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SUMMARY

The paper considers the environmental impact of TPP (Thermal Power Station) ash dumps on
the soils of the surrounding areas. The paper provides an assessment of the man-made impact
of TPP ash dumps on the geochemical state (pollution) of soils in the area of their location.
For assess the possible man-made impact, the following were determined: features of the
economic use of the adjacent territories; landscape-geochemical features of modern soil cover
formation; planning of a network of soil condition observations.

Geochemical studies of soils were carried out annually from 2006 to 2022. Soil research was
carried out within the 300-meter sanitary and protective zone the ash dump along 6 profiles.
According to the profile, soil sampling was carried out at a distance of 50, 150 and 300 m
from the border of the ash dump. Samples were taken from the upper 0-5 cm homogeneous
soil’s layer with a special ring. Total weight of sample is 0.5 kg.

The selected samples were analyzed by approximate quantitative spectral analysis for 34
elements and quantitative analyzes for the content of S, F and Sr.

Geochemical studies of soils in background areas were also performed using a similar
methodology.
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Introduction

TPP are the most prevalent common energy enterprises in Ukraine. A lot of them generate heat and
electricity using coal fuel. Burning coal has a negative impact on the environment. First of all, this is
atmospheric pollution by gas and dust emissions. Most of the dust emissions (ash and fine slag) are
cleaned by electromagnetic filters (up to 95-97%) before being released into the atmosphere. The
caught ash and small slag from the filters are transported to ash pits (special fields for dewatering and
storage) by the hydro-transport method. Gas and dust emissions are subject to permanent state control
by environmental services, while the impact of ash dumps on the environment is practically not
monitored; at best, the hydrochemical state of groundwater in the area of the ash dump is monitored.
The paper considers the environmental impact of TPP () ash dumps on the soils of the surrounding
areas. Monitoring studies of geochemical soil contamination near one of the operating ash dumps for
many years became the basis for this.

Chemical elements are not included in the processes of self-cleaning of the environment, but only
change their concentration and the form of stay. That’s why geochemical research is one of the most
effective methods of assessing the ecological state of the environment (Saet et al., 1990). So, chemical
elements are ideal indicators of pollution from the source to all components of the environment.

The goal of the work was to assess the man-made impact of TPP ash dumps on the geochemical state
(pollution) of soils in the area of their location.

Method and Theory

To assess the possible man-made impact, the following were determined: features of the economic use
of the adjacent territories; landscape-geochemical features of modern soil cover formation; planning
of a network of soil condition observations.

Geochemical studies of soils at designated monitoring points (the same ones) were carried out
annually from 2006 to 2022. Soil research was carried out within the 300-meter sanitary and
protective zone of the ash dump along 6 profiles. The profiles were subperpendicular to its northern
and southern contours. According to the profile, soil sampling was carried out at a distance of 50, 150
and 300 m from the border of the ash dump. Samples were taken from the upper 0-5 cm layer of the
soil with a special ring from a small site with a homogeneous soil cover using the "envelope" method
with a square side of 10 m and subsequent combining of five point samples into one with a total
weight of 0.5 kg. Sampling locations were recorded in the WGS-84 geographic coordinate system
using a portable GPS navigator.

The selected samples were analyzed by approximate quantitative spectral analysis for 34 elements and
quantitative analyzes for the content of S, F and Sr. In addition, geochemical studies of soils in the
background areas were carried out using a similar method (Shuman, 1985).

Results

According to the results of the survey of the territories adjacent to the ash dump and deciphering of
the photographs, it was established that conditionally natural wooded landscapes have developed on
the north and south sides, and man-made landscapes (enterprise sites) with a changed soil cover
profile are adjacent to the ash dump on the east and west. In addition, geomorphologically, on the
northern side, the landscapes are developed within the first floodplain terrace with sandy-podzolic
soils. And on the southern side, natural landscapes are developed within the right steep side of the
river valley with loamy black soils. Taking into account these natural features, a network of
observation points for the geochemical state of the soil cover was established. Also, for the
interpretation of the obtained results, of the soils’ geochemical studies in the area works were carried
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out (Kuraeva, 1999; Govinsky, Kuraeva, 2002; Samchuk, 2006). According to the research results, it
was found that the background concentrations of P, S, Co, F, Cu, Sn, Nb in loamy soils are 1.4-1.8
times higher than their background concentrations in sandy soils, and Mn, Sc - on the contrary.
Geochemical studies of ash-slag waste were carried out within the ash dump annually in parallel with
soil monitoring studies. The waste samples were taken from the ash and slag dumps of the current
year and were examined in the same way as the soil samples.

According to the results of analytical studies, it was established that ash-slag waste has abnormal
contents of 16-17 elements, which are 2-15 times higher than their background contents in the soils of
the work area. The maximum concentration (by 4—15 times) in ash-slag waste is noted in Ag, Li, Cu,
Mo, Sn, Pb, V, S, Sr. These elements make up the geochemical specialization of waste and are
indicators of soil pollution.

The content of Ag in the waste varies from 0.15 to 0.45 mg/kg (average value of 0.4 mg/kg), which is
13 times higher than the background value in the soils of the work area - 0.03 mg/kg; Li - 45-100
mg/kg (backg. 10 mg/kg), Cu — 120 mg/kg (backg. 20 mg/kg), Mo — 7.5 mg/kg (backg. 1.5 mg/kg),
Sn — 10.0 mg/kg (backg. 2 mg/kg), Pb - 70 mg/kg (backg. 15 mg/kg), V - 160 mg/kg (backg. 40
mg/kg), S - 1000 mg/kg (backg. 250 mg/kg), Sr — 600 mg/kg (backg. 150 mg/kg).

In general, the geochemical association of ash-slag waste pollution can be presented in the following
form: Agi3—Lis—Cus—Mos— Sns—Pby7—V4—S4+—Srs—Nizs—(Mn, Co, Cr, Ga, Cd, Y, Yb,
Ba);.», where the index next to the chemical element is its concentration coefficient relative to the
background value in the soils of the work area.

Long-term studies of trace element composition give reasons to note that the association of pollution
elements does not change. sometimes the concentration of elements changes, which changes its
position in the geochemical series of association, it depends on the geochemical characteristics of the
burned coal.

Ecological and geochemical assessment of soil contamination was carried out to the north and south
of the ash dump separately according to the established values of the local geochemical background
for sandy and loamy soils.

The northern part of the sanitary protection zone, 50 m from the contour of the ash dump.
Abnormal concentrations are observed for elements-indicators of pollution (average content): S-550
mg/kg, background value 127 mg/kg (concentration factor — 4.3); Ag - 0.06 mg/kg with a backgr.
value of 0.024 mg/kg (Kk - 2.5); Pb — 28 mg/kg with a backgr. value of 13 mg/kg (Kk —2.2); V — 105
mg/kg at a backgr. value of 50 mg/kg (Kk — 2.1); Mo - 2.2 mg/kg with a backgr. value of 1.1 mg/kg
(Kk - 2). The geochemical association of soil contamination is S43-Ag> 5-Pb22-V3,1-Mos.

The total pollution indicator (TPI) based on soil samples within the zone was 10 units, which
corresponds to the permissible level of pollution (8-16 units) (Saet et al., 1990).

At a distance of 150 m and 300 m from the contour of the ash dump, abnormal concentrations are
noted only in single samples at a distance of 150 m from the ash dump for such elements as S, Pb and
Ag (Kk - 2-3) at TPI-2-6 units (background area - up to 8 units).

The southern part of the sanitary protection zone, 50 m from the contour of the ash dump.

Abnormal concentrations are observed for such elements as (average content): S-540 mg/kg with a
backgr. value of 232 mg/kg (Kk — 2.3); Ag - 0.067 mg/kg with a backgr. value of 0.031 mg/kg (Kk -
2.2); Mo - 2.3 mg/kg with a backgr. value of 1.1 mg/kg (Kk - 2.1); V — 110 mg/kg at a backgr. value
of 56 mg/kg (Kk — 2.0). The geochemical association of soil pollution can be presented in the
following form: S;3-Agz2-Mo02,1-Va. The total pollution indicator (TPI) based on soil samples within
the zone was 6 units, which corresponds to the permissible level of pollution - to 8 units.

Abnormal concentrations of chemical elements are not noted at a distance of 150 m and 300 m from
the contour of the ash dump. In general, the impact of the ash dump on the soil is recorded only at a
distance of 50 m from the contour of the ash dump, and the created pollution in the soil corresponds to
the permissible level (up to 16 units).
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On the southern side of the ash dump, soil contamination is slightly less than on the northern side. The
reason lies in the geomorphological features of the territory (from the south, the ash dump is limited
by the steep side of the river valley) and the migration’s method of ash and slag particles in space
(wind transfer).

Therefore, less dusty ash and slag waste is transported by wind currents to the high southern side of
the sanitary zone, especially to a distance of 150 and 300 meters. Soil monitoring studies for the
leading elements-indicators of ash and slag waste show that, despite their insignificant contents, their
concentrations slowly increase over time (Fig.1).
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Figure 1 The trend of changes in the concentrations of the leading chemical elements of pollution in
the soils of the northern part of the sanitary zone of the ash dump (element concentration scale in
mg/kg); A-Ag, B-S.

From 2006 to 2022, a slight increase in the concentration of S and Ag was noted in sandy soils within
a 50-meter zone north of the contour of the ash dump, and at a distance of 150 and 300 m during this
time, the concentrations of these elements practically did not change. For other elements, the growth
of their concentrations over time is less noticeable.

Within the 50-meter zone to the south of the contour of the ash dump in loamy soils, a similar trend of
changing concentrations is also noted, but it's less illustrative.
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Some questions are raised by the sinusoidal view of the graph. This is probably related to the so-
called laboratory "drift" of analytical definitions. But the graph trend curve reveals the main regularity
in the distribution of element concentrations over time.

No abnormal concentrations of such indicator elements of ash-slag waste as Li and Cu were recorded.
Presumably, this is related to the accuracy of determinations at background concentrations.

We believe that the main factor in the growth of soil pollution is wind erosion of waste. Over the past
4-5 years, wind erosion has increased due to the increase in wind power. Another reason is the use of
waste as a secondary raw material, as a result of which waste is dehydrated, moved and transported
(there is no open mirror of water on the entire area of the ash dump, which protected the ash and slag
from wind erosion).

Conclusions

1. For 2006 - 2022 an abnormal concentration of such elements as Ag, Li, Cu, Mo, Sn, Pb, V, S, Sr
was established. Differences in the concentration of trace elements change only the position of the
elements in the geochemical specialization of the waste, but not the composition of the association.
Such changes depend on the geochemical composition of the used fuel (coal).

2. The ash dump does not cause a significant man-made impact on the soils of the sanitary protection
zone. Geochemical pollution is recorded only at a distance of 50 m from the contour of the ash dump
for such elements as S, Ag, Mo, V, Pb, sometimes Sr, Sn, which corresponds to the association of
pollution elements. No abnormal concentrations were found at a distance of 150 m and 300 m from
the contour. Man-made impact of the ash dump on the soil at a distance of 50 m is estimated as
permissible (up to 16 units). According to the standards of the State Sanitary Rules for Planning and
Development of Settlements (p. 8.21), this territory is suitable for residential construction (DSTU
4287:2004, 2005).

3. Analysis of the dynamics of soil pollution in the sanitary protection zone of the ash dump for 2006-
2022 shows that there are no significant changes in the concentration of chemical elements in the soil
at a distance of 50, 150 and 300 meters from its contour. During the period of observation, slight
changes in the concentrations of elements in the soil, which have a wave-like nature of oscillations,
are noted, although, in general, there is a temporal trend of a slight increase in the concentrations of
waste indicator elements in the soil at a distance of 50 m from the contour of the ash dump.
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