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Meadows as plant ecosystems of the Forest-Steppe zone are secondary in origin. They were formed on the site of
indigenous (primary) vegetation types — forest or marsh ecosystems — after being transformed by humans to meet the needs of
agriculture or livestock. In ancient times, the areas that are now occupied by meadows were mostly covered by forests or
swamps. With population growth and livestock development, these forests were cut down, swamps drained, and the land was
used for agricultural production as pastures and hayfields. Meadows on the plains of former forest or marsh ecosystems are
unstable dynamic phytocoenoses in different stages of succession. Therefore, dominant species' botanical composition and
projective cover change rapidly, requiring constant human intervention to maintain their high productivity.

Following the principles of sustainable development, one of the most urgent tasks is to provide the population with a
sufficient amount of high-quality and safe food of both plant and animal origin. It is known that the quality and safety of food
products are directly dependent on the environmental conditions of food raw material production. Vegetation of natural fodder
lands is an important element of livestock production, which is characterized by low cost compared to cultivated lands.

However, in some areas, natural fodder lands undergo a strong anthropogenic load in technogenesis, leading to soil
contamination with various toxicants, particularly heavy metals such as Pb, Cd, Zn, and Cu. The main sources of pollution of
natural fodder lands are industry, motor vehicles, chemicalisation of the crop production sector, and others. Under such
conditions, the use of phytocoenoses as feedstock for both domestic and wild animals increases the risk of heavy metals
entering their bodies, which threatens the production of safe and high-quality products, and contaminated soils may be
withdrawn from agricultural use.

The study aimed to determine the levels of accumulation of Pb, Cd, Zn, and Cu in the ecosystems of natural
fodderlands under different anthropogenic loads in the conditions of Eastern Podillia in Vinnytsia region.

Key words: natural meadows, phytomass, soil, lead, cadmium, zinc, copper, accumulation coefficient, hazard
coefficient, fertilisers, soil cultivation.

Tirapenko O. BmicT Ba:kkux MeTamiB y ¢itomaci npupoaHux JIy4HHX exocucTreM BinHHunbkoi ofsacti 3a
3arajbHoro (poHOBOro 3a0py/AHEeHHS Ta B pe3yJbTaTi aHTPONMOTeHHO1 TpaHcdopMalii 3emMelb

Jlykn six pocnuHHI ekocucTteMu 30HM JlicocTenmy BTOPHMHHI 3a CBOIM MOXO/KCHHsAM. BoHu chopmoBaHi Ha MicIi
KOPiHHUX (TIEPBUHHMX) TUIIB POCIMHHOCTI — JICOBHX YW OOJIOTHUX €KOCHUCTEM — IICJIS MEPETBOPEHHS IX JIIOJUHOIO TIiJ|
moTpeOu 3eMiiepoOCTBA YK TBAPUHHHIITBA. Y JNABHI YacH IUIONI, SKi Terep 3aliHsTI JTykaMu, OyJId MepEeBaKHO BKPUTI JTicaMu
yn Gonotamu. 3i 3pOCTaHHAM KiJIBKOCTI HACEIEHHS Ta PO3BUTKOM TBAapHWHHHMIITBA IIi Jlick Oyiu BHpyOaHi, 60J0Ta OCyIIeHi, a
3eMIIi 3aJy4eHi JI0 arpapHOro BUPOOHUIITBA SIK ITACOBUINA Ta CiHOXKATI. JIyku Ha pIBHUHHUX TEPUTOPISX KOJHMIIHIX JIICOBUX YH
OOJIOTHUX €KOCHCTEM € HEeCTIHKMMHU JUHAMiYHAMH (iTOLEHO3aMU B PI3HUX cTalisx cykueci. Tomy OoTaHiuHMM ckian i
MIPOEKTHBHE MOKPHUTTS JOMIHAHTHUX BHIIB IIBHAKO 3MIiHIOIOTHCS, TOX MOTPEOYIOTh MOCTIHHOTO BTPYYaHHS JIIOAWHH JJISI
MiATPUMAaHHS IXHbOT BUCOKOI POIYKTHBHOCTI.

JloTpUMyIOYKCh TIPUHIIMIIB CTAJIOT0 PO3BUTKY, OJHHM i3 HalakTyaJbHINIMX 3aBlIaHb € 3a0e3MeUeHHS HACEICHHS
JOCTaTHBOK KUTBKICTIO SIKICHUX 1 OE3MeYHHX MPOMYKTIB XapuyBaHHS SIK POCIMHHOTO, TaK 1 TBAPWHHOTO TOXODKCHHS.
Bigomo, mo sxicth 1 Ge3neyHicTh Xap4OBHX HPOIYKTIB O€3MOCepeHBO 3aleKaTh Bifl €KOJOTIYHMX YMOB BHPOOHHUIITBA
XapyoBoi CHPOBHHH. POCIMHHICTH TNPHPOJAHMX KOPMOBHX YTib — BAXKIMBHHA €IEMEHT BHPOOHHUITBA NIPOIYKIIT
TBAapUHHUIITBA, SIKa XapaKTepHa HU3bKOIO BAPTICTIO MOPIBHIHO 3 OPHUMH YTiJIMH.

OnmHak mNpHPOAHI KOPMOBI VriAlsl B YMOBax TEXHOTCHE3y 3a3HAIOTh Ha JESIKAX TEPHTOPISAX CHIIBHOTO
AQHTPOIIOTCHHOTO HABAHTAXKCHHS, IO NMPHU3BOAUTH [0 3a0pPYyAHEHHS IPYHTIB PI3HHMHM TOKCHKAHTaMH, 30KpeMa Ba)XKKUMHU
Metanamu, Takumu sk Pb, Cd, Zn ta Cu [4]. OCHOBHHMH JDKepenaMH 3a0pyAHEHHS NPUPOJHUX KOPMOBHX YTilbh €
IIPOMUCIIOBICTh, aBTOTPAHCIIOPT, XIMi3allisl Tamys3l POCIMHHMITBA TOLIO. BUKOPUCTAHHS 3a TakUX YMOB (iTOLEHO3IB fK
KOPMOBOi CHPOBHHHU SIK JUIS CBIMCHKHX, TaK 1 JUIA AUKUX TBapWH, MiJBHIIYE PU3UK HAIXOJHKEHHS B TXHI OPraHi3MH Ba)KKHUX
MeTaiB, 0 CTAaBUTh MiJl 3arpo3y ojep kaHHs Oe3MneyHo] 1 AKiCHOT IX MpoayKii, a 3a0pyaHeH] IPYHTH MOXYTb OyTH BHBEAECHI
13 CLIbCHKOIOCIIOJAPCHKOT0 KOPUCTYBAHHSL.

Busnavyeno piBHi HakonumuenHs Pb, Cd, Zn, Cu B ekocucTeMax MpPUPOJHUX KOPMOBUX YTib 3a PIi3HOTO
aHTPOIION€HHOI'0 HaBaHTaxXeHHs B yMoBax CxinHoro Iloaimis Ha Tepuropii BiHHMIbKOT 061acCTi.

Kawuoi cioBa: npupoaHi Jiyku, ¢itromaca, IpyHT, CBHHEIb, KaJMil, LIMHK, MiJb, KOC(]ILli€EHT HAKOMHYECHHS,
KoeilieHT MIKIATUBOCTI, 100pHBa, 0OPOOITOK IPYHTY.

32



Exomnoris

Problem Formulation. Practice shows that
the ecological conditions of natural fodderlands are
deteriorating from year to year, including due to their
pollution with toxicants. It is known that every year
more than 6 million tons of harmful substances
containing heavy metals are released into the
environment, and the amount of these metals in
ecosystem components is growing rapidly. Heavy
metals entering the soils of natural fodder lands are
included in a small cycle of substances, which
increases the risk of their ingress into feed raw
materials [2].

At the same time, the intensity of heavy
metal accumulation in phytomass under conditions of
different sources of anthropogenic load on natural
fodder lands of Vinnytsia region has not been studied
sufficiently. Therefore, there is a need for a detailed
study of the intensity of heavy metal contamination of
phytocoenoses of natural fodder lands under different
directions of anthropogenic load. The priority of such
tasks is caused by the social factor, namely the
reduction of man-made impact on the population by
preventing the transformation of pollution toxins in
plant feedstock.

Analysis of Recent Research and
Publications. Natural fodderlands include 61 species
of vitamin-bearing plants, 53 species of plants
containing tannins, and 42 species containing
essential oils [1]. Taking into account the
shortcomings of the previous classification of the
vegetation of natural fodder lands and based on their
research, Yakubenko B. E. and others [4] proposed a
more objective model that includes three classes of
plant biodiversity formation, in particular tall
ryegrass, stoloko bezostoyant, and bentgrass [7].

The first formation includes five associations,
including tall ryegrass fine bentgrass, tall ryegrass
meadow fescue, vyokoraygras meadow bluegrass, tall
ryegrass pure and tall ryegrass lying alfalfa.

Energy-saving technologies consist of the
selection of individual species and grass mixtures, the
use of fertilizers, modes of use of natural fodder lands
and the establishment of their impact on the
composition, structure, and productivity of grass
stands, and the forecasting of their development [5].

The growing anthropogenic activity of the
population leads to an increase in the flow of various
harmful substances into the environment, in
particular, heavy metals, which, being in the
exchangeable form, move through trophic chains
from soil to vegetation, reducing the quality and
safety of food raw materials [3; 9].

Powerful sources of environmental pollution
with heavy metals are the following complexes:
mining, metallurgical, machine-building, chemical,
transport, agro-industrial, housing communal, etc. [8].
It is known that mine wastewater and post-mining
water in mines contain several pollutants, among
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which heavy metals are the most dangerous. In
steelmaking, only one ton of steel is smelted and up
to 40 kg of particulate matter is released into the
atmosphere, including Mn, Cu, Zn, Cd, and Pb
compounds [2].

A significant amount of heavy metals is also
released into the environment by chemical
production, in particular, with wastewater containing
cadmium, lead, and zinc compounds. The fastest-
growing sources of environmental pollution today are
motor vehicles, agricultural production, and industrial
waste [7; 10]. In agricultural production, especially in
crop production, mineral fertilizers are a powerful
source of heavy metals in the environment [11].

Objectives Setting. Scientific and economic
research to study the intensity of Pb, Cd Zn, and Cu
accumulation by phytocoenoses of dry lowland
meadows of natural fodder lands under different
technogenic loads was carried out during 2018-2020
in the conditions of Eastern Podillia in Vinnytsia
region. Experimental studies were conducted in three
directions [10].

The first area of research included the study
of the intensity of contamination of the phytomass of
plants of natural fodderlands with heavy metals (Pb,
Cd) and heavy metals — trace elements (Zn, Cu) in the
conditions of dry lowland meadows in Vinnytsia
region. Vegetation was sampled simultaneously when
the grass reached a height of 10-12 cm, i.e. suitable
for grazing by animals. From each type of natural
fodder land, similar cereal and legume vegetation was
selected at a distance of 1.5-2 km from mobile and
stationary sources of pollution.

The study of local contamination of the
phytomass of grass stands was carried out in the
conditions of the international motorways M-12
Khmelnytskyi — Vinnytsia — Odesa — Vinnytsia-
Odesa (in the vicinity of Zarvantsi and Hunka
villages), M-21 Vinnytsia-Zhytomyr (in the vicinity
of Kordelivka village) and local — Vinnytsia-
Zhmerynka (in the vicinity of Riv village), Vinnytsia-
Tyvriv (in the vicinity of Vasylivka village). Natural
fodder lands in the area of influence of the railway
connection were studied in the vicinity of Hnivan and
Zhmerynka [7].

Presenting Main Material. The current state
of the flora of Vinnytsia region is characterized by a
significant increase in the role of anthropogenic
impact. In the course of synanthropisation, two main
processes occur in parallel: on one hand, the
extinction and suppression of natural elements of the
flora, and on the other hand, its enrichment with
adventive species and the formation of new types of
plant communities with their participation. The
number of invasive species with a high invasive
capacity is 49, which is 2.8 % of the total number
[10].
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It has been established that chemicalisation
of the crop production industry has a high impact on
plants of natural fodder lands, in particular the use of
herbicides, which have a significant impact on the
formation of yield and quality of agrocenoses. In
addition, the damage to plants by pathogens is
significantly reduced and their spread to the fields is
hindered. Instead, diseases spread to natural
phytocoenoses bordering the fields, and plants that
are closely related to cultivated plants are affected by
these diseases [8].

It was found that the species that suffer the
most are those that are of significant value both
genetically and economically. The use of herbicides
on other crops has a similar effect — it reduces the
spread of weeds, pathogens, and pests on crops, but

significantly increases their number in natural
phytocoenoses [6].

The spread of diseases to natural
phytocoenoses and the presence of a significant
number of segetal ruderal vegetation in the
communities leads to a deterioration in the conditions
of species diversity of these areas, especially pastures
and meadows used for livestock farms [11].

The analysis of the phytocoenoses of
absolute drylands in the study area (Table 1) shows
that the grasses here are represented by sheep fescue
(Festuca ovina), meadow fescue (Festuca pratensis),
common bentgrass (Agrostis capillaris), creeping
wheatgrass (Elytrigia repens), thyme (Thymus), and
whitebush (Nardus) [6].

Table 1
Species composition of dominant plants of different types of natural fodder meadows in the studied areas
Botanical families of meadow plants
Types of natural
fodder meadows
Cereals Legumes Sedges Herbs
Sheep’s fescue, meadow Yarrow,
Absolute fescue, creeping Creeping clover, horned i myrtle,
landmasses wheatgrass, common larkspur plantain,
bentgrass dandelion
Pasture ryegrass, Pink clover, horned
meadow timothy, horned | larkspur, creeping clover, Yarrow,
Normal dry land - - .
bentgrass, collective meadow clover, meadow dandelion
bentgrass, wheatgrass pea, white sweet clover
Drylands with
y . Turfgrass, slender Slender Meadow
excessive Meadow clover .
. bluegrass sedge whitewash
moisture

Small amounts of creeping clover (Trifolium
repens), meadow peas (Pisum pratensis), yarrow
(Achillea millefolium), mimosa (Setaria), plantain
(Plantago), dandelion (Leontodon), and horned lily
(Lotus corniculatus) are found in small quantities [9].

Under normal dryland conditions, the plant
diversity includes pasture ryegrass (Lolium perenne),
meadow timothy (Phleum pratense), horned larkspur
(Lotus corniculatus), pink clover (Trifolium
hybridum), meadow clover (Trifolium pratense),
yarrow (Achillea millefolium), meadow pea (Pisum
pratensis), common bentgrass (Dactylis glomerata),
white sweet clover (Melilotus albus), wheatgrass
(Elymus repens), dandelion (Lentodon) [2].

Vegetation of drylands with excessive
moisture is represented mainly by sedge (Carex), and
relatively less by soddy bentgrass (Deschampsia
cespitosa), and meadow whitebush (Nardus pratense),
slender bluegrass (Tamarix gracilis Willd), meadow
clover (Trifolium pratense), and awnless bromegrass
(Bromus inermis).
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Vegetation in the lowlands of natural lowland
meadows is constantly affected by both natural and
climatic conditions and anthropogenic impact, which
reduces the stability of their coenoses. Therefore, the
conservation of phytocoenoses under such conditions
requires a competent approach based on an in-depth
analysis of the ongoing monitoring of their
agroecological condition [8].

Given that plants are capable of accumulating
high concentrations of heavy metals in their
vegetative mass several times and sometimes several
dozens of times higher than in the soil, there is a need
to monitor the contamination of vegetation of natural
fodder lands in the area of local anthropogenic load,
where there is a risk of contamination of
phytocoenoses above permissible levels.

The results of the study (Table 2) showed
that the concentration of lead and cadmium in
vegetation in absolute dryland conditions ranged from
3.2 mg/kg to 4.1 mg/kg and from 0.13 mg/kg to 0.2
mg/kg, respectively.
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Table 2

Heavy metals content in phytomass under conditions of local anthropogenic load, mg/kg, on average for
2018-2020 per absolutely dry matter,

(n=4, M+m)
Lead Cadmium
Dry lowland .59‘_%’ Qr_és% g g Eg‘_éf gc_és% -
meadows |5 258 825z §588 | E55¢8 | 8§55z 85§83
sSg- |YSg55 IS8 | 5858 °F <S35 [NE£EcE
=8 E REE | B 8 | FRE REE S
+ ksk
Absolute 324074% | 4140.63 | 3.7+0.5%%F | 0.13£0.06%** | 0.16+0.02%xx | 0-2F0:04
drylands *
Normal drylands | 4.4+0.52* 5.2+0.53 4.4+0.71%* 0.16+0.05** 0.19+0.04** 0.28+0.03*
Dry soils with
excessive 4.7+0.44 5.9+0.47 4.84+0.38 0.20+0.03 0.224+0.041 0.33+0.032
moisture

The highest levels of lead were found in the
phytomass of areas adjacent to regional roads, and
cadmium in areas adjacent to railway lines. For
example, the concentration of lead in the vegetation
of absolute drylands under conditions of local
pollution in the areas adjacent to interregional roads
was 1.28 times and 1.1 times higher than in the areas
adjacent to district and railway roads, respectively.
The concentration of cadmium in the vegetation of
absolute drylands under conditions of local pollution
in the areas adjacent to the railway was 1.53 times
and 1.25 times higher than in the areas adjacent to the
district and regional roads, respectively.

Under normal land conditions of localized
pollution, the concentration of lead in vegetation
ranged from 4.4 mg/kg to 5.2 mg/kg, and cadmium
from 0.16 mg/kg to 0.28 mg/kg. The concentration of
lead in the vegetation of the areas adjacent to the
regional roads under normal dry conditions was 1.18
times and 1.18 times higher than in the areas adjacent
to the district and railway roads, respectively. The
concentration of cadmium in vegetation in areas
adjacent to interregional roads was 1.75 times and
1.47 times higher than in areas adjacent to district and
railway roads, respectively.

In the vegetation of excessively moist land in
the area of localized contamination, lead
concentrations ranged from 4.7 mg/kg to 5.9 mg/kg,
and cadmium from 0.20 mg/kg to 0.33 mg/kg. Lead
concentrations were also highest in vegetation
adjacent to roads, and cadmium concentrations were
highest in areas adjacent to railways. In particular, the
concentration of lead in the vegetation of areas of
excessive moisture adjacent to regional roads was
1.25 times and 1.22 times higher than in the
vegetation of district and railway areas, respectively.
The concentration of cadmium in the vegetation of
the areas adjacent to the railway was 1.65 times and
1.5 times higher than that of the areas of district and
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regional roads, respectively. At the same time, it
should be noted that the MAC for lead in vegetation
adjacent to interregional roads in normal dry
conditions was exceeded by 1.04 times and in
excessively wet conditions by 1.18 times. The results
of the study show that under conditions of localized
pollution of natural fodder lands, the highest levels of
lead and cadmium were observed in the herbs of
excessively moist soils. Thus, in the vegetation of the
areas adjacent to district roads, the concentration of
lead was 1.06 times and 1.46 times higher compared
to normal and absolute drylands, respectively.

In the areas adjacent to the regional roads, the
concentration of lead in herbs was 1.43 times and
1.13 times higher than in absolute and normal dry
land, respectively. The concentration of lead in the
herbs of the areas adjacent to the railway connection
was 1.29 times and 1.09 times higher than in the
absolute and normal drylands, respectively.

The concentration of cadmium in the herbage
of the areas adjacent to the district roads was 1.53
times and 1.25 times higher than in the absolute and
normal drylands, respectively. In the areas adjacent to
interregional roads, the concentration of cadmium in
herbs was 1.37 times and 1.15 times higher than in
absolute and normal drylands, respectively. The
concentration of cadmium in the vegetation of the
territories adjacent to the railway connection was 1.65
times and 1.17 times higher than in absolute and
normal drylands, respectively.

The results of the research (Table 3) on the
intensity of phytocoenosis contamination with heavy
metals (trace elements) in the area of local
contamination of natural fodder lands showed that
under conditions of absolute dryness, the
concentration of zinc ranged from 8.2 mg/kg to
14.5 mg/kg, while copper ranged from 2.1 mg/kg to
3.0 mg/kg.
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Under normal dryland conditions, zinc
concentrations in vegetation ranged from 9.1 mg/kg
to 17.5mg/kg, and copper from 2.9 mg/kg to
3.2 mg/kg. The concentration of zinc and copper in
the vegetation of excessively moist land ranged from

13.2mg/kg to 19.3mg/kg and 2.9mg/kg to
3.8 mg/kg, respectively.
The highest level of zinc and copper

contamination in the area of localized contamination

of natural fodder lands was characterized by the
vegetation of the areas adjacent to the railway. In
particular, the concentration of zinc and copper in the
vegetation of the areas adjacent to the railway
connection in absolute dry land conditions was higher
than in the areas adjacent to inter-district and regional
roads by 1.76 times and 1.54 times, and 1.42 times
and 1.11 times, respectively.

Table 3

Heavy metals content in phytomass of the area of local anthropogenic load, mg/kg, on average for
2018-2020 per absolutely dry matter, (n=4, M+m)

Zinc Copper
£ g |, . & g & |, LB
Drylowland | S g € So g g2 o So® So8 e g2 o
meadows | EE T Iz9¢ <S8 tEes zg_gg <t
-85 3 35S £ 3 -85 825 £ 3
=9 =30 IR= =2 S5%8 S E
'c'ég BEE -%8 EE B EE -%8
= kS £ =
’g‘:’;g:ﬂs 824524k | 045 (ek 14547155 | 212071% | 2.740.82% | 3.040.87*
d'\r';;mng's 9.1x4.2%%% | g5 e 17.5+7.0% 2.940.55 2.740.56% | 3.2:0.5*
Dry soils
EX(\:Aelzlst?ive 13.243.2 14.7£5.3 19.3£5.5 2.9+0.41 2.9+0.63 3.8+0.7
moisture
In the wvegetation under normal dry Copper concentration in the vegetation of

conditions, the concentration of zinc and copper in
the areas adjacent to the railway was higher than in
the areas of district and regional roads by 1.92 times
and 1.78 times, and 1.1 times and 1.18 times,
respectively.

Under conditions of excessive moisture in the
areas adjacent to the railway, the concentration of
zinc and copper was lower than in the areas of district
and regional roads by 1.46 times and 1.31 times and
1.31 times and 1.31 times, respectively.

At the same time, it should be noted that the
concentration of zinc and copper in the vegetation of
natural fodder lands in the area of local pollution in
the studied territories did not exceed the MPC.

At the same time, it was also found that the
concentration of zinc and copper in the vegetation of
excessively moist soils in the area of their local
pollution was higher compared to absolute and
normal soils. Thus, in the conditions of excessively
moist soils in the areas adjacent to district roads, the
concentration of zinc was 1.6 times and 1.45 times
higher than in absolute and normal soils, respectively.

36

excessive moisture drylands was at the same level as
in normal drylands, while in absolute drylands it was
1.38 times lower.

In the vegetation of areas adjacent to
regional roads, the concentration of zinc and copper
in excessive moisture soils was 1.5 times and 1.56
times higher than in normal and absolute dry soils,
and 1.07 times and 1.07 times higher, respectively.

In the areas adjacent to the railway lines, the
concentration of zinc and copper in vegetation under
conditions of excessive moisture compared to normal
and absolute dry soils was 1.1 times and 1.3 times
higher, respectively, and 1.2 times and 1.26 times
higher.

The hazard coefficient of lead and cadmium
in the herbs of absolute drylands under conditions of
local pollution (Table 4) was, respectively, in the
range from 0.64 to 0.82 and from 0.43 to 0.66. The
highest hazard coefficient for lead in absolute,
normal, and excessive moisture soils was found in the
herbs of the territories adjacent to regional roads, and
for cadmium — in the territories close to railway
connections.
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Under normal dryland conditions, the hazard
coefficient for lead in herbs ranged from 0.88 to 1.04,
and for cadmium from 0.53 to 0.93. In areas of

excessive moisture, the hazard factor for lead in herbs
ranged from 0.94 to 1.18, and for cadmium from 0.66
to1.1.

Table 4
Hazard factor of heavy metals in phytomass of the zone of local anthropogenic load, mg/kg (average for
2018-2020)
Lead Cadmium
= = 8 2
Dry lowland meadows | 8 £ £ . % g 2 % >.é 8 = . E g 2 5 >\.é
S$S>8 | 8532 s$8 |58 | &3 s 33
288 | o885 528 |28%¢ | o585 T2 3
E_gge mgg S g S E.gqt)e wg% S F =
- R E SEE | § 8 |FRE SEE | § 8
< < < <
Absolute
0.64 0.82 0.74 0.43 0.53 0.66
drylands
Normal
0.88 1.04 0.88 0.53 0.63 0.93
drylands
Dry soils with excessive | o, 1.18 0.95 0.66 0.73 1.1
moisture

The highest hazard coefficient for lead and
cadmium was characterized by the herbage of
excessive moisture drylands, while the lower one was
observed in normal and absolute drylands.

The analysis of the hazard factor of heavy
metals in the vegetation of absolute drylands under
conditions of local pollution showed that under
conditions of normal drylands, the concentration of
zinc ranged from 0.16 mg/kg to 0.29 mg/kg and
copper from 0.07 mg/kg to 0.1 mg/kg.

Under normal dryland conditions, the hazard
factor for zinc and copper in vegetation ranged from
0.18 to 0.35 and 0.09 to 0.1, respectively. On the
territory of excessive moisture, the concentration of
zinc in vegetation ranged from 0.26 mg/kg and
copper from 0.9 mg/kg to 0.12 mg/kg. The highest
zinc hazard factor in the vegetation of absolute,
normal, and excessively moist lands was observed in
the areas adjacent to the railway

Table 5
Hazard factor of heavy metals in phytomass of the zone of local anthropogenic load, mg/kg (average for
2018-2020)
Zinc Copper
Dry lowland meadows | 8 £ £ . | & ES |8%5S 32 £ . 18 £8 | & %é
S859% |T2R: |§2% |2888 |S22E 8§23
E8Ee |7 E8 |82 EBES |7 28 | 5,82
egs” |§ 28 |Ees|ege |8 28 |8=5
- — < - — < - — < - — <
Absolute
0.15 0.18 0.29 0.07 0.09 0.1
drylands
Normal
0.18 0.19 0.35 0.09 0.09 0.1
drylands
Dry soils with 0.26 0.29 0.38 0.09 0.09 0.12
excessive moisture
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Among the different natural fodder lands, the
highest zinc and copper hazard coefficient was
observed in the herbage of excessive moisture, and a
relatively lower one in normal and absolute drylands.

A certain trend in the accumulation of heavy
metals in the herbs of natural fodder lands, in

particular, depending on the source of local pollution
and the type of dry land, was also observed in the
coefficient of accumulation of lead, cadmium, zinc,
and copper in phytomass.

Table 6

Coefficient of heavy metal accumulation in phytomass of the zone of local anthropogenic load,
mg/kg (average for 2018-2020)

Lead Cadmium
2 2
Dry lowland |2 £ ég‘_gg §9>§ 28%g ée‘_é‘s’, §8>§
meadows ﬁ§%§ <%.%§ <%§‘5 ﬁ§%§ <5%§ <%§5
S 29 g £ = S 29 g £ g= 2
i) = o O = i = o O = e
SE | =R | =78 | BE | REE| ¥T5
Absolute
0.94 1.07 1.12 0.25 0.29 0.34
drylands
Normal
1.04 1.06 1.15 0.27 0.31 0.41
drylands
Dry soils with
excessive moisture 0.92 1.03 1.14 0.31 0.32 0.46

In particular, the coefficient of accumulation
of lead and cadmium in herbs in absolute dry land
conditions in areas adjacent to railway
communication was higher than in areas adjacent to
district and regional roads by 1.19 times and 1.04
times, and 1.36 times and 1.17 times, respectively.
Under normal dry land conditions, the coefficient of
lead and cadmium accumulation in herbs in the areas
adjacent to the railway was 1.1 times and 1.08 times
and 1.5 times, and 1.32 times higher than in the areas
adjacent to the district and region roads, respectively.

In the herbage of the areas adjacent to the
railway, under conditions of excessive moisture, the
coefficient of lead and cadmium accumulation was
1.23 and 1.1 times higher, respectively, and 1.48 and
1.43 times higher, compared to the areas adjacent to
the district and regional roads.

Comparing the coefficient of accumulation of
heavy metals in vegetation depending on the type of
dry meadow in the area of local pollution, it should be
noted that in areas close to district roads, this
indicator of lead in the phytomass of normal dry
meadows compared to absolute dry meadows and
excessive moisture was 1.1 times and 1.13 times
higher, respectively.

The coefficient of accumulation in the herbs
of the territories adjacent to the regional road
connection in the conditions of absolute dry soils was
higher than in normal and excessively moist soils by
1.01 and 1.04 times, respectively. In the areas
adjacent to the railway connection, the coefficient of
lead accumulation in herbs of normal drylands was
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1.03 times and 1.01 times higher than in absolute
drylands and excessively moist soils, respectively.

The coefficient of cadmium accumulation in
the vegetation of the areas adjacent to the district and
regional roads, as well as railway communication, in
the conditions of excessive moisture, was higher than
in absolute and normal drylands by 1.24 times, and
1.15 times, 1.1 times and 1.03 times, and 1.35 times
and 1.12 times, respectively.

The coefficient of zinc and copper
accumulation in the vegetation of the areas adjacent
to the railway in absolute dry conditions was higher
than in the areas adjacent to the roads of district and
regional connections by 1.34 times and 1.38 times,
and 1.4 times and 1.08 times, respectively (Table 7).

The zinc and copper hazard coefficient in the
vegetation of areas adjacent to railway transport
under normal dry conditions was 1.57 times, 1.69
times, 1.1 times, and 1.2 times higher than in areas
adjacent to district and regional roads.

The coefficient of accumulation of zinc and
copper in the vegetation of excessive moisture in the
areas adjacent to the railway was higher than in the
areas adjacent to the district and regional roads by
1.33 times and 1.24 times, and 1.35 times, and 1.31
times, respectively.

The coefficient of zinc accumulation in
plants of excessive moisture soils in the areas
adjacent to district and regional roads and railways,
compared to absolute and normal soils, was 1.28
times and 1.28 times higher, respectively; 1.42 times
and 1.48 times; and 1.28 times and 1.09 times.
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Table 7

Coefficient of heavy metal accumulation in phytomass of the zone of local anthropogenic load, mg/kg
(average for 2018-2020)

Zinc Copper
= £ 2, | 5 £ 5 g,
Dry lowland meadows |8 £ £ . 88 % Szs |82 £ . 88 % 8%5
$S528 |g8:2 |g28 |e528 | g8 | T=%
ES8cLe | g8 2SS [E8:52 | 988 o S £
-8 e £EE §98 -8 e ELE $88
k= = £ =
Absolute
0.56 0.54 0.75 0.74 0.96 1.04
drylands
Normal
0.56 0.52 0.88 1.02 0.95 1.13
drylands
Dry soils with 0.72 0.7 0.96 0.96 0.99 13
excessive moisture

The coefficient of copper accumulation by
plants in the areas adjacent to the district roads was
1.37 times higher in normal dry soils compared to
absolute dry soils and 1.06 times higher compared to
excessive moisture soils. In the vegetation of
excessive moisture soils in the areas adjacent to
regional roads, the copper accumulation coefficient
was 1.03 times higher than in absolute dry soils and
1.04 times higher than in normal dry soils.

The coefficient of copper accumulation by
plants in the areas adjacent to the district roads was
1.37 times higher on normally dry soils compared to
absolutely dry soils and 1.06 times higher compared
to excessively moist soils. In the vegetation of
excessive moisture soils in the areas adjacent to the
district roads, the copper accumulation coefficient
was 1.03 times higher than in absolutely dry soils and
1.04 times higher than in normal dry soils.

The highest content of lead, cadmium, zinc,
and copper in phytomass in the area of local pollution
was in the conditions of excessive moisture. The
content of lead in phytomass exceeded the MPC in
normal soil conditions by 1.04 times and in excessive
moisture by 1.18 times. Whereas the cadmium
content in phytomass exceeded the MAC by 1.1 times
only in the areas of excessive moisture adjacent to the
railway connection.

Conclusions. The coefficient of ac-
cumulation of lead, cadmium, zinc, and copper in
phytomass was in the range of 0.31-0.7, 0.10-0.16,
11.4-18.3, and 8.5-12, respectively. The highest
coefficient of accumulation in phytomass of lead,
cadmium, and zinc was observed in the conditions of
excessive moisture, and copper in the territory of
absolute drylands. In the areas of localized pollution
of lowland dry meadows, the average content of lead,
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cadmium, zinc, and copper in the phytomass of
natural fodder lands was respectively 4.1 mg/kg,
0.16 mg/kg, 10.1 mg/kg and 2.63 mg/kg; district
roads — 4.1 mg/kg, 0.19 mg/kg, 11.3mg/kg and
2.76 mg/kg; railway roads — 4.3 mg/kg, 0.27 mg/kg,
17.1 mg/kg and 3.3 mg/kg. Exceedance of the MPC
for lead in phytomass was found in normal and
excessively moist soils by 1.04 times and 1.18 times,
respectively, and for cadmium — by 1.1 times only in
excessively moist soils.
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