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Abstract 

Soil samples and aspen bark in the environs of Tomsk (Western Siberia) were studied in order to determine the concentration of 
atmospheric pollutants Pb, Cu, Zn and Cd. The results of the study indicated the absence of long-term entry of deposited heavy 
metals into the environment (soil) and possible zinc-cadmium pollution of a short duration (according to the study of  the bark of 
tree vegetation). 
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1. Introduction 
 
Anthropogenic impacts on territories adjacent to human settlements and businesses are usually characterized by 
deterioration in environmental quality. Due to this fact, the need for assessment and monitoring increases. It is 
important to monitor air quality, which is the major transport artery for pollutants. There are many air research 
methods, but one of the most accessible and widely used in different countries is the bioindicative method involving 
the study of samples of tree bark. Additionally, representatives of various families, genera, and species of plants 
may act as objects for study1,2,3,4,5. The use of bioindicators assumes relative ease in sampling and economy of the 
studies. The priority of method selection is associated with a high concentration of certain pollutants dispersed in the 
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air or deposited in rainwater, on bark6. No less important is the study of the storage medium, which may  serve as an 
indicator of the long-term state of natural systems and, additionally, is a source of heavy metals in trophic chains. 
Similar objects are soil organic matter, which is capable of binding and accumulates the bulk of pollutants coming 
from outside7, 8. 
There is information about scientific research of landscapes of the Western Siberia regions from the 17th century9 
and expressed orientation of environmental protection they acquire only at the end of the 20th century. In the study 
area government institutions, universities and industrial enterprises monitors the status of components of natural 
systems (including the atmosphere). The data obtained on the state of air basin usually relate to large settlements10, 

11, 12, 13, 14. Research geosystems components (in particular soil) are often applied nature15. The present work is 
performed in the fundamental traditions of the natural sciences and continues to researches carried out university 
staff in Tomsk16, 17, 18, 19. 
In 2008 researchers of Tomsk State University assessed the ecological state of natural systems within the Tomsk 
District of Tomsk Region, north of the regional centre – the City of Tomsk, whose geographic coordinates are 
56°30'N and 84°58'E. The area of the research is land of the southern taiga with coniferous-leaved moss-herbaceous 
and grassy forest mainly on rocks with light granulometric composition. It is located on the right bank of the River 
Tom below its confluence with the river Ob (Figure 1).  
Assessment of the impact of air pollutants was carried out on the basis of the study of the content of priority heavy 
metals (lead, cadmium, zinc and copper) in the bark of aspen and organic horizon zonals and their associated soils. 

 

 
 

Fig. 1. The researched area of natural complexes (black frame) Map of Tomsk region20 
 

2. Materials and Methods 
 
Laying the soil profiles was conducted by the route method, the main reference point in this area being the situation 
and noticeable changes in the mesa- and micro-relief and vegetation. The main sections are confined to the most 
typical elements of the relief where we may expect a change of soil within combinations or variations. Soil sampling 
was carried out according to international standards. Heavy metals were determined in twenty-five combined soil 
samples. 
The object of phytogeochemical sampling was aspen (Populus Tremula) – the most common forest tree vegetation 
in the researched area. Sampling of bark was conducted in July on separate trees, forest edges, etc.). On the site of 
sampling, 20 Ч 20 m, an aspen was selected with a trunk with the diameter of 18-20 cm, and also soil crust samples 
were taken at the height of 100-120 cm from the ground surface. In total, eight samples were taken. 
The total content of heavy metals (Zn, Cu, Cd, Pb) was determined with the use of inversion voltammetric analysis 
(FR.1.31.2004.00986) in the accredited hydrogeochemistry research laboratory of Tomsk Polytechnic University.  
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3. Results and Discussion  
 
The research showed that a large part of the area (32.2% of the total) was occupied by Umbric, Endoeutric 
Albeluvisols on light parent rocks (sandy loam and loamy). In addition, there was soil belonging to such abstract 
groups as Luvisols, Histosols, Gleysols, Fluvisols. The averaged laboratory data resulting (Table 1) generally 
indicate a slight acidity of the environment, low content of organic carbon, and light soil texture. 
 
Table 1. Some characteristics of the researched soil 
 

Characteristic The arithmetic mean 
(mg/kg) 

Min Max Моde Coefficient of 
variation (%) 

Mass concentration of 
heavy metals mg/kg 
(ppmw) 

Pb 0,97 0,27 5,27 1,05 115,35 
Cu 0,74 0,10 2,11 0,79 75,02 
Zn 2,62 0,48 8,57 2,81 90,32 
Cd Level of significance <0,05 

pH (H2O) 5,92 4,53 6,82 5,86 8,99 
Organic carbon, %* 1,50 0,37 6,72 1,58 85,43 
Sum of size fractions <0.1 
mm, %* 

20,75 6,65 41,20 21,25 43,20 

* - features of Histisols were not considered 
 

The level of accumulation of some heavy metals in soils when compared with the average content in the soils of the 
world and the researched region shows extremely low values of the studied elements (Table 2). 
 
Table 2. The average content of the researched elements in soils, mg / kg 
 
Elements Soils of the world Soil of Tomsk 

district/region16 By A. Vinogradov16 

 
Brian J. Alloway21 Kabata-

Pendias8 
Pb 10 25 25 17 / 18 
Cu 20 14 20 51 / 50 

Cu, sandy soils n/d* n/d 13 n/d 
Zn 50 62 63 65 / 73 

Zn, sandy soils n/d n/d 46 n/d 
Cd 0,5 n/d 0,5 n/d 
* - no data 

 
In general, natural light acidic soils are characterized by low values of heavy metals (Kabata-Pendias, 2007). In view 
of this fact we can conclude that there is no contamination of the given component of the landscape by the 
designated pollutants, which is related to the conditions of soil formation and functioning. Thus, the researched soils 
could well serve as a background for soil bodies close to them on the main characteristics (humus, granulometric 
composition, pH).  
A somewhat different picture emerges when comparing the content of Cu, Zn, Cd and Pb in the bark of tree 
vegetation and their average content in terrestrial plants and the natural landscape, as in the example (Table 3). 
For all four elements it was significant that the average values were exceeded several times (from 1.7 to 8), 
moreover the maximum excess is characteristic for cadmium, one of the most dangerous elements for living 
organisms. 
Despite the wide use of the method, there are no clear scales for such studies that would allow us to make definite 
conclusions about the excessive accumulation of air pollutants on bark. 
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Table 3. Concentrations of heavy metals in plants and their organs, mg/kg 
 

 
Elements 

Aspen bark Populus Tremula of the researched landscapes Terrestrial 
plants by  

V. Kowalski22 

Pine bark23 

Arithmetical 
mean 
(Х) 

Min Max Mode 
 

Coefficient 
of variations, 

% 
Pb 0,46 0,31 0,61 0,46 27,65 0,27 0,3 
Cu 2,66 2,31 3,00 2,66 11,69 1,40 2,0 
Zn 36,38 25,20 47,20 36,42 26,73 10,00 n/d 
Cd 0,48 0,35 0,69 0,45 31,39 0,06 n/d 

 
The method is mostly applicable to urban areas, and the comparison of values is usually done relative to each other 
and to the background portion selected by the researchers, in connection with the fact that the background can also 
be very different from the average date for terrestrial plants. For example, T. El-Hasan et al.2 and B. Kord et al.5 
demonstrated as the values of background (control) for the cities of Amman (Jordan) and Tehran (Iran), the 
following values (ppm): Pb = 22.6 and 19.74; Cu = 2.4 and 3.5; Zn = 14.8 and 2.14; Cd = 0.137. In connection with 
this, we can assume that for lead and copper the excess relative to the average content in terrestrial plants is not very 
large (max 1.7-1.9 times). But for zinc and cadmium it is more significant (3.6-8 times), allowing us to talk 
conventionally about zinc and cadmium pollution, possibly of a short-term nature, as soil is not evidence of long-
term entry of air pollutants. The published data on the study of surrounding areas confirm the possibility of Zn-Cd 
pollution in proximity to the northern industrial hub of Tomsk city with prevailing winds in a southerly direction, 
having its orientation from the aggregation of industrial facilities to the researched landscape. 
There is the question about the scattering of air pollutants at their obvious presence and absence in the surface soil 
horizons. The main mechanism of transmission of air pollutants from vegetation to soil is leaching precipitation24 
and intake with litter. According to studies, the activity of water migration of heavy metals in the forest area is 
significant25. It is known that the basic geochemical barriers for heavy metals in soils are organic matter and heavy 
fractions of the mineral component, with which they form complexes26. However, presented objects are 
characterized by low amounts of organic matter and high content of light grain-size components (Table 1). Acidic 
medium of soil promotes activization of the migration ability of these elements24, 27, which eventually leads to the 
removal of them in subordinate positions or geochemically involves in the further biological cycle. 
 

4. Conclusion 
 
The studied soil body as a storage medium indicator of air pollution is characterized by the absence of pollutants, 
due to their insignificant entry to the researched landscapes and soil characteristics that are unfavourable for their 
accumulation. 
The composition of tree vegetation bark demonstrates possible zinc-cadmium pollution with an atmospheric genesis 
that may be a consequence of the geographical location of the researched area relative to the industrial hub of 
northern Tomsk, with prevailing winds in a southerly direction, having an orientation from the aggregation of 
industrial facilities to the researched landscape.  
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