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Purpose. To define the influence of physical and chemical properties of edaphotopes that are formed at mine dumps within the
Novovolynsk mining area (Ukraine) on the biogenic component of the region’s ecological safety.

Methodology. The genetic horizons and the soils classification have been described according to the provisions of “Atlas of
Soils”. Physico-chemical research on edaphotopes and soils within the horizons were conducted by the methods of N.B. Myakina
and E. V. Arinushkina. The granulometric soil composition was determined by N. A. Kachinskii Method, with preparation by the
pyrophosphate method; humus — by the Tyurin Method in the modification of Nikitin; pH of water and salt extracts — by the
potentiometry method; hydrolytic acidity and the sum of imbibed bases — according to Kappen Method; degree of saturation with
bases — by the calculation method; exchangeable calcium and magnesium — by the method of complexometry; easily hydrolyzable
nitrogen — according to the Kornfield Method; mobile potassium — by the methods of Chirikov (non-carbonate samples) and
Protasova (carbonate samples); mobile phosphorus — by the methods of Chirikov (non-carbonate samples) and Machigin (car-
bonate samples); CO, of carbonates — by means of a calcimeter according to Geisler-Maksimyuk Method. The software included
a package of application programs Surfer, MS Excel, MS Visio, Paint. The rock temperature was set using an HP-1300 pyrometer.
Rock moisture was measured using a MG-44 moisture meter. The level of radiation background was measured with the use of
“Soeks” environmental tester.

Findings. During field studies in the Novovolynsk mining area, it was found that coal mine dumps are represented by three
types of edaphotopes — rock (black) refuse, burnt (gray) rock and bulk soil mixtures. It has been established that the black burnt
rock of the waste heap (light loamy soils) contains a significant amount of nitrogen, while the clay mass and middle loamy burnt
rock has a very high content of easily hydrolyzable nitrogen (46.2 mg/100 g of rock). The study of burnt gray rock near the ignition
sources at No. 9 Novovolynska mine showed that it is characterized by a high content of organic acids of unknown origin. The
humus content in reclaimed soils is 0.45—4.52 %, and according to the humus gradation, they can be assigned to the group of soils
with low humus content. The high acidity of the soil mixtures on the reclaimed waste heap at No. 2 Novovolynska mine sup-
presses the development of tree-shrubbery vegetation and slows its growth.

Originality. It has been found that edaphotopes of waste dumps at coal mines of the Novovolynsk mining area are characterized
by a low level of supply with organic substances, but high acidity. The patterns of changes in the temperature and humidity condi-
tions of the waste dump have been determined, where the combustion processes are still observed. It has been proved that burning
of dumps determines the change in the physical-chemical properties of the rock refuse and has a direct influence on the develop-
ment of tree-shrubbery vegetation.

Practical value. The established physical and chemical properties of edaphotopes, which are formed under the influence of
temperature and humidity conditions at mine dumps within the Novovolynsk mining area, are recommended to be taken into ac-
count for substantiation of the choice of tree and shrub vegetation types when conducting the works on phytomelioration. The
obtained data on temperature conditions should be taken into account when developing the plans to prevent spontaneous ignition
and extinguishing of waste dumps, as well as in case of their further reclamation.
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Introduction. Coal mining is accompanied by irreversible
direct and indirect environmental changes, leading to the for-
mation of disturbed lands of various types, scale and genesis.
Numerous studies are being carried out in Ukraine on the rec-
lamation of devastated landscapes, formed as a result of piling
the rock refuse. In particular, in order to select the directions
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for the further waste dumps use, scientists in the work [1] have
presented an algorithm of technologies for rock utilization
based on an improved technological passport. Ecological
passports of waste dumps provide an opportunity to develop
perspective plans of measures to reduce the waste formation,
as well as to prevent their negative impact on the environment
and human health. The algorithms for conducting the elec-
tronic ecological certification of waste dumps (case study of
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waste dump No. 23 at Y. M. Sverdlov Mine), including the
stages of input, accumulation, processing and systematization
of information, as well as mapping the sites of waste disposal,
are represented in the studies [2]. It should be noted that the
concept of using the graph theory to construct a chronolitho-
logic model of waste dump, which will identify the pockets of
harmful substances and provide recommendations for the fur-
ther use of these substances, was previously formulated in the
work [3]. Based on the presented model, it is possible to de-
velop recommendations for the control of hazardous sub-
stances in mining areas and directions for their further use.

The Novovolynsk mining area belongs to the Lviv-Volyn
coal basin, which is located in the Lviv and Volyn regions.
Coal has been mined in the Novovolynsk mining area since
the 50s of the 20" century. Mining of coal within the Lviv-
Volyn coal basin, in particular, the Novovolynsk mining area,
has led to significant changes in the biotic and physical-chem-
ical properties of soils, reducing plant viability and productiv-
ity [4]. The devastated soils restoration is a slow process with
the participation of various biotic organisms [5].

According to physical-geographical regionalization, the
area of the region belongs to Small Polissia, which is located
between Volyn Polissia in the north and Podilsk Forest-Steppe
upland in the south. Small Polissia extends from east to west,
from the cities of Shepetivka and Slavuta of the Khmelnytskyi
region to the city of Rava-Ruska, Lviv region, where it stretch-
es out in Poland. Conditions for soils existing in the studied
region are related to the natural factors of the Volyn Forest-
Steppe and Small Polissia. Here, the soil formation occurred
with the participation of soil-forming rocks of both the Forest-
Steppe and Western Polissia. In geobotanical respect, the soils
of the Volyn Forest-Steppe belong to the broad-leaved Eastern
European region. The Volyn Forest-Steppe covers the Volyn
Upland, which is bounded from the east by the left bank of the
Goryn River, from the west — by the Bug River Valley, and in
the north and south lengthens by well projecting ledges into
Volyn and Small Polissia, respectively.

There are 78 business entities in the city of Novovolynsk
with stationary emissions of pollutants into the environment.
These are mainly enterprises of mining, foundry and light in-
dustry. The mining industry causes significant technogenic
impact on the environment of the region. As a consequence of
rock refuse having been piled in an open area, surface and sub-
terranean waters are contaminated, soils lose their fertility,
hazardous substances and combustion products enter the air
[6]. There is an increased level of radiation background in
coal-mining regions. To solve the environmental problem of
the regions, land reclamation is used, which provides for the
planting of forest stands on the waste dumps surface. In the
region under research, forest reclamation has not been carried
out efficiently, due to insufficient study of the physical-chemi-
cal properties of edaphotopes. As a result, there are frequent
cases of drying out and stop in the growth of tree-shrubbery
vegetation on the waste dumps surface. Only three out of
24 waste dumps in the studied region have been reclaimed to
full extent.

In order to solve the immediate situation, it is necessary to
study in detail the properties of artificial edaphotopes, as well
as bulk soil mixtures (technosoils) that were used in works on
remediation and to propose measures to increase the produc-
tivity of edaphotopes and forest stands.

Literature review. A lot of scientific works by domestic and
foreign scientists are devoted to the edaphic research of the
rock refuse at mines. In particular, the main measures for the
formation and reclamation of coal mine dumps, as well as their
ecological hazard were discussed at various native events. It is
noted in the work [7], that mining industry causes the forma-
tion of contaminated territories, which, despite the fact that
they are full of valuable metals, have high concentrations of
toxic heavy metals which pollute the environment. One of
such contaminated regions is the Sokalsky District of the Lviv

Region, where the Lviv-Volyn coal basin operates. The func-
tioning of the coal basin causes significant pollution of all bio-
sphere components and causes the incidence of the population
morbidity [8]. It is noted that owing to vegetation, valuable
metals can be extracted from the waste dumps, the extraction
of which from the earth’s crust is economically unviable [9].
The success of phytoremediation (especially phytoextraction)
largely depends on the bioavailability of elements, which,
among others, are a function of the mineral phases of the soil,
organic substance of the soil, pH and oxidation-reduction po-
tential.

Rather dangerous processes that are observed in the mine
dumps are the rock self-ignition with subsequent combustion
process. This is an exothermic process, which is accompanied
by an increase in temperature accelerating the oxidation pro-
cess, and ultimately leads to spontaneous ignition of the entire
waste dump [10]. One of the most promising ways to deal with
the ecological hazard of mine dumps is phytomelioration. To
reduce the negative impact of coal mines on the environment,
it is necessary to monitor and implement environmental pro-
tection measures [11].

Having analyzed the advanced research studies into func-
tioning of the coal mine dumps, it should be noted that they
are conducted in three directions:

1) determining the ecological hazard in the zone of their
influence;

2) peculiarities of their surface and sides formation;

3) biological (phytomeliorative) recovery.

Scientific work [12] is devoted to the study of the main
components of the ecological hazard of coal mine dumps.
This work presents the data on burning the Eliska mine dump
(the Czech Republic), whose intensity was especially high in
the 1960s and 1980s of the 20™ century. It has been found that
the concentrations of Hg, Pb, Cd in the wastewater from the
waste dump exceeds the maximum permissible concentrations
in compliance with the European Union legislation. There is
an active leaching of hazardous substances and compounds
with rainwater, which increases the level of regional ecological
hazard. The work [13] is devoted to research on methods for
the sulphates identification during waste dumps burning. It has
been found that during burning, the specific rare minerals are
formed in their stratum.

In respect to the peculiarities of mine dumps formation
(storage of the rock refuse), it is worth noting the study [14],
where the authors prove that the surface method of mining is
the most economically viable and environmentally friendly,
since the dumping areas are being reduced. The work focuses
on the necessity to reclaim already formed waste dumps. The
scientists in the work [15] present the results of modelling the
water-physical properties of soils used for waste dumps recla-
mation, and also determine the physical parameters of the
bulk layer formation under the conditions of the Forest-Steppe
zone.

A lot of scientific studies, covered in a number of scientific
articles, were devoted to questions of biological and phytome-
liorative recovery of the coal mine dumps surface. These stud-
ies are directed based on two approaches: promoting the natu-
ral regeneration of vegetation and creating the artificial sus-
tainable stands. However, they all have a common goal — to
improve the ecological safety in coal-mining regions. In the
work [16], positive dynamics has been established with respect
to the reduction of carbon emissions from the waste dumps
surface after phytomelioration. In the work [17], spontanecous
vegetation has been studied of brown-coal dumps in Germany,
the Czech Republic, and Hungary. It has been found that
spontaneous regeneration proved to be more valuable and eco-
nomically effective from the point of view of nature conserva-
tion than forest reclamation and should be considered as an
alternative strategy for the recovery of forestry in Central Eu-
rope. Scientists from China University of Earth Sciences (Bei-
jing) since 1986 have been conducting research on anthropo-
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genically disturbed lands. They have found that the effective-
ness of reclamation means to restore the covering with vegeta-
tion to 40—60 % in 5 years and increases to 60—100 % in
8 years [18]. The authors in the work [19, 20] note that the
ecosystem has improved significantly after the measures taken
on reclamation. The scientists in the work [21] have investi-
gated the relationship between the particle sizes of soil sub-
strate fractions and the species diversity of spontaneous vege-
tation in mine dumps of Upper Silesia (Southern Poland). The
analyses were based on 2567 test sites of developed spontane-
ous vegetation, and soil substrate samples were collected from
112 mine rocks. It has been found that the highest abundance
of species and high values of diversity indices were observed in
rocky areas. At the same time, the biggest difference in the
participation of species representing different habitats, life
forms, was found on gravel substrates.

The study of edaphotopes in the context of research on the
physical-chemical properties that are formed under the influ-
ence of temperature and humidity conditions in the places of
burning and extinguishing has not been implemented in full
extent. This refers to the Novovolynsk group of mines of the
Lviv-Volyn coal basin.

Purpose, tasks, and methods of research. Purpose of the
work is to study the physical and chemical properties of eda-
photopes that are formed under the influence of temperature
and humidity conditions on mine dumps within the Novo-
volynsk mining district (Ukraine) and their influence on the
biogenic component of the region’s ecological safety.

Sampling and processing of samples from the waste dumps
of No. 2 Novovolynska mine, No. 6 Novovolynska mine and
No. 9 Novovolynska mine were performed in accordance with
the requirements set out in a number of regulatory documents.
In particular, sampling has been performed in accordance with
DSTU 4287:2004 and DSTU ISO 10381-8. Storing of samples
and processing of the results for physical and chemical analysis
were performed according to DSTU ISO 18512 and DSTU
1SO 11464:2007. Soil fertility indicators were set in accordance
with DSTU 4362:2004. The genetic horizons were described
under the provisions of the “Atlas of Soils”. The identified
soils have been classified in accordance with generally accept-
ed methods, which are described in the same book.

Physical-chemical studies on edaphotopes and soils within
the horizons were conducted according to well-known meth-
ods. In particular, the granulometric soil composition was de-
termined by the method of N. A. Kachinskii, with preparation
by the pyrophosphate method; humus — by the Tyurin Meth-
od in the modification of Nikitin; pH of water and salt ex-
tracts — by the potentiometry metod; hydrolytic acidity and
the sum of imbibed bases — according to the Kappen Method;
degree of saturation with bases — by the calculation method;
exchangeable calcium and magnesium — by the method of
complexometry; easily hydrolyzable nitrogen — according to
the Kornfield Method; mobile potassium — by the methods of
Chirikov (non-carbonate samples) and Protasova (carbonate
samples); mobile phosphorus — by the methods of Chirikov
(non-carbonate samples) and Machigin (carbonate samples);
CO, of carbonates — by means of a calcimeter according to the
Geisler-Maksimyuk Method. The software included a pack-
age of application programs Surfer, MS Excel, MS Visio,
Paint. The rock temperature was determined using an HP-
1300 pyrometer. Rock moisture was measured using a MG-44
moisture meter. The level of radiation background was mea-
sured with the use of “Soeks” environmental tester.

Results. During field studies in the Novovolynsk mining
area, it was found that coal mine dumps are represented by
three types of edaphotopes — rock (black) refuse, burnt (gray)
rock and bulk soil mixtures. Rock (black) refuse was selected
on the surface of the waste dump of No. 9 Novovolynska mine.
Burnt (gray) rock was selected on the surface of the waste
dump of No. 6 Novovolynska mine near the ignition sources.
Bulk soil mixtures (reclaimed soils) were selected on the sur-

face of the waste dump of No. 2 Novovolynska mine in the
places of vegetation development (Fig. 1).

Properties of the black burnt rock on waste heap. Analysis
of the black burnt rock of the waste heap, which was hoisted
with coal to the surface of No. 9 Novovolynska mine, showed
that it has a different granulometric composition — from sandy
loam to clay, and contains from 2.36 to 9.96 % of organic sub-
stances (Table 1).

The rock is characterized by a very strong acid reaction
(pH ranging from 2.5 to 3.8), high hydrolytic acidity, and a low
degree of saturation with bases. Soil, which has a significant
hydrolytic acidity adversely affects the growth and develop-
ment of many plants. In order to create favorable conditions
for the development of plants in such soil, it is necessary to
change its acidity.

Acid-base properties are an important characteristic of
soils, which are closely related to the physical-chemical imbib-
ing capacity. The reaction of the soil medium on the waste
heaps of the Lviv-Volyn coal basin is the result of intervention
of the human activity. It depends on the combined edaphic
factors action: the chemical and mineralogical composition of
the soil mineral part, the presence of highly soluble salts, the
content and quality of organic substance, the composition of
soil air, soil moisture, and vital activity of organisms. An im-
portant regulator of the soil medium reaction is salts contained
in it. Neutral, acid, and alkaline salts, having changed from the
solid phase to the solution when moistened and vice versa, af-
fect the nature of the soil solution, which, in turn, affects soil
fertility.

The black burnt rock of the waste heap (light loamy
soils) contains a significant amount of nitrogen available for
plants, while the clay mass, as well as middle loamy burnt
rock has a very high content of easily hydrolyzable nitrogen
(46.2 mg/100 g of rock). The increase in the amount of easily
hydrolyzable nitrogen is explained by an increase in the con-
tent of organic substances in the rock (up to 10 %). It is obvi-
ous that when developing this area, additional organic fertil-
izers were applied in the form of lake ooze (sapropel), which is
confirmed by the high content of physical clay here — 40.8 %.
It has been found that the burnt rock is saturated with N (eas-
ily hydrolyzable), Ca®", Mg>*, K,0, P,Os.

Properties of burnt rock in the combustion sources. During
field studies on waste heaps in the Novovolynsk mining area,
burning dump sites were identified.

The combustion processes were observed at No. 1 waste
dump of No. 9 Novovolynska mine, which was started to pile
in 1961. The combustion processes were observed immediately

River
Luha

Novovolynskyi
region

Fig. 1. General view of the Novovolynsk mining area and ob-
Jects of research
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Physical-chemical properties of the black burnt rock of waste heap

Table 1

- 9] Hydrolytic Sum of 2 2 N easily
,5 g 2 ® % acidity | imbibed bases = Ca Me hydrolyzable K0 1 P,Os
= —1 - =
@ St | 8 E z
£ |sa| 228|280 558
< 4= Q - N
é gg -2 ; = 'g § = mg equiv/100 g of soil § s E mg equiv/100 g of soil mg/100g of soil
Bl an
2 |85|£25|5%% R§:2
South | 0-20 | 23.84 2.86 3.81 10.85 17.40 61.59 | 46.00 80.40 28.00 15.60 | 2.36
20
East 0-20 16.98 2.36 3.67 10.15 30.60 75.09 | 66.40 63.60 15.40 13.70 | 1.15
20
North | 0-20 | 40.80 9.96 2.46 14.70 20.00 57.64 | 25.60 8.00 46.20 4.20 | 0.25
20
West 0-20 57.30 5.67 2.61 16.80 17.20 50.59 | 24.40 16.00 11.20 4.20 | 0.20
20

after snow melt in April 2017 in the three areas of the southern
exposition of the slope, which is still ongoing (Fig. 2).

The temperature on the waste heap surface was measured
at 8 sites: / — at the foot from the northern side of the waste
heap; 2 — on top of the waste heap; 3 — at the foot from the
eastern side of the waste heap; 4 — at the foot from the western
side of the waste heap; 5—7 — in the places of burning on the
southern exposition of the slope; & — at the foot from the
southern side of the waste heap. The period of research was
April 2017. The average outside temperature was +8.1 °C.

The highest temperature indices for sites No. 5—7 were
+32—-39 °C. At other sites of the waste heap, the surface tem-
perature was +6—14 °C, which is optimal for the conditions of
the spring. As it was noted by the scientists in the work [22],
temperature variations at different sites of the waste heap surface
are caused by the influence of sublayer combustion of the rock.

The temperature fields of No. 1 waste dump at No. 9 No-
vovolynska mine are presented in Fig. 3.

Along with the research on temperature conditions, the
rock moisture was determined at the studied sites at different
depths from the waste heap surface. Relative rock moisture
was determined at the same sites as the temperature at a depth
of 5, 30 and 50 cm (/ — at the foot from the northern side of
the waste heap; 2 — on top of the waste heap; 3 — at the foot
from the eastern side of the waste heap; 4 — at the foot from
the western side of the waste heap; 5—7 — in the places of
burning on the southern exposition of the slope; & — at the foot
from the southern side of the waste heap).

It was found that in the places of burning at a depth of 5 cm
the relative rock moisture was 13.8—16 %, at a depth of

Fig. 2. Combustion processes at the waste heap of No. 9 Novo-
volynska mine
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30 cm — 6.1—14.6 %, at a depth of 50 cm — 5—16.5 %. General
rock moisture values at the studied sites are presented in Fig. 4.

The study of burnt gray rock near the ignition sources at
No. 9 Novovolynska mine has shown that it is characterized by
a high content of organic acids of unknown origin (Table 2).
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Table 2

Physical-chemical properties of the burnt gray rock at the waste heap (near the ignition sources)

Sites of Depth of Organic substances Salt oH Hydrolytic acidity | Ca?* | Mg? | N easily hydrolyzable | K,O | P,Os
burning, Ne | sampling, cm | (of unknown origin), % altp
mg equiv/100 g of soil mg/100 g of soil
5 0-20 5.22 5.24 4.96 8.25 | 6.60 9.80 30.00 | 10.15
20
6 0-20 3.28 4.79 6.72 16.00 | 4.00 4.20 43.20 | 5.55
20
7 0- 5.22 4.62 6.13 10.50 | 1.75 9.80 9.00 | 5.35
20

The reaction of medium of these rocks is predominantly
acid (medium acid), the value of pH is in the range of 4.6—5.2.
Hydrolytic acidity corresponds to the value of acid reaction of
the medium. There are enough of easily available nutrients for
natural and artificial phytomelioration, potassium level is even
higher than normal (30—43.2 mg/100 g of soil). Mobile P,05
also has high values in the places of burning (5.35—
10.15 mg/100 g of soil). There is no CaCOj; in the places of
burning. It was also found that the rock moisture content in
the places of burning (W= 13.8—16.5 %) is significantly lower
than the soil moisture at a distance of 12—15 m from the waste
heap (W=30-36 %).

Properties of bulk soil mixtures. A study has been done on
the soils in the reclaimed part of the waste heap at No. 2 No-
vovolynska mine. The samples taken on the reclaimed part of
the waste heap are accepted to be called as technosoils, that is,
they are technogenic soils with a bulk soil layer. To the site
where the research was conducted, in order to include it into
the biological stage of reclamation, the soils with heavy granu-
lometric composition (medium-textured loam, heavy loam)
were bulked, the content of physical clay ranged from 31.26 to
51.94 % (Table 3).

This bulk soil mass was a sufficiently fertile soil with a con-
tent of organic substances within 4 %. However, this soil has a
very strong acid reaction. The high level of acid reaction of this
soil mass is confirmed by high hydrolytic acidity values, a very
small amount of exchangeable bases — calcium, magnesium.
Thus, this does not make it possible to improve the reaction of
the soil medium in order to improve the conditions for the
growth of cultivated vegetation in this territory. These soils
have a poor content of available forms of nutrients (exchange-
able potassium and mobile phosphorus), and there is also a

lack of easily hydrolyzable nitrogen. This bulk soil mass is inef-
fective for forest reclamation of coal mine dumps.

The value of the soil pH plays an important role in the de-
velopment of vegetation and significantly affects the phytome-
lioration process. The acid soil reaction is unfavorable for most
cultivated vegetation and beneficial microorganisms. Acid
soils are characterized by negative physical properties. Due to
the insufficient amount of bases, organic substance is not fixed
in these soils; therefore, there is a lack of nutrients in these
soils. A strong alkaline reaction is also unfavorable for most of
vegetation. High alkalinity level causes the low fertility of
many soils, their unsatisfactory physical-chemical properties.
In our case, there are no such soils. Therefore, to increase the
fertility of very acid and alkaline soils, the pH should be great-
ly changed, which is achieved by measures of chemical recla-
mation: the introduction of lime into acid soils, gypsum and
sulfur-containing substances — into alkaline soils.

The humus content in these reclaimed soils is 0.45—
4.52 %, and according to the humus gradation, they can be
assigned to the group of soils with low humus content. Humus
is a source of plant nutrition, because it contains reserves of
nutrients: carbon, nitrogen, phosphorus, calcium, iron, man-
ganese, etc.

Despite the high acidity, representatives of the following
families are developing on the reclaimed waste heap of No. 2
Novovolynska mine: Asteraceae Dumort., Menyanthaceae
Dumort., Scrophulariaceae, Urticaceae, Rosaceae, Composi-
tae, Fabaceae, Lamiaceae Lindl., Caryophyllaceae Juss.,
Brassicaceae Burnett (Cruciferae Juss.), Poaceae, Plantagina-
ceae, Violaceae, Umbelliferae, Malvales, Apiacacae. Mostly,
the species of such families are identified: Asteraceac Du-
mort., Rosaceae, Fabaceae, Poaceae (Fig. 5).

Table 3
Physical-chemical properties of soils in the reclaimed part of the waste heap
£ g 2 -
Z 2 = = < o
N I o = S -
Slz. =] o pH 2. | %3 s | a Mg® | 22| KO | POs | &
L 25 | 2 [35% x £8
s=|8E 2| 2 T8 2E | 88X z Z oS
SEIZES| 5 2= 8
ASE|lESY| T salt water mg equiv/100g of soil | A § & | mgequiv/100 g of soil mg/100 g of soil %
0-20 | 51.94 | 3.97 3.09 not 9.45 20.20 68.13 4.80 3.20 5.60 | 11.40 | 0.80 not
20 identif. identif.
0-20 | 47.64 | 4.52 3.77 not 3.15 13.60 81.19 5.60 4.80 2.80 | 20.00 | 1.45 not
20 identif. identif.
0-20 | 51.24 |3.77 3.58 not 7.35 19.00 72.11 5.60 4.00 2.80 | 19.80 | 1.25 not
20 identif. identif.
0-20 | 35.34 | 045 not 7.33 not not not not not 2.80 | 12.48 | 0.60 9.40
20 identif. identif. identif. identif. identif. identif.
0-20 | 31.26 | 2.09 not 7.48 not not not not not 4.40 | 19.20 | 1.60 9.80
20 identif. identif. identif. identif. identif. identif.
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Apiacaeae 3% Geraniaceae 3%
Umbelliferae 3% Asteraceae Dumort. 12%

Violaceae 3%
Caryophylla ceae Juss. 3%

Plantaginaceae 3%
Lamiaceae Lindl. 3%
Urticaceae 3%
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Fig. 5. The family composition of the vegetation at the reclaimed
waste heap
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Fig. 6. Data on the radiation background of waste dumps
(uSv/h)

Along with the physical-chemical parameters of edapho-
topes and the family spectrum of vegetation, the indicators
have been determined of the power of the equivalent dose of
photon-ionizing radiation in the zone of influence of all the
mines under study (Fig. 6).

It hasbeen determined that the highest levels of background
radiation are characteristic of areas where the rock combustion
processes occur (0.32—0.39 uSv/h). The levels of the back-
ground radiation at the waste dumps, where the embankments
spread, are slightly lower (0.18—0.26 uSv/h). At the reclaimed
waste heaps, background levels do not exceed the norms (0.12—
0.17 uSv/h) permissible according to the radiation safety stan-
dards of Ukraine (0.3 uSv/h) dated on 14.07.94, No 208.

Conclusions. The paper describes the research results of
edaphic factors at coal mine dumps within the Novovolynsk
mining area in Ukraine. It has been found that coal mine
dumps are represented by three types of edaphotopes — rock
(black) refuse, burnt (gray) rock and bulk soil mixtures, which
were used in the process of reclamation. Physical-chemical
analyses of the presented types of edaphotopes was conducted,
that make it possible to assess the effectiveness of the conduct-
ed measures, directions of future reclamation measures, as
well as activities for environmental protection.

It has been found that edaphotopes of waste dumps under
study at coal mines of the Novovolynsk mining area are char-
acterized by a low level of supply with organic substances and
high acidity. The soil mixtures at the reclaimed dumps have
been selected poorly, since they are acid and not suitable for
the biological stage of reclamation. The vegetation develop-
ment is suppressed on such soils. To increase the vegetation
productivity at waste heaps which are characterized by an acid
medium of the substrate, it is necessary to neutralize the soils
with limestones, as well as to fertilize in accordance with exist-
ing standards.

It should be taken into account that the burnt rock is char-
acterized by a very strong acid reaction (pH ranging from 2.5
to 3.8), high hydrolytic acidity, and a low degree of saturation
with bases. Edaphotope, which has a significant hydrolytic
acidity, adversely affects the growth and development of tree-
shrubbery vegetation. The burnt rock of the waste heap (light
loamy soils) contains a significant amount of nitrogen avail-
able for plants, while the clay mass, as well as middle loamy
burnt rock has a very high content of easily hydrolyzable nitro-
gen (46.2 mg/100 g of rock). An increase in the amount of
easily hydrolyzable nitrogen is explained by an increase in the
content of organic substances in the rock (up to 10 %).

The waste dumps, where the rock combustion processes
occur, cause additional technogenic pressure on the environ-
ment resulting in release of combustion products, heating of
the rock (+32—39 °C), an increased level of radiation back-
ground (0.32 °C 0.39 uSv/h), as well as landslide formation.
There is no CaCOs in the places of burning. It has also been
found that the rock moisture content in the places of burning
(W=13.8—16.5 %) is significantly lower than the soil moisture
at a distance of 12—15 m from the waste heap (W= 30-36 %).

Activities for environmental protection in the framework
of impact of the coal mine dumps in the Novovolynsk mining
area should be directed in the following areas: complying with
the technology of piling the dump mass, which provides for
the layer-by-layer rock isolation with soil mixtures; extin-
guishing the ignition sources of waste mass with inert sub-
stances; contributing to colonization, conservation, formation
of vegetation, which has been formed on the waste dumps sur-
face as a result of natural overgrowing; neutralization of acid
edaphotopes; forest reclamation of waste dumps surface.
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Hocaimkenns ¢i3uko-xiMiYJHMX BJIACTUBOCTEMR
enagoTonmiB NOPOJHUX BiBAJIB BYTiJIbHHX
maxT HoBOBOJMHCHKOrO ripHUM40NpPOMUCIOBOrO
paioHy
B. B. I[Tonosu4', 4. B. I'enux?, A. I. Bosowjuwun',

JI. B. Cuca'

1 — JIbBiBCbKUIA epKaBHUM YHiIBepCUTET O€3IMeKU KUTTEMi~
siIbHOCTI, M. JIBBiB, YKpaiHa, e-mail: popovich2007@ukr.net
2 — HauioHanbHMI JTiCOTEXHIYHMI YHiBepcUTEeT YKpaiHu,
M. JIbBiB, YKpaiHa

Mera. BcraHoButu BIUIMB (Di3MKO-XiMiYHUX BJIACTH-
BocTeil enadorornis, 110 GOPMYIOTECS Ha BigBaJiax LIAXT y
Mexkax HOBOBOJIMHCBHKOIO TipHUYOIIPOMHUCIOBOIO pailoHy
(YkpaiHa), Ha 6i0TeHHY CKJIaJ0BY €KOJIOTiYHOI Oe3IeKH pe-
TioHY.

Metoauka. Onvc reHeTUYHUX TOPU3OHTIB i Kacudika-
LIisI IPYHTIB 3[ilICHEHI 3TiAHO 3 MOJIOKEHHSIMM ,,ATJIacy IpyH-
TiB“. MDizuKo-xiMiuHi KOCHiIKeHHSs enachOTOIiB i TPYHTIB Y
MeXaX TOPU3OHTIB 3IOiMCHIOBAJIM 3riIHO 3 METOAMKAMU
H.Bb. Mskinoi ta €.B.Apunymkinoi. ['panyroMeTpraHuii
CKJIaJl IPYHTIB BU3HaYaIu 3a MeToaoM KaynHcbKoro, 3 min-
TOTOBKOIO TTipoocaTHUM METOIOM; TYMYC — 32 METOIOM
Tiopina B Mogudikanii Hikitina; pH BogHOi i1 cCoIbOBOT BU-
TSKKW — TOTEHILIIOMETPUYHO; TiAPOJITUYHY KUCIOTHICTD i
cymy BBiOpaHMX OCHOB — 3a MeTogoM KamreHa; crymniHb Ha-
CUYEHOCTI OCHOBAaMU — PO3paxyHKOBO; OOMiHHI KaJblliit i
MarHiii — KOMITJIEKCOHOMETPUYHUM METOIOM; a30T JIETKOTi-
IpoJtizoBaHMil — 3a MeTomoM KopHpinma; pyxomuii Kajiit —
3a MmeTogamu YupikoBa (He kKapOoHaTHi 3pa3ku) Ta [Iporaco-
BOi (KapOOHAaTHi 3pa3ku); pyxoMuii hocop — 3a MeTogamMu
Yupikosa (He KapOoHaTHi 3pa3ku) Ta MauuriHa (KapOoHaTHi
3pa3kn); CO, kapOOHATIB — Ha KaJBLIMMETPi 3a METOIOM
I'eiicnepa-Makcum’iok. [IporpamHe 3a0e3neyeHHsT — MakeT
npukianHux mporpam Surfer, MS Excel, MSVisio, Paint.
Temmneparypa nmopoay BCTAHOBJIEHA 3a JOMOMOTOIO TTipoMe-
tpa HP-1300. Bosioricte mopoau BUMiptoBasiacs 3a 10MOMO-
roto Bojioromipa MI'-44. Paniauiitnuii ¢ooH BUMiploBaBcs 3a
JIOITOMOTOI0 €KOTecTepa TOBKiIA ,,Soeks®.

Pesyabratn. Ilin yac moaboBUX nociaimkeHb y HoBoBo-
JIMTHCHKOMY TipHUYOIIPOMUCIOBOMY paiioHi OYJI0 BUSBIICHO,
1LIO BiBaJIM BYTiIbHUX IIAXT MPEACTaBICHI TpbOMa TUIIAMU
enadoTorniB — BiBAJIbHOIO (YOPHOIO) MOPOIOI0, MEPEropi-
Jiol0 (Cipol0) MOpPOAOI0 Ta HACUIMHUMM TPYHTOCYMIlLIAMU.
BcTanosneHo, 1110 YopHa reperopiia mopoaa TepuKoHy (Jier-
KO CYIJIMHKOBA) MiCTUTb 3HAYHY KiJIbKiCTb a30Ty, Y TOI Yac
K TIIMHKUCTA Maca i cepeaHbO CYTJIMHKOBA Ieperopiia Io-
pona Ma€ AyXe BUCOKUIA BMICT JIETKOTiIPOJIi30BAHOIO a30Ty
(46,2 mr/100 r mopoam). J1oCiIKeHHS IIEperopiioi cipoi mo-
ponu 6iist ocepeaKiB ropiHHs maxtu ,,Ne 9 HoBoBomHcbKa
MOKa3aJid, 110 BOHA XapaKTepU3YETHCS BUCOKHUM BMiCTOM
OpraHiYHUX KUCJIOT HEBiIOMOTro MOXoIKeHHs. BMicT rymycy
B PEKY/IBTUBOBAHMX IPyHTaX cTaHOBUTH 0,45—4,52 %, i 3rig-
HO i3 Tpajialli€ero ryMyCcOBaHOCTI, iX MOXHa BiTHECTU 110 TPy-
MMM HU3BKOTYMYCHMX I'PYHTiB. BHCOKa KMCIOTHICTb TPYHTO-
cyMillleil Ha peKyJIbTMBOBAaHOMY TepUKOHI 1mraxtu ,,Ne 2 Ho-
BOBOJIMHCHKA IMPUTHIYYE PO3BUTOK ACPEBHO-YarapHUKOBOL
POCJIMHHOCTI Ta CIOBIJIbHIOE ii picT.

Haykosa HoBu3Ha. BcTaHOBIIEHO, 1110 e1aOTONN TTOPOI-
HUX BifBaJliB BYTiJlbHUX 11aXT HOBOBOJMHCBHKOTO TipHUYO-
TPOMUCJIOBOTO PaiiOHY XapaKTepU3YIOThCSI HU3bKUM PiBHEM
3a0e3MeueHHs] OpTaHiYHUMU PEYOBMHAMU 1 BUCOKOIO KMC-
JIOTHIiCTI0. BcTaHOBIEHI 3aKOHOMIpHOCTI 3MiHM TeMIIepaTyp-
HUX i BOJIOTICHMX YMOB TTOPOJIHOTO BifBajly, Ha SIKOMY CITO-
cTepiraloThcs MpouecH ropiHHs. JloBeaeHo, 1110 TOpiHHSI Bil-
BaJIiB 3yMOBJTIOE 3MiHY (Di3MKO-XiMIYHUX BIACTUBOCTEH Bifl-
BaJIbHOI TTOPOJIM Ta Ma€ Oe3nocepeiHiii BIUIMB Ha PO3BUTOK
JIepeBHO-YarapHUKOBOI POCJIMHHOCTI.
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IIpakTnyna 3HaummicTb. BcraHoBIeHi (i3mKo-XiMidHi
BJIACTUBOCTI efadoTomiB, 110 (OPMYIOTbCS TiA BILIMBOM
TeMIIepaTypPHUX 1 BOJOTICHUX PEXMMIB Ha BilBajax LIAXT y
Mexax HoOBOBOJIMHCBHKOIO TipHUYONPOMUCIOBOTO PailoHY,
PEKOMEHAYETHCSI BPaXxOBYBaTH UIsi OOTPYHTYBaHHSI BUOODPY
BU/IiB IPEBHO-YarapHUKOBOI POCIAMHHOCTI MpU MPOBEACHHI
ditoMestiopaTUBHUX podiT. OTpuMaHi JaHi OO TeMIiepa-
TYPHUX PEXUMIB CJIifl ypaxyBaTu MpU po3po0lli MJIaHiB 3a1o-
OiraHHs camMo3anaaloBaHHIO, TACIHHS 11 po30MpPaHHs MTOPOI-
HUX BilIBaJIiB, @ TAKOX 1X TTOAAJIBIIIOT PEKYIbTHUBALIII.

KurouoBi ciioBa: gyeinbra wiaxma, nopooruil eidean, edagho-
mon, memnepamypHe nose, eKoao2iuHa Hebenexka, eKxono2iuna
besneka

N3yyenne (PU3MKO-XHMMHYECKHX CBOWCTB
31a¢oTONOB MOPOIHBIX OTBAJIOB
HA YrOoJIbHbIX IIAXTAX HosoBoJbiHCKOTO
rOPHONPOMBILLIEHHOIO PaiioHa
B. B. ITonosuy', 4. B. Ienvix?, A. I. Boaowuwiun',
JI. B. Coica’

1 — JIbBOBCKMIi rOCy1apCTBEHHbI YHUBEPCUTET O€30MacHO-
CTM KU3HeIesTeJbHOCTH, TI. JIbBOB, YKpauHa, e-mail:
popovich2007@ukr.net
2 — HauuoHabHBIM JIECOTEXHUUYECKOM YHUBEPCUTET YKpau-
Hbl, T. JIbBOB, YKpauHa

Henb. YcraHOBUTH BIMSHUE —(DU3NKO-XUMUIECKUX
CBOMCTB 31a(OTOINOB, KOTOphIe (hDOPMUPYIOTCS Ha OTBaJIax
1axT B npejaesax HoBoBOJBIHCKOTIO TOPHOMIPOMBILIIJIEHHOTO
paiioHa (YKpanHa), Ha OMOTEHHYIO COCTaBJISIONIYIO 3KOJIO-
ruyecKkoi 6e30MacHOCTH PeruoHa.

Mertomuka. OmnmcaHWe TEHETMYECKUX TOPU3OHTOB U
KJ1accu@uKalus moyB BbIIIOJIHEHO B COOTBETCTBUM C TOJIO-
XKEHUSIMU ,,ATiiaca 1ouB“. DU3NKO-XUMUYECKUE HCCIIEN0-
BaHUs 31a(OTOIOB U MOYB B MpeeiaX rOpU30HTOB MPOBO-
nuiu cornacHo metonukaM H. b. Mskunoii un E. B. Apunyi-
KUHOU. ['paHynoMeTpuyeckuil coctaB MmoYB OMpenessiiu no
metony KaunmHckoro, ¢ moaroroBkoit mupodochaTHbIM Me-
TOAOM; TyMyc — 110 MeTony TiopuHa B Moaudukauun Huku-
THA; pH BOIHOI U COJIEBOI BBITSIKKA — MOTEHIMOMETPU -
YeCKW; TUIPOTUTUUECKYIO KHUCIOTHOCTh U CYMMY BITUTaH-
HBIX OCHOB — 10 MeToay KarmreHa; creneHb HachIIIIEHHOCTH
OCHOBaHUSIMU — PACUYETHBIM METOIOM; OOMEHHBIEC KaTbIUiI
1 MarHuii — KOMIUIEKCOHOMETPUYECKMM METOJIOM; a30T JieT-
KoTuiponn3yeMbiii — 1o Metony KopHdbwina; monBrKHbIT
Kauit — 1o MmerogaM Yupukona (HeKapOOHaTHbIE OOpa31ibl)
u [lportacoBoiil (kapOoHaTHbBIE 00pa31ibl); MOABUXKHBINA (HoC-
¢dop — no Meronam Yunpukosa (HekapOOHaTHbIE 00pa3Ilbl) U
MauuruHa (kap6oHatHble 06pasibl); CO, kapdoHATOB — Ha
KajpLuMeTpe 1o merony [eiiciepa-Maxkcumiok. [Tporpamm-
Hoe o0ecreyeHue — MakeT MPUKIaAHbIX rporpamm Surfer,

MS Excel, MSVisio, Paint. TemmnepaTypa nopojbl yCTaHOB-
JMBajiach ¢ rmomoiibio nupomerpa HP-1300. BraxnocTs mo-
pobl U3Mepsiach ¢ momolibio Bjiaromepa MI'-44. Panuanu-
OHHBIN (POH M3MEPSICS ¢ TIOMOIIBIO dKOTeCTepa OKPYXKaro-
e cpensl ,,Soeks®.

PesyabraTel. Bo Bpemst mosieBbIx ucciaenoBanuii B Hoso-
BOJIBIHCKOM TOPHOIPOMBIIIJIEHHOM pailoHe ObLIO OOHapy-
JKE€HO, YTO OTBAJIbI YTOJbHBIX IIAXT MPEACTABIECHBI TPEMSI TH-
nmamMu 31aoTOINOB — OTBAJIbHOM (YEPHOI) TTOPONION, Tepe-
ropeslei (cepoit) MOpoa0il M HACKIITHBIMU MOYBOCMECSIMU.
YcTaHOBJIEHO, YTO YepHast TieperopeBIiast mopoaa TeppruKko-
Ha (JIETKOCYIJIMHUCTAsI) COMAEPXKUT 3HAYMTEIbHOE KOJUYe-
CTBO a30Ta, B TO BpeMs KaK IJTMHUCTAs Macca v CPEeIHECY I -
HUCTas Meperopeslias Mmopoaa UMEKT O4eHb BBICOKOE CO-
JepXKaHue JIETKOTUApoJ3yemMoro azora (46,2 mr/100 r mo-
ponbl). MccrnenoBaHue neperopeslieii cepoii mopoabl y oya-
TOB Bo3ropaHust maxtsl ,,Ne 9 HoBoBonbIHCKas“ MOKazanm,
YTO OHA XapaKTepU3yeTCsl BBICOKMM COIepKaHUEeM OpraHM-
YECKUX KHUCJIOT HEM3BECTHOTro TpoucxoxaeHus. Comepka-
HME TyMyca B PEKyJbTHBUPOBAHHBIX I10YBAX COCTaBJSET
0,45—4,52 %, v comIacHO Tpagaly I'yMyCHOCTH, UX MOXKHO
OTHECTH K IpYIINe HU3KOTYMYCHBIX TTOYB. BbhIcoKas KMCIOT-
HOCThb TIOYBOCMECEl Ha PEeKYJBTUBUPOBAHHOM TEPPUKOHE
mwaxthl ,,No 2 HoBoBoJIbIHCKAsI® MoOIaBIsieT pa3BUTHE JIpe-
BECHO-KYCTAapHUKOBOM pPACTUTEIBLHOCTH U 3aMEISIET ee
pocT.

Hayunas HOBH3HA. YCTaHOBJICHO, YTO 37a(OTOIMBI TO-
POIHBIX OTBAJIOB YrOJbHBIX 11aXT HOBOBOJIBIHCKOTO TOPHO-
MIPOMBIIIJIEHHOTO paiioHa XapaKTepU3YIOTCSI HU3KUM YPOB-
HeM o0ecIeyeHUs] OpraHMYeCKMMU BELIECTBAMU U BICOKOM
KHCJIOTHOCTBIO. Y CTAHOBIJIEHBI 3aKOHOMEPHOCTU U3MEHEHMST
TEMIIEPAaTYPHBIX U BJIAXKHOCTHBIX YCIOBUIA MTOPOTHOTO OTBA-
Jla, Ha KOTOPOM HaOJII0IaI0TCsI Mpoliecchl TopeHus. Jlokaza-
HO, 4TO TOpEHUE OTBAJIOB MpeoNpeaesieT u3MeHeHue hu-
3UKO-XUMUYECKHNX CBOCTB OTBAJbHOM IMOPOIBI M UMEET He-
MTOCPEACTBEHHOE BIMSHUE Ha Pa3BUTHE IPEBECHO-KycTap-
HUKOBOI PaCTUTEIIBHOCTH.

IIpakTuyeckasi 3HAYUMOCTb. YCTaHOBJICHHBIE (DU3MKO-
XUMUYECKUE CBOMCTBA 31a(hOTOMNOB, (DOPMUPYIOIIMXCS IO
BJIVSTHUEM TeMITepaTypHBIX 1 BIaXKHOCTHBIX PeKMMOB Ha OT-
BaJlaxX IIaxT B Mpexaesax HoBOBOJBIHCKOTO TOPHOIPOMBIIII-
JIEHHOTO paiioHa, peKOMEH/1yeTCsl YYUThIBATh JIJIsl 00OCHOBA-
HUS BBIOOpA BUIOB APEBECHO-KYCTAPHUKOBOM PACTUTEIHHO-
CTU TIpU TIPOBEICHUU (UTOMETMOPAaTUBHEBIX paboT. [Tomy-
YeHHbIC MaHHBIC MO TEMIEpPaTypHBIM peXUMaM CJeayeT
YYUTHIBATh TIPU pa3paboTKe TUIAHOB 1O IMPEIOTBPAIICHUIO
CaMOBO3TOPaHUsI, TallleHUSI U Pa30OPKU MTOPOIHBIX OTBAJIOB,
a TaKXKe B CJIyyae X JAIbHENIIEN PEKYIbTUBALUU.

KnroueBbie cioBa: yeoavnas waxma, nopooHblil omean,
adagomon, memnepamypHoe noae, IK0N02UHECKAs ONACHOCb,
9K0N0eUYecKas 6e30nACHOCMb

Pexomendosano do  nybaikauii  dokm. c.-e. HAYK
B. I1. Kyuepseum. Jlama naoxooxcenns pyxonucy 17.11.18.
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