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The aim is this study to find the best vegetable bio indicator of technogenic pollution of soil in Moscow region. The 
methodic of making soil-biogeochemical research is based on the following principals. The soil is the main accumulating 
medium for the metals–polluters. The metals-polluters accumulate in the upper part of the humus horizon in the depth of 5-
10 cm. When the degree of the pollution of the soil increases, the absorption of the polluters by plants also increases. The 
territory was divided in three parts. Plant and soil samples were taken on each out of each life form, if possible from the 
same species. 55 samples of plants and 30 soil samples  were taken from territory of  natural park “ Bitsevsky forest”. They 
were analyzed in the geochemical laboratories of Moscow State University of Lamonosov by Atomic Absorption 
spectrophotometry. The occurred values were compared with background concentrations of the corresponding metals. 
Laboratory information of concentrations of metals in separate vital forms of plants and comparative biochemical analysis let 
us to identify the best Eco biochemical bioindication. Conclusions are Concentration of zinc, copper, lead, partially nickel, 
and also the sum of metals increases among tree ground<shurb ground<grass ground<mosses ground. The maintenance of 
heavy metals as a part of mosses in direct ratio to the maintenance of heavy metals in soil on which they grow. The moss 
ground is the best bioindicator of technogenic pollution of soils. 
 
Keywords - Bioindicator, polluted soils,Moscow, technogenic pollution,Mosses ground, Atomic Absorption Method 
 
I. INTRODUCTION 
 
Technogenic pollution is one of the popular 
ecological pollution nowadays. Industry revolution 
and technological developments may results 
technogenic pollution in urban life. One of the 
mission of Ecologist is to stimulate awareness of  
human population  on this topic. Bittsevskiy 
NaturalPark is located in South-Western 
administrative district of Moscow. The length of the 
park from north to south - 10 km from west to east - 
3-6 km. Park Area - 2 300 hectare. It is located 
between Sevastopolsky Avenue and Neighborhood 
Chertanovo in the upper river Gorodnya and 
Chertanovski.The area where the natural park 
«Bitsevsky forest» - one of the most interesting in the 
suburbs. The original beauty of its nature. The 
complex geological structure, a dense network of 
rivers, creeks and numerous ravines and beams. It 
presents almost all the diversity of forest near 
Moscow suburbs (conifers - spruce and pine, 
deciduous - oak,  birch, aspen, gray alder, and black 
alder). 
 
Studying heavy metal accumulation  in living things  
is  important because of  their  functions as  trace 
elements in nutrition, but also  because  they are the 
main  inorganic  components  of  technogenic  
pollution (1).The purpose of the study is to find the 
best vegetable bioindicator of technogenic pollution 
of soil in Moscow region. Study  is directed on 
detection of heavy metals  consisting of Copper, Zinc, 
Cadmium, Lead and Nickel those  are the main 

pollutants in toxic soil.  Natural park “ Bitsevsky 
forest”was chosen for this study because it consists of  
identical structure of vegetation and it is one of the 
biggest recreational area of Moscow city population .  
Therefore, soils in natural park regularly under  
pressure of technogenic pollution.(2)  According to 
accepted  complex ecological program, the decisions 
are the restoration of the green planting, replanting 
areas within the boundaries of city,  preserve the 
natural complexes containing special nature-
conservation, scientific, cultural, historical, 
recreational areas in Moscow region (3). Plants are 
considered reliable indicators of the environmental 
pollution with toxic substances because they are 
forced to adapt to stress through physiological, 
biochemical and anatomical and morphological 
alteration(4) .Despite certain limitations stemming 
from abiotic and biotic factors, the use of mosses is 
still one of the best methods available to estimate the 
trace element burden in the environment (5). 
 
II. DETAILS EXPERIMENTAL  
 
2.1. Materials and Procedures 
The methodic of making soil-biogeochemical 
research is based on the following principals. 
1-The soil is the main accumulating medium for the 
metals–polluters. 
2-The metals-polluters accumulate in the upper part 
of the humus horizon in the depth of 5-10 cm. 
3-When the degree of the pollution of the soil 
increases, the absorption of the polluters by plants 
also increases.  
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Plant samples are collected and  placed in labeled 
plastic bags.Leaves of plant samples were washed 
and dried at room temperature and brought to 
constant weight in an oven at the temperature of 60 
C.The samples were packed in a labeled papper 
bags.Heavy metals (Cu,Zn,Cd,Pb and Ni) 
concentration in plant samples were analyzed in 
geochemical laboratory of Moscow State University 
of Lomonosov  by atomic absorbtion spectrometry 
using `QUANTA-2A` (KORTEK, Moscow) 
equipped with deuterium corrector of nonselective 
absorbtion and relevant hollow cathode lamps; 
analysis of heavy metals in the samples was carried 
out in accordance with standardized method (10). 
As in soils, plants, consisting of the natural park 
«Bitsevsky Forest» considered concentrations of 
copper, zinc, lead, cadmium and nickel. As a standard 
for assessing the degree of concentration of chemical 
elements in plants of the natural park used the data of 
V.V Dobrovolsky of the contents of trace elements in 
vegetation over the world. It is shown in table 1 (11). 
 

Table 1. Contents of trace elements in vegetation over by  
V.V.Dobrovolsky. 

Elements Average contents, 1 ∙10-4%  
in ash in the dry   

phytomass 
in the living           
phytomass 

Copper 200 10 3,2 
Zinc 1000 50 20 
Lead 50 2,5 1 
Cadmium 0,1 0,005 0,002 
Nickel 40 2 0,8 

 
III. RESULTS AND DISCUSSION 
 
55 samples of plants and 30 soil samples were taken 
from territory of natural park “Bitsevsky forest”. 
They were analyzed in the Geochemical Laboratories 
of Moscow State University of Lamonosov. 
 
3.1 Plant Sample Analysis 
Plants are an intermediate link in the chain of «soil-
plant-animal-man», and many are able to accumulate 
heavy metals in tissues or on the surface of individual 
bodies.  The main source of chemical elements in soil 
and plants are, in general, the chemical composition 
of plants depends on the composition of the soil. 
Plants selectively absorb essential elements in 
accordance with the physiological and biochemical 
needs(12,13). The concentration of chemical 
elements in plants are examined in following grounds 
of the natural park : Tree, shrub, herbaceous, and 
moss.  
3.1.1. Tree ground. 
Chemical composition of wood plants is 
characterized on the example of leaves of a linden 
(Tilia chordata).It isexplained in table  2. 
According to  table 2, leaves of wood plants in  
Natural park contains  copper and Zinc  less than  dry 
phytomass . Concentration of  lead  is equal. 

Concentration of nickel  2-5 times, concentration of 
cadmium 40-60 times much more in woody plants of 
National Park. The difference in potential 
technogenic load of wood plants between central and 
peripheral parts of the park  is not effected 
concentration of heavy metals . The existing 
territorial differentiation of chemical elements, 
including the amount of the metals  in the dry 
phytomass of plants is not significant and statistically 
unreliable  

 
3.1.2. Shrub Ground. 
The chemical composition of shrub plants is 
estimated by the example of leaves and small 
branches of filbert (Corylus maxima), the most 
common species of shrubs in the park . It is shown in 
table 3 and figure 2. In comparison with wood plants, 
shrubby plants are characterized by a wider range of 
the absorbed elements: lead, cadmium, nickel and, 
partially, zinc and copper. Concentrations of most of 
these elements in tens of times (e.g. for cadmium) is 
greater than the dry phytomass of the continents. 
Concentration of Heavy metals like zinc, lead, 
cadmium and copper increased in plants of a northern 
part of the park. Apparently, the plants which are 
living in the north of the Natural park and, thereby, 
being closer to the downtown, are under high 
technogenic pressure. The only exception is nickel 
concentration in the plants living in south is slightly 
increased (Fig. 2). In general, the concentration of 
zinc, nickel and the amount of metals in shrub plants 
in the central part of the park is slightly lower than in 
the areas adjacent to Sevastopol Avenue and Moscow 
Automobile Ring Road (MKAD ). 

 

Fig.1 Territory differentiation of chemical 
elements in  the tree ground
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Fig.2 Territory differentiation of chemical elements in the 
content of the shrub ground
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3.1.3. Herbaceous ground. 
The Kashubian buttercup(Ranunculus cassubicus) 
and a hairy sedge (Carex pilosa) are the most 
widespread and ubiquitous  species of grassy plants in 
the territory of the park . It is shown in table 4 and 
figure 3. 
The concentrations of copper and lead in these 
herbaceous plants are lower, cadmium and nickel are 
higher than in the phytomass of the continents. The 
zinc content in this case is approximately the same. 
Concentrations of nickel and zinc, as well as the 
amount of metals in the composition of Ranunculus 
cassubicus, increasing in the northern and southern 
parts of the park more than in the central part of the 
park.  Concentration of lead and copper, on the 
contrary, from the North to the south gradually 
increases (fig.3). In the structure of another 
herbaceous plant, hairy sedge (Carex pilosa), the 
behavior of the chemical elements is completely 
different: the concentration of zinc and the sum of 
metals from north to south are steadily decreasing. 
According to the content of other elements in  hairy 
sedge (Carex pilosa)pronounced territorial 
differentiation it is not observed (fig. 3).Thus,  the 
impact of technogenic stress   very weakly effected  
chemical composition for grassy plants. 
 

 
3.1.4. Mosses Ground.  
In relation to technogenic pollution of soils, mosses 
as a part of vegetation holds a specific place. It is 
determined by the distribution of the rhizoid system 
of mosses in the uppermost layer of the soil, where 
metal-pollutants predominantly accumulate. Thus, the 
chemical composition of mosses  reflects the 
chemical composition of technogenically polluted 
soils on which they grow. 
This assumption is fully confirmed by the data in 
table 5 and figure 4. The average content of all the 
elements considered in the mosses is tens and 
hundreds of times greater than in the dry phytomass 
of the continents. This indicates a high average level 
of man-made pressure on the territory of the Natural 
Park in general. 

Generally  a high level of anthropogenic pressure on 
the whole territory, the level of zinc concentration 
and amount of metals in the moss layer is allocated 
the Northern part of the Park. The mosses growing in 
a northern part of the park accumulate metals 2 - 3 
times more  than mosses  growing in the central part 
of the park.  In the Moscow Automobile Ring Road 
(MKAD ) zone, metals concentrations are slightly 
lower than in the north of the park, but 1.5 - 2 times 
more than in the center.  The mosses  are growing  
MKAD  zone  have more concentration of lead, 
cadmium and copper  than mosses are growing in the 
central and northern parts of the park, (fig. 4). 

 
RESULTS 
 
According to analysis of the chemical composition of 
different plant  forms on the territory of the Natural 
Park "Bittsevskiy Natural park" shows the presence 
of a certain relationship between the level of 
technogenic pollution on the ecosystems of the park 
and the biological absorption of chemical elements 
Generally, in areas affected by transport highways, 
plants concentrate more chemical elements than in 
the central part of the park.   
 
According to obtained data we can  conclude about 
plants of national park:   
-Heavy metals  concentration  gradually decreases 
from north to south. 
-Concentration of zinc, copper, lead, partially nickel, 
and also the sum of metals increases among tree 
ground<shurb ground<grass ground<mosses ground. 
-The mosses ground is the best bioindicator of 
antropogenic pollution of soil. This pattern is 
especially characteristic for zinc, copper, lead, 
partially nickel, and also for the sum of metals (Fig. 
5). Apparently , capturing of chemical trace elements  
in deep soil gradually decrease while capturing of 
chemical element gradually increase closer the 
surface of soil that mostly influenced by technogenic  
pollutants,  in all mentioned life forms of plants.  

Fig.3 Territory differentiation of chemical elements in the content of  
grass ground
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Fig.4 Territory differentiation of chemical 
elements in the content of the moss ground
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CONCLUSIONS 
 
Our hypothesis was during the decrease of the depth 
of absorbing chemical elements from the soil, the 
concentration of heavy metals in plant organs 
increases. Consequently, the highest concentration of 
the metals must be in the moss ground; mosses can be 
used as the bioindicators  of technogenic pollution of 
soil. We found some research findings that support 
our hypothesis. Concentration of zinc, copper, lead, 
partially nickel, and also the sum of metals increases 
among tree ground<shurb ground<grass 
ground<mosses ground. The maintenance of heavy 
metals as a part of mosses in direct ratio to the 
maintenance of heavy metals in soil on which they 
grow. The moss ground is the best bioindicator of 
antropogenic pollution of soil. We also found some 
previous research finding about mosses in differenet 
countries. Such as mosses are particularly useful in 
evaluating environmental conditions that are being 
constantly modified by humans for several reasons. 
For instance, mosses lack a cuticle and a vascular 
system, which causes them to accumulate metals 
passively, acting as ion exchangers (6,7). Also, they 
are broadly distributed, and occur in both clean and 
industrial areas (5,8,9).  

So It is expedient to use the results of our study in 
ecobiochemical researches in nature areas of the city  
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Table 2. Contents of chemical elements in the leaves of linden (Tilia chordata) 

Observation 
points 

Part of the Park  
Cu(10,0) 
 
 

 
Zn(50,0) 

 
Pb(2,5) 

 
Cd(0,005) 

 
Ni(2,0) 

 
The 
amount 
of metals 

9.1  
Central 

8,1 24,2 2,6 0,17 11,3 46,37 
10.1 7,1 30 1,9 0,23 8 47,23 
10.2 6,7 36,9 1,9 0,17 5,6 51,27 
11.3 7,2 65,9 2,5 0,22 12,5 88,32 
Average arithmetic 
concentration 

7,3 39,25 2,2 0,2 9,4 58,3 

16.1  7,2 29,2 2,3 0,2 6,3 45,2 

Fig.5 The grades of the absorption of chemical 
elements by the plants of different grounds
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16.3 Southern 7,1 29,4 2,2 0,2 7,7 46,6 
16.5 5,0 19,9 1,4 0,23 4,6 31,1 
Average arithmetic 
concentration 

6,4 26,2 2,0 0,2 6,2 41,0 

30.1  
Northern 

10,2 30,1 4,5 0,5 7,8 62,1  
30.3 6,3 27,7 1,8 0,2 7,4 72,3  
30.5 5,8 39,3 1,9 0,23 7,8 78,6  
Average arithmetic 
concentration 

7,4 32,4 2,7 0,31 7,6 71,0 
 

 
 

Table 3: Contents of chemical elements in leaves and branches of filbert (Corylus maxima) 
Observation 
points 

Parts of the 
Park 

 
Cu(10,0) 

 
Zn(50,0) 

 
Pb(2,5) 

 
Cd(0,005) 

 
Ni(2,0) 

 
The 
amount of 
metals 

9.1  
 
Central 

9/6,2 32,2/30,4 4,4/1 0,19/0,1 9,7/4,4 55,5/42,1 
10.1 7,4 39,0 3,5 0,14 9,3 59,3 
10.2 6,3/5,9 23,4/63 2,9/5,1 0,07/0,23 8/4,8 40,7/79 
11.1 6,4/5,3 29,2/36,8 2,7/2,6 0,08/0,15 7,6/4 46/48,8 
11.3 7,9/6,8 30,5/36,4 2,9/2 0,08/0,12 6,6/2,8 48/48,1 
Average arithmetic 
concentration 

7,4/6,1 30,9/41,6 3,3/2,7 0,11/0,15 8,2/4 49,9/54,2 

16.1  
Southern 

2,7/6,2 43,7/42,7 3,9/2,5 0,09/0,19 10/6,9 60,4/58,5 
16.3 7,2 28,6 2,5 0,06 14,2 52,6 
16.5 6,4/4,3 37,4/43,1 2,8/2,1 0,11/0,23 9,9/6 56,6/55,7 
Average arithmetic 
concentration 

5,4/5,2 36,6/42,9 3,1/2,3 0,09/0,21 11,4/6,4 56,5/57,1 

30.1  
Northern 

12,8/9,5 71/133,8 4/4,4 0,25/0,16 7,3/7,5 95,4/155,4 
30.3 8,8 46,0 4,8 0,16 13,7 73,5 
30.5 6,7/6 53,9/53,4 5/2,5 0,12/0,21 6,9/5 72,6/67,1 
Average arithmetic 
concentration 

9,4/7,2 57/93,6 4,6/3,4 0,18/0,18 9,3/6,2 80,5/111,2 

 
Table 4. Concentrations of chemical elements in the buttercup (Ranunculus cassubicus)  and hairy sedge (Carex pilosa) 

Observation 
points 

Part of the park  
Cu(10,0) 

 
Zn(50,0) 

 
Pb(2,5) 

 
Cd(0,005) 

 
Ni(2,0) 

 
The 
amount of 
metals 

9.1  
 
Central 

5,2/11 53/53,7 2,2/2,4 0,22/0,23 9,4/6,7 70/74 
10.1 6,1/9,2 60,7/42,7 1,6/1,3 0,16/0,17 10,7/4,1 79,3/57,5 
10.2 6,1/13 63,7/61,7 1,7/0,2 0,18/0,21 12/6,2 83,7/81,3 
11.1 9,4/14,5 71,4/62,1 2,5/0,9 0,3/0,16 13,2/6,2 96,8/83,9 
11.3 7,6/7,7 32,3/35,3 2/1,8 0,1/0,08 4,3/1,8 46,3/46,7 
Average arithmetic 
concentration 

6,9/11,1 56,2/51,1 2,0/1,3 0,2/0,2 9,9/5 75,2/69 

16.3 Southern 7,3/6,6 67,5/35,4 2,1/1,2 0,32/0,23 15/3,2 92,2/46,6 
30.1  

Northern 
5,5/8,1 60,7/62,6 1,8/3,8 0,13/0,12 11,1/3,1 79,2/77,7 

30.3 –/8,3 –/84,4 –/1,8 –/0,3 –/5,4 –/100,2 
30.5 6,3/7,4 73/32,2 1,7/2 0,16/0,07 14,3/2,6 95,5/44,3 
Average arithmetic 
concentration 

5,9/7,9 66,8/59,7 1,8/2,5 0,14/0,16 12,7/3,7 87,4/74,1 

 
Table 5. The concentration of chemical elements in the mosses 
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Observation 
points 

Part of the park  
Cu(10,0) 

 
Zn(50,0) 

 
Pb(2,5) 

 
Cd(0,005) 

 
Ni(2,0) 

 
The 
amount 
of metals 

9.1  
 
Central 

11,1 105,9 13,2 0,74 11,3 142,2 
10.1 18,4 101,1 32,3 0,67 9,4 161,9 
10.2 11,9 119,1 19,7 0,87 7,7 159,3 
11.1 10,0 60,5 11,6 0,52 9,7 92,3 
11.3 13,8 53,9 8,1 0,34 7,7 83,8 
Average arithmetic 
concentration 

13,0 88,1 17,0 0,63 9,2 127,9 

16.1 Southern 29,1 201,1 33,7 0,93 7,3 272,1 
16.5 15,5 145,9 33,2 1,01 7,4 203,0 
Average arithmetic 
concentration 

22,3 173,5 33,4 0,97 7,3 237,5 

30.3 Northern 17,1 159,6 18,3 0,54 13,1 208,6 
30.5 11,2 359,4 11,2 0,36 8,37 599,5 
Average arithmetic 
concentration 

14,2 259,5 14,8 0,45 10,7 404,0 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 


