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Impact of air born technogenic pollution on agricultural soils
depending on prevailing winds in Polissya region (NW Ukraine)
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Abstract. The article presents the results of the research on air born technogenic pollution of agrolandscapes as a result of the receipt
of non-localized inorganic dust from several industrial enterprises, which are concentrated in a small area (for example, the eastern
industrial facilities in Zhytomyr). It has been stated that the activity of these enterprises involves the formation of dust containing
high concentrations of Mn, Zn, Pb and Cu. Thus, the article shows the concentration levels of dust in the air at different distances
from the source of emission.

The role of wind characteristics in dissipation of pollutants within the limits of the given territory is determined. It is proved that
dust pollution of the territory causes changes in soil texture. The increase in the fraction of the coarse dust is observed at the distance
of up to 250 m, of the medium dust — up to 400 m, of the fine dust — up to 600 m, the content of the smallest fractions increases from
50 and is kept to a height of up to 750 m. Such soil composition near the eastern industrial site possesses a high soil permeability, poor
water retention and absorption properties, low water resistance and buffering of pollutants, etc. Therefore, as a result of the redistribu-
tion of soil fractions, changes in the humidity regime and humus accumulation occur. It was revealed that the greatest danger in the
immediate proximity to the industrial facilities is the formation of copper compounds that comes in coarse dust particles, its highest
concentrations are noted in the 1-km zone, where the significant variability of pollution is noted — from 1 to 5 maximum permissible
concentration, which determines by the role of wind streams in creating a general picture of pollution. All other investigated groups
of pollutants — zinc, lead and manganese compounds — create a hazard in more distant areas, due to their receipt as a fine particle
fraction of dust. The loss of these compounds is also marked by variability and heterogeneity within the studied area, which we also
associate with variables of wind characteristics. It is these groups of compounds that create the greatest danger for the well-being
of agroecosystems surrounding the area of the industrial facilities.
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1. Introduction min et al., 2018; Siyue et al., 2018). Soil contamination

with heavy metals by aerial technogenic contamination

For decades the pollution of atmospheric air remains an  has caused concern because of the risk elements difficult

urgent and top-priority geoecological problem, highlight-
ed in a considerable number of scientific publications.
Many papers state that the mining and processing indus-
tries are the main sources of heavy metals. These metals
and metalloids predominate in the environment mainly
in the form of dust particles (Dartan et al., 2015; Zhong-

to decompose and migrate into the human body through
food chains (Mohmand et al., 2015; Wei et al., 2009; Sh-
uanxi et al., 2017 ). Some works are also devoted to the
problems of forecasting pollution levels of atmospheric air
(Harmens et al., 2016; Stravinskieng, 2011; Steinnes et al.,
1997), who carried out research on the basis of connec-
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tion of high levels of concentrations of pollutants with cli-
matic conditions (Alloway, 2012; Haiyan & Stuanes, 2003;
Imperato et al., 2003). The estimation of aerotechnogenic
contamination by methods of mathematical modeling was
carried out in scientific publications (Hsu et al., 2006; Al-
Khashman, 2004; Shmandiy & Gurets, 2015). At present,
the problem of atmospheric air pollution is highlighted in
works carried out using various methods and approaches,
the latest modeling methods and geoinformation systems.
For the conducting of the research industrial agglomera-
tions or industrial regions are usually selected (Biliaiev &
Kharytonov, 2011; Babiy et al., 2003; Shupranova et al.,
2014; Romanchuck et al., 2017b), or individual agglom-
erations or branches of industry are in focus (Kharytonov
et al., 2015; Kharytonov et al., 2017). An important aspect
is the influence of climatic conditions on the migration and
distribution of pollutants in the environment.

Most current issues of air pollution are stressed in
statistical information sources only, while there are no
scientific literature sources dealing with the research
of the industrial degradation of cultivated land on the
territory of small settlements (Top management statistics
in Zhytomyr region, 2010-2018). For example, the
background contamination within these places is not
a concern, however, despite high concentration of such
enterprises on a small area, the consideration of this
question in the light of all-city background values should
be considered as uninformative.

In view of the fact that the formation of background
concentrations of pollutants is influenced not only by the
parameters of the sources of pollution, but also by the
meteorological conditions, a number of scientific works was
devoted to this problem. Some scientists have calculated the
potential of air pollution on the territory of Ukraine, as well
as the meteorological possibilities of the atmosphere for
self-cleaning on the examples of different industrial areas
(Kunah et al., 2018; Romanchuck et al., 2017a, Hulisz
et al., 2011, Zymaroieva et al., 2019). Weather plays a role
in most of these components, usually resulting in higher
emissions at lower temperatures (Vreca, et al., 2001).

The most dangerous of all the compounds occurring
in the environment in the gaseous state, are sulfur diox-
ide, nitrogen dioxide, heavy metals in the form of coarse
and fine dust particles. These compounds can be oxidized
in heterogeneous and homogencous ways after occur-
ring in the environment through adsorption in aqueous
masses of clouds, fogs, and rains. The negative influence
of the gas-dust air composition near the emission sources,
which worsens the ecological state of all living compo-
nents of landscapes, is accumulated in plants and migrates
through food chains to animal and human organisms (Cza-
ja et al., 2015; Ceynowa-Gietdon et al., 2016).

One of the most hazardous components of aerotechno-
genic pollution due to the activity of industrial enterprises

are coarse and fine dust containing heavy metals and ra-
dioactive particles. It is this component that causes the in-
crease of phytotoxicity of the soil (Romanchuk et al., 2018,
Fedoniuk et al., 2019).

Therefore, the main goal of this study was to determine
the content of heavy metals in cultivated land as a result
of airborn technogenic contamination, and the features
of their lateral migration in soils.

2. Material and methods

The investigation of airborn technogenic pollution of agro-
ecosystems was carried out on the example of the industrial
facilities of the eastern part of the territory of Zhytomyr.
The surface of theadjoining landscape territory is undu-
lated with a general decrease to the North and North-East
(from 500 m to 300 m and lower). Accordingly, landforms
resulting from the destruction of rocks, such as highlands,
hills, rocks with steep slopes is replaced by a plain with
a slight variation of heights and the presence of microba-
sins.

The location of observation points was carried out at
various distances (100-2000 m) from the source of pol-
lution in the directions of prevailing winds. Survey areas
were selected taking into account the landscape and the
landscape-geochemical structure. The first route is laid
in the direction of the prevailing northwestern wind, that
is, the south-eastern part of the territory of the emission
source. Here, light-loamy brunizems on loess loam (pH,
5.8-6.1, humus content 2.1-2.85%) prevail. The second
direction is laid in the eastern direction, in this direction
dominate podzolized light-loamy brunizems on loess loam
(pH,, 6.0, humus content 2.23-2.56%). The third direction
is to the North-East from the source of man-made emis-
sions, here prevails podzolized light-loamy phaeozems on
loess loam with pH,, 6.2 and humus content of 2.2-2.8%.
In this direction, the winds do not blow so much as they do
in the south-eastern and northern directions, but this area is
located between the areas of increased man-caused emis-
sions, and can be subjected to frequent technogenic pol-
lution due to the movement of surface runoff. The fourth
direction is to the north from the source of anthropogenic
emission, here prevail podzolized light-loamy phacozems
on loess loam with the pH,, , of 7.2 and the content of hu-
mus of 2.5-2.8%.

Samples were taken according to the geospatial catena in
20 sites — 5 points in 4 directions from the Eastern industrial
facilities. The soil type was determined by evaluating soil
profiles. All soil samples were collected from the humus
topsoil (0-20 cm thick) using the “envelope‘ method .

Moving forms of Mn, Zn, Pb and Cu in the soil were
determined in a buffer ammonium acetate extract with
the pH of 4.8 by atomic absorption spectrophotometry.

H20
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The atomic absorption determination of the active forms
of heavy metals was determined in the acetylene-air
flame in the laboratory of the department of instrumental-
laboratory control of the State Ecological Inspectorate in
Zhytomyr region in accordance with the methodology
(DSTU 4770.1-9: 2007).

It would be good to note here that you compare data
on heavy metals with their MPC (maximum permissible
concentrations).

According to 15 hydrometeorological stations in Zhy-
tomyr region, the stability of the wind was calculated on
the stations, the wind force and direction were recorded,
and the wind-streams scattering ellipses were constructed.
The Atmas dust analyzer and the digital mobile laboratory
Einstein™ LabMate+ with a set of sensors for determin-
ing the concentration of gases and dust (the range of the
mass concentration of dust from 0.1 to 150 mg-m™) were
used to estimate airborn pollution the data of express and
automatic control methods using.

In the aerotechnogenic transfer of pollutants the key
position is taken by the characteristics of wind streams. In
the winter months on the territory of the city of Zhytomyr
it is usually cloudy, the winds are characterized by
significant velocities — approximately at the level of 4.5 to
25 and more m-s™!, in January, the lowest temperatures and
frequent inversions are noted. In general, for this territory,
the presence of weak winds is typical, and circulation
flows in the atmosphere do not cause the velocity of winds
over 15 m's”'. The most unfavorable areas of the Eastern
industrial facilities in Zhytomyr are windless periods
with a wind force of no more than 1 m-s’, that is, during
periods of surface temperature inversions, which hinders
the vertical migration of air masses. Pollutants in the form
of particles suspended in air accumulate in the surface layer
for a long period of time, and in combination with low wind
speeds, they can cause excessive contamination of adjacent
sources of agricultural landscapes. Thus, the geological and
geomorphological and natural-climatic parameters of the
research area are characterized by significant variability
of temperature conditions, wetting of the territory, wind
parameters, which causes an increase in the accumulation,
migration and dispersion of pollutants, and should be
taken into account when calculating the levels of pollution
of cultivated land.

Table 1. The content of heavy metals in dust, M+m, mg-kg!

Zhytomyr Oblast does not belong to the territory
of excessive anthropogenic pressure, but in the period from
2015 to 2018 the index of industrial production increases
on average by 110.3% annually; the fastest growth is noted
in the mining and processing industries. The industrial
production of the region in terms of growth rate takes the
1st place among other Ukrainian regions (109.8% in 2015).

One of such problem areas requiring special attention
is the so-called «Eastern industrial facilities» in Zhytomyr,
within which there are about 45 industrial enterprises
of food, light, chemical, metallurgical, machine-building,
production of other non-metallic mineral products and other
industries. Such a high concentration of multi-directional
industrial enterprises on a small area inevitably affects the
state of the surrounding ecosystems.

In 2015, from industrial enterprises on this territory
contaminants totaled 8.98 thousand tons. A part of these
compounds precipitates on the surface of the soil and reacts
with heavy metals, causing secondary pollution of the soil.

3. Results and discussion

There are 85 stationary sources of pollutant emissions on
the territory of the research facilities, and the main contri-
bution to atmospheric pollution is made by rotary kilns —
about 4600 tons of inorganic dust per year. Somewhat less
than 60% of dust is recycled by dust treatment plants.
Technological treatment of raw materials involves the for-
mation of dust containing high concentrations of Mn, Zn,
Pb, Cd and Cu (Table 1). It has been calculated that during
the last decade emissions of heavy metals with non-local-
ized dust were: Mn — 33158, Zn — 3687, Ni — 4604, Cu —
7736, Cr — 42364 kg. During the period of active plants
vegetation (April — September), 62% of annual emissions
of heavy metals amounted to 5753 kg (Table 1).

The investigated area of rectangular shape has an area
of 1475.189 hectares. An interpolation using the method
of IDW (inverse distance weighting) on the territory within
the sampling points has allowed to select areas with differ-
ent contents (Fig. 1). The largest content > 3 ... received on
the area of 60.714 ha, which is 4.12% of the territory. The
content from 2 to 3 ... is observed on an area of 911.927
hectares, 61.82%. Low pollution from 1-2 ... is observed

Cations
Type of dust components -
Mn Zn Pb Cd Ni Ni Cu Cr
Non-localized
. . 1349+65 163+25 3145 | 3403 235+21 1542 387+17 1456498
inorganic dust (n = 5)
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on the area of 487.010 hectares, 33.01%. And low content
<1 ... — on the areca of 15.538 hectares, i.e. 1.05%.

About 20% of the examined air samples showed
a 4-5-times increase in MPC. The biggest part of them
was marked in the range up to 400 m, slightly less than
a quarter exceeded MPC by 2-3 times. The largest part
of the points — about 40% — was at the level from 1 to
2 of MPC, such indicators were observed almost on the
whole distance from the emission source studied. Normal-

ization of the air state in this direction was noticed only at
a distance of 1000 m from the source of emission. Between
the content of dust in the air due to the movement of the
southern wind and the distance from the source of emis-
sion, a correlation is established (r = -0.5397) (Fig. 2).

At a distance of 250 m from the source of emission,
dust pollution reduced due to scattering by the wind, the
range of variation of air samples for dust content in the air
showed an excess of MPC by 2.8-4.2 times. The median
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Figure 1. Interpolation by IDW method of aerotechnogenic pollution of the territory
of the eastern industrial plant of Zhytomyr (Ukraine)
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of multiplicity of MPC for such a distance is 3.7769. With
further displacement from the source of pollution emission,
the pollution is reduced, but the level of pollution remains
high at a distance of 500 m and 750 m. In this range, the
variation of the indicators of the MPC excess is quite
significant from 1.5 to 4 times. The medians of multiplicity
of MPC for this were 3.2201 and 2.6414 for distances
of 500 and 750 m, respectively. From a distance of 1000
m, a gradual stabilization of the state of the air begins, with
variation ranges for distances of 1-1.75 km, which remain
quite significant — from 0.2 to 2.5 MPC. Meanwhile, the
medians remained higher than MPC — 2.4388 (for 1000 m),
2.1272 (for 1250 m), 1.846 (for 1500 m) and 1.5324 (for
1750 m). Only at a distance of 2000 m the situation can
be considered as normal, ranges of variations of the values
of multiplicity of MPC were from 0.2 to 1, and the median
was at the level of 0.9415.

The average annual frequency of the north-western
wind in this direction is 12%, and for this arca these
are the most frequent wind flows. In this direction 1400
measurements were made. Samples of dust pollution in
the direction of the north-western wind showed that the
MPC content of dust in the air exceeded by 4-5 times,
such indicators were recorded at a distance of 400 m. Most
air samples that exceeded MPC by 2-3 times, as in the
previous direction, did not go beyond the 1.5 km zone,
with 14% of the samples having values ranging from 3

to 4 MPCs, and 30% of the samples in the range of 2-3
MPCs. Most of the research points had the values of dust
contamination, which slightly exceeded 1 MPC — 36%, but
it should be noted that their number increased as far away
from the source of pollution beyond the 1-km zone. There
were only 7% of those that did not exceed MPC, but their
presence was also noticed only outside the 1-km zone.

A less frequent western wind (10%) causes a similar
length of propagation of dust masses. Extremes exceeded
MPC (less than 4) only at a distance of not more than
500 m from the source of emission. Here, the maximum
pollution figures (4.85 MPC) were noted, however, the
excess of MPC by 3-4 times was noted at a distance of up
to 1.5 km, and by 1-2 times — up to 2 km. Stability of dust
pollution indicators in this direction became noticeable not
carlier than 1.5-2 km, although most of the measurements
there showed excess of the established MPCs. The relative
majority of dust pollution indicators were marked at the
border of the 2-km zone.

In the north-eastern direction, the winds intensity is not
so strong, but the territory adjacent to the eastern industrial
facilities in this direction is represented by fertile dark-gray
podzolized loose-loamy soils and podzolized chernozems.
The frequency of winds within this direction is at the level
of 5%, however, the transfer of dust masses is also rather
intense due to the scattering of flows caused by the western
and southern winds.
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In this part of the culticated lands, dust masses in
concentrations exceeding 5 MPCs are formed in the
immediate proximity to the industrial facilities — up to
400 m, however, their number was 7% of the total number
of samples. 100% of the points having MPC above 2
were recorded at a distance of 600 m from the source
of emission. Nearly 30% of analyzed air samples for dust
content exceeded the norms of a little more than 1; such
tests were noticed even at a distance of 2.2 km. It should be
noted that the largest proportion of samples still conformed
to the norms — 36%, they were noticed at a distance not
closer than 800 m from the source of emission. That is,
it should be noted that even at a slight wind speed, the
transfer of dust particles occurs at a distance of not less
than 1000 m, which causes higher levels of air pollution
by this indicator.

The conducted research showed a shift in the
distribution of dust pollution from the frequency and
direction of prevailing winds (Fig. 3). The smallest
frequency of occurrence of excess of critical points in the
direction of the south-western wind, which is characterized
by the least frequency for the given area (Location =
1.7967; Scale = 1.3229). The strongest dispersion of dust
in the distance from the source of emission is noted for the
most intense and frequent north-western wind (Location =
2.3992; Scale = 1.1021). When scattering of dust with this

wind, the appearance of critical points exceeds MPC by
0.6 points, with the eastern one — by 0.51 points and the
southern one — by 0.36 points.

As noted in the investigations of many scholars, the
dispersion of pollutants, including dust, to a large extent
depends not only on frequency but also on the strength
of the wind. When increasing the wind, the medians
of the multiplicity of MPC were shifted on all the studied
areas.

Having analyzed all the data for all directions
of emission, it was determined that the distribution
of dust masses occurs in winds with a force of 3.2
to 5.2 m's!. At the edge of the “eastern industrial
facilities — agrolandscape” the level of dust pollution
varied in the range from 3.8 to 5.4 MPC. The median
of multiplicity of MPC for such a distance is 4.7102.
As far as the distance from the industrial facility is 100
m, the air pollution remains at practically the same level
as at the boundary of the emission source, with values
recorded exceeding MPC by 3.8-5.1 times. The median
of multiplicity of MPC for the 100-m distance is 4.2376.
Dense correlation connections are established between
the wind speed and the excesses of MPC at all intervals
of distances from the emission source (Table 2).

The territory adjacent to the Eastern industrial facilities
is in agricultural use, along with the territory under

South-east direction = 70*0.5*Normal(Location=2.3992; Scale=1.1021)
Eastern direction = 70*0.5*Normal(Location=2.3075; Scale=1.1588)
Northeastern direction = 70*0.5*Normal(Location=1.7967; Scale=1.3229)
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Figure 3. Histograms of the distribution of critical values of the MPC excess under the influence of the pre-

vailing winds of the eastern industrial facilities
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industrial enterprises there are a house, a bypass road.
The most widespread chernozems here are podzolized
medium loamy and dark-gray podzolized medium loamy
soils, characterized by a weakly acidic or neutral reaction
of the soil solution. This causes the accumulation of heavy
metal cations, which is associated with a decrease in their
mobility when absorbed by the soil-wiping complex.

The medium loamy mechanical composition
of podzolized chernozems and dark-gray podzolized
soils causes high cation exchange capacity, that is, the
increased risk of absorption of heavy metal cations by
soil solution.

The mechanical composition of the technozem soils
was analyzed in 4 directions of the prevailing winds at
different distances from the source of pollution — from
5 m to 1000 m. The soil in accordance with the soil cut
was defined as podzolized chernozem and gray forest
podzolized chernozem, with the distribution of soil
fractions at the control point: 1-0.25 mm — 37.4%, 0.25-
0.05 mm — 30.5%, 0.05-0.01 mm — 22.6, 0.01-0.005
mm — 2.8%, 0.005-0.001 mm — 3.9%, less than 0.001
mm — 2.8%.

For technozems in the immediate proximity to
the industrial facilities — 5 m — a light granulometric
composition with a predominance of large-fractional
dust was noted — 0.05-0.01 mm — 23.41% and of fine
sandstone dust — 0.25-0.05 mm — 39.5% and of a large
fraction — 1-0.25 mm — 20.6%. The sludge content is
slightly less than 10%, a significant proportion of physical
sand and clay is — 0.01 mm — 21.23 mm. In this part, the
granulometric composition of the soil can be characterized
as light-loamy big-dust and fine-grained (Fig. 4).

As far as the source of pollution to 50-200 m gradually
reduced the content of large and small sand fraction by
1.98-5.27 times, respectively. Accordingly, the proportion
of the mold fraction and physical sand and clay was
almost doubled. This led to the displacement of medium-
loamy soils with predominance of fine sand particles
of 30.15 — 18.56% and a large dust of 43.50 — 30.52%.
Such granulometric composition has a characteristic —
medium-loamy fine-grained large-grained.

The proportion of large and fine sand increases again
from 18.56 to 29.51% and from 30.15 to 45.15% with
a further distance from the objects of pollution by 250
and more meters, respectively. The content of the smallest
fractions — physical sand and clay and small silt decreases
and the soil acquires the character of fine-grained sand.

Equidistant in degraded sod-podzolized soils in
various directions from the industrial facilities, changes
in soil texture are noted. In the vicinity — 50-100 m there
is a predominance of heavy fractions. The increase in the
fraction of large and dust is observed at intervals up to
250 m, the average — up to 400 m, the fine — up to 600
m, the content of the smallest fractions increases from 50
and is kept high up to 750 m.

These studies show that, as far as the distance from
the industrial facilities is concerned, not only the granu-
lometric composition, but also the specific surface of the
soil particles, as well as their ability to absorb, change.
At the same time, the lowest humidity of a monomolecu-
lar layer of soil particles is characteristic of technozem,
remote from 750-1000 m — 2.3-2.99, and the specific sur-
face of soil particles is 70.9-89.5 m?-g"!. The highest hu-
midity of the monomolecular layer was observed at a dis-

Table 2. Linear dependencies of aerotechnogenic dust pollution depending on the wind speed

sf))lllitcaen(t)fle)nnils:?oen Equation of dependence I)c‘:)t:;t;z;:::: ‘:"‘ Reliability, p of foori‘ii-;;if:)l; r’| of rle)l:lrtlis(:l};hip
limit y =7.782 - 0.7307*x -0.7369 0.0063 0.5430 High
100 y = 6.0633 — 0.4095%x -0.7181 0.0085 0.5157 High
250 y = 1.5345 + 0.4914*x 0.6065 0.0365 0.3678 Average
500 y =-0.3576 + 0.8205*x 0.8022 0.0017 0.6436 High
750 y =-1.991 + 1.111*x 0.9003 0.00007 0.8106 High
1000 y =-2.4612 + 1.1533*x 0.7968 0.0019 0.6349 High
1250 y=-2.0114 + 0.9319*x 0.7545 0.0046 0.5693 High
1500 y = -2.8595 + 1.0806*x 0.8453 0.0005 0.7146 High
1750 y =-2.1256 + 0.8177*x 0.8277 0.0009 0.6851 High
2000 y =-1.0379 + 0.4529*x 0.7217 0.0081 0.5208 High
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Figure 4. 3D sequential distribution of soil fractions in industrial degraded soils (dark gray podzolized soil)

tance of 50-250 m, where this index was 3.56-6.52%, and
the specific surface of soil particles was 2 or more times
higher, in comparison with the same indicator of soil on
more distant areas (Fig. 5).

Such a composition of technozems near the Eastern
industrial facilities indicates high permeability to the
soil, poor water-holding and absorption properties, low
water resistance and buffering to pollutants, etc. Thus,
we can testify to the mosaicity of the upper soil layer by
the content of the mineral particle, and, as a result of the
redistribution of soil fractions, changes in the humidity
regime and accumulation of humus occur.

In order to evaluate the content of active forms of heavy
metals in the soil, we used the background values proposed
by Prister (1994).

Analysis of the indexes of Cu content in the zone
of influence of the Eastern industrial facilities shows that
the level of pollution in the direction of the prevailing
north-western wind exceeds levels of soil contamination
in other areas of emission. Although it should be noted

that the connection between the distance from the source
of emission and the concentration of compost in soils is
noted on all investigated areas. In this case, close inverse
correlation links are noted. This indicates that the settling
of dispersed particles containing cooper is most intense
in the immediate proximity to the emission source. The
highest concentrations of Cu are marked in the direction

of the prevailing winds — the south-eastern and eastern
ones.

The histogram of the distribution of the concentrations
of active forms of Cu in the soils of the studied territory
showed shift of the distribution curves in the direction
of the north-western wind (Fig. 6).

Meanwhile, the median values for the direction of the
north-western wind were in the range of 3.7579, for the
less frequent winds these values were lower: for the
eastern direction — 3.1288, and for the northern region —
2.5692, it should be noted that the concentration of active
forms of Cu in the north-eastern direction was quite high,
although the wind streams are not very frequent here. We
associate this fact with the features of relief and the receipt

of surface runoff from more polluted areas.

The constructed ellipse of dispersion of Cu compounds
indicates that the most mosaic soil contamination is
observed in the south-eastern direction, for example, on the
areas with levels of pollution from 1 to 5 MPC can occur
within a 1-km distance (Fig. 7). Reduction of the frequency
of winds causes the reduction of soil contamination in
the eastern direction from 1 to 3 MPC. The least mosaic
for pollution by cooper were areas of the north-eastern
direction, where the maximum predictive values are
at the level of 1-2 MPC, approximately the same level
of contaminated soil cover in the northern direction.

As shown in Fig. 8, the median of lead contamination
in the direction of the most frequent winds was the high-
est — 1.48 mg-kg! in the south-eastern and eastern direc-
tions. However, close correlations between the level of soil
contamination with lead and the distance from the source
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Figure 5. Dependence of the specific weight of soil particles from the distance from the source of contamination

Table 3. Descriptive statistics of data on the accumulation of heavy metals in the soils of the zone of influence of the eastern in-
dustrial facilities on the areas of prevailing winds

Pearson Statist.
Indicator Direction Max<x>Min Mean Equation of dependence StdDev coef. meaning,
of correl., r P
South-East. 9.46=x>0.44 3.7579 y = 5.5595 - 0.0018*x 2.2892 -0.5360 0.0000
East. 9.11=x>0.34 3.1288 y =4.3995 - 0.0013*x 1.8399 -0.4703 0.0000
c North-East. 7.71<x>0.31 29152 y =4.2339 - 0.0013*x 1.5195 -0.5910 0.0000
North. 7.29<x>0.33 2.5473 y =3.9084 — 0.0014*x 1.5878 -0.5838 0.0000
South-East. 3.30=x>0.14 1.4801 y = 0.8418 + 0.0006*x 0.7638 0.5692 0.00000
East. 3.91=x>0.49 1.4817 y = 1.3628 + 0.0001*x 0.6137 0.1319 0.2153
r North-East. 3.44<x>0.44 1.2956 y = 0.8841 + 0.0004*x; 0.4926 0.5690 0.00000
North. 2.21<x>0.10 1.2302 y = 0.587 + 0.0006*x; 0.5267 0.8318 0.0000
South-East. | 60.93<x>17.81 | 41.7275 y =30.7707 + 0.0111*x 10.4410 0.7146 0.0000
East. 58.36=x>18.48 | 39.7010 y =36.0972 + 0.0036*x 10.5467 0.2327 0.0273
M North-East. | 48.17<x>13.11 | 33.7148 y =27.5803 + 0.0062*x 7.5928 0.5502 0.00000
North. 51.67<x>16.04 | 34.9535 y =26.2277 + 0.0088*x 9.3005 0.6389 0.0000
South-East. | 34.09<x>1.84 | 19.1043 y = 14.49 + 0.0047*x 6.3441 0.4964 0.00000
East. 30.84<x>5.48 | 18.0913 y = 12.805 + 0.0053*x 6.0254 0.5988 0.00000
“ North-East. | 28.79<x>8.97 | 16.9309 y = 11.2989 + 0.0057*x 5.3212 0.7224 0.0000
North. 29.32<x>2.17 | 18.5500 y = 14.5548 + 0.004*x 5.8436 0.4666 0.00001
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of emission are noted in all directions, except the eastern
one. Gauss’s most peaked curve was in the direction of the
least-recurring winds — the north-eastern one, indicating
the highest stability of the Pb concentration indicators. The
most “flutter” was the “Gauss’s bell” in the most critical
south-eastern direction.

At the same time, the median values for less frequent
winds were lower: for the eastern direction — 1.30 mg-kg™,
and for the northern one — 1.23 mg kg™, it should be not-
ed that the concentration of active forms of Cu in the
north-eastern direction was rather high, although the wind
streams are not too frequent here. This fact, as in the pre-
vious analysis of the contents of Cu, we associate with the
presence of a slight deviation of the area, which causes the
receipt of surface runoff from more polluted areas from the
eastern part of the territory.

The straight-line dependence of the increase in the
concentration of lead in the soils as far as the distance from
the source of emission in all directions except the eastern
one is reliably observed (Fig. 9). The largest mosaic of soil
contamination was marked in the south-eastern direction
from 0.1 to 1.7 MPC.

The highest value of the lead content of soil is 2 MPCs
in the eastern direction, however, the dependence of the
changes in the Pb concentration in the soils from the
source of the emission is not marked, since the mosaic

of the soil cover at the level of 0.25 to 1.25 MPC is marked
throughout the distance from 1 up to 2100 m.

The expressed ellipses of soil contamination by lead
are marked in the north-eastern and northern directions.
It is precisely on these territories that there is a clear ten-
dency to increase the concentration of Pb in the soil above
1 mg-kg' outside the 1-km zone.

This indicates that lead is distributed with fine dust, and
is carried over a distance of more than 1 km. This creates
a danger for soil contamination of areas located outside
the sanitary protection zone in quantities exceeding MPC
(Fig. 10).

Gauss’s most peaked curve was in the direction of the
least-recurring winds — the north-eastern one, indicating
the highest stability of the manganese concentration
indicators. The most «flutter» was the «Gauss’s bell» in
the most critical south-eastern direction.

The south-eastern and eastern directions from the
source of emission, as well as in the studies of the previous
pollutants, were characterized by the highest median levels
of manganese contamination of soil — 41.73 and 39.70
mg-kg! respectively (Fig. 11). The values of the content
of the Mn moving forms in the north-eastern and northern
directions were 33.7148 and 34.9535 mg-kg™!, respectively.
And although the average values did not exceed MPC, the
values of maximum concentrations were higher than 50
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Figure 11. Ellipses of soil contamination by manganese at different distances from the source of emission

mg-kg' in all directions, except for the north-east. Thus, eastern direction (19.10 mg-kg™") and the northern direction
in the south-eastern direction, the variation of the values (18.55 mg-kg™'). Gauss’s least peaked diagrams were in the
of Mn in the soil was marked in the range from 1.2 MPC  south-eastern and the eastern directions indicating a wide
to 0.36 MPC. At about the same level were the values in  range of variations of values and a significant variability
the eastern direction varying from 1.16 to 0.37 MPC. In  of soil coverage by zinc contamination levels. The least
the northern direction, the majority of values varied from flutter was the Gaussian curve in the north-eastern direc-
1 MPC to 0.32 MPC. tion, where the winds are the least frequent (Fig. 12).
Inall directions, except the eastern one, there are straight- The most frequent MPC exceedances (23 mg-kg™) in
line dependencies on increasing the content of manganese the content of active forms of heavy metals are marked
as far from the source of emission for a distance of up to 2 in the direction of the north-western wind — about 44%
km, characterized by high correlation coefficients: 0.5107  of the surveyed points are marked by the excessive MPC.
for the south-eastern direction, 0.3027 for the north-eastern The maximum concentration of zinc in soils is marked at
and 0.4082 — for the northern direction. 1.48 MPC, the minimum is about 0.01 MPC. In the east-
Dispersion of zinc with dust masses provoked soil con- ern direction, at about 40% of the points there was an ex-
tamination by zinc. The histogram of the distribution of the  cess of MPC. The maximum concentration of zinc in the
values of the concentrations of the zinc active forms in  soils of the eastern direction is marked at 1.34 MPC, the
soil in combination with the Gauss’s diagram showed the minimum is about 0.23 MPC. In the northern direction,
highest medians of zinc concentrations in soil in the south-  the range of fluctuations of values was marked at the level
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of 1.25 — 0.09 MPC, while at 39% of the points there was
an excess of MPC. The smallest proportion — 24% of the
points, at which the excess of MPC was recorded, were
marked in the north-eastern direction (Fig. 13).

The results of the study of the qualitative and
quantitative composition of the pollutants of the soil of the
territory of the influence of the eastern industrial facilities
show a significant danger to agriculture and health. To
evaluate the field of elemental anomalies characterizing the
presence of various pollutants in soil, we used the indices
of soil saturation by chemical elements and the total index
of chemical pollution of soil. The obtained data proved the
presence of soil degradation as a result of contamination
by the industrial facilities.

In the south-eastern direction, the highest rates of total
soil pollution were noted. Two particularly critical zones
are marked — a site at a distance of 200-250 m, where
the maximum index of soil saturation with the elements
is indicated, which speaks of intensive ongoing processes
of accumulation of pollutants. In this part, the maximum
concentrations for the cooper content, which is mainly dis-
persed in the form of coarse particles, are noted, and thus it
deposits closer to the source of emission. The second criti-
cal area in this direction is the site at a distance of 1.5-2
km from the source of emission, which indicates that the
key importance in soil contamination in this direction is
occupied by fine particle fractions containing a significant

amount of manganese, zinc and lead. Soil saturation indi-
ces indicate intensive accumulation processes. This terri-
tory is not suitable for obtaining agricultural products, but
only for technical crops. Such levels of contamination can
cause an increase in the number of diseases and an increase
in the number of children who are often sick, children with
chronic diseases, with violations of the functional state
of the cardiovascular system (Mohmand et al., 2015; Wei
et al., 2009; Demkova et al., 2017). Keeping a domestic
farm on this territory is one of the most common meth-
ods of obtaining vegetable products, potatoes, berries, etc.
Taking into account the aforementioned all the products
received on this territory should be subjected to a strict
sanitary control.

In the eastern, north-eastern and northern directions
there was a similar trend to higher levels of pollution at
a distance of 1500 meters, indicating the receipt the greatest
number of pollutants consisting of fine dust. Indices of soil
saturation practically everywhere in the eastern direction
(3.9494 ... 4.8036), the north-eastern (3.1717 ... 4.6712) and
the northern direction (2.9710 ... 4.4208) indicate intensive
processes of accumulation of heavy metals in the soil under
investigation. All the three areas are characterized by
soils moderately dangerous categories of pollution levels
exceeding the MPC toxic compounds, but not exceeding
the rate of trans-locational hazard. The entire area explored
in these three parts can be used for growing crops, but

South-eastern direction = 80*5*Normal(Location=19.1044; Scale=6.3441)
Eastern direction = 80*5*Normal(Location=18.0914; Scale=6.0254)
Northeastern direction = 80*5*Normal(Location=16.9309; Scale=5.3212)
North direction = 80*5*Normal(Location=18.55; Scale=5.8436)
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the prerequisite is a strict sanitary control of the resulting
product.

4. Conclusions

Dust pollution of the territory of the eastern industrial facil-
ities of Zhytomyr has a significant negative impact on the
surrounding cultivated land. The territory is covered with
fertile dark gray podzolized soils and podzolized cherno-
zems, which gives this area a special value. However, the
studies have shown that the area is under excessive anthro-
pogenic pressure. Dust samples taken from this territory
have made it possible to determine that it has extraordinary
toxicity and creates a danger of excessive flow of heavy
metals into soils, vegetation, natural waters, etc. The dis-
placement of histograms for the distribution of dust con-
tamination depends on the frequency and direction of the
prevailing winds. The highest concentrations of dust in the

air were observed in the 400-500-m zone in all studied
directions, exceeding the norms of more than 2 MPCs in
most cases was noted to a 1-km distance, and above 1 MPC
in some places at distances larger than 2 km. The smallest
frequency of occurrence of excess of critical points is in
the direction of the movement of the south-western wind.
The strongest dispersion of dust in the distance from the
source of emission is noted for the most intense and re-
petitive north-western wind. In the dispersion of the dust
mass, some regularities are noted, in particular, the greatest
danger in the immediate vicinity of the industrial facilities
is the formation of copper compounds, which comes in
the form of large dust particles, its highest concentrations
are noted in a 1-km zone, whereby significant variability
of pollution is noted — from 1 to 5 MPC, which determines
the role of wind streams in creating a general “picture”
of pollution. All other investigated groups of pollutants —
compounds of zinc, lead and manganese, created a dan-
ger on more distant territories, due to their receipt in the
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form of a fine particle fraction of dust. The loss of these
compounds is also marked by variability and heterogene-
ity within the studied area, which we also associate with
variables of wind characteristics. It is these groups of com-
pounds that pose the greatest hazard for the “well-being”
of surrounding industrial sites agroecosystems.
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