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Abstract. Nowadays forest ecosystems are receiving much attention in relation to several environmental issues, 
such as heavy metals (HMs) loads, and overall impact on global carbon cycle. Forest soils can be exposed to 
anthropogenic contamination of HMs from various sources: e.g. atmospheric deposition from local and distant 
contamination sources or direct treatment (e.g. application of sewage sludge). This may have an impact on 
forest soil quality, chemical composition, contamination uptake by forest plants, distribution of contaminants in 
plants and soil profile and thus contribute to physiological changes in forest ecosystems which play an important 
role in global biogeochemical cycle. Preliminary analyses of correlation between contamination patterns and soil 
carbon give indications about possible interactions between anthropogenic load of HMs and soil carbon. The 
strong correlations between mobile HMs and both TC and OC suggest that investigated forest soils 
are likely to have higher content of stabilized fraction of soil organic matter which attracts higher 
amount of metals and is less decomposed by microorganisms. 
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1. Introduction   
 

Forest ecosystems receive much attention in 
relation to several environmental issues, such as 
heavy metals (HMs) loads and forest soil impact on 
global carbon cycle.  

The major part of HM gets into forest 
ecosystems in both wet and dry form from local or 
further contamination sources [1]. Moreover forest 
soils receive attention for sewage sludge amendment 
because (i) they have not direct link to human food 
chain [2]; (ii) if well managed sewage sludge can 
benefit forest soil quality because of high amount of 
organic material [2, 3]; (iii) adding of stabilized 
sludge can stimulate both height and diameter of trees 
(e.g. conifers) [3, 4]; (iv) large biomass and long 
vegetation period of forest trees attract attention for 
possibility to extract HMs [5].  

Though HMs are inherent components of soil, a 
higher concern is related to their load resulted by 
anthropogenic activities [6, 7, 8] also presenting HMs 
in larger quantities and of higher mobility. HMs in 
mobile fractions are more bioavailable [9] and toxic 
than insoluble forms [10] and more HMs presenting 
in metal mixture can have stronger, synergetic effect 
on soil organisms [11]. 

HMs in organic and inorganic forms affects 
inhabitants of forest ecosystems causing abiotic 
stresses: from higher plants (trees) to soil 
microorganisms. The transfer of HMs to the trees and 
their distribution therein make an impact on plants 
nutrition and productivity. Synergetic effect of HMs 
with other industrial contaminants inhibits tree vitality 
in seeds formation (as direct effect) and depresses 
nutrition functions (as indirect affect) [12].  

Tree foliage type, root system architecture as 
well as prevailing wind direction may influence HMs 
concentration distribution in soil as well as uptake 
into the tree. Zn and Pb concentration in soil under a 
pine canopy in leeward side of pine stem increased 
towards the stem and on the same direction from the 
stem [13]. From 15 to 60 % higher total 
concentrations of HMs were present in 10–20 cm of 
soil depth of a pine stand [14] because of larger 
biomass of pine small roots and activity of 
rhizosphere organisms [15]. 

Moreover, HMs have an impact on the growth, 
morphology and metabolism of soil microorganisms 
as well as size, composition and activity of microbial 
community [16, 17, 18]. HMs stress resulted in loss in 
substrate utilization efficiency of the microbial 
biomass [18, 19, 20, 21]; over a threshold 
concentration HMs reduce microbial biomass and 
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activity depending on HM type, amount and 
combined effects of individual HMs [18, 19, 21, 22].  

Considering the above reported issues and given 
the importance of forest soils in the global carbon 
cycle, a need emerges to pay attention to HMs 
variation in forest soils.  

This study focuses on forest soils as respondents 
to heavy metals (Pb, Cu and Zn) affect and reveals 
some patterns about HMs impact on soil carbon 
changes towards impact on climate change. Pb, Cu 
and Zn have been chosen because of being typical 
anthropogenic contaminants with high concentrations 
in from transport emissions [23] and sewage sludge 
[24, 25, 26]. In forest ecosystems concentrations of 
Cu and Zn in soil were found to correlate with 
concentration in pine wood [27]. 

The aims of this study were: (1) to investigate 
mobile fraction of Pb, Cu and Zn in forest soils; (2) to 
evaluate preliminary results on interaction between 
contamination patterns (Pb, Cu, Zn, Cl–) and soil 
carbon.   

 
2. Methods 

 
Sampling sites 

Four sampling sites (S1, S2, S3, S4) and control 
site (Control) were selected for investigation. 

Site S1 is at the Rukla-Gaižiūnai Military 
Ground (Jonava Region, 24o21’E, 55o02’N 
Lithuania). The prevailing soil is Gleyic Podzol. The 
mean annual temperature in this region is about +6 
oC. A southwest wind is dominant. The mean annual 
rainfall is about 590 mm. Mixed stands (pine, birch 
and spruce) were prevailing in this site. 

Site S2 is at the Kairiai Military Ground 
(Klaipėda Region, 21o10’E, 55o36’N, Lithuania). The 
mean annual temperature in this region is +6.9 oC. 
The prevailing wind is of west direction. Mean annual 
rainfall is about 700 mm. The soil type is Albic 
Arenosol. Pine stands were prevailing in this site. 

Site S3 is located at the Neris Regional Park, the 
neighbourhood of Paaliosios Village (Vilnius Region, 
24o53’E, 54o48’N, Lithuania). Coniferous forest 
stands are prevailing in the site. Near the soil 
sampling place the pine trees were visually 
determined to be affected by a root rot pathogen 
identifiable as Heretobasidion annosum (Fr.) Bref. 
Pine stands were prevailing in this site. 

Site S4 is in an experimental site in the Gitėnai 
forest in the Taruškos forestry located in Panevėžys 
Region (24o34’E, 55o43’N, Lithuania), where 600 
tons of the industrial sewage sludge from Panevėžys 
Town were spread on the soil in 1998. Concentrations 
of Pb, Cu and Zn in sewage sludge as well as 
background concentrations in surrounding site are 
given in Table 1. 

 
 

Table 1. Concentration of Pb, Cu and Zn in industrial 
sewage sludge, in soil amended with sewage sludge after 8 
years and background concentrations of Pb, Cu and Zn in 
Taruškos forestry soil (mg·kg–1, DW) [24] 

HM Concentration in 
sewage sludge 

Background 
concentrations in soil 

Pb 597−1421 14.9 
Cu 118−161 4.4 
Zn 383−538 5.2 

 
Control (Control) site was selected at 200 m 

distance from sewage sludge amendment territory. 
Natural soils in both S4 and control sites are loam and 
sandy loam rocks, which make up the layer of 4−13 
cm; These are prevailing in the territory under 
investigation and therefore the forests in this area are 
turning into marshes. The soil in the territory under 
investigation consists of slightly decomposed forest 
floor of 20–25 cm in the higher parts of the forest and 
in the lower ones – 0.75–0.5 m thickness low marshes 
type. Slightly decomposed peat consists of 70 per cent 
of clayey fraction in the bottom part and of the forest 
floor and wood cuttings in the upper part [24. 

In 1999, pine (Pinus sylvestris) and birch 
seedlings (Betula pendula) were planted in sewage 
sludge amended and control sites, and black alders 
(Alnus glutinosa) have grown there naturally. 

Some soil properties are given in Table 2. 
 
Table 2. Selected soil properties 

Soil texture In soil 
solution Sampling 

site pH 
Sand, % Clay, % Cl−, mg/kg 

S1 4.4 93.5 2.5 35.0 
S2 4.6 95.1 1.8 35.0 
S3 4.7 95.0 2.0 23.2 
S4 4.2 ND ND 32.3 

Control 6.6 ND ND 23.9 
ND – no data 
 
Soil sampling 

Composite soil samples (of three replicates each) 
were taken in each investigated site at a depth of 0–40 
every 10 cm. A metal ring of 170 mm in diameter and 
100 mm high was used to sample the soil. 48 soil 
samples were sampled in potentially contaminated 
sites (S1, S2, S3 and S4) under tree canopy. For the 
control site only 3 composite samples formed out of 
0−40 cm soil were available. 

The soil samples were kept at +4 oC before they 
were dried at +40 oC for two days. Then they were 
ground and sieved through a plastic sieve with 2 mm 
diameter meshes. 

 
pH 

The soil pH values were determined in dionized 
water (soil : water volume ratio of 1:2.5) that was left 
to equilibrate overnight. pH 538 WTV was used for 
pH measurements.  
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Soil OC, TC and DOC measurements were 
carried out in Norwegian University of Life Sciences.  
 
Organic carbon (OC) 

Soil samples were ground in Retsch soil grinding 
machine to powder. 0.02 g of each sample were 
treated with 2 M HCl to remove soil carbonates and 
subsequently with dionized water and left to dry at 
50–60 oC. Soils samples were dry combusted at 1400–
1500 oC in Leco corporation carbon determinator 
EC12 (Leco corporation, St. Joseph, Michigan, 
U.S.A), with 0.5 ml of Copper metal accelerator 
(501-263, B1198, 3LB) and 0.5 ml Iron chip 
accelerator (501-077, B1195)  
 
Total carbon (TC) 

Soil total carbon was determined as described 
above for organic carbon but without acid treatment.  
 
Dissolved organic carbon (DOC) 

0.20 g of KNO3 were dissolved in 2 litres of 
deionised water. Soil samples ground to 2 mm and 
weighing 2.5 g each were put in two vessels and 
mixed with 25 ml of KNO3 solution. Then the vessels 
were sealed, shaken and put in a blending machine 
(with 12 turns a minute) to be mixed for 24 h. 
Afterwards the samples were filtered through 
Minisart, Sartorius filters with 0.45 µm meshes and 
were poured in vessels suitable for analysis. 2.5 ml of 
each soil solution sample was taken and diluted with 2 
ml of deionised water. The level of carbon dissolved 
in the soil solution was determined with a Shimadzu 
Carbon analyser TOC-V CPN.  

 
Determination of total concentration of Pb, Cu and 
Zn in soil 

0.2 g of each soil sample were digested with a 
mixture of HNO3 (65 %) and HCl (37 %) [28] at the 
microwave digester Milestone ETHOS. The solution 
was poured in flasks of 50 ml and diluted with 
deionised water to the mark of 50 ml.  
   
Determination of mobile fraction of Pb, Cu and Zn  

Mobile HMs refer to a sum of two HMs 
fractions: exchangeable and bound to carbonates, 
which were determined using a part of Tessier 
sequential extraction procedure (Table 3) [29]. 
 
Table 3. Part of Tessier sequential extraction procedure to 
determine exchangeable and bound to carbonates form of 
Pb, Cu and Zn 

Fraction Extractant 
Exchangeable MgCl2 1 mol/dm3, pH 7.0, 1 hour 

of continuous stirring 
Bound to 
carbonates 

CH3COONa 1 
mol/dm3+CH3COOH, pH 5.0, 5 
hours of continuous stirring 

 

Statistical analyses 

All experimental data, means of two replicates, 
were processed by Microsoft Excel 2000. The 
correlation (Pearson coefficient) was conducted by 
using SPSS 15.0 for Windows. 

 
3. Results and discussion 

 
Many researches have proved that mobile 

fraction of HMs is likely to be more bioavailable as 
well as migrating to deep soil layers. Some factors 
favouring distribution of mobile HMs are well 
documented and include some soil properties (pH, 
temperature, content of DOC, soil texture), sources of 
HMs (natural from rock weathering or from 
anthropogenic sources), land use (forest soil, pasture, 
soil amendments). 

Figure 1 shows mobile fraction of HMs in 5 
different forest soils. Mobile fraction did not reach 
more than 50 % and varied from 5 % to 26 % for Cu, 
from 4 % to 37 % for Zn and from 9 % to 45 % for 
Pb. As it was expected the highest part of mobile 
HMs was found in soil amended with industrial 
sewage sludge – from 2 to 5 times higher than in 
control soil. This supports the idea that anthropogenic 
sources benefits with higher portion of mobile HMs 
than natural sources [30]. 
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Fig 1. Mobile fraction of heavy metals in different forest 
soils. Pb results for S3 site is not shown because of low 
reliability 
 

The larger fraction of mobile HMs might be 
favored by higher amount of DOC (72.8 mg·kg–1) 
which is known for making soluble complexes with 
HMs. Such complexes are then adsorbed by the plant 
roots which later release HMs from complexes and 
take HMs up. Results supported the ideas that Cu and 
Pb are capable to form complexes with DOC [31, 32, 
33]. Though some researchers did not find similar 
trend for Zn [32, 32, 35], other factors (such as low 
pH) may also have supported the increase of Zn in 
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mobile fraction (about 37 %). Acid soil may activate 
HMs adsorption on insoluble organic carbon and form 
HMs complexes with chlorides, sulfates and 
phosphates. Though concentrations of chlorides were 
similar in all investigated soils, the trend of higher 
mobile Cu in soils with higher chloride (about 30 
mg·kg–1) was noticed, e.g. soil S1, S2 and S4. This 
experiment did not show similar trend for Pb and Zn. 
 
Mobile fraction of Pb, Cu and Zn in soil profile 

Table 4 gives results about mobile fraction of 
HMs in soil profile at the depth of 0−40 cm in three 
forest soils. Throughout the soil profile more mobile 
Cu was found at 30−40 cm in soil S1 (34 %) and at 
10−20 cm in soil S2 (15 %); for Zn − at depth 20−30 
cm in soil S1 (6 %) and at 10−20 cm in soil S2 (17 
%); for Pb − at 0−10 cm in both soils S1 and S2 (25% 
and 23 % respectively). Only for Zn control soil was 
similar to military ground in Zn mobile fraction. 

 
Table 4. Mobile fraction of Cu, Zn and Pb in soils S1 and 
S2 (military ground forest) (0−40 cm soil profile) 
comparing with control soil 

Heavy 
metal Depth, cm S1 S2 Control 

0−10 13 % 12 % 
10−20 7 % 13 % 
20−30 22 % 15 % Cu 

30−40 34 % 12 % 

5 % 

0−10 5 % 4 % 
10−20 4 % 17 % 
20−30 6 % 6 % Zn 

30−40 2 % 4 % 

16 % 

0−10 25 % 23 % 
10−20 13 % 17 % 
20−30 24 % 18 % Pb 

30−40 16 % 12 % 

9 % 

 
Increase of HMs in mobile fraction could have 

been affected by above mentioned soil properties (soil 
pH, DOC) as well as higher biomass of tree roots. 
Higher Cu mobile fraction was found in 30−40 cm 
soil layer which is known to be higher in root biomass 
and as stated above, roots exudates can release HMs 
from complexes with soil organic carbon. 
 
Mobile fraction of Pb, Cu and Zn in forest soil under 
tree canopy 

Figure 2 shows mobile fraction of HMs in soil at 
windward and leeward sides from a tree stem. For Zn, 
mobile fraction varied from 2 % to 5 % in the 
windward side and from 1 % to 8 % in the leeward 
side from a tree stem; for Cu − from 6 % to 32 % in 
the windward side and from 3 % to 28 % in the 
leeward side and for Pb − 3 % to 19 % in the 
windward side and from 5 % to 39 % in the windward 
side from a tree stem (Fig 2). 

Comparison of averaged values showed that 
HMs were more mobile in the soil of leeward side 
from the tree stem; from 1.5 to 2.0 times higher than 

the windward side for soil S1. For soil S2, higher 
fraction of mobile HMs was found in the soil of 
windward side from a tree stem, but the ratio did not 
exceed 1.6 times.  

These differences might have been affected by 
the location of the investigated soils and trees. S1 soil 
was sampled in the forest area where HMs, brought 
with atmospheric deposition, were likely to be 
suspended by forest trees and settled on the forest 
soil. Wind effect was likely to be stable and variation 
of HMs mobile fraction was more stable.  

S2 soil was sampled in the outskirts of the forest 
more than 5 m far from other trees and the area is 
typical for frequent strong wind. Several detached 
trees did not have much influence to suspend 
contaminants as the whole forest could, so the 
variation of HMs mobile fraction did not show strong 
trends. 
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Fig 2. Mobile fraction of Zn, Cu and Pb in forest soils in the 
prevailing wind directions. 3 m, 2 m, 1 m are the distances 
from tree stem in the windward (Ww) and leeward (Lw) 
directions respectively. Bars indicate standard deviations (n 
= 3) 
 

Large amount of HMs, are brought to forest 
ecosystems by wind deposits on tree foliage, but in 
different concentrations along the whole foliage. With 
litter fall, precipitation or runoff from the stem HMs 
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reach the soil with possibly similar variation in 
concentrations. Atmospheric transfer is typical for 
HMs of anthropogenic origin. It is also well-
documented that HMs from anthropogenic sources are 
of higher mobility. Therefore results of this study give 
preliminary indication that wind may affect 
distribution of mobile fraction of HMs in the soil 
under the tree foliage. 
 
Variation of soil carbon and organic carbon in forest 
soil of different contamination 

Figure 3 shows results of soil total and organic 
carbon content (%) in three types of forest soil. 
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Fig 3. Total soil carbon (TC) and organic carbon (OC) in 
three forest soils at 0–10 cm soil profile. 
Bars indicate SD, n= 2-8. 

Soil OC varied from 0.45 % in S3 soil to 1.07 % 
in control soil; TC content was from 0.85 % in soil S3 
to 1.30 % in the control soil. The highest content of 
both OC and TC was found in control soil. The lowest 
content of OC and TC was determined in soil which 
was a habitat of a pine tree infected by H. annosum. 
Inhibited growth, decrease in productivity, loss of 
needles and poor foliage were obvious results of 
disease.  

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

S4 S3 Control

DOC, mg/kg

 
Fig 4. Dissolved organic carbon (DOC) (mg/kg) in three 
forest soils at 0–10 cm soil profile.  
Bars indicate SD, n= 2-8. 
 

Low plant productivity as well as low plant 
roots:shoot ratio are among several factors 

contributing to soil organic matter as well as soil 
carbon losses. Soil in the habitat of infected pine has 
also showed decrease content of DOC. Soil DOC, 
known to be depended on litter amount and 
decomposition rate, was likely to be indirectly 
affected by disease impact (Fig 4). 

Control soil showed the highest content of both 
OC and TC in comparison with other soils. Immutable 
land use, return of plant residues, high plant 
productivity, less concentration of HMs could be one 
of the reasons to increase soil carbon gains and limit 
amount of DOC. 

In sewage sludge amended forest soil a lower 
amount of OC and TC and higher amount of DOC if 
compared with control soil was determined. Lower 
content of OC and TC than in control soil can be 
explained with decrease of microbial biomass carbon 
due to metal impact. It is known that in metal 
contaminated soils microorganisms use more energy 
to survive than to increase their biomass [6, 35]. High 
amount of DOC in sludge amended soil can be 
explained by sludge itself as a source of DOC.   

This study strengthened the hypothesis that soil 
OC can be treated as proxy of microbial biomass 
carbon [37]: from lower content in soil with lower 
organic matter production to higher with soil amended 
with sewage sludge and finally to higher content in 
not disturbed, non-contaminated forest soil with high 
plant productivity. High concentration of Pb, Zn and 
Cu in sewage sludge is known as limiting factor for 
microbial biomass carbon [6, 36, 38] and may explain 
lower content of OC, TC and DOC than in control 
soil. 

 
Correlation between soil carbon and mobile fraction 
of Cu, Pb and Zn 

Table 5 shows the correlations between HMs in 
mobile fraction (%) and several soil properties: pH, 
DOC, OC and TC.  
 
Table 5. Pearson correlation coefficients between mobile 
fraction of metals (Pb, Cu and Zn) and soil carbon (total and 
organic) (n =18) 

Variables Pearson Correlation 
Cu 0.611** 
Pb 0.768** 
Zn 0.528* OC 

TC 0.984** 
Cu 0.645** 
Pb 0.760** TC 
Zn 0.539* 

DOC Cl– 0.575* 
Zn 0.805** Pb Cu 0.787** 

Cu Zn 0.969** 
** Correlation is significant at the 0.01 level 
* Correlation is significant at the 0.05 level 

 
The strong correlations between mobile HMs and 

both OC and TC can be related to a decrease of 
mineralization of organic carbon to CO2 due to 
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inhibition effect of Pb, Zn and Cu on soil microflora, 
involved in organic matter decomposition [6, 36, 38]. 
One more explanation could be that investigated soils 
had a higher content of stabilized fraction of soil 
organic matter (high in clay-humus complexes) which 
is known to be less degraded by microorganisms and 
attract higher concentration of heavy metals [39]. 

A strong correlation (Pearson correlation 
coefficient higher than 0.78) between mobile Zn, Pb 
and Cu gave more evident synergetic affect between 
these HMs. 

The positive correlation between DOC and Cl- 
can be explained by the fact that in the presence of 
chloride ions, specialized microbial enzymes form the 
reactive chlorine (hypochloride, HOCL) [40] which 
oxidizes organic matter leading to organic matter 
biodegradation towards an increase of DOC.    

 
4. Conclusions 
 

1. Forest soils can be exposed to anthropogenic 
HMs contamination from various sources: by 
atmospheric deposition from local and distant 
contamination sources or direct treatment (e.g. 
application of sewage sludge). This may have 
impact on forest soil quality, chemical 
composition, contamination uptake by forest 
plants, distribution of contaminants in plants and 
soil profile and thus contribute to changes in 
forest ecosystems which play an important role 
in global biogeochemical cycle. 

2. Results about correlation between forest soil 
contamination patterns and soil carbon give 
preliminary indications about possible 
interactions between anthropogenic load 
(contamination with Pb, Cu, Zn and Cl-) and 
soil carbon. 

3. The strong correlations between mobile HMs 
and both TC and OC suggest that investigated 
forest soils are likely to have higher content of 
stabilized fraction of soil organic matter which 
attracts higher amount of metals and is less 
decomposed by microorganisms. 
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