contaminated and critical levels are exceeded in forest floors in 
southern Sweden but this is not reflected in topsoil stocks 
(Figure 7-8). 

  
Figure 7-7: Spatial distribution maps of Zn concentration in forest floor (left) and mineral topsoil (right) of the second forest soil condition survey (S2). 

  



 

  
Figure 7-8: Spatial distribution maps of Zn stocks in forest floor (left) and mineral topsoil (right) of the second forest soil condition survey (S2). 

 

Mercury 
Mercury is of special concern because it is highly toxic to 
humans and animals and has neither a biological function nor a 
role in ecosystems. While deposition of most metals is 
decreasing in Europe, this is not the case for Hg. Hg is released 
in the environment by mining and smelting of ores, burning of 
fossil fuels (mainly coal), industrial production processes, and 
waste incineration (Alloway 2012).  

Our summary statistics of Hg concentrations list mean levels 
ranging from 0.16 to 0.46 mg/kg in mineral soils, around 
0.2 mg/kg in forest floors and 0.14-0.23 mg/kg in peat soils. 
Only 8 countries reported Hg data on Level I plots (Figure 7-9). 
Thus, the geographical scope of mercury analysis was limited in 
comparison with the analysis of other heavy metal 
concentrations.  

For most countries that reported Hg concentrations, levels in 
forest floors were higher than in mineral soils. The UK showed 
mean concentrations around 0.3 mg/kg, while most other 
countries have topsoil concentrations below 0.1 mg/kg. Forest 
floor concentrations are about 0.2 mg/kg.  

Nevertheless, some hotspots of human release are clearly 
visible. In the Baltic States, Germany and France, mercury 
concentrations in forest floors are generally higher than in 
forest topsoils (Figure 7-9), suggesting that forest floors are 
better indicators than topsoils. However, this is not the case for 
the UK, where concentration levels and stocks are greater in 
topsoils than in forest floors. Hotspots are also found in Slovakia 
and Lithuania. 

  



 

  
Figure 7-9: Spatial distribution maps of Hg concentrations in forest floor (left) and mineral topsoil (right) of the second forest soil condition survey (S2). 

In conclusion, geochemically related metals (e.g. Ni and Cr) 
show similar spatial distribution patterns. WRB Reference Soil 
Groups and humus form help explaining large-scale differences 
in heavy metal concentrations. The heavy metal concentrations 
of Cd, Cu, Pb, Zn and Hg in the forest floor are generally higher 
than in the underlying mineral topsoil, indicating that forest 
floor concentrations are interesting indicators for heavy metal 
contamination, mainly due to air pollution. Substantial 
enrichment of Cd, Pb and Hg in forest floors compared to 
mineral soils was found. 

Concentration changes could be assessed for nine countries 
only, mainly because heavy metal data of the first survey was 
lacking. Moreover, no paired measurements are available for Hg 
at all. More paired data is available for the forest floor than for 
mineral topsoil. 

In general, the heavy metal concentration appears to have 
declined since the 1990s. However, the rate of change differs 
between countries. This is in line with the decrease observed in 
mosses and in deposition as reported in the literature, although 
the evolution of analytical techniques might have contributed to 
the magnitude of differences observed. 

For about 750 to 1000 plots, paired observations in forest floors 
indicate a significant decrease for all metals between the two 

surveys. In absolute concentrations, Pb showed the largest 
decline (-18.6 mg/kg) and Cd the smallest (-0.24 mg/kg). Except 
for Cr a significant decrease is found in more than half of all 
paired plots. For Pb, 62% of the plots show a decrease. No 
significant change is found for 15 to 37% of the plots, 
depending on the heavy metal. About a quarter of plots still 
shows increasing concentrations in the forest floor, except for 
Pb. The agreement among the concentrations of the two surveys 
decreased in the order: Zn = Pb > Cu > Ni > Cd > Cr.  

Temporal change in mineral topsoil could only be assessed on 
less than 500 plots (n=224-466) from few countries, so 
conclusions drawn at the EU scale are tentative. The decreases 
of Cd and Cr in topsoils are clearly significant, in contrast to Zn 
where no significant change is found. The Zn and Pb 
concentrations from the first survey explain for more than 80% 
the variation in the second survey, whereas this temporal 
agreement is intermediate for Cu, Ni and Cd and lowest for Cr. 
This is the same order as found for forest floors. It evidences the 
persistence of heavy metals in mineral soil and forest floors, 
especially for Pb. 

In this study two approaches were tested to evaluate 
contamination levels in forest soils: the use of indicators and 
the use of national screening values. 



 

The Geo-accumulation Index and the Nemorow Pollution Index 
showed polluted areas especially for Pb, Hg and Cd, but almost 
no pollution for Cr and Ni, and only regional hotspots for Cu and 
Zn. The Nemorow index could only be computed for 10 
countries but it indicated that more than 55% of the Level I 
plots are slightly polluted and 7% are heavily polluted. 

Another approach was to apply national screening values, for 
which we calculated median baseline and critical levels and 
compared these with estimated baselines and critical levels. The 
estimated baselines, computed as geometric means of the 
distribution including values below the quantification limit, are 
generally lower than the median of national baselines. 
Significant differences were found among estimated baseline 
values of biogeographical regions indicating that an evaluation 
scheme should be developed for each biogeographical region 
separately. This approach demonstrated that only few 
percentages of the Level I plots exceeded the critical levels and 
is classified as polluted, 5-10% are classified as enriched and for 
all metals more than 50% of the Level I plots are well below the 
baseline concentration level. 

An evaluation scheme for heavy metal concentrations in the 
forest floor was tested and a Forest Floor Metal Contamination 
index (FFMCI) was calculated. Pb, Cd and Zn exceeded more the 
baseline levels than Ni, Cr and Cu. The FFMCI decreased over 
the two surveys, also when considering paired plots only. 
However, 56% (1st survey) and 70% (2nd survey) of the observed 
plots show background concentrations for all heavy metals in 
their forest floors. 

When comparing the observed forest soil heavy metals 
concentration levels with the LUCAS heavy metal topsoil 
database and maps, no significant differences for Ni and Cu 
concentrations were found. We did find higher levels for Cd, Cr, 
Pb and Hg in the Level I forest topsoils, compared to the 
interpolated LUCAS topsoil maps. Cd and Hg concentrations are 
a factor of 3.5 times higher than the predicted LUCAS 
concentrations at Level I plots, and Pb about twice as high, 
whereas Cr was higher by a factor of 1.23. 

These results support the hypothesis that forest soils 
accumulate more heavy metals than agricultural land, especially 
for Cd, Hg and Pb. When qualitatively comparing both maps, 
regional hotspots of all metals from LUCAS maps are clearly 
correlated with increased levels at the Level I plots, as 
expected. Similarly, increased levels indicated by the maps of 
heavy metal concentrations in mosses, produced by ICP 
Vegetation, are also related to the concentration in forest floors 
and topsoil, albeit less strongly than with LUCAS data. The 
European-wide significant decline of heavy metal 
concentrations in mosses between 1990 and 2015 was also 
seen in the forest floor for all metals, but less pronounced. 
These temporal changes seem to suggest that Cd and Pb 
concentrations are indeed decreasing, but much slower than 

observed in mosses or by deposition time-series. Comparison 
with other datasets demonstrates clearly that heavy metals 
accumulate and reside in forest soils and that their 
concentration levels are slightly higher than in mosses and 
agricultural soils. 

In order to investigate the evolution of the state of European 
forest soils, the engagement of each individual European 
country in the surveys and sample collecting with a harmonized 
protocol is paramount. Taking samples at fixed depths 
facilitates further data processing in a later stage of the 
research. Heavy metal records originating from deeper soil 
layers as reference level proved to be useful for comparison 
with topsoil concentrations and the calculation of various soil 
pollution indices. Concentration levels of deeper soil layers do 
not need to be repeated every 10-20 years, as they can serve as 
a baseline.  

Therefore, it is recommended: 

• in the next Level I survey to determine all metals 
(including Hg) mandatory in forest floors and M01 layers 
and if budget allows also in M12 and M24 layers; and 

• at Level II plots to sample the whole soil profile up to 
80 cm, to determine vertical distribution patterns of heavy 
metals. 

We were unable to quantify the uncertainty related to 
(decentralized) analysis in national laboratories compared to a 
central lab, as has been done by JRC for carbon analysis during 
the BioSoil demonstration project (Hiederer et al. 2010). For 
about 10% of the S2 plots (526 plots) all samples were analysed 
in a central lab (INRA) in order to assess the between lab-
variation. It is unclear if the data can still be retrieved from 
ESDAC or the ICP Forests National Focal Centres. 

During the BioSoil project, about 3460 samples of the first 
survey (S1) taken from national soil archives (33 countries) were 
reanalysed by a central lab (INRA) (Hiederer et al. 2010). To our 
knowledge, data on heavy metals have never been published by 
the central lab. These data could be very helpful in completing 
our dataset. 

Hence, centralized sample analysis of at least part of the 
samples should be considered in future forest soil surveys. 
Following the example of the BioSoil demonstration project, it 
could be worthwhile to re-analyse samples taken in both 
surveys to exclude the between-lab variation in results caused 
by the unavoidable evolution of analytical techniques. 



 

Due to the limited scope of this project, a lot of opportunities 
for further data exploration were still left unexplored. Boosted 
regression trees analysis, for example, could help to assess the 
influence of different parameters like pH, humus type, soil type 
and organic carbon content on heavy metal concentrations and 
pools and conversely, to assess the effect of heavy metal 
concentrations on litter decomposition and quality. The link 
with climatic variables, such as temperature (MAT) and 
precipitation (MAP) and geographical variables (altitude, slopes) 
is still left uncovered. In short: a statistical study selecting the 
best predictors for heavy metal concentration levels and stocks 
in EU forest soils is on our wish list. 

Geostatistical mapping of the database also seems promising. 
Options include but are not limited to (1) kriging of 
concentrations to obtain continuous maps covering all European 
forests, (2) spatially correlating heavy metal concentrations with 
each other and with external databases of other heavy metal 
surveys at the European scale. 

Although the Level I database has many advantages such as its 
geographical extent, it falls short for certain types of research 
questions. One such question for which the Level II database 
might be more suited is the vertical migration of heavy metals 
in forest soils. Which heavy metals accumulate in the forest 
floor and which heavy metals leach more easily into deeper soil 
layers? To answer this research question, a time series of the 
vertical distribution of heavy metals in soil profiles should be 
analysed to detect heavy metal migration and/or leaching and 
to reveal the processes behind these. This study suggests 
leaching of most metals from the forest floor downwards in the 
soil profile, which may be evidenced in soil solution at various 
depths which is monitored at Level II sites. 

Finally, it would be interesting to see whether or not a link 
exists between heavy metal leaching and forest type or 
dominant tree species. 
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