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The article presents the results of assessing the ecological condition of agricultural soils in
Ukraine. The purpose of the research is to study the assessment of the ecological condition of
agricultural soils in Ukraine.

The research results show that contamination with cesium-137 of above 37 kBg/m? on the
agricultural land in Ukraine covers 461.7 thousand hectares, among which arable lands occupy
345.9 thousand hectares. 8.8 million hectares of agricultural land have been examined, and it has
been found that 12 regions remain contaminated with various toxicants.

It has been established that the largest areas of agricultural land contaminated with cesium-
137 can be found in Zhytomyr region — 156 thousand hectares, Cherkasy region — 76, Rivne region
— 52, Chernihiv region — 52, Vinnytsia region — 50 and Kyiv region — 34 thousand hectares. In
recent years, in Cherkasy and Vinnitsa regions, there have not been identified agricultural products
contaminated at the levels that exceed permissible ones. In Rivne region, the most difficult situation
is with the contamination of agricultural products with cesium-137, where more than 18.6 thousand
hectares of peatlands are contaminated. Contamination of agricultural lands with strontium in
Ukraine is observed on a much larger scale than those with cesium. Strontium-90 in the range of
0.74-5.55 kBg/m? contaminated 4.6 million hectares, which occupies 52% of the area under
research. Research results indicate that the total area of contaminated land in Ukraine is about 9
million hectares, among them 4.2 million hectares are contaminated with radiation, 2.0 million
hectares are contaminated with heavy metals, 2.8 million hectares are contaminated with toxicants
of organic and inorganic origin. It has been established that contamination with heavy metals from
agro-industrial sources to the levels approaching the maximum permissible level (MPL) is possible
only on the lands where chemicals have been used for a long time without proper control. It has
also been found that application of mineral fertilizers and traditional organic fertilizers in medium
doses can raise the level of heavy metals in soils with the current values of MPC only for hundreds
of years.
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Formulation of the problem. One of the main components of the environment
that performs vital biosphere functions is the soil cover. Soil and vegetation form a
single system in nature. Degradation and loss of soil fertility leads to plant
deprivation of the ecological basis for its existence. Restoration of the fertility of
degraded soils involves restoration of the natural ecological balance of territories
disturbed by man as a result of irrational economic activity [1, 2]. Therefore,
nowadays the study of the assessment of the ecological condition of agricultural soils
of Ukraine is an extremely important and urgent problem.

Analysis of recent research and publications. According to the research
carried out by M.I. Khilko [3], the soil is a thin upper layer of the earth’s surface,
which has appeared as a result of its transformation under the influence of water, air,

organisms and has a natural fertility. Soils consist of solid, liquid and gaseous parts,
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plants, animals, microorganisms and are one of the components of the biosphere, a
basic component of any landscape [3, 4].

Soils perform the function of the habitat, accumulator and source of matter and
energy for organisms, the intermediate chain between biological and geological
cycles, a protective barrier and conditions of normal functioning of the biosphere as a
whole [5, 6].

It is known from the literature that agroecological potential, i.e. the ability of
soils to perform the function of the agricultural land, create optimal conditions for the
growth and development of agricultural plants, as well as maintain ecological balance
in agricultural landscapes and the habitat is determined by indicators characterizing
humus layer thickness; nutrient content; level and mineralization of groundwater;
biotic potential or bioproductivity of land; soil resistance to contamination;
contamination with radionuclides, heavy metals, pesticides and mineral fertilizers,
taking into account natural characteristics of soils; unfavorable natural and
anthropogenic processes [7, 8].

Man-made pollution is a significant environmental damage to soils. It depends
on the type of soil, the amount of industrial waste, heavy metals, radionuclides,
pesticides and fertilizers.

One of the potential pollutants of land resources is industrial emissions and
intensive chemicalization of agriculture. Enterprises of ferrous and nonferrous
metallurgy, light industry, CHP are the common sources of soil contamination with
heavy metals in the cities. The risk of soil contamination is determined not only by
the content of heavy metals, but also by the hazard class of individual toxicants. The
first class of harmfulness includes arsenic, cadmium, mercury, selenium, lead, zinc,
fluorine, benzopyrene; the second one includes boron, cobalt, nickel, copper,
molybdenum, antimony, chromium; the third one includes barium, vanadium,
tungsten, manganese, strontium. The content of toxicants in the soils can be assessed
by both gross and mobile forms of elements. Many of them can lead to human
morbidity [9, 10].

It should be noted that soil contamination with chemical plant protection
products is complex. Although the reduction of pesticide use by several times in
recent years has helped to reduce contamination of soil and agricultural products with
pesticides, but it has not changed the situation significantly. This is caused by the fact
that the residual amount of pesticides can be found in the soil for a long time [11, 12].

O.P. Tkachuk, argues that about 50% of the total crop growth is provided by
mineral fertilizers, 25% by the cultivation technologies. However, we should not
forget that improper use of mineral fertilizers like nitrogen, phosphorus, potassium,
complex and others is accompanied by undesirable side effects, i.e. environmental
pollution and it is explained by the unbalanced use of fertilizers, deviations from the
norms of their application [2].

According to the analytical results of research [13], it has been established that
some types of mineral fertilizers can increase the acidity of soils, accumulation of
dangerous residues in them. Plants absorb only 50% of nitrogen and 10-20% of
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phosphorus fertilizers, the rest are washed away by precipitation.

Under unbalanced use of mineral fertilizers, increased amounts of nitrogen,
phosphorus, potassium can accumulate in the natural environment, and this leads to
acidification of the soil solution, groundwater pollution due to filtration of fertilizers,
increased content of nitrates, sulfates, chlorides, accumulation of residual nitrate in
plant products, contamination of water reservoirs, rivers with fertilizer residues due to
erosion, which harms health of humans, animals and fisheries [14].

In recent years, Ukraine’s agricultural landscapes have been constantly exposed
to various types of radiation pollution, i.e. atmospheric emissions of radionuclides
due to the testing of nuclear weapons and waste from the processing of raw materials
at nuclear fuel cycle enterprises. In view of this, aspects of the study of assessment of
the ecological condition of agricultural soils are relevant and of considerable
scientific interest.

The purpose of the research is to study the assessment of the ecological
condition of agricultural soils in Ukraine.

Presentation of the main material. According to analytical data [9], it has been
established that pollution of the environment with chemicals and radionuclides has
significantly affected the soil cover. As a result, physical and chemical properties of
soils deteriorate and the area of degraded lands increases [12].

Generalized data on the collection, analysis and radiological survey of arable
lands of Ukraine shows that contamination with cesium-137 above 37 kBg/m® on the
agricultural lands of Ukraine is spread over 461.7 thousand hectares, among them
345.9 thousand hectares are arable lands. Areas contaminated with toxic substances
remain in 12 regions, where 8.8 million hectares have been observed [9].

According to the Internet sources, the largest areas of agricultural lands
contaminated with cesium-137 are distributed in the following regions: Zhytomyr —
156 thousand hectares, Cherkasy — 76, Rivne — 52, Chernihiv — 52, Vinnytsia — 50,
Kyiv — 34 thousand ha. In recent years, in Cherkasy and Vinnytsia regions, there have
not been found agricultural products contaminated at the levels that exceed
permissible ones. This is due to the predominance of mid-loam chernozems in the
soil cover, where the migration capacity of radionuclides is limited [5].

In Rivne region, the most difficult situation is with the contamination of
agricultural products with cesium-137, where more than 18.6 thousand hectares of
peatlands are contaminated. The migration of radionuclides in these areas is the most
intense [5]. Contamination of agricultural lands with strontium in Ukraine is observed
on a much larger scale than those with cesium. Strontium-90 in the range of 0.74-5.55
kBg/m® contaminated 4.6 million hectares, which occupies 52% of the area under
research. The intensive spread of this radionuclide on the territory of Ukraine is due
to global emissions of strontium-90 during the testing of nuclear weapons in the
atmosphere [5]. Scientists claim that contamination of lands with strontium-90 as a
result of the Chernobyl disaster was less intense and spread mainly within the
exclusion zone and adjacent areas, but in aerosol outbursts strontium spread much
further [11, 15]. In general, today the radiation situation in the contaminated areas has
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significantly improved compared to the early post-accident period. This is due to
natural autorehabilitation processes, a set of countermeasures aimed at strengthening
biogeochemical barriers to block radionuclides in soils, which has reduced radiation
contamination of local food products and enhanced radioecological monitoring of
soils and agricultural products, their radiological control and precise compliance with
the recommendations concerning agricultural production [15].

The total area of contaminated lands in Ukraine is about 9 million hectares,
among them 4.2 million hectares are radiation-contaminated lands; 2.0 million
hectares are the lands contaminated with heavy metals; 2.8 million hectares are the
lands contaminated with toxicants of organic and inorganic origin [7].

Chemicals caused by the emissions and wastes are divided into three classes
according to the degree of hazard (Table 1).

Table 1
Classes of pollutants by the degree of hazard

Class Chemical substance

Arsenic (As), cadmium (Cd), mercury (Hg), selenium (Se),

I. Very hazardous lead (Pb), fluorine (F), benzopyrene

Boron (B), cobalt (Co), nickel (Ni), molybdenum (Mo),

II. Moderately hazardous copper (Cu), chromium (Cr)

Barium (Ba), vanadium (V), tungsten (W), manganese

I Low hazardous (Mn), strontium (Sr), acetophenone

Source: formed based on the reference [12].

Indicators for determining the hazard class of chemicals are set according to Table 2.

Table 2
Hazard classes of chemicals
Indicator Norm for hazard class

1 11 111
Toxicity, LDsg <200 200—-1000 > 1,000
Persistence in the soil, months > 12 6—12 6—12
MPC in the soil, mg/kg <0.2 0.2-0.5 >0.5
Migration Migrating Poorly Non-migrating

migrating

Persistence in plants, months >3 1-3 <1
Impact on the nutritional value of High Moderate None
agricultural products

Source: formed based on the reference [12].

Heavy metals are one of the potential soil contaminants. Sources of heavy
metals are divided into natural and man-made. Natural sources include weathering of
rocks and minerals, erosion processes, volcanic activity. Man-made sources of soil
contamination with heavy metals include air emissions from ferrous metallurgy,
vehicles, liquid and solid municipal waste, pesticides, organic and mineral fertilizers
(Table 3) [12].
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Therefore, when characterizing the general status of soil contamination with
heavy metals, it should be considered that its dangerous level, which exceeds MPC,

Table 3
Sources of soil contamination with heavy metals
Element Irrigation and Phos_p_horus Limest_one Nit_rqgen Orggnic Pesticides
sewage fertilizers materials | fertilizers | fertilizers
As 2—-26 2—1,200 0.1-24 2.2—-120 3-25 22-60
Cd 2-1,500 0.1-170 0.04-0,1 0.05-8.5 0.3-0.8 -
Co 2—260 1-12 0.4-3.0 5.4-12 0.3—24 —
Cr 20—40,000 66—245 10—15 3.2-19 5.2-55 -
Cu 50—-3,300 1-300 2—125 1-15 2—60 15-50
F 2—740 8,500—38,000 300 — 7 18—45
Hg 0.1-55 0,01-1,2 0.05 0.3-2.9 0.09-0.2 0.8—42
Mn 60—3,900 40-2,000 40—1,200 — 30—-550 —
Mo 1-40 0.1-60 0.1-15 1-7 0.05-3 -
Ni 16—5,300 7—38 10—20 734 7.8-30 —
Pb 50-3,000 7-225 201,250 2-27 6.6—15 60
Se 2-9 0.5-25 0.08—0.1 2.4 -
Sn 40—700 3—-19 0.5-4.0 1.4-16 3,8 —
Zn 700—49,000 50—1,450 10—450 1-42 15-250 1.3-25

Source: formed on the basis of the reference [12].

was found mainly near metallurgical enterprises within a radius of 10-12 km and
along high-traffic roads. In these areas and places the agricultural use of soils should
be specialized, it is advisable to exclude them from usual crop rotations.

It should be noted that contamination with heavy metals from agro-industrial
sources to the levels close to MPC is only possible on the lands where chemicals,
such as pesticides or wastewater, have been used for a long time without proper
control. Application of mineral fertilizers and traditional organic fertilizers in
medium doses can raise the level of heavy metals in soils to the current values of
MPC only during hundreds of years [12].

It should be noted that the most probable objects on which it is possible to
expect increase in level of pollution by heavy metals and for which inspection is
necessary, are: suburban zones of the big industrial centers; vegetable crop rotations
with a high level of saturation with fertilizers and pesticides; fields with traditional
wastewater use; areas where pesticides are systematically applied.

Conclusions and prospects for further research. The obtained research results
give grounds to believe that soil pollution leads to significant environmental and
economic damage: crop yields fall, forest productivity decreases, certain areas of land
are withdrawn from economic use, and the condition of the environment deteriorates.
Control of these changes and the formation of appropriate programs to stop the
degradation and reproduction of soil fertility is an extremely important task and needs
to be improved.
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AHOTALIA
OIIIHKA EKOJIOTTYHOI' O CTAHY CLIIBChbKOTOCITOJJAPCHKHX IPYHTIB YKPAITHH

Y cmammi npedcmaeneno pezynvmamu OYiHKU €KOJNOIYHO20 CMAHY CLIbCbKO2OCNOOAPCLKUX
pyumie  Vkpainu. Mema Oocniodcenv nonseanra y 6UBYEHHI OYIHKU — eKONOCIYHO20 CMAHY
CIbCHKO2OCNOOAPCHKUX IPYHMIB YKpainu.

Pezynomamu  docniosceny  nokasanu, wo 3a0pyonenus yesiem-137  euwe 37 kBx/m? Ha
CLbCLKO20CNOO0APCLKUX V2iooax Yxpainu nowupene na 461,7 muc. ea, 3 Hux oprux 3emens — 345,9 muc.
ea. byno obcmeosiceno 8,8 mn. ea cinbevkoeocnooapcbkux yeiov, i ecmauosnero, wjo 12 oobnacmeii
30epicaromv  3a0pYOHeHHI NIOWi PI3HUMU MOKCUKaHmamy. Bcmanoeneno, wo wuatibinowi niuowi
CIIbCLKO2OCNOOAPCHKUX Y2iob, 3a0pyoHeHux yesiem-137, nowupeni ¢ Kumomupcokiu obnacmi— 156
muc. ea, Yepracvkii obnacmi— 76, Pisnencwriii oonacmi — 52, Yepniziscokitl oonacmi — 52, BinHuywbKill
oonacmi— 50 ma Kuiscokiti oonacmi — 34 muc. ea. Ilpomseom ocmanmix pokie y Yepkacokiil i
Binnuyokiti obnacmsax — 00epicants CilbCbKO20CNOOAPCbKOi NpooyKyii,  3a0pyoHeHol suye
oonycmumux pierie He useneno. Haticknaoniwa cumyayis wo0o 3a0pyOHenHst CilbCbKO20CHOOAPChKOT
npooykyii yeziem-137, O0e 3abpyoneno nonao 18,6 muc. ea mopgosuw ckranacy y Pienencokill
obnacmi.

Hocnioocennamu 8Cmanoeieno, wjo 3a0pYOHeHHS CLIbCbKO2OCNOOAPCHLKUX IPYHMIE YKpainu
CMPOHYIEM CROCMEPI2AEMbCAL 8 3HAYHO OLILUUX Macuumabax, Hixc yesiese, a came, y medxcax (),74-5,55
kBx/M? cmponyien-90 3abpydnero 4,6 . 2a, wo cmarosums 52 % 6id obemedicenoi nowi.
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Pesynomamu 0ocnioxcensv ceiouams, wo 3azanvbha niaowa 3a0pyoHeHux semenv 8 YKpaini
cknadae oauzvko 9 mamn. ea, 3 Hux 4,2 maH. ea — paodiayilino 3a0pyoueHi, 2,0 man. ea — 3a0pyOHeHi
sadickumu memanamu, 2,8 MiH. 2a — 3A0PYOHEHI MOKCUKAHMAMU OP2AHIYHO20 U HeOp2aHiyHO20
NOXOOJHCEHHS.

Bcemanoaneno, wo 3a0pyOoHeHHs 8adCKUMU MEMAiamu 3 azponpomMuciosux oxcepeil 00 PieHis, o
HaOIUNCAOMvbCsl 00 MakcumanbHo oonycmumux (M/P), mosciuse minbku Ha 3eMIAX, HA AKUX 3ACOOU
XIMizayii 3acmocogysanu mpusanull 4yac 6e3 HANeNHCHO20 KOHMpomo. A Makodic 6CMAaHO81eHo, o
BHECEeHHSI MIHEPATIbHUX 000pUS i mpaouyitiHux
Op2aniuHUX 000pU8 y cepeOHix 003ax 30amHe NIOHAMU PIBeHb GMICTY 8ANCKUX MemAlie 8 IPYHMAxX 00
oirouux Hunui 3navenv MJIK nuwe 3a comni pokie.

Knwuoegi cnoesa: tpynm, minepanvhi 000pusa, padioHykuiou, NeCmuyuou, 8axHCKi Meman,
3a0pYOHEHHSL.

Taon. 3. Jlim. 15.

AHHOTALIUA
OIIEHKA 3KOJIOTHYECKOI'O COCTOSHHUA CEJIbCKOXO03AHCTBEHHBIX IT0YB
YKPAHHbI

B cmamwe  npeocmasnenvi  pesynibmamsl  OYEHKU — IKOAOSUHECKO20 — COCHMOSHUSL
CeNbCKOX03ANUCMEEeHHbIX nous Ykpaunvl. Llens uccnedosanuti 3axkniodanacb 8 U3y4eHuu OYeHKU
9KOJI02UYECKO20 COCNOSIHUS CeNbCKOXO3AUCMBEHHBIX NOYE YKPAUHDL.

Pezynomamer uccneoosanuii nokasanu, yumo 3acpsasHenue yesuem-137 eviwe 37 kBK/M? na
CeNbCKOXO03AUCMBEHHBIX Y200bAX YKpauHvl pacnpocmpaneno Ha 461,7 meic. 2a, u3 HUX NAXOMHBIX
semenv — 345,9 moic. ea. Bvino obcnedosamno 8,8 MaH. ea cenbCKOXO3AUCMBEHHLIX Y20Oull, U
ycmanogneno, ymo 12 obracmeti coxpansaiom 3a2psasHeHuu niowaou pasiuyHbIMy MOKCUKAHMAMU.
Yemanosneno, umo naubonvuiue niowaou cenbCKOXo3AuCmMEeHHbIX Y200Ull, 3a2PA3HEHHbIX Ye3uem-
137, pacnpocmpanennvle 8 Kumomupckoti oonacmu — 156 moic. ea, Yepkaccroui obracmu — 76,
Posenckou obracmu — 52, Yepnueosckou obnacmu — 52, Bunnuyxoii oonacmu — 50 u Kuesckoii
obnacmu — 34 meic. 2a. B meuenue nocneonux nem @ Yepkacckou u Bunnuykou obracmsax —
noiyuenue  CenbCKOXO3AUCMBEHHOU NPOOYKYUU, 3A2PA3HEHHOU 6blule OONYCMUMBIX YPOGHEll He
sviagneno. Camas CroJiCHAA cumyayus NO 3A2PA3HEHUI0 CelbCKOXO3AUCMBEHHOU NpPOOYKYUU
yesuem-137, ede 3aepsasneno 6onee 18,6 moic. 2a mopgsanuxos crodxcunace 8 Posencroii oonacmu.
Hccnedosanusamu ycmanosieHo, uymo 3acpsA3HeHUue CelbCKOXO03AUCMBEHHbIX No4e YKpauHvl
CcmpoHyuem Haobaooaemcs. 8 3HAYUMeNbHO OO0NbWUX Macuimadax, Yem yesuesvlM, d UMEHHO,
npedenax 0,74-5,55 xBK/m? cmponyuem-90 3acpazneno 4,6 man. ea, umo cocmasnsiem 52% om
00C1e008aHHOU NIOULAOU.

Pe3zynomamer uccnedosanuii ceudoemenvcmayom, ymo oowas NIOUAa0b 3a2PSA3HEHHbIX 3eMelb
6 Ykpaune cocmaensem okono 9 man. ea, u3z Hux 4,2 MIH. 2a — paouayuoHHo 3azpszHenHvle, 2,0
MIH. 2a — 3a2pA3HEHHble MAXCeIbIMU Memaniamu, 2,8 MIH. 2a — 3a2psA3HeHHble MOKCUKAHMAMU
OpP2aHUYECKO020 U HEOP2AHUYECKO20 NPOUCXOHCOeHUs. Yemanoeneno, umo 3azpsasHenue maicenvimu
MEeMALIamMu ¢ A2PONPOMBIULIEHHBIX UCMOYHUKO8 00 YPOSHEl, NPUOIUNCATIOWUXCA K MAKCUMATLHO
oonycmumuix (MI'C), 603MOHCHO MONLKO HA 3eMAAX, HA KOMOPBIX CPeOCmEa XUMUZAYUU NPUMEHSLIU
onumenvHoe 8pems 6e3 001HCHO20 KOHmponsA. A makdce YCMAHOBNEHO, YMO BHeceHue
MUHEPATbHLIX YOOOPEeHUll U MPAOUYUOHHBIX OP2AHUYECKUX YOOOpeHull 8 cpeOHUx 003ax CHOCOOHO
NOOHAMb YPOBEHb COOEPHCAHUS MANCENbIX MEeMAllo8 8 No48ax C O0eUCMBYIOWUMU 8 HACOosujee
epems sHavenui MJIK monvko 3a comuu nem.

Knroueswie cnoea: nousa, munepanvuvie y0oOpeHus, paOuoHyKIUObl, NeCmMUuyuobl, maxceivle
Memanivl, 3a2psA3HeHUs.

Taon. 3. Jlum. 15.
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