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AGRO-ENVIRONMENTAL AND ECOTOXICOLOGICAL ASSESSMENT
OF AGRICULTURAL SOILS OF AGROSPHERE

Abstract. Soils are the main component of terrestrial ecosystems that have been formed over geological time as a result
of biotic and abiotic factors. Today, the issue of soil protection is particularly relevant in connection with the growth of
the global population and uneven food security. Therefore, maintaining and improving soil fertility, providing the soil with
agrochemical indicators within normal limits (pH, humus, nitrogen, phosphorus, potassium), preventing their depletion,
erosion, salinization, waterlogging and pollution by toxic substances are key to achieving higher yields, increasing the
number and purity the environment Therefore, the main challenge today is the rational use of land and potential resources
in agricultural production, which requires appropriate scientific support.

Implementation of measures to prevent soil pollution by heavy metals, pesticides, industrial emissions, strengthening
the responsibility of land users and owners for the rational use and protection of land; increasing the productivity of
agricultural land by optimizing the sown areas and the structure of crop rotation to increase the productivity of agricultural
land, implementing state control over measures to protect and restore soil fertility — all this is a necessary condition for
monitoring the condition of the soil.

The purpose of the work is to conduct a comparative characterization of the ecotoxicological and agroecological
state of the soils of the agrosphere (on the example of the soils of the village of Sytkivtsi of the Raigorod Territorial
Community of the Haysyn District of the Vinnytsia Region).

Research methodology. Laboratory analyzes were carried out in a certified and accredited laboratory — the Scientific
and Measuring Agrochemical Laboratory of the Educational and Scientific Institute of Agrotechnology and Environmental
Sciences of the Vinnytsia National Agrarian University. Observations, records and measurements were carried out
according to generally accepted methods: determination of the content of mobile forms of heavy metals (Pb, Cd, Zn, Cu) —
after extraction with an acetate-ammonium buffer solution pH 4.8 by the method of atomic absorption spectrophotometry
in accordance with SSU 4770.

The research was conducted on the territory of the village of Sytkivtsi, Raigorod territorial community, Haysyn district,
Vinnytsia region. Samples for analysis were taken at three points in the village Sitkivtsi, in order to find out the potential
pollution on the territory of the territorial community and to compare the values with the values of a potentially clean
homestead: homestead — area of 0.18 ha (organic fertilization — humus, siderates) open joint-stock company Sitkovetsky
Sugar Plant (production and sale of products discontinued 17 years ago) and solid waste landfill (sanctioned).

Scientific novelty. The conducted research made it possible to determine the agro-ecological indicators of soils and
the levels of accumulation of heavy metals (Pb, Cd, Zn and Cu) at various points of soil sampling in the agrosphere for
their further use for agricultural purposes.

Conclusions. It was investigated, the lowest agro-ecological indicators were found in the 3rd sample, which was
selected within the authorized landfill: soil acidity — 5.8, average availability of soil with humus, nitrogen, mobile
phosphorus and exchangeable potassium. It was established that in the studied samples the content of heavy metals
was found to be the highest in the sample from the landfill compared to samples I and 2: lead — 5.17 mg/kg, cadmium —
0.38 mg/kg, zinc — 21.15 mg/kg and copper — 2.74 mg/kg, which did not exceed the maximum permissible norms. The
hazard ratio was highest in sample 3 (sanctioned landfill), but did not exceed 1.

Key words: soil, heavy metals, hazard ratio, agroecological indicators, agroecological condition, pollution,
environment.
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ATPOEKOJIOTTYHA TA EKOTOKCHUKOJIOTIYHA OLIIHKA IPYHTIB
CUIBCBKOTI'OCITIOAAPCBKOT'O NTPU3ZHAYEHHSA ATPOC®EPHU

Anomauin. [pynmu € 0CHOGHUM KOMROHEHIMOM HA3EMHUX eKOCUCIEM, SKi (DOPMYEAIUCA NPOMALOM 2€0102IUHO20 YACY
6 pesynomami oiomuunux ma adiomuunux gpakmopie. Cb0200HI NUMAHHS OXOPOHU IPYHMIE € 0COOIUBO AKNYATbHUM
¥ 36 AA3KY i3 3pOCMAHHAM HACENEHHs NIaHemlU Md HEPIBHOMIPHOIW NPOO08oILYOIO besnexoto. Tomy niompumxa ma noxpa-
WenHs pooloyocmi IpyHmie, 3abesneuenicmes IPYHmy azpoXiMiYHUMU ROKAZHUKAMU 8 Medicax Hopmu (pH, symyc, asom,
gocgop, kanitl), 3anobicants ix BUCHANCEHHIO, epPO3Ii, 3ACONEHHI0, 3aDONOYEHHIO MA 3A6PYOHEHHIO MOKCUYHUMU PeHOBsU-
HAMU € KTIOYO08UMU 0715 OOCASHEHHS BUWUX 8D0ICAi8, 30inbUIeHHS YUceTbHOCHE ma yucmomu 008Kis. Tomy eonosnum
BUKTUKOM CbO200EHHS € payioHaAbHe GUKOPUCTIIAHHS 3eMIli A NOMEHYIIHUX PeCypPCi8 Y CilbCbKO20CHOO0aPCLKOMY 8UPOO-
HUYmMsI, wo nompeodye 6i0N0GIOHO20 HAYKOBO2O CYNPOBOD)Y.

3oiticnenns 3ax00i6 w000 3an0dieanHA 3a0PYOHEHHIO IPYHMIB BANCKUMU MEMALAMU, NeCIUYUOAMU, NPOMUCTOBUMU
BUKUOAMU, NOCUNEHHS BION0GIOANLHOCHI 3eMAEKOPUCHTY8AYI8 MA BNACHUKIE 30 PAYIOHANbHE GUKOPUCTHAHHA MA OXOPOHY
3emeNb;, RiOBUULeHHSI NPOOYKMUGHOCHIE CIbCbKO20CHOOAPCHKUX 3eMelb ULIAXOM ORMUMI3AYIl NOCIBHUX NAOW MA CIMPYK-
mypu ci6o3miH 051 NiOBUULEHHS NPOOYKMUBHOCII CilbCbKO20CHOOAPCHKUX 3eMenb, 30IUICHENHs 0epICABHO20 KOHMPOTIO
30 NPOBEOCHHAM 3AX0018 3 OXOPOHU MA 8IOMEOPEHHS POOIHOCHI IDYHMIB — Ye 8Ce € HeODXIOHOI YMOBOIO 0/l RPOBEOECHHS
MOHIMOPUHZY CINAHY TPYHMIE.

Mema pobomu — nposecmu nOPiGHATLHY XAPAKMEPUCTUKY eKOMOKCUKONO2IYHO20 Ma A2POEKON02IUHO20 CINAHY IDYH-
mig azpocghepu (na npukiadi rpynmis cena Cumxieyi Patieopodcvkoi mepumopianvnoi epomaou Iaticuncoko2o pationy
Binnuywvkoi oonacmi).

Memooonozia docriocenns. Jlabopamophi ananizu npogoounu y cepmuikoanitl i akpeoumosanii 1abopamo-
pii — Haykoeo-eumiprosanvha acpoximiuna 1a60pamopis HagYaibHO-HAYKOB020 THCMUNMYMmY AepomexHoNo2il ma npu-
poodoxopucmyeanns Binnuysroeo nayionansnozo azpaprozo yuieepcumenty. Cnocmepedicents, 00niKu ma euMipio8anHs
NPOBOOUNYU 30 302ATTbHONPUUHAMUMY MEMOOUKAMU. — BUSHAYUEHHS 8MIchy pyxomux gopm eaxckux memanie (Pb, Cd, Zn,
Cu) — nicas eunyueHHa ayemamuo-amonitiHum oygheprum posuurom pH 4,8 memooom amomuo-abcopoyiiinoi cnexkmpo-
gomomempii 6ionogiono do CTY 4770.

Hocniosxcenns npogoounucy na mepumopii cena Cumxieyi, Patizopodcvkoi mepumopianvhoi epomadu, Iaiicuncokozo
pationy, Binnuywxoi oonacmi. Ilpobu ons ananizy 6iobupanu 6 mpvox mouxax ¢. Cumxkisyi, wod 3’sacyeamu nomenyitine
3a6pyOHeHHs HA MepUMOpIi MepumopianbHoi 2pomMadu ma NOPIGHAMYU 3HAYEHHS i3 SHAUCHHAMU NOMEHYIUIHO YUCMOT npu-
caoubnoi dinanku.: npucadubra dinauxa — naiowa 0,18 ea (opeaniune sHecenmss 006pUs — nepecHii, cudepamu) 8i0Kpume
axyionepue mogapucmeo CumroseybKuil Yykposuii 3a600 (8upobHuymeo ma peanizayis npooykyii npununena 17 poxie
momy) i cMimme3eanuuje meepoux nooymosux 8i0xo0ie (CaHKyioHoeaue).

Haykoea nosusna. Ilposedeni 0ocniodicenuss 00360IUNU GUSHAYUMU (AZPOEKONO2IYHI NOKA3HUKU IPYHMIE ma piHi
Haxonuyens sadxckux memanie (Pb, Cd, Zn ma Cu) y piznux mouxax 6iobopy npob rpynmie azpocgepu 015 no0ambU020
iX BUKOPUCTAHHSA 8 CITbCbKO2OCNOOAPCHKUX YINAX.

Bucnosxu. JJocniodceno, HaiiHudicui azpoexonoeiuni NOKA3HUKU BUsELeH 8 3-0My 3pasky, wo eidiopanuil 8 mexrc-
ax CaHKYiOHOBAHO20 CMIMMEIBANUWA: KUCTOMHICIY IPYHMY — 5,8, cepedus 3abe3neueHicmy IpYHmMY SymMycom, a30mom,
pyxomum Ghocgopom ma 0OOMIHHUM KATIEM.

Bcmanogneno, wo y 00Caionicenux 3pazkax eMicn 8aNCKUX Memanie 6Us61eH0 HAUSUWUM 8 3pA3KY I3 CMIMME3SA-
wa, nopienano i3 1 ma 2 3paskom: ceunyro — 3,17 me/xe, kaomiro — 0,38 me/ke, yunxy — 21,15 me/ke i mioi — 2,74 me/ke, wo
He nepesuwyysanu epanuino donycmumux Hopm. Koegiyicnm nebesnexu 6ys nauguwum y 3-my 3pasxy (CaHkyionogawne
cumimmessanuiye), ane He nepesuiyyeas .

Knrouosi cnosa: tpynm, eaxcki memanu, KoeQhiyichm Hebe3nexu, azpoexoiociuti NOKAZHUKY, A2POeKON02IYHUL CINAH,
3a0pYOHeHHS, HABKOIUUHE cepedosulle.

Formulation of the problem. The agricultural  try’s economy. A quarter of the world’s reference
sector of Ukraine is one of the largest in the coun-  soils — chernozems — are located in Ukraine, and
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Ukraine is the third leader in the export (as of
2020) of grain and leguminous crops in the world —
50 million tons per year (according to the State
Customs Service of Ukraine). It is no exaggeration
to say that Ukraine can feed the world, but due to
the full-scale russian invasion of Ukraine, value
creation, price instability and cross-border supply
of agricultural products have been disrupted. More
than 100.000 units of machinery and equipment
for soil cultivation (approximately 3.5 billion dol-
lars) were destroyed, as well as granaries with a
total capacity of 9.5 million tons. In general, about
20% of land in Ukraine is unsuitable for use due to
mining, hostilities, and occupation (data from the
Ministry of Agriculture) [5].

Agriculture of Ukraine is a source of income for
12 million people living in rural areas, almost 20%
of the peasants who were engaged in growing agri-
cultural products stopped working or reduced pro-
duction due to the war. Although the consequences
are visible mainly in the eastern regions of Ukraine
along the front line, they are felt throughout the
country [7].

Exports in Ukraine gained momentum every
year and 2022 could become a record year for the
independence of the country, but due to the block-
ade of Ukrainian ports, the amount of exported
goods for 2023 is 30 billion dollars, which is 30%
less than for 2021 [3]. At the same time, exports
to countries geographically close to Ukraine
increased: Hungary, Romania, Moldova, Slovakia
and Bulgaria. Food is transported by land from
the western regions of Transcarpathia, as well as
Odesa [§].

The development of a multi-system economy
and market relations led to the emergence of vari-
ous types of private, small enterprises in the agri-
cultural sector. There are the following types of
small businesses in Ukraine:

— auxiliary private family farms — private prop-
erty, owners and employees are family members;

— farm-peasant farms — collective ownership,
family production associations of peasants for con-
ducting agricultural production based on personal
labor for the purpose of obtaining income [1].

Analysis of sources and recent research.
Land resources are the main means of produc-
tion and a factor of socio-economic development,
ecological sustainability of the agrosphere [8; 9].
The state of the soil cover is one of the main indi-
cators of the ecological state of the territory, as it

receives direct effects from internal factors caused
by the use of soils in agricultural production [7]
and external effects caused by man-made activi-
ties [10; 11]. Significant external influences on the
soil of the agrosphere are carried out by industrial
facilities, transport highways and urbanized areas
[12]. Considering the urban systems of agrarian
regions, it should be noted that from a socio-eco-
nomic point of view, they are poles of growth of
adjacent rural areas, and from an ecological point
of view, they are a certain source of constant sup-
ply of additional energy, in the form of waste, and
substances with emissions into the atmospheric air
and discharges into water bodies objects [ 14]. Such
influences cause changes in the quality of the soil
cover. Various approaches and methods are used to
assess the agroecological condition of soils under
certain conditions [6]. The concept of basic indi-
cators characterizing the stability and ecological
condition of the soil cover [13] and allowing to
clearly distinguish the territories that are suitable
for growing ecologically safe products should be
taken into account in order to evaluate the soils of
the agricultural sphere.

Today, agrarians use land resources mainly for
the purpose of making money, and to a greater
extent this is achieved by intensifying the appli-
cation of fertilizers in order to obtain larger yields,
but the question arises of the quality of this product,
whether it will have a negative effect on the living
organism, or provide benefit. Today, Ukraine is
sufficiently supplied with food from domestic pro-
ducers, so it is worth improving qualitative charac-
teristics, not quantitative ones [6]. Use organic fer-
tilizers, siderates (legumes, perennial grasses for
crop rotation) as soil fertilizer, reduce the load of
heavy machinery on the land, rationally apply min-
eral fertilizers, plant forest strips to retain moisture
and reduce erosion processes, observe crop rota-
tion for less soil depletion [9].

The purpose of the work is to conduct a com-
parative characterization of the ecotoxicological
and agroecological condition of the soils of the
agrosphere (on the example of the soils of the vil-
lage of Sytkivtsi of the Raigorod Territorial Com-
munity of the Haysyn District of the Vinnytsia
Region).

Presenting main material. We conducted
research on the basis of agroecological indicators
from three selected samples, and analyzed the
actual value of the indicators (Table 1).
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Table 1

Agroecological parameters of the soils of the village of Sitkivtsi, Raigorodskaya LC

Detern.lina-t im.l of Units of measurement SSU on the test Soil availability Actual value
agrochemical indicators method
Sample 1 (homestead)
Acidity — pH (saline) SSU ISO 10390-2007 neutral 6.9
Humus % SSU 4362:2004 high 5.9
(a?cy(iz‘;gfngf pltrogen D mg/kg SSU 7863-2015 high 249
l\faﬁg‘: dlzggst{’)hgﬂi‘j{k%gs me/kg SSU 4115-2002 average 174
Exchangeable potassium,
, mg/kg SSU 4115-2002 high 153
(according to Chirikov)
Sample 2 (Sytkovets sugar plant)
Acidity — pH (saline) SSU ISO 10390-2007 neutral 6.0
Humus % SSU 4362:2004 average 4.3
(a?cyo%‘ﬁgfg pitrogen D mg/kg SSU 7863-2015 average 174
ng;g‘; dﬁggst%hgfl‘i‘;’k%gs mg/kg SSU 4115-2002 average 168
Exchangeable potassium,
K,0 mg/kg SSU 4115-2002 average 123
(according to Chirikov)
Sample 3 (Solid waste landfill)
Acidity — pH (saline) SSU ISO 10390-2007 sour 5.8
Humus % SSU 4362:2004 average 4.1
(a?c}:ﬁi%yngg ggﬁ%&l d) mg/kg SSU 7863-2015 average 151
l\éla%zgi dlzrligs'[%hgﬂilfi’k%\gs mg/kg SSU 4115-2002 average 167
Exchangeable potassium,
, mg/kg SSU 4115-2002 average 120
(according to Chirikov)

Based on agroecological indicators, it can be
concluded that:

— in sample 1, which was selected on the
homestead, the acidity indicator is neutral, the humus
content is 5.9% (high), which is a high indicator
of soil fertility, hydrolyzed nitrogen is 249 mg/kg,
which is a high indicator, mobile phosphorus is
174 mg/kg, exchangeable potassium — 153 mg/kg;

— sample 2, selected on the territory of the
Sitkovets sugar plant, the actual value of acidity
is neutral, humus is 4.3%, the average content
of hydrolyzed nitrogen, mobile phosphorus is
168 mg/kg, and the average value of exchangeable
potassium is 123 mg/kg;

—sample 3, selected at the authorized landfill and
agro-ecological indicators of this territory reach:
acidity — 5.8, average content of humus, hydrolyzed
nitrogen — 151 mg/kg, average supply of soil with
mobile phosphorus and potassium exchange.

Based on the above indicators, it can be analyzed
that the sample from the homestead has the most

favorable indicators for growing agricultural crops
compared to the samples from the sugar factory and
the landfill. After all, in the 2nd and 3rd samples,
we observe the average indicators of humus,
nitrogen, phosphorus and potassium, which are
important for root nutrition of plants.

Our research allowed us to determine the
concentration of heavy metals lead, cadmium, zinc
and copper in the soil (Table 2).

It was found that the content of lead in sample 3
was higher than the content of the same heavy
metal in samples 1 and 2 by 1.65 and 1.14 times,
respectively. The cadmium content in sample 3 was
higher compared to samples 1 and 2 by 4.22 and
1.58 times, respectively. In sample 3, we observe
an excess of zinc content compared to sample 1 by
1.85 times and sample 2 by 1.21 times. The copper
content is the highest in sample 3 relative to the first
by 3.65 and the second by 2.06 times, respectively.
In sample 1, the lead concentration was 1.92 times
lower than the maximum allowable norms, and in



Hayxkosuii BicHuk Binuuibkoi akayemii 6e3nepepsroi ocsiti. Cepist «Exornoris. [TyOniute ynpasiings Ta aminicTpyBarHsy, Bum. 2, 2024

Table 2
Ecotoxicological assessment of the condition of soils in the village of Sitkivtsi, Raigorodskaya L.C
Heavy metals | Units of measurement | Actual content | MPC | HR
Sample 1 (homestead)
Pb mg/kg 3.12 6.0 0.52
Cd mg/kg 0.09 0.7 0.12
Zn mg/kg 11.42 23.0 0.49
Cu mg/kg 0.75 3.0 0.25
Sample 2 (Sytkovets sugar plant)
Pb mg/kg 4.53 6.0 0.75
Cd mg/kg 0.24 0.7 0.34
Zn mg/kg 17.47 23.0 0.75
Cu mg/kg 1.33 3.0 0.44
Sample 3 (Solid waste landfill)
Pb mg/kg 5.17 6.0 0.85
Cd mg/kg 0.38 0.7 0.54
Zn mg/kg 21.15 23.0 0.91
Cu mg/kg 2.74 3.0 0.91

samples 2 and 3 —by 1.32 and 1.16 times. Sample 1
for cadmium was 7.77 times lower than the MPC.
At the same time, samples 2 and 3 were 2.91 and
1.84 times lower than the MPC. Sample 1 and 2 did
not exceed the standards and was lower in zinc by
2.01 and 1.31 times, and sample 3 by 1.08 times.
Sample 1 did not exceed the permissible concen-
tration of copper by 4.0 times, sample 2 by —2.25,
and sample 3 — by 1.09 times, respectively.

According to our research, we calculated the
indicators of the hazard ratio (Fig. 1), which is
calculated according to formula 1. If this indicator
exceeds 1, it means that these soils are not favor-
able for growing agricultural crops, but if its indi-
cator has a value close to 1, it also indicates that
the condition for using these soils for agricultural
purposes may be the selection of specific agricul-
tural plants.

HR = >1
MPC

(1)

0,750,75

44

0,52"0,49

125
0,1

3pazox 1 3pa3ok 2

Pb "Cd ®mZn

where C —is the concentration of the pollutant, mg/kg;
MPC — is the maximum allowable concentration of a
pollutant, mg/kg.

The highest hazard ratio for lead is observed in
sample 3 compared to sample 1 — 1.63 times and
sample 2 — 1.13 times. Cadmium in sample 3 was
in a higher concentration, compared to samples 1
and 2 by 4.5 and 1.58 times, respectively. The
concentration of zinc in sample 3 is higher than the
concentration in samples 1 and 2 by 1.85 times and
1.21 times, respectively. And the concentration of
copper in the 1st sample is 3.64 times lower, and
in the 2nd — 2.06 times lower, relative to the 3rd
sample.

The hazard ratio of lead in sample 1 was 4.33,
1.06, and 2.08 times higher than that of Cd, Zn, and
Cu, respectively. In the 2nd sample, the HR of lead
and zinc is equivalent and is 0.75, but it is higher
than the hazard ratio of cadmium by 2.2 times and
copper by 1.7 times, respectively. And in sample 3,

0,85 091 091

O’Sl

3pa3zok 3

Cu

Fig. 1. The coefficient of danger of heavy metals in the soils of the village
of Sitkivtsi, Raigorodskaya L.C
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the index of zinc and copper is 1.07 times higher
than lead and 1.68 times higher than cadmium.

Considering that the hazard ratio of lead,
cadmium, copper and zinc do not exceed the value
of 1, these soils can be used for growing agricultural
products without possible harm to health.

Conclusions. Compared to other samples, the
soils of the homestead sample have relatively
high levels of humus, hydrolyzed nitrogen,
mobile phosphorus and exchangeable potassium
with a neutral pH, the lowest agroecological
indicators were found in the 3rd sample, which
was selected within the solid waste landfill:
soil acidity — 5.8, average availability of soil
with humus, nitrogen, mobile phosphorus and
exchangeable potassium.

In the examined samples, the content of
heavy metals was found to be the highest in the

sample from the solid waste landfill, compared to
samples 1 and 2: lead — 5.17 mg/kg, cadmium —
0.38 mg/kg, zinc — 21.15 mg/kg, and copper —
2.74 mg/kg. All indicators are within the maximum
permissible limits. The lowest indicators of the
content of heavy metals in the soil were observed
in the Ist sample (homestead plot) and were:
lead — 3.12 mg/kg, cadmium — 0.09 mg/kg,
zinc — 21.15 mg/kg, copper — 2.74 mg/kg. The
hazard ratio was the highest in the 3rd sample
(solid waste landfill), but did not exceed 1, which
means that such soils are suitable for growing
specific agricultural plants: thalaban (Thlaspi
caerulescens), which accumulates cadmium and
zinc, Indian mustard (Brassica juncea), ragweed
(Ambrosia  artemisiifolia), hemp (Apocynum
cannabinum), pea or poplar, which store lead in
their biomass.
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