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LANDSCAPE AND GEOCHEMICAL ASSESSMENT OF ECOLOGICAL CONDITION
OF ENVIRONMENTAL PROTECTION TERRITORIES

A. O. Cnnooumens. JIAHAIIAD®THO-I'EOXIMIYHA OLIHKA EKOJIOT'T4YHOI'O CTAHY IIPHPO/IOOXOPOHHHX
TEPHTOPIH. 3oiiicneno ananis 1anowadmuo-2eoximivnux ymos mepumopii nayionansrozo npupoonozo napxy (HIII) «Huickvo-
CYNbCLKULLY, 6CIMAHOBIEHO 3AKOHOMIPHOCII PO3NOOLTY 8AXMCKUX MEMANI8 ) CYYACHOMY IPYHMOoMy noxkpusi mepumopii HIIII « Huoic-
HbOCYIbCOKUL. Busnaueno 3akonomipnocmi npocmopoeo2o po3nooiny nomenyitiHo 0ocmynuux opm 8axckux memanie. Bcmanoene-
na ounamika naxonuyennsi Ni, Zn, Cu, V, Pb ma inwux easckux memanie 6 ipynmosomy nokpusi mepumopii npomsizom 2014-2019
POKI6 3a PI6HAMU IMNAKMHO20 3A0PYOHeH . AHANI3 TaHOWADMHO-2eOXIMIUHUX YMO8 MepUumopii ceiOYUmb, WO 60HU 8 YILOMY CHpU-
AOMb K Miepayii XIMIYHUX eleMenmi6 3 NOGEPXHEGUM CIMOKOM, MAK [ 3HAYHOMY 6ePMUKANIbHOMY X nepepo3nodiny. /Jugepenyiayisn
JAHOUAGMHO-2COXIMIMHUX YMO8 00YMOGIIOE IKCayito ma aKyMyIayilo 3HAYHOT KITbKOCME RPUPOOHUX | MEeXHOSEHHUX XIMIYHUX ele-
MeHmI8 HA J1AHOWAQMHO-2e0XIMIUHUX Oap €pax (MexauiyHi, OKUCHO-BIOHOBHI, KUCLO-TYIHCHI, cOpOYIlHi, copOyilino-eneiiosi). Lle no-
nepeocye iHmeHcusHe 3a0pYOHEH S NePesadcHOi Oinbuocmi AAHOWADMHUX KOMNLEKCI8 NApKy 3a0pYOHIOIOUUMY PEeYOSUHAMU, AKI
MigpyIomy 3 CibCbKO20CHOOAPCLKUX Y2iOb, WO NIOMBEPONCEHO PE3VIbIMAMU AHANI3Y OXdcepel ma 0bcAzie 3a0pyOHeHHA. AHAni3 émic-
My 8AdHCKUX Memanig y aanowagpmuux komniexcax mepumopii HIIIT « Huschbocynbcokuily 3ac8iouus 1io2o 3a1excHicms 6i0 HAA8HUX
0oicepen MexXHO2eHH020 3a0PYOHEHHS, A MAKONC BUCOKULL CMYNiHb 6i0N08IOHOCMI XAPAKMepy PO3NOOLTY BAHCKUX MEMAI8 3A2aTbHUM
3AKOHOMIPHOCIAM YUX NPOYecis y IpyHmax 6ionosionux munis. binbwicme BM naoxodsme 0o Cynuncbkoi axeamopii nepesajicHo
nid yac eecHAnOi nogemi 3 manumu cri2ogumu 600amu. Byno éiomiueno nepesuwenna Cd**, Cu?* i Pb%* y 00i nopisnsano 3 diouumu
nopmamu /K.

3a pesynomamamu nanowagpmuo-eeoximivnoeo ananizy HIIIT « HuschboCcynbCoKutly MojicHa cmeepodicysamu, wo mepumopis 3
eKono2iuHoi moukuy 30py € cnabo 3a6pyOHeHOI0 i MOXHCce BUKOPUCTNIOBYBAMUCS Ol PO3GUMKY PEKpeayitinoi OiaibHOCMI 3 OOMPUMAH-
HAM HU3KU BUMO2.

Knrouoesi cnosa. nanowaghmui komniekcu, 1aHoOuapmuo-2eoximiyni ymosu, 8axicKi Memau.

A. O. Cnnooumens. JIAHAIIIAD®THO-I'EOXUMHYECKAA OLLEHKA 3KOJIOTHYECKOI'O COCTOAHHA IIPHPO-
JIOOXPAHHBIX TEPPHTOPHH. Ocywecmsnen anamus 1aHOUAMMHO-2eOXUMULECKUX YCI08UH MEPPUMOPUN HAYUOHATLHOZO
npupoonoeo napka (HIIII) «Hudichecynbckuily, yCmano61eHbl 3aKOHOMEPHOCIU PACPEOeNeHUsl MANCENbIX MEMANI08 8 COBPEeMEH-
HOM nougeHnom nokpose meppumopuu HIIIT « Hudcnecynvckuii. AHanu3z 1anouapmuo-2eoxuMuieckux yciosutl meppumopuu Céu-
demenbcmayent, 4mo OHU 8 YeloM CnocoOCMEYIOm KaK MUSpayul XUMu4eckux 1eMeHmos ¢ NOBEPXHOCMHbIM COKOM, MAK U 3HA-
YUMENTbHOMY 8EPMUKATLHOMY UX Nepepacnpedenenuro. Onpeoenenvl 3aKOHOMEPHOCMU NPOCMPAHCIMBEHHO20 PACHpedeNeHUs. NOTEeH-
YUATLHO OOCMYNHBIX (POPM MANHCENbIX Memannos. Ycemarnognena ounamuxka Hakonaenua Ni, Zn, Cu, V, Pb u opyeux msasicenvix me-
Manios 6 nouseHHoMm nokpose meppumopuu 8 meuerue 2015-2019 20006 npu paznuunvix ypoeusx umMnaxmuozo sacpsasHerus. /Jug-
Gepenyuayun 1aHoOWAPMHO-2eOXUMUYECKUX YCA08ULL 00YCI06IUBAEM PUKCAYUIO U AKKYMYTAYUIO 3HAYUMETbHO20 KOIUYeCmad npu-
POOHBIX U MEXHOLEHHbIX XUMUYECKUX DJIeMEHMO8 HA NAHOWADMHO-2e0XUMUYecKUx bapbepax (Mexanuyeckue, OKUCTUMENbHO-
60CCMAHOBUMENbHbIE, KUCLO-Uel0YHble, COPOYUOHNbIE, COPOYUOHHO-2TUHUCMbLE). DMOo npedynpedcoaem UHMeHCUBHOE 3a2psi3HeHUe
nooaenAowe2o OONLWUHCIEA AAHOWAGMHBIX KOMNIEKCO8 NAPKA 3A2PASHAIOWUMU  BEUjeCmEami, KOmopble MUSPUpYIOm u3
CEeNbCKOXO3AUCMBEHHBIX Y20O0Ull, 4Mo NOOMEEPICOeHO Pe3yIbmami AHAIU3a UCMOYHUKOS U 0ObeMamu 3azpsazHenus. Ananus cooep-
JHCAHUSL MACETBIX MEeMALI08 8 Nanouagmuvix komniexcax meppumopuu HIIIT « HuscHecynvckuily nokaszan e2o 3a8ucumocms om
UMEIOWUXCS UCHOYHUKO8 TEXHOSEHHO20 3A2PA3HEHUS, d MAKCe GbICOKYIO CMeneHb COOMEEMCmeus XapaKmepa pacnpeoeneHus
MAACENBIX MEMANI08 00UWUM 3AKOHOMEPHOCTAM IMUX NPOYECCO8 8 NOY8AX coomeemcemeyiowux munos. bonvwuncmeo BM nocmy-
narom 6 axeamopuio Cyibl NPeuMyuecmeeHo ¢ maiblMu che208bimu 6odamu. Bvito ommeueno npesvienue Cd**, Cu?* u Pb** ¢
600¢ no cpasnenuio ¢ oeticmayowumu Hopmamu I1JIK.

Io pezynemamam nanduiagpmuo-eeoxumuiecxkozo ananuza HIIT «Hudcnecynbckuily MOJICHO ymeepoicoams, 4mo meppumopus
€ IKONIO2UYECKOU MOUKU 3PEHUSL ABNIAEMCS CIAO0 3A2PAZHEHHOU U MOJICEN UCNONIb308AMbCS OISl PA36UMUsL PEKPeayUOHHOU Oesimeilb-
HoCcmu ¢ cobvdeHuem psoa mpebosanuil.

Knrouesnie cnosa: nanowagpmuvie KoMnIEKCvl, TAHOUADMHO-2e0XUMUYECKUE VCTI0BUSA, MANHCETbIE MEMALTbL.

Formulation of the problem. The effective-
ness of landscape-geochemical monitoring of pro-

metal forms, which determines the expediency of
their determination in the most sensitive compo-

tected areas largely depends on the rationalization of
the system of ecological regulation and control. A
reliable indicator of the ecological and geochemical
state of the territory is the assessment of the distri-
bution and migration of heavy metals (HMSs) in soils
and in the soil-plant system. The toxicity of HMs for
protected areas, recreational areas as well as areas
used as forest and agricultural lands within the
NNP, is determined not only by their gross content.
An important indicator is the content of moving

nents of the landscape.

Material and methods of research. The meth-
od of the soil-geochemical survey envisaged the
sampling of the soil at a depth of 0-20 cm by the
method of envelope as well as the profile of the soil
in accordance with the current DSTU 4287:2004,
DSTU ISO 10381-2:2004. The extraction of the
gross forms of heavy metals contained in the soil
was carried out with concentrated HNOj3 in accord-
ance with the requirements, while the extraction of
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mobile (fixed) forms of heavy metals — 1n HNOs.

Soil sampling was carried out in several stages
in the spring-autumn period of 2015-2017. Plant
sampling was performed equally from all the exam-
ined areas in two diagonal directions. In total, 970
soil samples, 10 varieties of wood and 25 varieties
of herbaceous vegetation were selected. The pres-
ence of heavy metals in phytomass of plants was
determined in their ash solutions by atomic absorp-
tion spectrometry. To assess the degree of hazard of
the pollutant element, a concentration factor was
used, i.e. the correlation between the concentration
of the pollutant and its background content (GOST
17.4.3.06-86) and the total contamination index (Zc)
by Yu. E. Saet [8]. The assessment of the ecological
condition of the soil according to the presence of
moving forms of heavy metals was carried out by
comparing their actual presence in soil based on the
maximum permissible concentration and geochemi-
cal background for each type of soil.

Identification of previously unsolved parts of
the general problem. Heavy metals are among the
number of microelements that take an active part in
the physiological, biochemical and geochemical
processes that determine their localization in the
soil. In this case, HMs are partially fixed and be-
come stationary, partly — transfrom into a ground
solution, and then are washed or absorbed by plants.
Most of the HMs are fixed in the upper part of the
soil profile [7-9].

Depending on the content, patterns of distribu-
tion and migration in soils, microelements can be
essential and toxic. High concentrations of HMs in
the landscapes of NNP generate a number of ecolog-
ical problems. Accumulation of HMs violates the
physical and chemical equilibrium and gives impe-
tus to a number of processes that change the soil
properties. In particular, the destruction of the soil
absorbing complex occurs, the soil structure chang-
es, the humus becomes dehumidifying, etc. [7,9].
Plants grown on contaminated soils usually contain
HMs in excessive amounts. With high toxicity, HMs
cause a negative change when they enter the human
body.

Control over pollution of the territories by HMs
provides for the restriction of their content in the
components of the landscape in quantities that do
not lead to negative environmental consequences
[15,16]. The most effective ways to reduce the envi-
ronmental risk of HMs contamination can be deter-
mined through comprehensive research. Informative
in such studies is the determination of the forms of
metal found in soils and the peculiarities of their
physico-chemical migration, which characterize the
ability of the elements to cross into adjacent envi-
ronments, in particular in plants and groundwater.
Without knowing the forms of migration of chemi-

cal elements and their behavior in the trophic chain,
it is impossible to correctly assess the orientation of
the natural process and give an accurate calculation
of the accumulation of the element under study in a
particular type of landscape.

The purpose of the article. The practice of
systematic research of HMs content in the geosys-
tems of the national natural parks of Ukraine is ab-
sent, therefore such background monitoring within
the NNP is a relevant task.

Presentation of the main research material.
The data from the territory of NNP ‘“Nyzhnio-
sulskyi” were used for the analysis of the behavior
of the HMs. The territory is sufficiently studied and
there is a significant amount of landscape geochem-
ical data obtained by the author during landscape
and geoscience surveys (field as well as analytical),
collected from funds and literary sources. The data
are organized into the geoinformation system (GIS).
Integrated GIS includes several layers of thematic
data, in which information on vegetation, hydrogra-
phy, soil covering, landscapes, land use structure,
etc. is organized. The structuring of the available
information is performed for the formation of the
information module of landscape geochemical GIS.
As a result, the following subject sections are de-
termined: information on landscapes and soils of the
territory (cartographic information), meteorological
section, and soil-geochemical section.

Map information is represented by a landscape,
a landscape geochemical map and the map of soils
with a scale of 1: 25000 in a vector format [1,2] and
the map of soil forming rocks with a scale of
1: 200 000. The meteorological information summa-
rized by the data of Ukrainian Hydrometeorological
Center includes the average monthly air temperature
and precipitation. It is used for the study of fast soil-
geochemical processes that respond to changes in
weather conditions and the identification of natural
and man-made trends. The soil-geochemical section
is represented by the database (DB) with a two-level
structure. The first level is a ground cut, which is
determined by the number, the date of the descrip-
tion and the geographical coordinates, which allows
to transfer information from the database to the
map. The description of the section includes infor-
mation on the factors of soil formation and the name
of the soil.

The second level of the database is the morpho-
logical properties of the individual soil horizons
(color, character of color, humidity, type of struc-
ture, granulometric composition, new formations
and inclusion, the nature of the transition and the
form of the boundary) and tables with relevant ana-
Iytical data. The first table includes physico-
chemical indicators of soil horizons (pH, humus
content, physical clay content, moving iron content,
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etc.). The second and third tables present the content
of moving and gross forms of HMs. The data ob-
tained during field and laboratory work are struc-
tured as sets of numerical information.

The landscape-geochemical GIS contains the
coordinates and descriptions of more than 280 soil
sections, as well as the results of chemical analyses:
the content of humus, pH, concentration of gross
and moving (in extract of 1n HCI) forms of Mn, Zn,
Cu, Pb, Ni, Cr and moving Fe forms in the genetic
horizons of the main types of soils common in the
studied area.

The mobility of heavy metals was determined
as the fraction of the separation of of their moving
forms contents in the soil by the content of gross
forms, multiplied by 100%.

The mapping of the landscape-geochemical re-
search was carried out using GIS-analysis and simu-
lation methods.

The functional module of GIS includes:

- the spatial-temporal analysis of data using the
apparatus of mathematical statistics and expert as-
sessments;

- the development of geochemical and mathe-
matical models for the description of migration and
transformation of chemical elements in various
landscape conditions;

- the construction of electronic maps of individ-
ual features and complex soil-geochemical maps of
various purposes, content, on various time based on
information from the soil-geochemical database on
thematic maps (landscape, topography, vegetation);

- the creation of digital models of geochemical
fields by the method of landscape-oriented interpo-
lation;

- the construction of maps of dynamics of soil-
geochemical indicators on the basis of several time-
scale maps.

The structural and functional heterogeneity of
the landscapes of the territory of the NNP, the excel-
lent types of interactions and directions of migration
flows lead to uneven redistribution of microele-
ments and their compounds in the lateral and radial
directions.

Lateral migratory flows contribute to spatial
heterogeneity of landscapes. In turn, the radial het-
erogeneity of the landscapes reflects the nature of
the interaction and the relationship between its
components such as soil and soil forming rock, soil-
surface water, soil-plant, etc. [12,13,21].

For the territory of the NNP “Nyzhniosulskyi”,
we investigated the laws of lateral and radial redis-
tribution and behavior of HMs in soils as the most
sensitive component of the landscape.

To carry out the research, the following tasks
were performed: 1) control platforms were estab-
lished within the NNP and adjacent territories; 2) the

selection of soil and vegetation samples; 3) the
physical and chemical parameters of soils were in-
vestigated; 4) the content of gross and moving forms
of heavy metals in the soil covering was determined;
5) the ecological state of landscapes was estimated
on the basis of calculated concentration factors and
total pollution index.

The conducted works allowed to determine the
distribution of HMs depending on the factors of
their migration and to assess the trends in the
change of their content. The interpretation of the
obtained results revealed the nature of the effect of
hydrogenogenic iron, organic matter, mold fraction,
Eh and pH of the medium on the maintenance of
hydrogen forms of the HMs. The analysis of the
mechanisms and processes that determine the pic-
ture of the spatial distribution of HMs in the soils of
the territory of the NNP allowed to establish their
general patterns.

Landscapes of the territory are dominated by
the landscape hole of the segment-ruffed and seg-
ment-island floodplains. The soil cover of these
holes are dominated by alluvial turf, usually salted,
sometimes carbonate, glued soils in the lower part
of the profile [16-21].

We carefully studied the landscapes of moraine-
loess and loess terraced plains of deep humus sur-
face slightly alkaline slightly mid-loamy black soil
and with saline meadow- black soil deep mid-loamy
salines on the moraine and loess loams, turf under-
developed sandy soils of varying degrees of gleying
on fluvioglacial sand and alluvial turg gley deep-
solar soils on sediments of different granulometric
composition.

Anthropogenic impact, besides agricultural ac-
tivity, is associated here with large enterprises, in
particular Poltava Mining and Processing Plant in
Komsomolsk, Ukrtatnafta in Kremenchuk, Kremen-
chuk Steelmaking Plant, Kremenchuk Petroleum
Product (petroleum station 55, Chornobaivskyi dis-
trict), Ukrnafta (gas station number 230/05, Irkliy
village, Chornobaivskyi district), NadezhdaRetail
(gas station, Chernobay), Ukrtransgas (village Mala
Burimka, Chornobaivskyi district), Kremenchuk
Petroleum Product Service (storage and sales of oil
products), the stock of the poison chemicals of the
Chorolskaya Agrochemistry, etc.

Wastes of enterprises include substances of I-1V
classes of danger. In particular, spent mercury
lamps, oils and motor oils, zinc slag, spent x-rays
and lubricating liquids, ferrous metal cuttings, spent
electrodes and batteries for lead accumulators, gal-
vanic sludges, non-ferrous metal scrap (aluminum,
copper, brass, bronze, nickel, aluminum cuttings),
marble carbide, etc.

In soil samples, selected on the territory of the
NNP, the gross amount of lead was the highest. The
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concentration of Pb is 25-40 mg/kg and exceeds the
background and MAC, which are respectively 8-
10 mg/kg and 30 mg/kg. The increased content of
gross forms of copper, titanium, and chromium was
recorded. The excess of the background in virtually
all studied soil samples was recorded for V (content
reaches 50-60 mg/kg) and Ti (3000-4000 mg/kg).
The content of these chemical elements is within the
limits of the MAC, but sometimes the values ob-
tained exceed it and equals, respectively, 60-
70 mg/kg and 5700 mg/kg [56]. The amounts of Ni
(6-8 mg/kg) and Co (3-5 mg/kg) in the soil are close
to the background, and a slight excess of their back-
ground values was observed at points 101-15, 107-
15, 108-15, 129-15. The concentration of Mo and
Zn is relatively low (within the limits of 1-2 mg/kg
and 50 mg/kg respectively) and is below the back-
ground values. However, Zn is characterized by lo-
cal excesses at monitoring points 32-15, 102-15,
110-15, 113-15, 129-15 (80-100 mg/kg).

The analysis of the data shows that the distribu-
tion of HMs in soils is uniformly-accumulative in its
nature, but several basic laws may be distinguished,
which can be traced within the studied area:

* The distribution of Pb is fundamentally differ-
ent from the distribution of other studied HMs. Pb
compounds are concentrated, mostly in the humus
profile, with a gradual permanent migration to lower
horizons. The migratory capacity of Pb is on aver-
age 10-14%, in the humus horizon the migration
capacity is 15 + 8%, which indicates its exogenous
origin. The latter may be due to the use of gasoline
fuels for the extraction and processing of petroleum
products as well as waste of lead batteries and elec-
trodes;

* Zn and Cu are mostly localized in the upper
transition profile, as well as in the humus horizon.
The migratory capacity of these HMs in soils is low;
for Zn it is 7% practically irrespective of the profile,
for Cu it is <4-5%, and for Cr it is 4%, with the
highest index in the humus horizon of 8%. An indi-
cation of such distribution is the endogenous origin
of the above-mentioned HMs due to the transfor-
mation of soil-forming rocks;

« Alkaline conditions contribute to the reduction
of the content of the moving forms of all investigat-
ed pollutants. However, the influence of pH on the
behavior of Sr was not detected. In Cu, Pb, Ni in the
reducing gluten medium, the concentration of mov-
ing forms decreases, in Zn it slightly increases;

« The content of the moving forms Cu, Zn, Pb,
Cr, Ni increases according to the content of the
moving Fe and usually leads to the accumulation of
moving forms of these elements;

« A moving Mn form has a significant effect on
the behavior of the HMs. Their concentration in-

creases a number of moving forms of Co, Zn, Pb, Ni
and decreases Cu and Cr;

* The moving forms of Mn, Cr, Ni have a direct
positive relationship with their gross concentrations.
The inverse relationship between these indices is
characteristic of Cu,, while it is absent in Pb and Zn.
The behavior of Cu is distinguished by the greatest
individuality, therefore it was not possible to track
its laws.

The gross metal concentrations in the soil pro-
file of the alluvial turf sandy soils are reduced by
1.5-2 times compared with the loamy analogues.
Most clearly, this pattern is manifested in Cr, V, Ni,
Zn, and the concentration of Cu and Pb is less sensi-
tive to the change in the granulometric composition
of the horizons. The humus horizons of alluvial
sandy soils are characterized by a less contrasting
decrease in gross metal concentrations compared to
loamy soils. This indicates the convergence of the
content of elements in the humus horizons of soils
on various soil forming rocks. The content of the
mobile forms of Mn, Pb, Cu, Zn in sandy soils is 2-3
times, while Cr, Ni is 10-15 times lower compared
with loamy soils.

In typical black earths and turf loamy soils, a
soil forming rock is a forest-like loam that is bed-
rocked with moraine. The content of humus is
slightly higher — from 1,5 to 3,3%. The pH value is
practically the same for both types of soils, but for
turf soils, its variability is significantly higher —
from 4 to 6.1. This contributes to the accumulation
of heavy metal cations due to the reduction of their
migration capacity when consolidated in the soil-
absorbing complex. The average content of metals
in typical low-humus loamy black earths is 30-40%
higher on average than in sod-podzolic loamy soils,
which is probably due to inland drainage. The gross
content at the sampling points (115-15, 118-15, 124-
15) is higher than the background values; in some
cases, the excess MAC was recorded: Ni - 60 mg/kg
(with background values 22 mg/kg), Ti -3000 mg/kg
(2250 mg/kg), V - 50-60 mg/kg (41 mg/kg), Cr - 50-
60 mg/kg (49 mg/kg), Cu - 80-100 mg/kg (12-
16 mg/kg), Pb - 40-50 mg/kg (10 mg/kg).

Absolute values of moving metal forms and
their mobility in turf soils are close to the corre-
sponding values of alluvial loamy soils, only in Cr
content in the humus horizon is almost 2 times low-
er. The variability of the moving metal forms is also
preserved at the previous level in most of the ele-
ments, except for Pb and Sr, in which it grows 1.4-
2.2 times (Fig. 1, Fig. 2).

Turf sandy soils on fluvioglacial sands with ab-
solute content of gross and moving forms of metals
are close to turf-podzolic with similar granulometric
composition.
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Fig. 1. Distribution of Pb in the modern soil cover of the territory of the NNP ‘“Nyzhniosulskyi”
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Fig. 2. Distribution of Cr in the modern soil cover of the territory of the NNP “Nyzhniosulskyi”
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Alluvial turf glued saline soy sandy soils are
characterized by the layering of soil-forming depos-
its, the presence of buried humus horizons, and high
content of humus — 1.9-2.96%. The influence of
groundwater is manifested in the gluing either of the
lower part or the entire profile, as well as in the al-
kalinity of the soil solution. Therefore, the lower
horizons are characterized by a reducing weak-
alkaline (pH > 7) reaction.

Due to the light granulometric composition of
soil formation rocks and significant deviation of the
bottom of the valley of the Sul River, the moving
forms of the HMs are carried out from alluvial soils,
that is why they are 1.3-1.5 times frequent there less
than in soils of the plain-terraced plains, with the
exception of Ni. Alluvial turf gley soils have the
highest concentration of HMs, which is explained
by the deposition of elements coming from the in-
land side drain.

Among the marsh soils, turf-gley soils are pre-
dominant in lowland marshes in old-age declines. In
these soils, besides the ground waters, a specific role
is played by the specific marsh vegetation, which
determines the acidic reaction of the medium of the
upper horizon — pH 4.7-5.4, and the accumulation of
organic matter. The content of most metals in marsh
soils is almost the same as in turf loamy soils, with
the exception of (Cu and Mn). The gross content of
Cu (50-100 mg/kg) is 8-10 times, and Mn
(660 mg/kg) is 2-3 times higher than the background
indices, respectively, 5.3 and 166 mg/kg.

The regularities of the radial redistribution of
HMs on the genetic horizons of the characteristic
soils of the NNP were studied on the example of the
points of the complex description. In the studied soil
profiles, similar tendencies of radial redistribution
of heavy metals were recorded.

In particular, the content of Pb grows down the
profile. Cu is usually accumulated in the upper soil
horizon, which is explained by anthropogenic im-
pact, as well as its bioaccumulation [15,17-21]. This
is confirmed by our research as well. Chromium
compounds are also washed along with downstream
moisture streams. The content of nickel practically
does not change on the profile of the studied soil
sections. The given data on the distribution of pollu-
tants in the soil cover of landscapes of the NPP is an
example that illustrates the relevance of this analy-
sis, especially for protected areas.

Conclusions. The analysis of heavy metals in
the landscape complexes of the territory of NNP
“Nyzhniosulskyi” confirmed its dependence on
available sources of technogenic pollution. It also
confirms a high degree of compliance of the charac-
ter of HMs distribution with general laws of these
processes in soils of the corresponding types. The
main direction of further research should be im-
provement of the system of landscape and geochem-
ical monitoring of the territories, where there are
nature protection objects, and adjacent territories for
the purpose of detection of pollution centers and
improvement of ways of reducing their concentra-
tion to allowable norms.
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LANDSCAPE AND GEOCHEMICAL ASSESSMENT OF ECOLOGICAL CONDITION
OF PROTECTED TERRITORIES

Purpose. The problem of environmental pollution by heavy metals is one of the most important prob-
lems of the present and the near future. The compounds of these elements are characterized by high toxicity,
mobility and ability to bio-accumulation. The aim of the study was to establish the main regularities of trace
elements of the national natural park (NNP), to determine the indicators of their mobility for assessment of
state of environment.

Scientific novelty. The article discusses the features of distributing of heavy metals in the components
of landscapes of the territory of the national natural park for realization of control and settlement of his con-
centration in accordance with the set norms.

Results. The analysis of the landscape-geochemical conditions of the territory of the national natural
park “Nyzhniosulskyi” has been performed. Consistent patterns of heavy metals distribution in the modern
soil of the territory of NNP “Nyzhniosulskyi” have been determined. The analysis of landscape-geochemical
conditions of the territory indicates that they generally contribute to the migration of chemical elements with
land runoff as well as their significant vertical redistribution. The differentiation of landscape-geochemical
conditions causes the fixation and accumulation of a significant number of natural and man-made chemical
elements on the landscape-geochemical barriers (mechanical, redox, acid-alkaline, sorption, sorption-gley).
This prevents from intense pollution of the vast majority of landscape regions in the park by polluting sub-
stances migrating from agricultural lands, which is confirmed by the results of the analysis of pollution
sources and volumes.

It was shown, that processes of transformation and migration of heavy metals compounds in the soil pro-
file are determined by physical and chemical properties of soils.The analysis of the content of heavy metals
in the soils of NNP “Nyzhniosulskyi” has shown that , the distribution of heavy metals is uniformly disper-
sive, but the variations in the content of certain heavy metals can range from + 7% to + 25%-35%. The great-
est bioaccumulation capacity is expressed in biogenic microelements — manganese and cuprum.

The analysis of heavy metals content in the landscape regions of NNP “Nyzhniosulskyi” has confirmed
its dependence on available sources of technogenic contamination as well as the high degree of compliance
of the nature of heavy metals distribution to the general laws of these processes in the soils of the relevant
types. Most heavy metals get into the Sulyn aquatorium mainly during spring flood with snow melt water.
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The excess of Cd?*, Cu?* and Pb?" in water has been noted in comparison with the current threshold level
value regulations.

According to the results of the landscape-geochemical analysis of the NNP “Nyzhniosulskyi”, it can be
stated that the territory from the ecological point of view is poorly contaminated and can be used for the de-
velopment of recreational activities in compliance with a number of requirements.

Practical significance. The results of this study have been introduced into practice of the NNP
“Nyzhniosulskyi” in organizing and conducting research work, for planning tourist and recreational activi-
ties, forming tourist routes, and organizing recreational infrastructure.

Keywords: landscape regions, landscape-geochemical conditions, heavy metals.

References

1. Alloway B.J. (1995). Heavy metals in soils. 2-nd edit., Blackie Acad., London. 368.

2. Bakker D.J., de Vries W. (1997). Effect-based approaches to assess the risks of persistent organic pollutants to soils.
Background document for the workshop on critical limits and effect-based approaches for heavy metals and POP's.
Bad Harzburg, Germany, 85.

3.Basy A.N. (1971). Fitting of a Markov chain model for daily rainfall data at Calcutta. Indian J. Meteorol. Geoph., 22,
67-72.

4. Bril J. (1996). The behaviour of dissolved humic substances in neutral soils. DLO Institute for Agrobiological and
Soil Fertility Research, Haren, The Netherlands, (report), 278.

5. Buffle J. (1988). Complexation reactions in aquatic systems. Ellis Horwood. Chichester, 83.

6. Bergkvist A., Folkeson L., Berggren D. (1989). Fluxes of Cu, Zn, Pb, Cd, Cr and Ni in temperate forest ecosystems.
Water, Air and Soil Pollution, 47, 217-286.

7. Fiskesjo G. (1988). The Allium-test — an alternative in environmental studies the relative toxicity of metal ions. Mu-
tat. Res., 197, 243-260.

8. Kabata-Pendias A. (1989). Microelements in soils and plants. M., Mir, 439 [in Russian]

9. Lubben S., Sauerbeck D.R. (1991). The uptake and distribution of heavy metals by spring wheat. Water, Air and Soil
Pollution, 57-58, 239-247.

10. Samonova O.A., Kasimov N.S., Kosheleva N.E. (1998). Mobile forms of Heavy Metals in sodpodzolic soils of South-
ern taiga landscapes. Proc. of 16th World Soil Congress (on CD-ROM), Montpellier, France. Simp.VI, 6.

11. Sankaran U.K., Phillip S. (1990). Heavy metals uptake and accumulation by Typha angustata from Wetlands
around thermal power station. Int. J. Ecol and Environ Sci., 16, 2-3, 113-144.

12. Sauerbeck D.R. (1991). Plant, element and soil properties governing uptake and availability of heavy metals de-
rived from sewage sludge. Water, Air and Soil Pollutions, 57-58, 227-237.

13. Sauerbeck D.R., Heir A. (1991). The nikel uptake from different soil and prediction by chemical extractions. Water,
Air and Soil Pollutions, 57-58, 861-874.

14. Sillanpaa M. (1972). Trace elements in soils and agriculture. FAO soils bulletin, Rome, 17, 67.

15. Verloo, Cottenie A., (1982). M. Analytical and biological eriteria with regard to soil pollution. Landwirtschaftliche
Forschung. Kongressband. S.-H. 39, 394-403.

16. Tessier A., Campbell P.G.C., Bisson M. (1979). Sequential extraction procedure for the speciation of the particulate
trace metals. Anal. Chem, 51, 844-851.

17. Vorobyova L.A., Rudakova T.A., Lobanova E.A. (1980). Elements for predicting the concentrations level of heavy
metals in soil solutions of aqueous extracts from soils. Heavy metals in the environment. M., Moscow State Universi-
ty, 28-34 [in Russian]

18. Vinohradov A.P. (1957). Geochemistry of rare and dispersed chemical elements in soils. Moscow: Academy of Sci-
ences of USSR, 238 [in Russian]

19. Zhovynskyi E.Ya, Kuraeva I.V. others. (2012). Ecological and geochemical studies of environmental objects of
Ukraine. K., “Alfa-reklama”, 156 [in Ukrainian]

20. Zhovynskyi E.Ya, Kuraeva I.V., Samchuk A.l. others. (2005). Heavy metals in soils of preserved areas of Ukraine. K.,
Lohos. 104 [in Ukrainian]

21. Whalley C., Grant A. (1994). Assessment of the phase selectivity of the European Bureau of Reference (BCR) se-
quential extraction procedure for metals in sediment. Analit. Chem. Acta, 61, 2211-2221.

-242 -



