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Abstract 
The content of heavy metals in different structure elements from aboveground phytomass and of some tree 

species on the mining rock within the Steppe of Ukraine was analyzed. The investigation values of aboveground 
phytomass for experimental cultures on the recultivation plot were better than for those growing on the mine rock. 
Heavy metals accumulation by the functional parts of plants largely depended on soil or substrate contamination rate. 
The concentration of manganese decreased in the leaves of the trees in the reclamation site in comparison with the trees 
grown on the mine dump. 
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Introduction 

 
Western Donbass is a powerful coal-mining region. High rates of its industrial and economic 

development cause environment anthropogenic transformation in the area over 12 thousand 
hectares. Every year dumping sites are replenished by more than 4 millions of cubic meters of mine 
rock (Kharytonov, 2007). In this regard using mine rocks for reclamation of subsided areas and 
building of dams is considered. 

The wastes stored in tailings and heaps are subjected to continuous erosion processes and 
chemical reactions releasing soluble metal compounds easily up taken by the biota. The metal 
removal rate is thought to be dependent on the filtering capacity of the waste materials as well as by 
waste material stability to the weathering process. 

It has postulated that the rocks and mud of the coal tailings spread all over the Western 
Donbas district contain trace elements of the first class of hazard (Kharytonov and Kroik, 2011). 
The greatest concentrations of metals correspond to the mine waste rocks and mud showing strong 
acidic reaction.  

Coping with a large number of sites with serious environmental and health impacts is 
complicated. Often the liable owners are missing or not willing to charge or afford environmental 
remediation especially in countries with more flexible directives. In some cases the government is 
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held accountable. But the huge financial liability attached to any systematic rehabilitation program 
represents a challenge that far exceeds the financial or organizational resources of any one regional 
actor. The situation is further aggravated by the lack of expertise required to take practical 
responsibility for dealing with sound reclamation of mine sites and the associated issues. 

Many years forest plantation creation in difficult soil-hydrological conditions was associated 
with the anthropogenic subsidence in areas of Western Donbass. The methods of forest restoration 
for lands disturbed by coal industry in the steppe zone of Ukraine were developed. Comprehensive 
study of forest ecosystems in etalon and reclaimed areas was conducted due to this. The forest 
restoration approaches were tested for anthropogenic landscapes resulting from: a) subsidence of 
the areas; b) changes in the hydrological regime or flooding; c) degradation of forest and 
agricultural land; d) degradation of soil and vegetation; e) emissions of saline mine water; 
f) intensive formation of industrial dumps; g) severe imbalance in food chain relations 
technogenesis. At the mine dump sites of the Wester Donabss in the technogenicaly negative forms 
of relief experimental-production forest restoration sites with a total area of 60 hectares were 
created.  

During last 40 years biogeocenological comprehensive study on the development of methods 
of phytomelioration on disturbed lands was conducted. In particular, study was dedicated to 
defining of optimal design of remediation layer, finding promising types of forest plants and 
forestry measures to improve the stability and durability of ecosystems on land restored after 
anthropogenic degradation (Travleyev, Belova et al., 2005).  

To evaluate the biogeocenlogic role and functional significance of plants in the process of 
restoration of disturbed lands, the physical and chemical properties of mine rocks and artificial soil 
of the remediation layer and their change during long-term remediation measures were monitored 
(Kharytonov, 2007). It was established that mine dumps are mainly filled with debris of the lower 
coal beds which originate form shallow seas of the Carboniferous Period. Without implementation 
of any remediation measures, territories occupied with such dumps will remain vegetation free areas 
for many years and will be the source of chemical pollution. Due to specific landscapes features it 
looks like "industrial desert".  

Lithological structure of the strata of rocks is quite variable  in some places more plastic 
rocks (clays, mudstones) dominate, in other fragile (sandstones, siltstones. In completely different 
hydrothermal conditions and atmosphere pressure and also under the impact of biological factors, 
rocks are rapidly eroded with generation of new chemical and biogenic products. These processes 
are 
trophy and aggregation, improvement of physical properties) or narrowing (self-consolidation of 
rocks redistribution of salts in the soil profiles, generation of sulfuric acid due to pyrite degradation, 
etc.). The process of mining rock oxidation (combustion) is intense rate due to physical and 
chemical weathering, under the exothermic reactions impact (Travleyev, Belova et al., 2005). The 
most common reactions are hydration, dehydration, hydrolysis, oxidation, dissolution and 
exchange. Pyrite in the interaction with oxygen and water is included in the following changes 
(Bilova et al. 2011) (formula 1): 

 
2FeS2 (pyrite) + 7 2 + 2 2  = 2FeSO4 + 2 2SO4, 

12FeSO4 + 6H2O + 3O2 = 4Fe2 (SO4)3 + 4Fe(OH)3,                                  (1) 
2Fe2(SO4)3 + 9H2O = 2Fe2O3 2O (limonite) + 6H2SO4. 

 
The results of research have revealed three main factors of toxicity in acid sulfide minesoils of 

Western Donbass are following: exchangeable Al, water-soluble Mn and Na (Kostenko, 
Opanasenko et al., 2012
concentration, time since dumping, dumping technique, and relief. In the range of pH from 2.96 to 
4.5, the mobile forms of Al suppress plant growth in the leached soils of depressions; the mobile 
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forms of Al and Mn suppress plant growth in the slopes of hillocks; the mobile forms of Al, Mn, 
and Na suppress plant growth in the soils of recently dumped and compacted mine wastes. 
Therefore transition from initially favorable rocks (in terms of forest substrate) to bad and all way 
around is possible.  

Many authors consider the evaluation of the state of assimilation apparatus of the trees as 
environmental monitoring tool, as it is directly connected to their environmental stabilization role 
preventing spreading of the pollutants in the environment (Dulama, Popescu et al., 2012, Kabata-
Pendias, 2011; Nik, Majid et al., 2011; Pietrzykowski, Socha et al., 2014). 

The aim of this study was to evaluate the specialties of accumulation of heavy metals by 

region.  
 

Methods of the research 
 

Experimental land reclamation station was established in spring 1976 in the minefield area of 
"Pavlogradskaya" mine. Rectangular shaped plot has total area of 3 hectares. The basis of the area 
was formed with thick layer (8 10 meters) of mine rock intercharged with various topsoil layers. 
Intensive deformations of the upper layers of the lithosphere and land subsidence with subsidy 
depth of 7 9 meters were registered. 

Two variations of artificial soil profiles with different bulk thickness of mine rock and topsoil 
were created on the surface of mine dump site. The list of described hereinabove artificially created 
soil profiles (types) (stratigraphy downward) include: 

 Type 1: mine rock; 
 Type 2: 0.5 m  loess; 0.5 m  sand; mine rock. 

The trees were strip planted across 2 different artificial soil profiles with width between rows 
2.5 meters and distance between plants in row from 0.75 to 1.5 meters.  

This paper presents investigational data on three plants: English oak, Silver birch and pear, 
which were planted on Type 1 and Type 2 soils. Samples of the plant which grew on the mine rock 
(techno soil). 

The object of this study were the compartments of the silver birch (Betula pendula Roth.), 
English oak (Quercus robur L.) and European pear (Pyrus communis L.). 

The determination of metals concentration in the technosoil was conducted employing method 
of the plasma Optical Emission Spectrometry (ICP-OES) on the spectrometer Technologist 5100 
(Agilent) with inductively connected plasma. Samples of the plants were crushed to the powder 
state and after the batch of the plant material (0,3 g) was put into chemical flask and 10 ml of 
concentrated HNO3 and 2 ml of 30 % H2O2 were added and mixture was resting for 1 hour. After 
that, acid solution was filtered and analyzed for the metal content. Analysis for the heavy metals 
was performed in the University of Girona, Spain. 

 
Results and discussion 

 
Mine rock was defined as unfavorable in their texture properties: with excessively large 

plasticity, significant shrinkage ability, high stickiness, significant coherence and low wear rate. 
Considerable variation of characteristic which are typical for artificial soil of remediation layer 
indicates the heterogenity of these substrates, diversity of properties that can be attributed to the 
time and place of coal mining, waste rocks storage conditions, etc. 

Mine rocks water-physical properties. The data on mine rocks volumetric, specific mass 
density and porosity are shown in the table 1.  
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Table1. Mine rocks water-physical properties 

 Meaning Volumetric density, g/cm3 Specific density, g/cm3 Porosity, % 
1. Average 1,64 2,52 34,78 
2. Min 1,55 2,43 33,20 
3. Max 1,75 2,69 36,21 
4. SD 0,1 0,15 1,23 

It is obviously that mine rocks have high volumetric, specific mass density and porosity. 
Meantime, during intense oxidation and weathering of rocks, water-physical properties or those are 
improved. The surface of mine rock reclamation areas often forms water-retaining layer that 
optimizes significantly conditions for plants development on artificial topsoil of different types. 

Artificial soil profile acidity and salinization. Analysis of the sulfur content in rocks on 
reclamation areas indicated that amount of pyrite in studied samples was changing from 1.8 to 
3.3 %. The upper horizons of mine rocks contacting with atmosphere contained less pyrite 
compared to backfill horizons. Small portion of monitoring data to reflect the mining rocks pH and 
salinization profile distribution are shown in the table 2 and 3. 

 
Table 2. The pH profile distribution 

Depth, cm Average Min Max SD 
Type 1 

0 25 4.61 4.44 4.94 0.28 
25 50 3.14 2.87 3.28 0.23 
50 75 2.61 2.59 2.63 0.02 

75 100 5.46 5.21 5.83 0.33 
Type 2 

0 25 8.16 7.93 8.53 0.33 
25 50 8.14 7.98 8.23 0.14 
50 75 6.92 6.77 7.02 0.13 

75 100  7.59 7.24 7.83 0.31 
100 125 6.64 6.38 6.84 0.24 
125 150 6.42 6.03 7.09 0.59 
150 175 6.17 5.91 6.42 0.26 

 
Table 3. The salinization distribution in two artificial soil profiles 

Depth, cm Average Min Max SD 
Type 1 

0 25 1071.0 948.00 1309.00 206.2 
25 50 1924.7 1803.00 2090.00 148.4 
50 75 2583.3 2310.00 2790.00 246.8 

75 100 2170.0 2110.00 2280.00 95.4 
Type 2 

0 25 144.67 135.00 156.00 10.6 
25 50 140.67 132.00 151.00 9.6 
50 75 59.67 50.00 65.00 8.4 

75 100 96.00 61.00 123.00 31.8 
100 125 172.67 128.00 205.00 40.0 
125 150 1828.67 1638.00 1956.00 168.2 
150 175 1157.00 1021.00 1360.00 179.2 

 
Acidity of mine rock (pH) in plot Type 1 along one meter profile was ranging from 2.61 to 

5.46. Low pH levels were observed in the intergarged layer of rock with depth 50 75 cm. Creation 
of artificial soil profile allows to keep pH close as neutral or slightly alkaline in the stratum 1 meter. 
It was possible to fix pH within 6.17 6.64 due to geochemical barrier consisting of carbonated loess 
loam (0.5m) and sand (0.5m).  
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In comparison to type 1 (mine rock one meter profile) type 2 artificial profile taken 
characterized far less amount of salinization. By the other words during more then three decades 
weathering process led to pH and EC stabilization in reclaimed mine lands.  

Plants vitality indicators. Features of trees and bushes development on the experimental 
forest restoration plots were defined according to vitality indicators, long-term dynamics of linear 
growth and above-ground phytomass. Significant difference in the rate of growth and vitality of 
plants on rock and topsoils was observed during the first years of the experiment. During the 
following years, the difference became even more noticeable. The vitality of trees and bushes on the 
mine rock was insufficient. Plants were poorly branched and had poor leaf covering. The annual 
increase in height was 5 30 times less, and average crown width was 16 25 times shorter compared 
to plant on other types of topsoil. Quantitative analysis of aboveground biomass fractions of 
experimental trees allowed to compare the productivity of different types of forest cultures 
depending on the particularities of this artificial topsoil and identified the most promising 
construction of artificial topsoils and types of forest crops (Travleyev et al., 2005). It was 
established that indicators of aboveground biomass development for experimental plants on the plot 
were close to those indicators for reclamation plants developing on undisturbed lands. Higher 
overall productivity for undisturbed lands was achieved due to higher planting density.  

Evaluation of non-branching part of the trunk and heights of the crown of three tree species 
are given in the tables 4 and 5.  

 
Table 4. Basal diameter of non-branching part of the stem of trees, cm 

Type English oak Silver birch European pear 
1  3.9  
2  6.6 9.31 

 
Table 5. Height of the crown of three species of trees, cm 

Type English oak Silver birch European pear 
1    
2    

 
In general studied tree species had bigger basal diameter of non-branching part of the trunk 

and crown height on the reclamation plot compared to plants growing on the mine dump on 40
50 %. English oak plants on the first type of topsoil (mine rock) had created a sustainable forestry 
plantation. Trees had closed in rows and between rows and trees give fruits, but linear growth rates 
are lower compared to other experimental groups. 

Silver birch had spread around the site by itself, but mainly at the border between first and 
second topsoil type areas. Trees have well-developed crowns and a good vitality. Linear growth 
rates for border between first and second type of substrate.  

European pear survived mainly on the second type of substrate. Main indication indexes of 
above ground phytomass for experimental cultures on the recultivation plots were better than for 
those growing on the mine rock.  

The determination of heavy metals concentration in the leaves is essential in environmental 
studies. The trees accumulate heavy metals from soils in all seasons and transfer these elements, 
together with other nutrients, to leaves in the vegetation period. The minerals accumulation is 
strongly affected by the chemical composition of the soil from which trees get their nutrients 
(Dulama et al., 2012). The results of evaluation of heavy metals content in the leaves for both 
experimental types are given in the table 6.  
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Table 6. Heavy metals content in the leaves, ppm 

Type Cr Cu Mn Ni Sb Sn Zn 
Betula pendula 

1    8  3,38   
2        

Quercus robur 
1 2.53   1542.96  9.05   2,86  34.2  
2 1.94  6.55  378.97  3.64   2.1  25.91  

Pyrus communis 
1        
2  0.19      

It was established that concentration of manganese in leaves decreased in reclamation type 
2 comparing to trees that grew on the mine dump.  

The results of evaluation of heavy metals content in the bark tissue for both experimental 
types are given in the table 7. The level of chromium, manganese and nickel in bark tissue had the 
same tendency to decrease in type 2 comparing to type 1. 

 
Table 7. Heavy metals content in the bark, ppm 

Type Cr Cu Mn Ni Sb Sn Zn 
Betula pendula 

1  4.60 0.16 301.75 4.7 1.77 0.13 0.8  3.03  107.00 1.76 
2 1.39  5.42  292.10 3.8 1.30  0.8  2.08 0.07 104.46 1.9 

Quercus robur 
1 2.49  5.97  200.0  1.49  1.49   28.02  
2 1.86  6.33  170.7  1.34  1.34  2.12  35.44  

Pyrus communis 
1 1.37 0.03 6.72 0.61 169.43 4.13 1.82 0.18 1.31  1.7  52.49 2.5 
2 1.25 0.01 6.25 0.02 61.93 0.99 1.22 0.8  1.7  41.09 1.4 

The results of evaluation of heavy metals content in the wood tissue for both experimental 
types are given in the table 8.  

 
Table 8. Heavy metals content in the wood, ppm 

Type Cr Cu Mn Ni Sb Sn Zn 
Betula pendula 

1 0.10  2.95  0.09 86.87 5.50 1.10 0.04     2.46  0.10    42.37  1.25 
2    0.8  0.8  2.93  0.05  

Quercus robur 
1 1.62  4.78  10.03  1.10  0.03   0.10    1.98  28.37 .54 
2 1.73 0.91 4.06 0.33 39.76 1.78 0.8   2.19  19.49 69 

Pyrus communis 
1 9.74 13 3.51 0.10 156.33 2.20 0.8  0.8  6.48 0.55 32.07 2.13 
2 0.05 0.11  0.8  0.8  1.7   

Analysis of the data indicates the opposite trends of distribution of heavy metals in the wood 
of two trials. 

 
Conclusion 

 
It was established, that main indicators of aboveground phytomass for experimental cultures 

on the reclaimed plots were better than for those growing on the mine dump. Studied tree species 
had bigger basal diameter of non-branching part of the trunk and crown height on the reclamation 
plot compared to plants growing on the mine dump on 40 50 %. English oak plants on the first type 
of topsoil (mine rock) had created a sustainable forestry plantation. Silver birch had spread around 
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the site by itself, but mainly at the border between first and second topsoil type areas. Main 
indication indexes of above ground phytomass for experimental cultures on the recultivation plots 
were better than for those growing on the mine rock.  

In the same environmental conditions, accumulation of heavy metals by functional parts of 
plants heavily depends on soil or substrate contamination rate. Concentration of manganese in 
leaves decreased in reclamation type compared to trees that grew on the mine dump. The level of 
chromium, manganese and nickel variation in bark tissue had the same tendency. The opposite 
trends of distribution of heavy metals in the wood of two trials were fixed. 
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