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Abstract

Lipovtsy coal field mine Ne4 processed north-western reserves of Lipovtsy
field in Primorski Krai (Russia). In 1997, the mine was declared unprofitable
and was abandoned by natural flooding with no arrangement of mine water
discharge and in 2005 it was fully flooded. The main sources of pollution in
the studied area are spoil heaps (mine wastes), underspoil filtering waters and
mine waters which are being discharged on the surface after finishing of “hy-
draulic funnel” artificial support. The study of technogenic landscape of
abandoned mine industrial area showed that its morphologic form is domi-
nated by spoil heaps. Soils located near mine waste body differ from bench-
mark soils by chemical properties and size distribution. The influence of ac-
tive hydrochemical mine and drainage water flows is the reason of the
above-mentioned variation in soil properties. Results showed that, there exist
a high correlation ratios between chemical composition of mine waters and
water extracts from soil: Between the alkalinity of mine waters and electrical
conductivity of soil water extracts (r = 0.73), between mine water iron content
and pH of soil water extract (r = —0.56), between the solid residue of mine
waters and electrical conductivity of soil water extracts (r = 0.72), between the
mine waters calcium content and electrical conductivity of soil water extracts
(r = -0.75), between the alkalinity of mine waters and silicon dioxide content
of soil water extracts (r = 0.61), between the mineralization of mine waters
and chrome content of soil water extracts (r = 0.73).
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1. Introduction

Having started in mid-90s, a massive closure of unprofitable and loss-making
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mines commenced in Russia under a coal industry restructuring program and
was weakly supported by regulations and engineering requirements for many
kinds of liquidation works. The coal industry-restructuring program, besides
closing of specifically loss-making mines, had the objective to improve the envi-
ronment in coal mining areas. Many scientists and specialists thought that with-
in 2 - 3 years after flooding primeval hydrogeological situation would set, mine
waters quality would improve so that would be suitable for drinking purposes;
rocks movement, earth surface sedimentation and deformation would stop [1]
[2] [3]. However, it appeared to be that upon the closing of unprofitable mines
the negative impact grows. Dump masses when storing forms a new relief not
typical for this area. Overlapping natural soils by moldboard masses entails a vi-
olation of vegetation, often it followed by formation of a secondary anthropo-
genic cenoses. This phenomenon is observed in a radius from one and a half to
two kilometers around the waste dumps [4] [5].

Although structural and man-made changes in the geological massive stop,
the other types of negative effects keep on going and some even become more
active, for example the level of ground water rises and degradation of soil is ob-
served [1] [6] [7] [8]. In addition, spoil heaps of abandoned mines eroding on
the surface are a source of soil pollution with heavy metals (Ni, V, Cu, etc.).
Quite often rock mass dumps cover soils of adjacent territories, as well as they
serve as the cause of acid or alkaline solutions resulting from precipitation
washing [4] [9] [10] [11] [12] [13]. The influence area of rock mass dumps may
extend up to 300 m and more. It is at such a distance from waste heaps that al-
lows the concentration of heavy metals in soils.

The issue of abandoned mine waste negative impact on the environment ex-
ists not only in Russia, but also in other countries, e.g., China [14], Slovenia [15],
USA [16], etc.

However, the most large-scale negative process connected with ‘wet’ closing of
coal mines is the discharge of highly mineralized mine water on the surface [17],
[18]. Water content of underground mine openings varies greatly and is con-
nected mainly with openness of Cenozoic and black coal sediments [19]. Dis-
charge of mine waters on the surface is arranged via water discharge technologi-
cal wells but sometimes seepage of those waters is observed. Mine waters are
discharged directly into surface water sources in the impact areas of abandoned
coal mines [20] [21] [22].

The composition of mine waters is formed as the result of interaction of un-
derground waters with rocks through contact exchange. They contain mineral,
organic and bacteriological pollutants. It was found that flooding of mines caus-
es pollution of drinking water sources in communities around mine waters dis-
charge area. Mine waters affect water in wells, spring wells, ground water catch-
ments that is proved mainly by high mineralization. For example, in China
heavy metals content is controlled in water wells near abandoned coalfields.
Special attention is paid to cadmium and copper [6] [7] [20] [23] [24] [25] [26]
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[27].

Our research showed that in mine waters of abandoned mine Avangard in
Primorski Krai, concentrations of lead, zinc, strontium, molybdenum, copper
and mercury exceed the maximum permissible concentration (MPC). A close
connection of quality parameters and mine water pollutants with the nearby riv-
er water parameters and with the quality of well water used by local communi-
ties for water supply was found [28]. Under the impact of mine waters and
dump area technoginic flows of dissolved substances, the chemical structure of
soil is transformed. pH of soil changes, in the humic-accumulative horizon sul-
fides and silicon compounds are seen, in mineral horizons iron, chrome and
copper compounds are accumulated [29]. As the result, soil cover adjacent to the
dump area is experiencing not only a physical impact as the result of overlapping
by moldboard masses, but also a strong influence of mine and underspoil waters
contributing to the emergence of reducing conditions, leading to an increase in
solubility and hence mobility of many chemical compounds. Restorative
processes lead to development of gley soil and this in turn leads to changing in
the direction of soil formation. Instead of automorphic non-gley soils, hydro-
morphic gley soils are formed.

This paper studied the issue of soil transformation of technogenic landscapes
of abandoned mine industrial areas using the Lipovetsky Coal Basin as a case
study.

Abandoned mine of Lipovetsky Coal Basin was mining the reserves of the
north-western part of Lipovetsky field located in the Lower Cretaceous coal
bearing capacity structure - Razdolnoe Coal Basin which is located within the
interstitial water basin of Sikhote Alin folded system and spurs of East Manchu
highland, Sikhote-Alin hydrogeological area [30] (Figure 1). In 1997, the mine
was deemed unprofitable and abandoned by natural flooding without controlled
discharge of mine water; and in 2005 it was fully flooded. The main sources of
pollution and soil transformation in the studied area are spoil heaps, filtering
underspoil waters and mine waters discharged on the surface after controlled
“hydraulic funnel” stop.

Spoil heaps of enclosing rocks being the primary sources for pollution are
formed by rock fragments of Lower Cretaceous coal bearing layer [31]. The
rocks mainly consist of aleurolits, argillites and arcose sandstones with black
coal bearings and layers. Eluvial thickness of sandstones, aleurolits and argillites,
which is soil forming ranges between 1 - 1.5 m. Size distribution is represented
mainly by fractions > 10 mm which content is always higher than 50%. Low
fractions of silt 1 mm and smaller are present in mine waste at the rate of 14% -
20%. The remaining rocks are referred to 1 - 10 mm fraction. The absence of
sand and loamy clays in rocks is explained by washout of those fractions by
storm rainfall. As a rule, those rocks are easily subjective to erosion washing and
quite often debris flow tails are seen near spoil heaps.

Microelement structure of spoil heaps is not studied, there is no data on the
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Figure 1.

‘‘‘‘‘‘‘

Lipovtsy coal field

ok

nnnnnnn

| Viadivostok
{ Bnaausocrox

Village Lipovtsy
Tunosub

Village Lipovtsy
TMnosubl

The location the industrial area of the Abandoned mine of Lipovetsky Coal Basin.

composition of macroelements in soil mixtures of spoil heaps. There are only
materials available on macro and microelements content in deposit coals. The
research by Kitaev showed that maximal content of chemical elements is seen in
high-ash coals and this is connected mainly with the accumulation of clastic ter-

rigenous and volcanogenic materials together with organic matter [31].

2. Material and Methods

Duplicate samples of mine water, soils and materials of mine waste (1LP, 2LP,
3LP, 4LP, 5LP) were taken in 2011-2013 in autumn and spring seasons in the
industrial area of Lipovetsky abandoned mine field. As benchmark soil was tak-
en soil located far from the source of impact (Eutric Luvisols, 5LP). Morpholog-
ical, chemical, physical-and-chemical properties of soils were determined in
compliance with generally accepted soil science methods [32] [33] [34]. The
chemical composition of mine waters was studied by core hydrochemical para-
meters. pH was determined by a potentiometer using a glass electrode; minera-
lization was determined by gravimetric method. To determine color, turbidity
and total iron content, the photoelectrocolorimetric method was applied using
the spectrophotometer UNICO-1201 (USA). Permanganate demand was deter-
mined by Skopintsev’s method. To determine water hardness and calcium mag-
nesium ions, volumetric titration was applied. Alkalinity was determined by the
acidimetric method. Chlorides were determined by the argentometric titration
with potassium chromate as indicator, sulfates were determined by complex-
ometry.

Soil-water extracts from specific soil horizons were prepared in compliance
with the guideline for soil chemical analysis [32]. The chemical composition of
soil-water extracts was determined by spectrophotometry in compliance with the

guidelines input in the memory of the portable spectrophotometer DR2700-01B1
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(Hach, Germany). pH of soil-water extracts was determined by pH-meter Fi-
veEasyPlus 20 (MettlerToledo, Switzerland) and electrical conductivity—by
conductometer FiveEasy 30 (MettlerToledo, Switzerland). Statistical analysis of
the results of chemical composition of mine waters and soil-water extracts was
done with the StatSoft Statistica 10.0 software.

The assessment of heavy metals pollution was based on parallel study of the
content of various forms of cadmium, lead and zinc, copper, nickel, etc. in mine
waste dumps containing rather large volume of carbonized inclusions as well as
in the soils affected by geochemical flows formed in the course of mine waste
enleaching by atmospheric rains. The content of cadmium, lead, zinc, copper
and nickel in soil profiles and mixed samples of soil top horizons and in layers of
mine waste was determined by atomic absorption analysis as per approved
guidelines. They were determined acid-soluble forms (5 M HNO;), movable
supply forms (extraction by ammonium acetate buffer with pH 4.8) and movable
water-soluble forms.

3. Results and Discussion
3.1. Characteristics of Luvisols
The soil surface in the coal mining area of Lipovetsky industrial complex is ob-

served in two forms: Luvisols and Humic Gleysols (Figure 2). Both types of soils

are related to the section of differentiated soils texture [35]. They are formed on

Figure 2. Morphological soil profile: (a) Luvisols; (b) Humic Gleysols. In the areas lo-
cated in mine waste direct effect zone, Humic Gleysols are transformed into Ferric Luvi-
sols. The key factors of soils transformation are underspoil and mine waters accumulated
in subsidence areas above the developed mine space. They effect the change of soil mois-
turizing mode causing flooding, over moisture and therefore contributing to development
of gleying process. Besides, mechanical inclusions contribute to development of trans-
formation of soils, brought from waste heaps as mud downflow.
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flattened surfaces with herb-bunchgrass cover. The required diagnostic parame-
ter for them is the presence in the profile of the texture horizon together with
eluvial horizon, formed due to bleaching of the upper part of texture thickness,
gaining light-brown or yellowish color. In both diagnostic horizons there were
ferro-manganese noddles. The texture horizon as it has heavy loamy and even
clayey granulometric composition, often has the gleying traces in the form of
blue-grey and ochreous spots of oxide and ferrous iron. This indicates the on-

going oxidation-reduction process.

3.2. Chemical Properties of Soils

The profile of Eutric Luvisols (5LP), which we take as a benchmark is characte-
rized by weak acid medium reaction and not base-saturated soil adsorbing com-
plex (SAC). Among exchangeable bases, calcium dominates accumulated in up-
per humus accumulation and texture horizons. Usually such distribution of ex-
changeable calcium is explained by its biogenic accumulation in humus in upper

horizon and inside mineral silt with increased content of silt fraction (Table 1).

Table 1. Chemical properties of soils and mine waste of Lipovetsky industrial area.

Exchangeable cations

Horizon Thickness ~ Depth of pH (mmol/100 g of soil) Cation exchange capacity C (%) Size distribution (%)
(cm)  sampling (cm) (mmol/100 g of soil)
H,0 Kl Ca®* Mg* K' Na* <0.001 <0.01
Spolic Technosols (1LP)
0-30 10 - 30 9.46  7.65 1.54 7 20
n/d* n/d
30 - 50 40 - 50 9.56 7.64 1.94 5 18
Spolic Technosols (2LP)
0-30 10 - 30 7.58 5.98 13.1 71 0.09 n/f 18.23 3.34 21 44
30 - 50 40 - 50 8.00 6.40 11.9 6.0 0.05 n/f 25.44 5.74 26 54
Humic Gleysols (3LP)
Ahl 0-20 0-20 8.83 7.30 13.1 5.8 n/f 24.96 5.65 18 47
Ah2 20 - 40 20 - 40 8.76 692 12.7 6.2 0.01 0.34 27.04 1.91 23 53
Ah+Bg+Cg 40-55 40 - 55 8.54  6.60 11.6 56 0.09 0.46 18.06 1.90 24 59
Ferric Luvisols (4LP)
Ah 0-15 0-15 7.13 549 10.1 4.02 22.88 2.37 22 62
AhEcg 15-30 15-30 7.15  5.00 9.5 1.26 n/f 17.06 1.89 30 69
Ecg+Btg 30 - 49 30 - 49 6.57 4.34 4.9 1.63 12.77 0.43 56 83
Eutric Luvisols (5LP)
Ah 0-15 0-15 5.6 4.7 12.5 49 0.01 0.07 18.25 5.11 13 42
E 15-33 15-33 5.8 4.3 7.2 3.1 0.01 0.04 10.53 0.77 12 42
Bt 33-57 33-57 5.7 4.8 13.9 57 0.02 0.05 19.68 0.21 43 59

a. Parameter was not being determined. b. Parameter was not being founded.
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The content and distribution of organic carbon by profile is typical for Luvi-
sols—maximum in humus accumulative horizon and sharp drop in underhumus
(eluvial). Cation exchange capacity correlates with the parameters of exchangea-
ble bases content as they are mainly determine that value.

The chemical properties of Luvisols are mainly determined by the chemical
properties of mine waste effecting them. The waste mixtures of mine waste have
alkaline reaction. The alkalinity from hydrocarbonate-ions (HCOJ ), occurring
upon dissolving of calcium carbonates from mine waste rock debris is apparently
determinative. Therefore, the reaction of soil medium effected by mine waste is
also alkaline. The dependence of the pH values of these soils on the distance to
the “body” of the “body” of a waste heap is obviously seen. The soil profile being
close to mine waste (3LP) and much affected by anthropogenic activity, has alka-
line reaction of medium. Weakly alkaline and even neutral medium is typical for
soils more remote from mine waste (4LP) (Table 1). By the content of exchan-
geable calcium and magnesium ions in SAC the same dependency is seen—their
content in the first profile is lower. Quantitative distribution of organic carbon
in the soils studied is orderly—maximum in upper organic horizons that is ex-
plained by accumulation of organic carbon in the result of grassy process form-
ing humus-accumulative horizons. Meantime, the effect of mud flows from mine
waste containing free carbon should not be minimized. Spolic Technosols (1LP)
are characterized by low carbon content while in silt there is some free carbon
inclusions visible. Apparently, free carbon abundantly contained in mine waste
are gradually undergoing oxidation weathering forming soluble compounds
which are washed out by atmospheric rains.

Thus, Luvisols, located near the “body” of a waste heap change not only the
morphological properties, but also chemical under the influence of geochemical
flows of soluble substances, under the influence of debris flows, as well as under
the influence of flooding by underspoil and mine waters. By the re-acquired
chemical properties they differ from the butterbur, which we conventionally ac-
cepted as the standard. Especially significant are the differences traced on the
acid-base properties of soils and particle size distribution, which is understanda-
ble, since they first take on the migration flows of soluble compounds and me-

chanical suspensions.

3.3. Assessment of Soil Pollution with Heavy Metals

The above mentioned chemical properties of the soils do not give the full view
on the changes occurring inside them. Rocks, buried for a long time beneath the
surface are suddenly exposed, the changes in atmospheric conditions leads to
intensive weathering. The chemical elements contained in the minerals of those
rocks are leached out, forming geochemical flows that have a significant impact
on the pollution of soils. The erosion of mine waste creates drifts on soil surface.
Because of such a comprehensive geochemical impact of the mine waste and re-

lated technogenic flows, the affected soils change not only their natural chemical
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properties but also their chemical composition.

To find the degree of pollution, as well as to determine the nature of contrast
of the newly formed characteristics gained by transformed soils, a comparative
analysis of the chemical composition of the polluted soils and their non-polluted
analogues was made. For that, concentration factors have been calculated for all
the forms of heavy metals.

The analysis of the size distribution data of heavy metals content in various
objects (Table 2) has shown that mine waste contain increased concentrations of
heavy metals, especially zinc, nickel, cadmium, exceeding those in genetic hori-
zons of soils. Therefore, overburden materials is originally enriched with heavy
metals being potential pollutants of soils and soil surface. Rather high concen-
trations of heavy metals have been found in washout zone and redeposit of mine
waste materials that occur in Humic Gleysols (3LP) located in direct proximity
of mine waste body. Surface horizons of those soils not only inherit high con-
centrations of a number of elements typical for overburden rocks (Zn, Ni, etc.),
but become enriched with Cu, Pb, Cr, Mn, the content of which in mine waste is
not high. The analysis of 5 M nitric-acid extraction (nominal gross forms of
metals) shows that the most intensive deposition of most elements occurs in
upper grassy horizon under 20 cm deep. Exceeding of some metals (Ni, Cu, Pb)
compared to the background is two or more times (3.8 - 2.1). That acknowledges
the fact of accumulation on the soil surface of the materials transferred from the
mine waste that has been always enriched with those metals. In addition, accu-
mulation of those elements in the organic matter of organic horizons should not
be excluded. The content of Cu, Pb in them is 2.1 - 2.4 times higher compared to
the background. Besides, profile differentiation is seen for lead, maximal content
is in mixed layer (Ah+Bg+Cg), which is characterized by heavier size of silt.

In the soils not covered by technogenic materials (more remote from the
source of impact) 4LP a lower degree of pollution is observed. Compared to the
background soils they contain insignificant exceeding in the content of all heavy
metal forms (Table 2). For example, by the content of nominal gross forms of
metals the exceeding is one to one and half times, while for some of them (Cu,
Zn) negative values have been seen, but only in lower horizons of soil profile.

In the soils not covered by technogenic materials (more remote from the
source of impact) 4LP a lower degree of pollution is observed. Compared to the
background soils they contain insignificant exceeding in the content of all heavy
metal forms (Table 2). For example, by the content of nominal gross forms of
metals the exceeding is one to one and half times, while for some of them (Cu,
Zn) negative values have been seen, but only in lower horizons of soil profile.

Movable water-soluble forms of heavy metals in the studied soils are not of
any reasonable concern. Firstly, they are insignificant in absolute values; se-
condly, most often no exceeding is seen by concentration factors.

Thus, the soils associated with the mine waste not only inherit high concentrations
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Table 2. Content of various forms of heavy metals in soils of Lipovetsky industrial area, mg-kg™".

Horizon Thickness (cm)  Depth of sampling (cm) Cu Zn Ni Pb Cd Cr Mn
Spolic Technosols (1LP)
Nominal gross forms (5 M HNO,)
0-30 10 - 30 20.72 187.79 34.22 12.78 0.03 8.20 307.70
30 -50 40 - 50 22.28 171.44 33.84 10.27 0.10 8.44 447.10
Movable forms (ammonium acetate buffer)
0-30 10 - 30 1.07 25.89 2.10 1.73 0.07 0.87 67.29
30 - 50 40 - 50 1.26 27.31 2.43 1.31 0.04 0.84 72.87
Movable forms (water soluble)
0-30 10 - 30 0.03 0.11 0.08 0.01 <0.005 0.01 0.11
30-50 40 - 50 0.02 0.57 0.06 0.01 <0.005 0.16 0.15
Humic Gleysols (3LP)

Nominal gross forms (5 M HNO;)

Ahl 0-20 0-20 28.65 129.54 20.14 22.09 0.03 19.36 963.00
Ah2 20 - 40 20-40 17.49 106.87 23.19 19.99 <0.005 18.39 784.40
Ah + Bg + Cg 40 -55 40 - 55 15.65 95.06 20.85 20.20 <0.005 20.46 1544.20

Movable forms (ammonium acetate buffer)

Ahl 0-20 0-20 0.60 9.85 0.86 1.47 0.04 0.42 32.49
Ah2 20 - 40 20-40 0.13 2.34 0.65 0.66 0.02 0.36 18.62
Ah + Bg + Cg 40 - 55 40 - 55 0.05 1.29 0.34 0.17 <0.005 0.30 27.89

Movable forms (water soluble)

Ahl 0-20 0-20 0.05 0.14 0.06 <0.005 <0.005 0.01 0.21
Ah2 20 - 40 20 - 40 0.08 0.28 0.08 <0.005 <0.005 0.01 0.14
Ah + Bg + Cg 40-55 40 - 55 0.06 0.09 0.03 <0.005 <0.005 0.01 0.09

Ferric Luvisols (4LP)

Nominal gross forms (5 M HNO,)

Ah 0-15 0-15 14.28 90.09 14.99 18.44 <0.005 19.09 1099.50
AhEcg 15-30 15-30 14.36 97.75 14.97 19.51 <0.005 18.50 1393.40
Ecg + Btg 30-49 30 -49 9.91 63.40 12.12 16.93 <0.005 22.27 755.40

Movable forms (ammonium acetate buffer)

Ah 0-15 0-15 0.17 0.81 0.59 0.75 0.01 0.26 18.85
AhEcg 15-30 15-30 0.04 1.86 0.67 1.02 0.02 0.36 18.40
Ecg + Btg 30 -49 30 - 49 0.13 0.36 0.96 1.03 <0,005 0.26 13.58

Movable forms (water soluble)

Ah 0-15 0-15 0.03 0.11 0.08 <0.005 <0.005 0.02 0.19
AhEcg 15-30 15-30 0.04 0.28 0.04 <0.005 <0.005 0.02 0.13
Ecg + Btg 30 - 49 30 - 49 0.02 0.07 0.06 <0.005 <0.005 0.003 0.11
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Continued

Eutric Luvisols (5LP)

Nominal gross forms (5M HNO;)

Ah 0-15
E 15-33
Bt 33-57

Movable forms (ammonium acetate buffer)

Ah 0-15
E 15-33
Bt 33-57

Movable forms (water soluble)

Ah 0-15
E 15-33
Bt 33-57

0-15 21.5 171.30 5.30 50.40 0.08 13.90 2524.80
15-33 12.4 86.00 12.50 8.80 <0.005 13.90 278.50
33-57 14.6 91.70 11.90 7.50 <0.005 12.10 198.90
0-15 0.37 6.30 0.35 2.10 0.03 0.16 31.06
15-33 0.20 1.50 0.08 0.90 <0.005 0.29 12.24
33-57 0.19 0.98 0.05 0.54 <0.005 0.11 12.56
0-15 0.06 0.18 0.06 <0.005 <0.005 0.01 0.13
15-33 0.04 0.15 0.01 0,01 <0.005 0.04 0.09
33-57 0.03 0.12 0.01 <0.005 <0.005 0.02 0.09

of a number of chemical elements but also in the result of transformation
(chemical differentiation) occur to be polluted by heavy metals. Pollution of soil
with heavy metals is made not only with solutions discharged from mine waste
and not only with coarse dispersion being technogenic drifts but also because of
flooding with mine and underspoil water. Upon such a comprehensive effect,
soils drastically change their natural characteristics and chemical composition.
Analytical materials of soil water extracts, mine and underspoil water evidence
this.

As seen from Figure 3, the decrease of pH, electrical conductivity and Cr(VI)
content is observed from mine waste to Eutric Luvisols. pH is evenly changing
from weakly alkaline (point 1) area to neutral (point 5). By electrical conductivi-
ty, the statistical differences between Spolic Technosols and Luvisols have not
been observed (points 1-4). The differences have been detected only between
those points (1-4) and Eutric Luvisols (point 5), which evidences salinization
(contamination) of the soils close to the mine waste. By Cr(VI) content, there are
differences between Spolic Technosols (point 1) and Eutric Luvisols (point 5)
while there are no differences between Spolic Technosols and Luvisols. Mean-
time, it is seen that Cr(VI) is being accumulated in soil under effect of mine
waste but due to large spread of values in points 2-4 they are statistically not dif-
ferent from Eutric Luvisols (point 5).

Table 3 includes the coefficients of correlation between the chemical compo-
sition of soil water extract and mine water of the abandoned mine Ne 4 of Li-
povtsy community. As seen from the table, growing mineralization and per-
manganate demand of mine water may cause accumulation of chrome com-
pounds and increase of conductivity in soil solution. Growing alkalinity also

contributes to accumulation of silicon compounds in soil solution and its
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Figure 3. Chemical composition of water extracts of Spolic Technosols, Eutric Luvisols and Luvisols of mine Lipovtsy community
(South well): 1 (1LP), 2 (2LP)—Spolic Technosols; 3 (3LP), 4 (4LP)—Luvisols; 5 (5LP)—Eutric Luvisols.

Table 3. Coefficients of correlation between the chemical composition of soil water extract and mine water of the abandoned mine
of Lipovtsy community (N = 13, p < 0.05).

Soil extract Mine water Chrome (VI) (mg-L-") Silicon dioxide (mg-L™") Electrical conductivity (uS-cm™) pH
Solid residue (mg-L™") 0.64 -8 0.72 -
Mineralization (mg-L™) 0.64 - 0.63 -
PD (mgO-L) 0.60 . 0.68 -
Alkalinity (mmol-L™") - 0.61 0.73 -
Ca®* (mg:L™") . -0.58 -0.75 -

Total iron (mg-L™") - - - -0.56

a. No association.
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conductivity increase. Hardness salts conversely decrease the mobility of silicon

compounds and the electric conductivity.

Regression analysis between the content of total iron in mine water and pH of

soil water extract, mineralization of mine water and chrome content in soil water

extract is showing close interrelation between the said parameters. Growth of

iron concentration in mine water may cause acidification of soil solution and

mineralization may cause accumulation of chrome compounds (Figure 4).

Positive dependency may be seen between the alkalinity of mine water and the

content of silicon compounds and the electric conductivity of soil solutions and

that is possibly associated with the solution of soil silicates in alkaline media

(Figure 5).

pH of soil = 7.1784 - 1.041 *Iron
Correlation: r = -0.5578

7.8
7.6f ‘\\\ °
74b T
— 7'2:\\"“«__0 \\;_“\
@ 7.0 -:k“*\x\xkxkﬂn"'--— ) S —
S 6.8}~ >
:é_ ) —\_-\_"‘*—\.‘_‘-‘ \"“\.q__‘_‘_‘
6.6' o “"-\_ \"‘*\.,_ o
6.45 e \“a;
6'2- o \\\'\.
6.0 =
0.1 0.0 01 02 03 04 05 06 07 0.8

Total iron (mg-L™")

|6.95 Confint.

Cr(VI) (mg-L)

Cr(VI) = -0.1545 + 0.52E-3 *Mineralization
Correlation: r = 0.63945

0.7
0.6 3
0.5¢
0.4} ]
0.3 SR -
T : /”F:,/_
0.2F ..o === R
01l H/‘ L . .
" f-— -7
0.0 ’_JB‘/ » g S
-0.1 -
200 300 400 500 600 700 800 900
Mineralization (mg-L")

Figure 4. Regression curve of the dependency of pH and chrome content in soil extract on total iron content and mineralization

in mine water.
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Correlation: r = 0.73007
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Figure 5. Regression curve of the dependency of electrical conductivity and silicon compounds content in soil extract on alkalinity

of mine water.
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Thus, the dependencies obtained show that continuous discharge of rather ac-
tive hydrochemical flows of mine and filtering water causes changes in the

properties of soils under the sphere of their impact.

4. Conclusions

The morphological view on the industrial zone of abandoned mine Ne 4 of Li-
povtsy (South well) is determined by mine waste which changes the terrain ef-
fecting the formation of secondary anthropogenic cenosis and are the source of
technogenic geochemical flows affecting soil. Spolic Technosols being a part of
the technogenic flow may be deposited on the soil surface causing not only pol-
lution with chemical elements many of which are from heavy metals group and
also causing soils transformation. As the result, Luvisols close to mine waste are
exposed to its impact in the form of geochemical flows of soluble matters, mud
flows and flooding with underspoil and mine waters are by their chemical prop-
erties different from Eutric Luvisols.

The soils not covered by technogenic materials (more remote from the source
of pollution) are less exposed to pollution and transformation and have less dif-
ferences compared to Eutric Luvisols. They contain insignificant exceeding of all
heavy metals content. It was found that the pollution impact on the soil with
heavy metals is carried out not only with the solutions discharged from mine
waste, and not only due to coarse dispersion being basically technogenic drifts
but also as the result of soil flooding with mine and underspoil water.

The availability of geochemically active compounds inside technogenic drifts
capable for an easy transformation into a solution as well as for a continuous
discharge of rather active hydrochemical flows of mine and filtering water causes
changes in the properties of soils under the sphere of their impact. The decrease
of pH, electrical conductivity and Cr(VI) content is observed from mine waste to
Eutric Luvisols. Close correlation was found between the chemical structure of

mine waters and the soil solution.
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