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Abstract

The present study is focused on the question of heavy metals contamination of 
soils in urban regions and the role of forest plants in distribution of these toxic ele-
ments emitted from linear local source of contamination (automobile traffic) toward 
soil system. The objects of investigation are ecosystems with grass and tree cover in 
the region of Sofia. Based on the results obtained, the exceptional role of tree vegeta-
tion is distinguished for increasing the level of localization of heavy metal contami-
nation of the soils from automobile traffic in periphery of ecosystems in comparison 
with treeless zones. This launched to recommend the creation of dense tree planta-
tion close to road arteries, which would be a mechanical barrier for distribution of 
contaminants, suspended in the traffic fumes. 

Kew words: Soil contamination, heavy metals, forest vegetation, urban and 
natural forests

INTRODUCTION

Significant problem related with anthropogenic activity is contamination of 
soils with heavy metals. The heavy metal content determination in soils under for-
est vegetation near point sources of pollution, i.e. industrial plants, were done in 
Bulgaria (Geliaskov, Peev, 1984; Velizarova, 1998b; Malinova, 1998). Also, there 
are some studies on the behaviour of heavy metal in forest soils, located close to 
such kind of industrial sources of environmental pollution (Velizarova et al., 2000; 
Yorova, Tchulzian, 2000; Doichinova, Atanassova, 2003; Atanassova, Doichinova, 
2003). The influence of heavy metal soil contamination on forest vegetation has also 
been detected (Yorova et al., 1991; Yorova et al., 1997; Doichinova et al., 2002; 
Sokolovska et al., 2004; Dimitrova, 2005). It has been emphasized that the distance 
to the source of pollution in industrial zones is a key factor for heavy metal contami-
nation of upper soil layers (Velizarova, 1998a).
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The solutions of management concerning the reduction of heavy metal con-
taminations are necessary and urgent, particularly in urban areas, where the concen-
tration of great mass of people and transport elevates the requirements for healthy 
environment. Some studies, pointed out that soil as a part of urban environment is 
subjected to a high risk of contamination even in urban forest parks (Madrid et al., 
2002; Zhiyanski et al., 2011).

There are zones on the territory of the town distinguished with different 
anthropogenic loading on the ecosystems with heavy metals. The anthropogenic 
loading in zones near intensive automobile traffic is particularly high. The roads 
show negative ecological impact on the neighbouring vegetation and on the soils 
(Tchuldzian, Pertrov, 1985; Münch, 1993; Peterson et al., 1996). The problem 
is very serious and is manifested in Sofia capital (Gentcheva, 1995; Gentcheva, 
Mankova, 2001). 

Questions arise about: how does the closeness to the available source of pol-
lution, such as automobile traffic, reflect on the elevation of heavy metals content in 
soils and what is the role of tree plants for reduction of this contamination.

The aim of this study is to examine the role of forest tree vegetation for re-
duction the distribution of heavy metals contaminants (potentially toxic elements 
– PTEs) in urban soils located in a vicinity of linear source of pollution as highways 
with intensive traffic.

We considered cases from the town of Sofia, where the intensive traffic is 
particularly high and anylized the influence of forest vegetation on spatial reduction 
of soil contamination with heavy metals.

MATERIALS AND METHODS

Objects of study are soils under dense oak vegetation:
Borisova gradna – right to ‘Tsarigradsko shosse’, with dominant species of 

oaks (Quercus pedunciliflora C. Koch + Quercus cerris). 
Control: road Sofia – Petrohan – next to the crossing to village Drumsha, 

with dominant species oak (Quercus cerris). The main difference from situation in 
Borisova gradina is that forest stand in this control plot is situated behind grassland 
at distance of 70 m from the highway. 

The tree vegetation characteristics in studied plots are similar – Table 1.
The samples in Borisova gradina were taken along the periphery of the Park 

towards its center: at the distance from the highway: 1 m; 10 m; 30 m and 80 m 
respectively.

The samples from Control plot are taken at: 1 m next to the road in the grass-
land; 70 m off the road, right to the periphery of forest stand and 100 m off the road, 
which, in fact is 30 m from the periphery towards the inside of forest. The study on 
the determination of heavy metal soil content in relation with pollution due to the 
traffic, were done in upper 0-5 cm, where the pollution is concentrated.
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Additionally, we tested the sampling points (SP) near another linear source 
of pollution on the territory of Sofia – ‘Vladimir Vazov’ Blvd. The samples were 
taken at the distance of 5 m from the road in depth: 0-10; 10-30; 30-50 cm, to be 
established the dependence between tree and grass vegetation and heavy metal 
contamination in depth of the soils (Anthrosols - WRB, 2006). In SP 1 the soil is 
under alley tree plantation of horse chestnut (Aesculus hypocastanum). In SP 2 the 
soil is under grass cover, for more clearly differentiation in clarifying of scientific 
thesis.

We used standard laboratorial methods, accepted in the county: cation 
exchange capacity (CEC) – method of Ganev, Arsova (1980); soil organic matter 
(SOM) content, % Clay, pH – (Donov et al., 1974).

The data analysis was carried out with Statistica software Version 5.0 for Win-
dows. A multivariate statistical analysis (Principal component analysis - PCA) was 
applied (Varimax rotation) on data obtained for soils.

Total content of heavy metals was determined in extracts of Aqua regia (ISO 
method 11466) by an AAC. The heavy metal contaminations are estimated accord-
ing government norms of accessible thresholds (AT) for harmful substances in soils: 
precautionary concentration (PC); maximum accessible concentration (MAC); in-
terventional concentration (IC) - Government Decree N3 (State gazette N71/1.08. 
2008). Total content of heavy metals were determined were determined in extracts 
of Aqua regia (ISO method 11466) by atomic absorption spectrophotometry (AAS). 
The heavy metal contaminations are estimated  according government norms of ac-
cessible thresholds (AT) for harmful substances in soils:

precautionary concentration (PC); maximum accessible concentration (MAC); 
interventional concentration (IC) - Government Decree N3 (State gazette N71 / 
1.08.2008).

RESULTS AND DISCUSSION

The main soil characteristics in sampling plots under oak species are present-
ed in Table 2. The upper layers of soils from Borisova gradina are characterized as 
neutral in acidity (pH ~ 6.6), slightly sandy-loam to medium sandy-loam in texture 
(Clay ~ 26-32%) and medium colloidal in their absorption ability (CEC8.2 ~ 30-20 
cmol/kg). According to their lighter texture these soils are considered as rich in soil 

Table 1
Vegetation characteristics of studied sample plots

Sample plot Origin Ages
 (yrs)

Canopy
 (%)

Height
(m)

Number of 
trees/ha

Diameter 
(cm)

Grass 
cover %

Borisova 
gradina Plantation 90 85 22 1540 18.4 9

Control Coppice 50 80 17 1620 17.0 6



61

organic matter content (SOM). Soils from Control plot – Drumsha in the upper lay-
ers are slightly acid (pH ~ 6.0), heavy loam (Clay ~ 45-70 %) in texture with high 
cation exchange capacity (CEC 8.2 ~ 48-38 cmol/kg). These soils are heavy and rich 
in soil organic matter (SOM) content.

Table 2
Soil characteristics of sampling plots under oak species

Sampling plot pH Clay
%

CEC8.2
cmol/kg

SOM
g/kg

Borisova gradina
Anthrosols

0-5 cm 6.65 26.54 30.04 45.0
5-10 cm 6.50 28.57 26.06 36.8
10-20 cm 6.60 32.72 27.01 27.4

Drumsha
Chromic Luvisols
(WRB, 2006)

0-5 cm 5.95 45.49 48.37 61.3
5-10 cm 6.15 69.96 42.63 45.6
10-20 cm 6.00 52.43 38.92 32.2

Heavy metals that have been studied are Pb, Cd, Zn, because they are the main 
pollutants in urban environment of Sofia - determined by PCA (Doichinova et al., 
2006), Table 3.

Table 3
PCA analysis based on total contents of elements. Component matrix

Variable Factor 1 Factor 2 

Cu 0.73 -0.37
Zn 0.62 0.46
Pb 0.08 0.73
Cd 0.17 0.64
K 0.73 0.28
Na 0.49 0.12
Fe 0.62 -0.58
Mn 0.01 0.42
Mg 0.60 -0.51
Ca 0.73 0.08

Percent variance 26.0 22.0

Pb and Cd were defined as tracers of anthropogenic pollution (dominant 
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weights in Factor 2), and Zn was identified mainly as litho-(pedo-)-genic origin 
(with high weight in Factor 2).

Average concentration of heavy metals in soils from central part of Borisova 
gradina and forest stand near Drumsha, and background values for the soils of Sofia 
region (mg/kg) according some authors are presented in Table 4.

Table 4
Average concentration of heavy metals (mg/kg)

Element
Borisova gradina 
Doichinova et al. 

(2005) 

Drumsha 
Doichinova et 

al. (2005) 

Borisov, Tchulzian 
(1991)

(Chromic Luvisols)

Atanassov et 
al. (2002)

Zn 35.5 ± 9.3 130.5 ± 24.1 65 94
Pb 27.5 ± 6.60 58.0 ± 5.09 20 42
Cd 0.5 ± 0.1 0.4 ± 0.1 - 0.25

The geochemical enrichment for all soil profile toward the parent materials of 
the plot near Drumsha was established (Doichinova, 2006). 

In the same time Borisova gradina is located next to ‘Tharigradsko shosse’, 
a road with high traffic intensity, a typical linear source of pollution of soil with Pb, 
Zn and Cd (Bratanova-Dontcheva, 1988). In order to clarify the role of tree vegeta-
tion for the reduction of soil contamination, the heavy metal contents were analyzed 
in direction from the road towards forest stands. The results for the park and for the 
control plot are given in Table 5.

Table 5
Heavy metals content in soils under oak ecosystems in dependence on the distance from the road

Distance
(m, description)

Zn
mg/kg

Pb
mg/kg

Cd
mg/kg

Borisova gradina
1 (periphery) 85.50 259.74 0.90

10 (into the center of park) 54.10 103.51 0.40
30 (into the center of park) 43.10 52.82 0.35
80 (into the center of park) 42.88 37.36 0.35

Control – Drumsha
1 (meadow) 265.25 134.18 0.62

70 (periphery) 227.56 112.15 0.54
100 (30m inside the forest) 195.81 87.36 0.23

The data confirmed the contamination of soils with Pb, Zn и Cd due to road 
transport. The great excess over PC for Pb (1 m forest – 4 fold over; 10 m forest – 2 
fold over) in Borisova gradina; (1 m meadow – 3 fold over; 70 m meadow – 2 fold 
over; 30 m forest after meadow – 0.5 fold over) in Drumsha was established. For 
Cd (1 m forest – 2 fold over) in Borisova gradina; (1 m meadow – 0.1 fold over) in 
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Drumsha were also established. There was slight exceeding of MPC for Pb at 1 for-
est – in Borisova gradina. 

In eastern direction, next to ‘Tzarigradsko shosse’, where the samples were 
taken, the forest stand in Borisova gradina is with high dense and height (Table 1) 
and with high percent of coverage of undergrowth (~ 90%), that affects the dis-
tribution of contaminants. Up to 30 m from the periphery of park the determined 
reduction in the heavy metals contents was as follows: Pb - 80%, Cd - 61%, and Zn 
- 50%. At a distance of 80 m the average values for the soils of the Park are already 
reached. The reduction of heavy metal content in soils almost linearly decreases 
with increasing of the distance from ‘Tzarigradsko shosse’ boulevard. The sharpest 
decline is determined for Pb content.

Similar results were obtained in another study about Borisova gradina 
(Bratanova-Dontcheva, 1988) – sampling plots were near TV tower of Sofia In this 
research, at 20 m distance from the boulevard heavy metal content decreased mark-
edly (~ 40 % for Pb), while at 100 m no pollution of soils with heavy metals was 
detected. Similar were the data about soil contaminations with Pb и Cd, in depen-
dence on the distance from the road with intensive traffic in National Garden and 
Areos Park - Athens (Chronopoulos et al., 1997). The authors established that where 
the forest stands were lower in height and density in the periphery of the park, in 
comparison with the center, reduction was observed. At a distance of 60 m inside of 
the park, practically the background concentrations were reached. Fifty meters strip 
of soil contamination in upper layers was pointed by Gentcheva (1995), in study of 
soils from urban forest parks in Sofia. 

The data for Borisova gradina were compared with those from Control – 
Drumsha, where the forest stand had the similar characteristics (Table 1), with same 
percent of coverage of undergrowth (~ 90%). The main difference was that the forest 
plantation in Borisova gradina is right next to ‘Tzarigradsko shosse, while the for-
est of Control plot starts after grassland at the distance of 70 m from the road Sofia 
– Petrohan. For it, at 70 m distance in the meadow, in periphery of the forest, the 
reduction of heavy metals is as follows: Pb -17%, Cd and Zn -13% from the contents 
measured right next to the road (1 m). At 100 m distance from the road, which in 
fact is 30 m inside the forest stand of control, the reduction is well expressed and the 
values obtained are: Pb - 35%, Cd - 63% and Zn - 25%. At 30 m in forest stand, the 
reduction of Pb is already 22%, Cd – 57%, Zn - 14%, i. e. much higher than at 70 m 
of grassland.

The results from additional research on SP from urban land uses: are presented 
in Table 6. There were clearly estimated the elevated contents of Pb and Zn (from 1.5 
to 2 time more) in soils under grass cover (SP 2) in comparison with soils under alley 
tree stands (SP 1). The differences in total CEC and SOM content – soil properties 
determine in great extent the behaviour of heavy metals in soils, are mathematically 
mutually compensated. In SP2 the riches of fine roots and grass vegetation cover is 
expressed by almost doubled contents of SOM, although CEC is double smaller in 



64

comparison with SP1. This means, a lighter texture and smaller participation of clay 
in formation of the total absorption surface of soil colloids (organic and mineral) in 
SP2. Heavy metals might be absorbed (non-specifically or specifically) on the sur-
face of soil colloids, and/or form with these colloidal substances more or less stable 
complexes in the top soil layers. The role of quality and quantity of SOM (different 
under tree and grass cove) remain of a great interest.

Table 6
Soil characteristics and heavy metal distribution in depth under tree (SP1) and grass

(SP2) cover

Depth
cm

Clay
%

pH
CEC 8.2
cmol/kg

SOM
g/kg

Zn
mg/kg

Pb
mg/kg

SP 1
0-10 23.4 6.8 43.8 16.4 75 50

10-30 20.1 6.4 42.0 14.5 75 48
30-50 17.5 6.5 39.1 12.0 65 40

SP 2
0-10 20.7 6.7 26.4 22.4 100 90

10-30 18.6 6.4 22.8 22.4 85 80
30-50 17.8 6.4 20.3 19.6 80 60

This reduction in heavy metal contents in soils under tree vegetation could be 
explained both by the forest tree capability to serve as mechanical barrier against 
contaminants emitted by traffic, and the presence of forest litter, which can accu-
mulate more heavy metals. There are studies (Doichinova, Sokolovska, 2005) on 
accumulation of heavy metals in different sub layers (L, F, H) of forest litter and 
in 0-5 cm depth of the soils for the two objects: urban (Borisova gradina) and non-
urban control (forest - Drumsha). In Fig. 2 are presented different interpretations of 
the data, which show higher accumulation of Pb and Cd in the forest litter (mainly in 
F and H) in comparison with soil layer 0-5 cm.

The reduction of heavy metals content in soils is in dependence on dif-
ferent capability of tree species to accumulate heavy metals (Kabata Pendias, 
Pendias, 1992). Oak species were put up in the group of persistent species to-
wards heavy metal contaminations (Geliaskov et al., 1986). In this relation, 
working on the matter of ash- and gas-capture abilities of different deciduous 
species (summer oak, red oak, horse chestnut, field ash, lime, birch) Dontcheva 
(1987) also recommended oak species for planting along roads in the territory of 
Sofia. In more recent studies use of Quercus ilex L. as bio-accumulator of heavy 
metals in urban environment has been recommended (Ugolinia et al., 2013). The 
current study on the soil contamination with heavy metals in dependence on the 
distance from the roads also shows good ability of oak species to capture heavy 
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metals and to localize them in soil in comparatively small distance from linear 
source of pollution.  

The role of density and structure may be clearly accounted for, if we compare 
the data for Zn, Pb и Cd contents in soils under oak plantation in the center of Bori-
sova gradina and the data under alley oak trees. Such comparison between heavy 
metal content in soils under dense tree stands and alleys plantations was performed 
using the following data:

Gencheva (1995) – Average concentration under Q. rubra – ‘Dondukov’ 
Blvd.

Zn - 379.2 mg.kg-1,  Pb – 282.8 mg.kg-1,  Cd – 3.6 mg.kg-1

Doichinova (2006) – Average concentration under Q. rubra – Borisova gradina 
Zn – 35.5 mg.kg-1,  Pb – 27.5  mg.kg-1,  Cd – 0.5 mg.kg-1.

In Borisova gradina under dense plantation heavy metal contents in soil are 
Zn -11%, Pb - 13%, Cd - 9% from the contents of these elements in soils under 
oaks of alley lines. Therefore the soils from inside of Borisova gradina are used in 
research studies as controls to assess the differences in anthropogenic load on soils 
from the territory of Sofia (Mankova, 1989; Gentcheva, 1995; Dontcheva-Boneva, 
2000; Gentcheva, Mankova, 2001). Peterson et al. (1996) also established consider-
able enrichment with heavy metals Pb, Zn, Cu in the upper layers of the soils located 
next to the roads in comparison with those in urban forest parks. Soils from urban 
forest parks have higher contents of Cu and Pb in comparison with the control native 
soils. This was also confirmed by Doichinova et al. (2005).

Fig. 1. Distribution of heavy metals in forest litter and soils from objects 
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CONCLUSION
 
On the basis of the results obtained the exceptional role of forest stands is 

highlighted for increasing the localization of heavy metal contamination in soils 
from traffics in comparison with open grass areas.

The dense tree stands established right to the roads play a role not only of a 
mechanical barrier for the contaminants suspended from automobile transport but 
also as accumulators of heavy metals by forest litter. The thickness of plantation, 
type and height of trees also influence the level of contamination. 

We confirmed that soils inside the urban forest parks could be taken as a con-
trol, in studying the degree of anthropogenic pressure and heavy metal contamina-
tion of soil in the city.
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