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Abstract. It is proved that soil protection has become a national environmental
problem, so the contradictions between socio-economic needs of people and
environmental safety requirements must be overcome. The existence of standards for
the qualitative state of soils and their maximum permissible pollution in the legislative
field indicates that they reflect only the chemical nature of anthropogenic loads, but
there are no standards at all for such types of loads as physical, mechanical, reclamation
and man-made, which is of particular importance in the context of military operations
in Ukraine. It is substantiated that when assessing the level of damaged land and soil
as a result of hostilities and determining the degree of suitability for their further use, it
is necessary to take into account: the level of damage to the land plot as a percentage
of its area; the degree of suitability; characteristics of contaminated land; proposals
for further use of the land plot and measures to reduce the level of pollutants entering
the soil. It is also proposed to implement measures to protect land and soil by means
of land management through the development of appropriate land management
documentation. Given the anthropogenic load on soils due to the impact of hostilities,
the need to develop a working land management project for the reclamation of
disturbed lands as a result of hostilities and a working land management project for the
conservation of degraded, unproductive and technogenically polluted lands has been
proved, which requires amendments to the Resolution of the Cabinet of Ministers of
Ukraine of February 2, 2022, No. 86 "On Approval of the Rules for Developing Working
Land Management Projects".
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Problem statement

According to agrochemical surveys,
the annual decline in humus content in
Ukrainian soils ranges from 500 to 600
kg/ha, resulting in a shortfall in agricul-
tural production of 3 million tons of grain
units. In the context of the state over the
past two decades, the humus content has
decreased by 0.22% and is estimated at
453.4 billion UAH. [1]. There is also an
increase in the area of land affected by
wind (6 million hectares) and water (13.3
million hectares) erosion. The amount of
contaminated and unproductive soils in
our country reaches 15 million hectares
[2]. The point is that soil protection has
become a national environmental prob-
lem, and therefore the contradictions
between the socio-economic needs of
people and the requirements of environ-
mental safety must be overcome.

This raises the question of withdraw-
ing degraded arable land from agricultur-
al use, as this will become the foundation
for conservation agriculture and ensure
its productivity. The results of scientific
research show that the withdrawal of 9
to 12 million hectares of such lands will
reduce the plowed area of Ukraine by up
to 40%, increase the total forest cover to
20% and field protection to 4% [3].

With the intention to join the Euro-
pean integration processes in the field of
environmental protection, including land
and soil, it is timely for Ukraine to adapt
its national legislation "...to standards,
regulations, guidelines and other norma-
tive documents..." on land use rational-
ization [4, p. 21]. Ignoring environmen-
tal laws, rules and regulations of nature

and land use has become one of the pri-
ority reasons for the rapid deterioration
of the quality of soil cover.

Assessing the legally enshrined stan-
dards for the quality of soil and its max-
imum permissible pollution, there are
grounds to assert that they reflect only the
chemical nature of anthropogenic loads.
And there are no standards for such types
of stress as physical, mechanical and rec-
lamation. The Cabinet of Ministers of
Ukraine is responsible for establishing
these standards, as stipulated by the Law
of Ukraine "On Land Protection," but
the mechanism for their creation has not
been developed. In this regard, the legal
regulation in the field of land protection
should be improved in order to fill gaps
in the relevant legal field, eliminate lay-
ers in legal acts and systematize land
protection norms available in laws and
bylaws [5].

At the same time, today we have to
talk about another type of soil degra-
dation - man-made pollution as a result
of military operations, which will have
terrible consequences for the state of
the soil, the environment, human health,
and the agricultural potential of the state.
This also applies to the act of ecocide at
the Kakhovka hydroelectric power plant,
which threatens unprecedented environ-
mental consequences - a catastrophe for
the southern part of Ukraine and the en-
tire Black Sea region. Perhaps it is time
to make decisions on a global scale to
prevent a global catastrophe. There is
an objective need to take measures to
solve environmental and economic proba
lems at all levels of government - global,
national, regional and local.
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Analysis of recent research and
publications

Given the special status of soils in
the land resource potential of the coun-
try, soil fertility as the basis for ensuring
the country's food security, a significant
number of scientists have devoted their
works to the study and scientific substan-
tiation of these issues. In particular, S.Y.
Bulygin, V.I. Burakov, M.M. Kotova [6]
dealt with the issues of designing soil
protection and reclamation measures in
agricultural landscapes. A.V. Barvinsky
studied in depth the changes in the ag-
rophysical properties of soils under the
influence of fertilizers and ameliorants
[7]. O.G. Tarariko and M.G. Lobas were
engaged in the development of standards
for soil protection contour reclamation
systems of agriculture [8]. The work of
Y.M. Dorosh, M.Y. Garbuz, O.S. Osip-
chuk was aimed at studying soil erosion
and providing proposals for measures to
combat it in the regional context (within
the Kyiv region) [9]. The publications of
D.S. Dobriak, O.P. Kanash, I.A. Rozum-
nyi are devoted to the development of
scientific and methodological principles
for optimizing land use, classification of
agricultural land as a scientific prereq-
uisite for their environmentally friendly
use [10; 11].

The purpose of the study. To assess
the impact of mechanical, physical,
chemical and man-made damage on the
destruction of soil structure as a result of
military operations and to scientifically
substantiate the prevention of negative
consequences by land management.

Materials and methods
of the study

In the course of realization of the re-
search goal, the well-known methods of

scientific cognition were used, such as:
analysis, monographic, generalization.
The monographic method was used to
study scientific works related to soil
protection, on the basis of which the
choice of land reclamation technology
was justified. The method of analysis
was used to study the current legislative
standards for the quality of soils and
their maximum permissible pollution.
The method of generalization was used
to substantiate and propose amendments
to the Resolution of the Cabinet of Min-
isters of Ukraine No. 86 "On Approval
of the Rules for Developing Working
Land Management Projects" dated Feb-
ruary 2, 2022.

Research results and discussion

The problems of ecological and eco-
nomic security in the current environ-
ment are of particular relevance. After
all, the loss of valuable land for the state
from the point of view of realizing its
limitations should be considered as a
threat to both economic independence
and national security of Ukraine, and
their restoration and rational use should
be a guarantee of its sustainable so-
cio-economic development. Therefore,
issues related to the protection of land
and soil, optimization of their use and
restoration "...should be raised to the
level of state priorities in the socio-eco-
nomic development of Ukraine, the
most important areas of state policy..."
both in the economic sphere and in the
field of environmental protection [12, p.
22-23].

What do we have now from the hos-
tilities? Shelling (both authorized and
prohibited) is carried out daily, resulting
in sinkholes, new mined areas, military
equipment being destroyed, resulting in
oil leaks, burning of land, etc. Accord-
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ing to the official data of the Ministry of
Agrarian Policy of Ukraine, more than
485,000 hectares in ten Ukrainian re-
gions are mined and contaminated with
ammunition and explosive substances
and devices. This causes soil contami-
nation, negatively affects the country's
economy and, above all, human health.
And the longer the hostilities continue,
the greater the damage will become.

As a result of military operations,
soil structure is destroyed by mechani-
cal, physical and chemical damage.

As for the mechanical impact on the
soil cover, its deformation is caused by
the movement of military equipment,
troops, construction of defensive struc-
tures, bombing craters, and demining of
territories. As a result, the soil cover is
subject to compaction, waterlogging,
and contamination by the products of
warfare. Compaction results in a distur-
bance of the soil's water balance, which
leads to the spread of wind and water
erosion. Under the influence of man-
made stress from military operations,
the soil structure is destroyed due to the
displacement of particles of one lay-
er relative to another. The destruction
of the humus horizon, loss of physical
and chemical properties of the soil, and
changes in its particle size distribution
and aggregate state occur as a result of
de-mining. Detonation causes soil con-
tamination with explosive residues and
metal fragments, the consequences of
which can be interpreted as "absolute
loss of soil resources."

The natural physical and chemical
parameters of the soil cover are subject
to changes when it is chemically affect-
ed (we are talking about soil pH, cation
exchange and humus content). This is
caused by the ingress of fuel, lubricants,
electroplating waste, heavy metals (cad-
mium, lead, zinc, copper), explosive

residues, decontamination agents, etc.
into the soil. Consequently, the con-
centration of toxic substances in soils
increases, and there is a risk of various
local landscape and geochemical anom-
alies. This means that such soils cannot
be used in the near future.

Changes in the physical parameters
of the soil occur as a result of vibration,
radioactive and thermal effects from the
use of weapons and military equipment,
which leads to a cumulative negative
effect (this includes the loss of soil re-
generation capacity, loss of humus, and
a decrease in natural fertility).

In most cases, the migration of pol-
lutants occurs through groundwater, but
vegetation also absorbs them (explosive
compounds penetrate the roots and set-
tle in the plant).

The military operations in Ukraine
have caused many problems, among
which soil degradation and contami-
nation are prominent. In order to make
decisions about their suitability for ag-
ricultural use, there is a need to analyze
the contaminating particles in the soil,
as it will be impossible to determine
the method of treatment. This process
can be initiated on de-occupied lands
by first carrying out demining. To do
this, the state should introduce system-
atic monitoring of soil conditions and
conduct an ecological and biochemical
assessment to assess the degree of soil
damage. Such an assessment will allow
us to determine an individual approach
to each case, depending on the degree of
damage (it is likely that some areas will
be found to be unsuitable for agriculture
at all).

Currently, the law allows for this
problem to be solved through land re-
mediation or conservation. The best
option for Ukraine is to set aside con-
taminated land for natural re-natural-
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ization and temporary or permanent
conservation. The most valuable of the
conserved lands can be transferred to a
nature reserve fund.

Conversion of contaminated land for
further use involves land remediation.
Before choosing a technology for land
reclamation, it is necessary to analyze
the consequences of hostilities. Such
actions are carried out in stages (Fig. 1).

Based on the results of the analysis,
the optimal option for land and land plot
remediation is selected.

The following treatment methods are
used to clean up (remediate) contaminat-
ed soils: physical (electrolytic technol-
ogy, disposal, stabilization), chemical
(chemical extraction, chemical leach-
ing), and biological (phytoremediation,
phytostabilization, phytoextraction).

When assessing the level of dam-
aged land as a result of hostilities in
Ukraine and determining the degree of
suitability for their further use, the fol-
lowing is taken into account: the level
of damage to the land plot as a percent-
age of its area; the degree of suitability;
the characteristics of the contaminated
land; proposals for its further use; and

measures to reduce the level of pollut-
ants entering the soil. In this regard, the
proposed measures for the protection
of land and soil should be implemented
through the land management mecha-
nism (Table 1).

As for changes in the physical pa-
rameters of the soil as a result of vi-
bration, radioactive and thermal effects
from weapons hits and the use of mil-
itary equipment, this is a cumulative
negative effect that leads to the loss of
humus 1n the soil, a decrease in its nat-
ural fertility and a loss of soil regenera-
tion capacity in general.

In this regard, land protection mea-
sures should primarily be implemented
through land management, combining
environmental and economic instru-
ments. We are talking about developing
a working land management project for
the conservation of degraded, unproduc-
tive and technologically polluted land.
After all, the conservation-transforma-
tion of agricultural land is projected
through its conversion into fodder land
or withdrawal of such land with subse-
quent reforestation or transformation
into other types of non-agricultural land.

hostilities;

Inventory of land and land plots damaged as a result of

Identification of factors affecting land and land plots as a
result of hostilities;

STAGES

and land plots;

Determining the type of impact and consequences for land

| Assessing the level of soil contamination caused by a
particular type of impact;

L] Development of a working draft of land management;;

Figure 1. Stages of determining the consequences of hostilities for the
selection of land reclamation technology
Formed and supplemented by the authors according to [13].
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The importance and value of developing
this land management documentation is
that it provides for priorities for cost-ef-
fective and environmentally sound land
use, measures aimed at slowing down
their degradation to achieve a neutral
level in this process, finding ways to re-
store soil fertility, etc.

The development of a working
land management project for the con-
servation of degraded, unproductive
and technologically contaminated land
should become an important tool for
landowners and land users in the cur-
rent environment, as they will play an
important role in the restoration of con-
taminated land. Communities will also
play an important role in the restoration,
as it is the responsibility of all parties
to take care of the damaged land, and it
is likely that communities will become
leaders in this process on the ground.
Therefore, local community develop-
ment programs must take into account
the issue of soil restoration (this means
assessing it, determining the level of
damage, conducting systematic mon-
itoring of its condition, and allocating
funds for its implementation).

If we are talking about landowners
and land users for the implementation
of land protection measures, the legis-
lation should "...determine the sourc-
es, grounds, procedure for payment
of compensation payments and their
amount for the implementation of these
measures in each case in particular" [14,
p. 111]. However, there 1s no legal for-
malization of such an important com-
pensation instrument "...as a specifically
operating mechanism..." [15, c. 59].

Conclusion

The analysis of the existing standards
for the quality of soil and its maximum

permissible pollution shows that they re-
flect only the chemical nature of anthro-
pogenic loads, but there are no standards
for such types of loads as reclamation,
physical, mechanical and man-made,
which is of particular importance in the
context of military operations. When
assessing the level of damaged land as
a result of hostilities and determining
the degree of suitability for their further
use, the following is taken into account:
the level of damage to the land plot as
a percentage of its area; the degree of
suitability; the characteristics of the
contaminated land; proposals for its
further use; and measures to reduce the
level of pollutants entering the soil. In
this regard, measures to protect land and
soil by land management should be im-
plemented primarily through the devel-
opment of a working land management
project for the reclamation of disturbed
land as a result of hostilities and a work-
ing land management project for the
conservation of degraded, unproductive
and technologically polluted land, which
requires amendments to the Resolution
of the Cabinet of Ministers of Ukraine
of February 2, 2022 No. 86 "On Approv-
al of the Rules for Developing Working
Land Management Projects".
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AHomayia. [JosedeHo, W0 OXOPOHA rPyHMIi8 cmasana HAYioOHAsAbHOK eKos102i4HOoK npobse-
MO, momy maromes bymu nodosaHi npomupivy4s Mixc couiasnbHO-eKOHOMIYHUMU rompebamu
MOOUHU ma 8UMO2aMU eKos02iYHoi besneKku. HaseHicmbs HopMmamueie AKicCHo20 cmaHy rpyHmie
ma ix 2paHUYHO 00MNycMUMOR20 3a6pyOHeHHS Yy 3aKOHO0A84OMY M01i C8i0YUMb PO Me, U0 BOHU
8i006paxaroMb AUWE XiMiYHY NMPUPOOy AHMPONO2eHHUX HABAHMAXEHb, Mpome 83azasi 8idcym-
Hi Hopmamuasu uw,000 Makux sudie HABAHMAM(eHb, AK i3udHuli, MexaHiYHUl, meniopamusHull i
mexHozeHHuUU, w0 Habysae 0cobs1uB020 3HA4YEHHA 8 yMmosax sedeHHs silicbkosux Oili 8 YKpaiHi.
O6rpyHMOBAHO, W0 MpuU OYiHIOBAHHI PiBHA MOWKOOHXEHUX 3emMerb i rpyHmie yHACNi00K se0eHHSA
botiosux 0ill i3 BUBHQYEHHAM cmyneHto npudamHocmi 00 ix ModasnbU020 BUKOPUCMAHHSA Heob-
XiOHO 8paxo8ysamu: pigeHb MOWKOOMEeHHS 3eMesnbHOI QinaHKU y 8i0COMKOBOMY Crlie8iOHOWEHHI
0o ii naowi; cmyniHe NpudamMHocMi; XapaKkmepucmuky 3a6py0HeHUX 3emesnb; HAOAHHS pPorno3u-
yili w000 NoBaANbLUWIO20 BUKOPUCMAHHSA 3eMesbHOI QinsHKU U 3ax00i8 3 Memoro 3HUHEHHS PiBHSA
HAOOX00M(eHHA 3a6pyOHIBANBHUX PEeYoB8UH Yy rpyHmM. 3arnpornoHOBAHO MAKOXX peasizosysamu
30X00U 3 OXOPOHU 3eMesb i rpyHmMie MemoOoM 3emMnAe8rnopAOKY8AHHA WAAXOM PO3pobeHHA
8i0rnosioOHoI 3emsaesnopsa0HOi OokyMmeHmauji. 36axaro4u HG MexHOo2eHHe HABAHMAMEHHSA HA
rpyHmu eHacniook enausy gilicokosux 0ili dosedeHo nompeby po3pobaeHHA pobo4oeo npoekmy
3emseycmporo w000 peKysbmusauii nopyweHux 3emesb yHacniook boliosux 0ili ma pobo4ozo
MpoeKkmy 3emsaeycmporo Wooo KoHcepsayii 0e2padosaHux, MasaonpooyKmMuUeHUX i mexHo2eHHO
3a6pyoHeHux y2idb 0715 Y020 NompibHoO ssecmu 3miHU 0o nocmaHosu KM YKpaiHu 8id 2 ntomoao
2022 p. Ne 86 «[po 3ameepoxceHHsA [pasun po3pobneHHs poboyux npoexkmie 3emsaeycmporo.

Knrouosi cnosa: rpyHmu, enaus 80eHHUX 0ill, aHMponozeHHe HA8AHMAMEHHS, IPYyHMOo3a-
XUCHe 3eMsepobcmeo, pekysnbmusauia 3emess, 3emaeycmpil
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