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MOKUBHUX PEUYOBUH 3 IPYHTY y BapiaHTi i3
BHECEHHSIM THOIO.

OTxe, Taki CKJIAJ0OBi TeXHOJIOTii BUPO-
HIyBaHHA KYKYpPYy/I3U Ha 3epHO Ha JIEPHOBO-
i[30JIUCTOMY TPYHTI, SIK 3eJieHe 00PUBO Ta
nepejnociBHa 6aKTepusallisi, € eKoJOTiYHO
JOIIJIbHUMU, OCKIJIbKY 3MEHITYIOTh PU3UK
3a0py/IHEHHST JIOBKLJLISI, TAa EKOHOMIYHO BUTi/I-
HUMU, 3Ba’Kal04M Ha ITOKA3HUKN BPOXKAIHOCTI
KYJIBTYPH 1 SIKICTh OTPUMAHOI TTPOYKITii.
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EXCHANGE PROPERTIES AND ACID MODE OF SOIL

UNDER AEROTECHNOGENIC CONTAMINATION OF TERRITORIES

IN THE CONDITIONS OF CEMENT PRODUCTION
O. Iziumova

Kumomupcokuit depicagruii mexHonroeiuHuil yHieepcumem

Buknadeno pezyavmamu docaioxncensb énaugy emiciii uemeHmHoeo eUupoOHUUMEa Ha hopmy-
B8AHHS A2POXIMIYHUX NOKA3HUKIB YOPHO3eMY 0nid304eH020 Ha éidcmaHi do 20 km 8i0d ducepena
mexHoeenHoI emicii. Bcmanoeaero, wo 3a 0ii KarbyieeMicH020 YyeMeHMH020 NUAY GOPMYHOMb-
Cs1 CNPAMOBAHI 3MIHU Y CKAAO0i TPYHIMO0B8020 80UPHO20 KOMNAEKCY, 00yMO08AeH] giddareHicmio
docaioxncysanux mepumopiil 6i0 dxcepena iioeo sukudy. Haiiicmomuiwi 3minu cnocmepieanuco
y 2-kinomempogiii 30ui énaugy. Ha yiti mepumopii emicm Ca, cyma ysiopanux ocnoé ma em-
Hicmb 60UpaHHA 00 ceMu pa3ieé nepesuuly8ant UXioHi napamempu rpyHmogoi exocucmemu,
a uacmka Ca 'y emHocmi 6bupanns 3pocmana 8id 85 0o 98%. 36azauenns rpynmy oominnumu
0CHO8AMU CRPUYUHSAO 11020 NIOAY208Y8AHHS, 8HACAIOOK 4020 2i0pOAIMUYHA KUCAOMHICIb
sHuxNcysanracw 0o 10 pasie. 3a mesxcamu yiei 30HU 32a0ani NOKasHuKu cmaoinizyromocs HA
NOMIDHIWUX PIBHSX, NpOmMe ICMOMHO Nepesuwyrms KAapKosi eaudutl, a Ha iocmawi 00
20 km 810 Oicepena emicii Habaudcaromovcs 00 pecioHanbHO20 (OHY.

Karouoei caosa: 3a6pyonents, HopHozem onio3oneHuil, TpyHmosuil 0UpHULl KOMNAEKC, azpo-
XIMIYHI NOKA3HUKU, 0OMIHHI 61ACMUBOCMI TPYHMY, KUCAOMHICMb TPYHMO0B020 POZHUHY.

Man-caused pollution is the result of com-
plicated processes of redistribution of chemi-
cal elements in the soil under the influence of
human activity. It was found that dust emis-
sions of industrial plants can affect the soil
covering at a distance of 20-30 km [1, 2]. At
a distance of 7 km this impact is assessed as
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significant [3], and the epicenter of pollution
is traced within a radius of 1 km [4].

As multiphase complex system with a wide
range of genetic properties, soil is an ideal re-
action medium for various chemical, physico-
chemical, and other processes of transforma-
tion of chemical components of technogenic
origin. Accumulation of excessive amounts of
calcium, magnesium, potassium, iron contained
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in cement dust causes the changes in the com-
position of the soil absorbing complex. In turn,
it determines the nature of physical and chemi-
cal processes in the soil, which can manifest
itself in the change of its reaction, dynamics of
biological activity, mobility of biogenous ele-
ments, intensity and direction of metabolism of
organic matter [5, 6]. Such changes determine
the nature of the formation and passing ground
regimes and the efficiency of agricultural use
of lands under aerotechnogenic emissions of
cement production.

The qualitative composition of the soil
absorbing complex determines its physico-
chemical, agro-chemical, biological and
other properties which are important from
the agronomic point of view. According to
K.K. Hedroyts, all kinds of soil, depending
on the composition of absorbed cations, are
divided into base-saturated and base-unsatu-
rated ones. Base-saturated soil, unlike unsatu-
rated, does not contain significant amounts of
hydrogen and aluminum in absorbed cations.
Composition and correlation of exchange
cations significantly affect the physical and
chemical properties of soil, acid mode, mo-
bility of organic matter. The dominant role
is played by the absorbed bases (Ca™, Mg*™,
K*, NH,").

MATERIALS AND RESEARCH METHODS

The results of the study of exchange proper-
ties and acid mode of soils are given according
to the results of our research conducted on
ash-laden loamy black soil, located within the
territorial limits of Zdolbuniv and Ostrog dis-
tricts of Rivne region, which is influenced by
aerotechnogenic emissions of the cement plant.
Sampling of 0-20 cm soil layer was carried
out taking into account the direction of the
prevailing winds in the contaminated south-
east direction at distances 0.2; 0.4; 0.6; 2.0;
4.0;6.0; 10.0; 15.0; 20.0 and 25.0 km (control).
Hydrolytic acidity was determined according
to Cappen, pH — by electrometric method,
exchange forms of Ca and Mg — by AAS.

RESULTS AND DISCUSSION

Our studies have shown the deep changes
in the structure of the soil absorbing complex

and the reaction of soil solution under the
influence of cement dust (Table). Under the
influence of the latter, absorbing complex of
soil was significantly enriched with absorbing
bases, the amount of which within 0.2—0.6 km
from the emission source outnumbered the
clarke numbers by 9 times and was at 149 mg-
eq,/100g level. Their abnormally high content
(134.9 mg-eq/100g) was recorded at a dis-
tance of 2 km. However, at a distance of 4 km
the content of absorbed bases decreased by
half in 0-20 cm layer and was characterized
by optimal parameters for this type of soil (at
70 mg-eq/100g). At a distance of 6, 10 and
15 km their content was stable at 30 mg-eq/
100 g without significant fluctuations.

Calcium ranks first among absorbed bases.
Ideally, according to the degree of saturation
of the bases of soil (95%) its content should
be 80-85% of absorption capacity. This soil
is able, due to its favorable properties, to
provide consistently high harvest under crop
rotation [7].

Component analysis of soil absorbing
complex showed that the profound changes
that had taken place in it, were primarily due
to the enrichment of the latter with the ex-
change forms of calcium. The table shows the
rates of exchange calcium content considering
its soluble form, the fraction of which was not
deleted in the process of agrochemical analy-
sis. Because of the carbonate bedrock and sig-
nificant entry of calcium as a part of cement
dust into the soil, its considerable amount was
not absorbed by the soil complex and was a
part of the soil solution, which resulted, to
some extent, in abnormally high levels of its
contents in the equivalent form.

Abnormally high content of exchange
calcium was detected in 2-km zone of in-
fluence, where its concentration in soil ex-
ceeded the standard level by 6.6-7.2 times
and was in an abnormally high range of 133—
146 mg-eq/100g of soil. In more remote
from the source of cement dust emission area
(4 km) the content of this component in the
absorbing complex of soil decreased almost by
2 times. However, the content still remains at
a high level (71 mg-eq/100g) and it is higher
than the control level by 3.5 times. Starting
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with the distance of 15 km the concentration
of this cation in the soil is kept almost at the
regional background (20.2 mg-eq/100g).

A similar spatial distribution patterns are
established for the exchange magnesium (see
Table). At a distance of 0.2 to 0.6 km from the
release of dust its concentration in the soil
was also the highest (2.65-2.79 mg-eq/100g).
As the distance from the source of emission
increased the contents of this component had
a clear downward trend: from 2.31 (2 km) to
1.43 (20 km).

Enriching the absorbing complex of soil
with metabolic bases, primarily due to satura-
tion of it with calcium, leads to a significant
reduction in the acidity of the soil solution.
The most noticeable alkalinization of 0—
20 cm soil layer occurred in a 6-kilometer
zone of influence. Within this limit the hydro-
lytic acidity index was the lowest and varied
from 0.16 to 0.22 mg-eq/100g of soil, which
is almost by 10 times lower than the control
value. The reaction of soil solution at pH in-
dex changed from alkaline at a distance of
0.2 km (pH 8.15) to alkali on the border of
the specified zone (pH 7.58). At a distance
of 6 to 15 km the most favorable conditions
for plant growth in terms of soil acidity were
formed. At this distance hydrolytic acidity
increased markedly (to 1.35 mg-eq/100g)
while the rate of actual acidity decreased
to pH 7.14. On the border of the study area
(15 km) acidity stabilized at pH 7.0 and hyd-
rolytic acidity at 1.6 mg-eq,/100g.

An important indicator of the soil is the
absorption capacity that determines the ex-
change absorptive capacity of the absorbing
complex of soil. Its value depends on many
characteristics of the soil, and above all, on
the presence of fine-dispersed factions and
humus content. The higher is the content of
fine-dispersed particles, the higher is the rate
of absorption capacity. In this connection a
crucial role is played by calcium cations that
due to high coagulation ability contribute to
the processes of microstructurization of soil.
The results of our study [8] showed that un-
der the influence of calcium compounds found
in cement dust, the activation of the processes
of microstructurization in the system of col-

loidal solution with the formation of primary
microaggregates occurs. In addition, under
the influence of calcium the humic substances
in a state of colloidal solution coagulate and
become insoluble, harden and turn into the
state of micro-particles.

So within 2-km zone of influence the ab-
sorption capacity reached maximum values
(150 mg-eq,/100g) and was nearly by six times
higher than the control values. At a distance
of 2 to 6 km from the emission source the most
prominent decrease of this index (from 150
to 38 mg-eq/100g) occurred. Beyond a 6-km
zone of influence the absorption capacity rate
stabilized at 25-32 mg-eq/100g, but it was
significantly higher than the control values.

The saturation of the soil complex with
absorbed bases and the share of calcium in
absorption capacity increases significantly
under the influence of aerotechnogenic cal-
cium dust emissions (see Table).

Within 6 km from the source of influence
the index of base saturation was maximal and
varied from 99.8 to 99.4% of the absorption
capacity. This increase is primarily due to a
high degree of saturation of the absorbing
complex with the cations of calcium, the share
of which in absorption capacity near the emis-
sion sources was 98%. As the distance from
the emission source increased, the hydrolytic
acidity rate increased as well, and the percent-
age of calcium in the absorbing complex of
soil decreased, and, consequently, the rate of
saturation degree of soil with absorbed bases
on the border of the 20-km zone of influence
decreased to 92.6%.

CONCLUSIONS

As aresult of the annual ingress of a large
amount of calcium-containing cement dust in
the 0—20 cm of soil layer permanent directed
changes in nutrient regimes are formed, which
turned out to be closely related to the remote-
ness of the study area from the source of man-
caused emissions. Within 2-km zone of its in-
fluence, the conditions for the formation of the
absorbing complex of soil with abnormal ex-
change characteristics appear. The rates of ab-
sorbed bases content and absorption capacity
of this complex increase by 6.5 times. Due to
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Indicators of absorbing complex of soil and acid mode in 0—20 cm soil layer
in the zone of impact of cement dust

Dlsﬁ;rar?ce, pH (water) Hr | Ca | Mg | : S E V. % Shi;;r%oﬁ/Ca
mg-eq/100g of soil ) /0
0.2 8.15 0.17 146.3 2.79 149.09 149.25 99.85 97.95
0.4 8.15 0.16 146.7 2.65 149.35 149.51 99.80 98.05
0.6 7.92 0.18 149.9 2.68 152.58 152.75 99.80 98.10
2.0 7.99 0.17 132.6 2.31 134.92 135.09 99.80 98.10
4.0 7.71 0.19 70.5 2.31 72.81 73.36 99.70 96.50
6.0 7.58 0.25 35.9 1.91 37.76 37.98 99.40 94.35
10.0 7.19 091 30.0 1.84 31.49 32.40 97.15 91.45
15.0 7.14 1.35 28.6 1.48 30.03 31.38 95.65 90.90
20.0 7.07 1.81 21.7 1.43 23.08 24.89 92.65 86.95
Control 6.48 1.97 20.2 1.52 21.72 23.70 91.60 85.20

Notes: 1. Hr — hydrolytic acidity; 2. E — absorbing capacity; 3. S — amount of absorbed bases; 4. V — the

degree of saturation of soil with bases.

the increase of the content of exchange forms
of calcium (by 6.6—7.2 times) and magnesium
(by 1.5—1.8 times) the degree of saturation
of soil with absorbed bases increases from
91.6% to 99.8%, and the share of exchange
calcium in absorption capacity increases to
98%. As a result of these transformations,
alkalization of soil solution occurs, resul-
ting in the reduction (by 11 times) of hyd-
rolytic rate (from 1.97 to 0.18 mg-eq,/100g)
and the growth of actual acidity measured at
pH (from 6.84 to 8.20).

The optimal exchange characteristics
of the absorbing complex of soil are gener-
ated under moderate anthropogenic impact
within 4—10 km from the source of emission
of cement dust. In the composition of the
absorbing complex the content of exchange
forms of calcium and magnesium significantly
increases (respectively by 3.5 and 1.5 times),
the rate of absorption capacity increases
by up to 3 times and it stabilizes at 32.4—
73.3 mg-eq/100g. The amount of absorbed
bases in soil increases from 21.7 to 30—
70 mg-eq/100g, making the degree of satura-
tion of the soil complex increase by 6 times
and be at the level of 98%. As a result of these
changes favorable conditions for plant growth
in terms of hydrolytic soil acidity (at 0.91—
1.35 mg-eq/100 g) and the actual acidity of
pH 7.1-7.2 are created.
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