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ECOLOGICAL AND GEOCHEMICAL ESTIMATION OF THE SPREADING OF TECHNOGENIC ELEMENTS
IN THE TERRITORY OF KIVERTSIV NATIONAL NATURAL PARK "TSUMANSKA PUSHCHA"

(MpedcmaeneHo 4neHoM pedakyiliHoi Koneaii 0-poM 2eos. Hayk, douy. C.€. LlIHokosum)

Analysis of heavy metals content in the soils of the territory showed its heterogeneous distribution and dependence on available
sources of technogenic impact. Geochemical accumulation coefficients were calculated and analyzed. The highest concentrations of
manganese and chromium are in soils developed on forest deposits. The highest concentrations of nickel and copper are in soils
developed on water-glacial deposits. Most of the studied heavy metals exceed the regional geochemical background. In terms of gross
content in soils, trace elements form the following geochemical series: Zn> Cu> Pb> Ni> Mn> Cr. Accumulation of lead in forest deposits
up to 2-3 MPC was defined.

Most heavy metals in the soil are nonuniformity distributed. High values of the variation coefficient (V) — more than 34 % — are typical
for inhomogeneous set of data on the concentrations of all investigated heavy metals. The highest index of variation was defined for lead
concentration and equal to 170%, the lowest values were obtained for chromium content and equal to 34 % and zinc — 36 %. In the
investigated soils there are two types of micronutrient distribution: elements accumulation in organic horizons with concentration
decrease in the lower part of the profile and distribution by sedentary — illuvial type. The first type is characterized by increasing distribution
of the following elements Zn, Pb; the second one is characterized Co, Ni, Cu, Mn.

The ecological and geochemical assessment of technogenic elements distribution of the NNP Tsumanska Pushcha territory is made
on the basis of the comparison of technogenic geochemical specialization of different environments (water, soils, etc.). For assessing the
role of landscape components in the general geochemical anomaly of the territory, it is proposed to create total ecological and
geochemical estimations. It represents the total values of pollutant concentration coefficients in individual components.

Further researchers should focus on the analysis of macronutrients and genetic types of soils; determination of the reference content
of elements in geochemical landscapes for defining intensity migration and characteristics of elements distribution; conducting

biogeochemical zoning.

Keywords: gross content, technogenic elements, accumulation coefficients.

Introduction. The study of the regularities of mobilization
and migration of heavy metals in soils of natural ecosystems
is one of the urgent scientific problems. At the moment, the
ecologic and geochemical research in the conditions of
anthropogenesis is generally based on studying gross
elements content distribution. The research problem of forms
of toxic elements locations in soils and bottom sediments
stays insufficiently investigated. This refers to nature preserve
territories of Polissia, where geoecological research of such a
kind practically has not been carried out. Meanwhile, in the
conditions of anthropogenesis, many chemical elements
qualitatively change natural geochemical forms of migration
into more movable, easily dissolving, and accessible for
plants. These data are necessary to conduct ecological and
geochemical monitoring, ecological mapping, etc.

The objective of the article is to discover the specificity
of chemical elements distribution and accumulation in soil
formation rocks and soils on the territory of Kivertsi National
Nature Park "Tsumanska Pushcha".

The primary study tasks:

1. To examine the specificity of general chemical
elements distribution in soil formation rocks and soils;

2. To study forms of microelements location in current
bottom sediments in the rivers of Kivertsi National Nature
Park "Tsumanska Pushcha";

3. To research specificity of vertical accumulation of
heavy metals according to genetic horizons of soils which
are most typical for National Nature Park;

4. To conduct an analysis of forms of heavy metals
location in soils on the territory and identify their
contamination sources.

Analysis of the recent studies and publications. Studies
of the geoecological conditions of soil covering of the territory
have been carried out in the scope of complex research of
natural conditions of Volyn Polissia. In the framework of
aforementioned studies, Kivertsivskyi National Nature Park
"Tsumanska Pushcha" has been created. One of the first
complex research on Volyn landscapes is P.A. Tutkovskyi's
works (1913, 1924). In the works of V.S. Havryliuk (1955),
P.V. Klymovych (1961), K.I. Herenchuk (1966), regularities of

landscape and geochemical composition of Volyn Polissia are
discussed, and the results of studies on soils change
because of water melioration of overmoistened Polissia
lands are presented. Anthropogenic transformation of West
Polissia landscape was studied by |.B. Koinova (1999),
N.A. Tarasiuk and F.P. Tarasiuk (2005); analysis of the
ecological and economic organization of Volyn Region
landscape in terms of their functional purpose was
conducted by O.V. Mishchenko (2016).

In 60-70's, the studies of elements movable forms
distribution in various regions across Ukraine were conducted
by P.A. Vlasiuk, N.K. Krupskyi, A.M. Aleksandrova,
R.N. Benderskyi, A.M.Bilan, Yu.M. Labii. In 80-90's, the
studies of forms of heavy metals location in Ukrainian soils are
carried out by scientists under the leadership of
E.Ya. Zhovynskyi, A.l. Samchuk, H.M. Belonenko,
V.l. Pochtarenko, N.M. Horodnii and others.

The specific features of accumulation and migration of
gross and movable forms of microelements in soils are
described in studies of international scholars (Bascomb,
Berti, Bloom, Filgueiras, Hlavay, Kersten, McLaren, Mikutta,
Mitchell, Papp, Rauret, Salomons, Sedberry, Shuman,
Tessier, Ure, etc.).

Though, studies of specificities of distribution and
accumulation of chemical elements in soil formation rocks
and soils on the territory of Kivertsi National Nature Park
"Tsumanska Pushcha" as an independent object of studies,
have not been carried out before.

Materials and methods of the research. We used the
factual material of field landscape science and geochemical
surveys carried out in summer-autumn period of 2018-2019.
During the field researches about 130 rock samples and
more than 1200 soil samples were taken. Total number of
biogeochemical samples of the main plants of the NNP is
more than 640 samples.

Sampling of soil samples was carried out by "envelope"
method from plots of 10x10 m. The following list of works
was carried out on each sampling plot:

e geographical coordinates by GPS were determined;

¢ the category of nature use was defined;

© Splodytel A., 2021



~16 ~

B 1 C HU K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

ISSN 1728-3817

¢ description of vegetative cover is formed;

e soil sections are laid;

¢ a morphological description of soils is performed;

e sampling was carried out for genetic bedding rocks of
the soil profile and impure soil samples for chemical analysis
in laboratory conditions.

HM content was determined by mass spectral (ICP-MS)
and atomic emission methods (ICP-AES) with inductively
coupled plasma on Elan-6100 devices and ICP-MS analyzer
ELEMENT-2, (made in Germany) at the M.P. Semenenko
Institute of Geochemistry, Mineralogy and Ore Formation
NASU and Institute of Geology of Polish Academy of
Sciences.

As a result of carried out work, a series of poly element
maps at the scale of 1:50,000 was concluded, which served
as the basis for studying the spreading of heavy metals in
soil and vegetation cover also establishing the effect of
natural and man-made migration factors on them. To
compile thematic maps of the spatial spreading of heavy
metals at the soil in terms of Zc total pollution, obtained data
were interpolated using the ArcGIS ArcMap software
package by using the Kriging method.

Chemical elements spreading in soil-forming rocks.
Water-glacial and alluvial sediments dominate among the
soil-forming rocks of the NNP territory. Of greatest interest
are data on the chemical composition of glacial sands.
Average content is (in %): SO2 — 72,83, A1203 — 4,10, Fe203 —
0,82, FeO - 0,18, TiO2 — 0,18, CaO - 1,78, MgO — 0,68,
K20 - 1,67, Na20O — 0,64.

Modern alluvial deposits are represented by channel
oblique and horizontally stratified sands in some places with
gravel admixtures of underlying bedrock with an average
thickness of 3-5 m (watercourse alluvium), as well as sands
and loams, with clear horizontal layering, often peated
(channel margin sand). Capacity of the channel margin sand
reaches 5-6 m and more. Sandy loam and uliginous
aggradations are most common in the valley of the Putylivka
and Kormyn rivers. Among the aggradations of the channel
margin sands, in addition to fine sands, there are lenses of
coarse-grained sand, gravel, and pebbles.

According to the results of our research, the alluvial
aggradations of Rudka river floodplain are characterized by
predominance of particles of 0.5-0.05 mm, which is 98 %. The
granulometric spectrum of floodplain sediments is characterized
by presence of particles >1.0 mm on average 1.55%; 1.0-
0.2 mm — 41.34 %; 0.10-0.01 mm — 47.69% and <0.01 mm —
6.21 %. The median particle size ranges from 0.008-0.34 mm
and the value of the sorting coefficient is 1.46-2.87. According to
results of the research, about 35-40 minerals were found in the
floodplain of alluvium. Composition of the main of them is
fractions of 0.25-0.05 and 0.05-0.01 mm on average,
respectively (%): quartz 84.6 and 66.3, feldspar 11.9 and 12.5,
biotite in the first fraction 16.8; among heavy minerals are ilmenite
with magnetite 19.8 and 20.2, amphibole 33.0 and 44.5, garnets
15.3 and 8.4, tourmaline 2.6 and 1.4, zircon 1.4 and 2.4. There
are also limonite, leucoxene, hypersthene, chlorite, rutile, apatite,
biotite, and other minerals. Alluvium of the floodplain-terrace plain
has similar data on granulometric and mineralogical composition.

Sands of the modern river alluvium of the Rudka river
contain (%): SiO2 — 94.03, Fe203 — 0.04, FeO — 0.41, Al203 —
2.95, CaO - 0.89, MgO - 0.62, CO3 — 0.09, Na20 - 0.72,
K20 —1.43, CO2-0.51, sludge — SiO2—-61.13, Fe203 — 5.67,
FeO - 2.97, Al203 — 5.12, TiO2 - 0.31, CaO - 0, 52, MgO —
0.35, SO3 — 3.18, Na20 — 0.29, K20 — 0.93. Floodplain sands
of the river Kormyn contain: (%) SiO2 — 92.64-93.15, Al2O3 —
1.93-2.45, Fe203 — 0.22-0.36, TiO2 — 0.04-0.27, Na20 —
0.45-0.87, K20 — 1.32-1.87, CaO - 0.11-0.56, MgO — 0.12—
0.23, P20s — 0.24-0.29.

The concentrations of microelements fluctuate
depending on the lithological type of aggradations, their
facies and localization in the river basin. Content of nickel,
cobalt, lead, chromium, vanadium, manganese and copper,
although characterized by significant deviations from the
average concentrations, however, does not exceed their
calculated anomalous values. At the same time, in relation
to the composition of microelements in modern channel
sands in general, the alluvium of the river Kormyn is
characterized by high concentrations of SiO2, Al203, and
Fe20s. This is due to the lithological and geochemical
characteristics of the rocks of the territory, as well as to the
significant swampiness of the landscapes of the territory.

The alluvial deposits of the NNP, in comparison with the
average values for the alluvial aggradations of protected
areas as a whole, have increased concentrations of titanium,
chromium, nickel, copper and manganese.

In the alluvial aggradations of the valleys of the rivers
Rudka, Kormin contains (nx10-3 %) Be — 0.1-0.5, Mn — 268,
Pb -0.6-1.3, Ga-0.5-8, 2,V — 1.4-6.8, Ni — 0.6-7.1, Ba —
1.5-12 and Cr — 1.8-11.5.

The content of amorphous oxides of iron, aluminum,
manganese and silicon in modern river deposits of the park
as a whole is characterized by close values of
concentrations characteristic of sands and silt of the territory
of Ukrainian Polissya. The highest concentrations
of amorphous forms of chemical elements are characteristic
of mules, the lowest — for channel sands.

In order to determine the migration forms of chemical
elements in the river network of NNP, their accumulation, as
well as reserves for assimilation by plants, the forms of finding
of microelements in river bottom sediments, represented by
fine-grained sands containing increased amounts of silty
biogenic substances, were studied. Forms of migration are
determined by the method of step-by-step extracts, by
method of H.A. Shymko, V.A. Kuznyetsovaa (Zhovynskyi
et al., 2005, 2012; Adriano, 1986; Stoops at al., 2010).

As we can see from table 1, cobalt, vanadium, titanium
are not found in extracts of water-soluble components and
easily exchangeable ions, indicating their weak migration in
easily mobile forms. Copper in the form of water-soluble
components migrates to a small extent, but locally reaches
25.5 % of the gross content, and in the form of easily
exchangeable ions from 3.6 to 21.5 %. Manganese as the
most mobile trace element in wetlands in the first form is
0.06-0.15 % and in the second — from 1.72 to 12.28 % of
the gross content.

Elements associated with carbonates are extracted in
different ways. Cobalt is detected locally in the amount of
51-57 % of the gross content. Copper in the extract was not
found. Vanadium is contained in the range of 1.62-5.72 %,
and manganese — 7.32-68.15 % of gross, indicating their
reserves of active migration in conditions of changes in pH,
temperature and carbon dioxide, causing the dissolution of
carbonates or their falling out of solution. Titanium is found
in small quantities — from small traces to 0.06 %.

Characteristic connections of the studied trace elements
with organic matter are noticeable. Some trace elements are
constantly present in the composition of amorphous
hydroxides, excluding cobalt and vanadium, which were not
found here, manganese as satellite of iron — in the conditions
of the reserved zone of the park, this form migrates only in
quantities of 0.76—2.81 % of the total content.

Titanium is concentrated in hard-destroying minerals,
accounting for 78.62-93.67 % of the gross content in
insoluble sludge and only 4.82-12.51 % in easily-destroying
silicates, which indicates a relatively weak migration with
river waters. High concentrations in the insoluble sediment
are also typical for manganese — 25.67—84.58 %, vanadium —
14.11-61.56, copper — 8.12—-67.72 %. The bulk of cobalt
in some places belongs to easily destructive silicates.
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Table 1
Forms of occurrence of trace elements in modern bottom sediments of rivers NNP
Extracts, mg/kg
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Copper
16-19 | Floodplain, river Rudka, Q. 4 APC 2.06 0.61 - 4.87 0.8 1.6 11.5
19-19  [Quarter — 6 near the lake, quarry - 2.76 - 7.32 0.73 0.89 12.0
22-19 Floodplain of the river Rudka, 50 m from the riverbed 2.03 0.67 — 6.34 — 2.1 8.7
30-19 | Floodplain of the river Rudka, collecting channel - 2.45 - 7.12 0.72 0.91 13
45-19 | Starytsia and river Kormyn - 1.07 - 3.95 21 11.5 18
52-19 | Floodplain of the river Kormin, marginal part - 0.54 - 4.11 0.41 1.8 4.6
Manganese
16-19 | Floodplain, river Rudka, Q. 4 APC 0.16 12.32 | 198.8 21.17 10.34 | 123.7 357
19-19  [Quarter — 6 near the lake, quarry 0.02 4.78 62.4 23.5 3.1 65.4 132.5
22-19 Floodplain of the river Rudka, 50 m from the riverbed 0.01 3.05 15.13 5.1 3.45 72.58 101.5
30-19 | Floodplain of the river Rudka, collecting channel 0.13 1.86 9.10 3.16 4.87 79.5 97.8
45-19 | Starytsia and river Kormyn 0.11 11.23 | 2237 52.12 18.6 134.7 375.7
52-19 | Floodplain of the river Kormin, marginal part 0.01 4.7 39.53 18.65 1.7 64.3 126.7
Titanium
16-19 | Floodplain, river Rudka, Q. 4 APC - - - 0.9 95.8 369.5 1670
19-19 | Quarter — 6 near the lake, quarry - - 0.07 19.02 394 390.8 410.7
22-19 | Floodplain of the river Rudka, 50 m from the riverbed 0.19 32.46 53.8 401.6 390.5
30-19 | Floodplain of the river Rudka, collecting channel - - - 10.11 41.24 | 504.2 592.5
45-19 [ Starytsia and river Kormyn - — - 5.34 62.1 864.2 820
52-19 | Floodplain of the river Kormin, marginal part - - - 16.7 91.5 1250 1540
Cobalt
16-19 |Floodplain, river Rudka, Q. 4 APC - - 0.70 0.09 0.39 - 1.1
19-19 | Quarter — 6 near the lake, quarry - - - - 0.28 - 0.3
22-19 Floodplain of the river Rudka, 50 m from the riverbed - — - 0.19 0.16 - 0.38
30-19 | Floodplain of the river Rudka, collecting channel - - - 0.22 0.15 - 0.40
45-19 [ Starytsia and river Kormyn - — 0.89 0.42 0.35 14.2 16.5
52-19 Floodplain of the river Kormin, marginal part - - - - 0.05 - 0.05
Vanadium
16-19 |Floodplain, river Rudka, Q. 4 APC - - 0.65 2.52 2.46 3.77 9.2
19-19  |[Quarter — 6 near the lake, quarry - - 0.54 3.83 2.1 1.78 7.2
22-19 Floodplain of the river Rudka, 50 m from the riverbed - — 1.32 15.32 1.42 2.61 19.8
30-19 | Floodplain of the river Rudka, collecting channel - - 0.27 3.76 0.75 2.89 7.4
45-19 [ Starytsia and river Kormyn - - 0.86 5.67 2.42 10.62 21.15
52-19 Floodplain of the river Kormin, marginal part - - 0.31 13.43 1.28 2.59 15.8

Concentrations of copper, vanadium, manganese in this
form are insignificant, they generally do not exceed 10 %,
with the exception of individual local samples. Thus,
according to the study of modern river sediments of the NNP
territory, separate foci of natural and technogenic pollution
were found, which is evidenced by the increased and
abnormal values of the content of the studied trace
elements. This indicates an unfavorable geochemical
situation within the NNP for the study of natural processes.

Geochemical study of the territory of nature protected
site as natural sample area, to a lesser extent disturbed by
technogenic changes, is just beginning. Such studies pose
the task, first of all, to identify the scale and types of
technogenic and geochemical changes and most
importantly — the establishment of the geochemical
background, spreading and migration of chemical elements,
the nature of natural geochemical reactions, the
interrelationships of elements in the systems rock — river
water — alluvial sediments — soil — plant, characteristics of
geochemical conditions of the environment as a natural
reference environment of the biofund genepool (Ladonin,
1995, 2002).

General patterns of spreading of the main chemical
elements in soil-forming rocks and soils. Significant
areas of the territory of the NNP "Tsumanska Pushcha", as
noted above, are composed of water-glacial sediments.

They are the main soil-forming rocks. In areas where thin
layers of these loose sands and sandy loams are underlain
by chalk-marl rocks, the last ones can also be considered as
soil-forming, and their influence on the formation of the
geochemical background of landscapes is significant. The
soil-forming rocks of the southern part of the study area are
loess-like loams (Tessier at al., 1979; Vodyanitsky, 2005,
2009; Zayed at al., 2003).

Table 2 shows the average values of the main
macroelements in the common soils of the NNP territory. A
high content of silica is characteristic of Soddy slightly
podzolic sandy soils. The main carrier of silica in the
aforementioned soils is quartz. SiOz is contained in feldspar,
plagioclase, white mica, clay minerals in smaller amount.

The uneven spreading of Al2O3 over genetic bedding
rocks is affected by the mechanical composition of the soil.
The sporadic nature of the Al2O3 content is obviously
associated with the insignificant migration of aluminum in the
form of organo-mineral compounds. Basic alumina carriers
in soils are feldspar, white mica and biotite in sandy-silt
fractions. Very small percentage of Al203 is accounted for by
minerals of the heavy fraction (amphibole, garnet, disthene,
staurolite, etc.) (Bakker at al., 1997, Baron at al., 2006;
Bartlett at al., 1979; Lubben at al.,1997).

An uneven spreading of iron oxide with genetic soil
bedding rocks was also revealed. The acidic reaction of
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most types of soils promotes migration from humus-eluvial
bedding rocks and accumulation in iluvial bedding rocks in
the form of brown ferruginous accumulations. All studied soil

types are characterized by an increase in content of iron
oxide in humus bedding rock, which is due to the presence

of organic matter.

Table 2
Average chemical composition (macroelements) of soils in the NNP territory, % on absolutely dry weight

Soil Sio, Fe,0; Al,O; CaO MgO Na,O K,0
Sod-slightly podzolic sandy on water-glacial sands 95.15 0.79 3.35 0.28 0.15 0.39 1.15
Sod-weak (medium) — podzolic sandy on water glacial sands 85.95 1.68 5.97 0.69 0.48 0.70 1.66
Sod-weak (medium) — podzolic sandy on loess-like loams 81.98 2.42 7.68 0.79 0.77 0.89 2.34
Soddy carbonate light loam on loess-like loam 71.43 2.86 9.56 2.52 1.54 0.82 211
Alluvial layered sandy loam on alluvial sands 87.78 1.42 3.46 0.51 0.40 0.43 0.89
Low-power degraded peat bog 2.64 1.42 0.78 3.82 0.41 0.08 0.07
Average in soils according to Vynogradov 1.22 0.31 0.51 0.49 0.63 0.75 0.31

Light texture soils are characterized by a relatively
uniform spreading of iron with a soil profile. A slight increase
in the content with depth is explained by high filtration
capacity of these soils and the removal of iron by
atmospheric precipitation from the upper soil bedding rocks
to greater depth (Dmytruk, 2008).

In soils, iron is a part of some minerals confined to
different particle size fractions. Its main mass is
concentrated in the clay part, consisting mainly of
hydromica. Insignificant iron content is included in the
composition of the heavy fraction minerals: magnetite, black
mica, amphibole, titanic iron ore, etc. (Glazovskaya, 1990).

Wide fluctuations in the content of calcium oxide are
observed in NNP soils (up to 42 %). Increased
concentrations are recorded for peatlands and Soddy
calcareous light loam soils on loess-like loams and water-
glacial sediments. The maximum concentration of CaO is
characteristic of the iluvial soil bedding rocks.

Calcium in the studied soils is connected with plagioclases,
clay minerals and minerals of heavy fractions (amphibole,
tourmaline, pyroxene, etc.). The main part of it is caused by
carbonates, particularly in transition soil bedding rocks.

Spreading of microelements in genetic bedding rocks of
the main soil types of the NNP is determined by a wide
variability. In sod slightly podzolic sandy soils accumulation
of microelements is observed mainly in the upper humus
part of the profile. In the studied sections there are two types
of spreading of microelements: the accumulation of
elements in organic bedding rocks with a gradual decrease
in the concentration in the lower part of the profile and the
spreading of the eluvial-illuvial type. The first type is
characterized by an increasing spreading of Zn, Pb, and the
second one — Co, Ni, Cu, Mn.

The maximum concentration of Pb, Cu, Zn in light gray
light loam soils on loess-like loams is confined to the upper
part of the soil profile; Ni, V — to the transition and lower
parts. Transient bedding rock is obviously the area of
removal elements. In the layer of light gray soils (sampling
point Ne 8-19), which is located in area of the former hunting
grounds "Batozharnia", the maximum concentration of
elements is confined to the transitional bedding rock.

In sod low-medium-podzolic sandy soils with depth there
is an increase of the content of Si, Na, K, Mg and Ca, as well
as the pH of the soil solution and a decrease — Mn, Ti, Al. It
turns out that there is a zone of leaching in the humus-eluvial
bedding rocks (HE) and the accumulation in the first from
the surface mineral, transitional to the rock, iluvial bedding
rock (IR) of Al and Fe oxides.

In soddy-calcareous soils, the concentration of Si, Te, Al,
Mn, K decreases with depth, while Ca, Mg increases. The
division of the profile of soddy-carbonate light loamy soils into
silicate and carbonate parts has a significant effect on the
vertical spreading of microelement. Most of microelements
accumulate in the upper silicate part of the profile.

Spreading of microelements in soils is inherited from the
composition of soil-forming rocks. The main factors in the
spreading of microelements in soils are organic matter, clay
minerals and acid-base conditions. Analysis of
microelements correlations nature with the physicochemical
parameters of soils shows that in sod-carbonate light loamy,
sod low-podzolic sandy and light gray light loam soils most
microelements, as well as Ti, Mg, Al correlate positively with
the content of dusty and silty fractions and organic matter.
This is due to the strong connection of microelements with
organo-mineral complexes of soils.

Spreading of soil-forming elements over the genetic
bedding rocks of the studied soil types is subject to general
tendency of concentration respreading: decrease in the
content along the profile of Te, Fe, Mn and increase in Ca
and Mg.

An important factor contributing to increase in the
content of these elements in upper part of the soil profile is
the increased content of clay mineral particle size fractions
and organic matter. Another reason is the carbonate content
of the soil-forming rocks, which provides a change in acid-
base conditions in the lower bedding rocks of soil profiles.

There are relations between spreading of soil chemical
elements and their particle size spreading. In Soddy slightly
podzolic sandy loam soils, an increased content of Si, Na
was recorded, in Soddy gley sandy loamy soils — Al, Fe, in
Soddy slightly podzolic sandy soils with a significant content
of silty fractions — Ca, Mg.

Content of toxic elements in the landscapes of
National Natural Park "Tsumanska Pushcha". It has
been established that the indicators of the accumulation of
heavy metals in soils of the NNP are significantly higher than
average data for Kivertsevski district of the Volyn region.

Anthropogenic impact, in addition to agricultural activities,
is associated here with large enterprises, in particular PJSC
"Tsuman”, LLC "Tanforan", LLC "Kaminskiy Timber and
Venuses", LLC "Ukrlesservice", spontaneous dump of
Tsumansky production department of housing and communal
services p.g.t. Tsuman and Kadysche village), p.g.t.
"Renaissance", PAF "Vistula", HK "Lutskvodokanal", etc.

Wastes of enterprises are substances of | — IV classes
of danger. In particular, waste containing aluminum,
vanadium, chromium and their compounds, lead (including
Batteries for storage purposes or broken ones), iron
carbonyls, etc.

Most of the studied HM exceeds the regional
geochemical background. Migration and spreading of each
metal along the profile of Soddy weakly — medium podzolic
soils has its own specifics. Greatest accumulation of copper
and zinc occurs in forest litters, and in mineral part of the
profile it has a weakly expressed eluvial-iluvian character.
Content of nickel, cobalt and manganese increases with
depth of its accumulation in soil, which are characteristic of
the chemical composition of glacial sediments (Lubben
et al., 1991; Sauerbeck et al., 1991).
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It is noted that the amount of chromium, manganese and
cobalt is higher in soil-forming rocks than in forest litters.
Spreading along the profile of chromium, no regularities

were found. The average HM content in the main soil types
of the NNP territory is presented in Tables 3 and 4.

Table 3
Average HMs indicators in genetic bedding rocks of soil, most typical for the territory of NNP
Bedding rock, depth Mn | Pb | Cr Ni Zu | Cu
Sod-slightly podzolic sandy on water-glacial sands and sands lined with Neogene-Paleogene sediments (sands and loams)
Ho, 0-2 cm 430.0 38.0 23.2 26.2 274.7 23.5
HE, 2-4 cm 176.2 6.2 26.8 13.1 222.5 9.2
E, 4-20 cm 278.4 6.4 28.2 17.4 2514 19.1
I, 20-60 cm 292.6 5.2 29.1 11.3 232.6 17.4
Pl, 60-130 cm 271.5 6.0 19.2 11.7 221.8 18.6
Sod-medium podzolic sandy loam, on water-glacial sediments, with deep bedding of chalk rocks
Ho, 0-2 cm 367.3 291 294 31.0 310.7 32.9
HE, 2-5 cm 259.0 7.9 34.2 23.6 2274 11.2
E, 5-28 cm 383.6 7.0 34.1 26.3 254.9 11.7
|, 28-43 cm 510.3 5.1 38.6 254 267.1 14.2
IP, 43-124 cm 554.7 4.6 40.1 25.7 253.9 20.2
Peat-boggy on ancient alluvial sandy and loamy sediments
THkop, 0-14 cm 362.9 19.6 28.3 27.6 341.3 29.3
HPk, 14-26 cm 341.5 10.2 375 24.3 320.5 15.7
Phkgl, 26-31 cm 346.2 13.4 44.3 26.3 343.1 17.4
P(h)kGl, 31-46 cm 362.5 9.0 43.2 25.4 346.8 19.2
Soddy carbonate sandy loam on eluvium of carbonate rocks
Ho, 0-2 cm 320.4 38.3 26.3 26.0 494.3 22.2
Hk, 2-26 cm 280.6 275 34.4 24.3 363.9 16.4
Hpk, 26-43 cm 210.2 34.7 36.7 32.6 381.8 18.6
Pk, 43 > cm 168.6 24.2 34.3 31.8 382.0 21.2
Table 4
Total content of micronutrients in the soils of NNP
Average values | Limits of oscillation Average values | Limits of oscillation
Element p— Ke: Background
g/kg ci values mg/kg
Content of gross forms Content of mobile forms
Mn 420 8.1-830 1.06 395 0.89 0.27-1.9
Cr 30.4 5.2-60.8 0.7 39 0.48 0.33-0.9
Ni 25.5 6.3-50.7 2.1 12 0.8 0.6-1.6
Zn 350 60.3-700 5 42 1.1 0.5-2.1
Cu 254 6.5-50.4 3.1 8 1.7 0.9-3.4
Pb 30.5 6.4-60.5 2.7 11 0.6 0.38-1.2

By gross content of micronutrients in soil we can arrange
the following series of geochemical: Zn> Cu> Pb> Ni> Mn> Cr.
Accumulation of lead in forest litters up to 2-3 LOC is clearly
traced.

Obtained data about accumulation of heavy metals in
soils of the NNP territory are of significant importance, since
they are the basis for identifying spatial patterns of soil

Most of heavy metals spread unevenly in the soil cover.
High values of the coefficient of variation (V) are more than
34 % typical for heterogeneous set of data on concentration
of all studied HMs (Table 5). The highest rate of variation
was found for lead concentration — 170 %, and the lowest
values were obtained for content of chromium — 34 % and
zinc — 36 %.

pollution and establishing the local geochemical
background.
Table 5
Statistical indicators of HMs content in NNP soils, mg/kg
Element (background) Arithmetic mean Geometric mean Maximum value | Minimal value o V, %
Mn (395) 420 81.9 830 8.1 341.0 81
Pb (11) 30.5 19.6 60.5 6.4 52.1 170
Cr (39) 30.4 8.1 60.8 5.2 10.5 34
Ni (12) 25.5 17.8 50.7 6.3 11.6 45
Zn (42) 350 205.9 700 60.3 76.7 36
Cu (8) 29.4 19.8 60.4 6.5 214 72

To characterize the average content of heavy metals in
the soils of the NNP, the arithmetic and geometric mean
values were calculated. This is due to the fact that the
indicators of the concentration of elements in soils vary
greatly and do not obey the law of equable spreading. As a
result, arithmetic mean strongly depends on the presence of
small number of samples with higher levels of elements. In
such cases, it would be more correct to use geometric mean
to estimate the HM content in the soil. Geometric mean N of
numbers is equal to the root of the Nth degree from the

product of these numbers, in this case — product of all
obtained values of the content of a particular chemical
element. Such an indicator is always less than arithmetic
mean, in terms of its value, large deviations and fluctuations
between individual values in the studied set of indicators are
much less affected.

High value of the standard deviation (o) is an indication
of the average values of sporadic. Minimum standard
deviation was obtained for chromium concentrations — 30.5,
and maximum for manganese 341.0.
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Table 5 also presents characteristics of the average values
of the HM content in soils of the NNP. The average content of
all studied HMs exceeds their regional background values.

Lead. Lead usually accumulates in fractions <0.01 mm.
Its main concentrators are clay minerals and associated
impurities. Gross Pb content in NNP soils averages
30.5 mg/kg almost does not exceed the LOC (32 mg/kg), but
3 times higher than regional background (11 mg/kg).
Indicators range from 6 mg/kg in sod-slightly podzolic gley
sandy soils to 60.5 mg/kg in Soddy calcareous light loamy
soils. In its mobile form, lead is on average at 0.4 mg/kg, the
fluctuation range is 0.06—1.9 mg/kg.

However, the geometric mean value calculated by us is
19.6 mg/kg, which is significantly lower than the LOC.
Elevated lead content is characteristic of the soils of the
western part of the park with developed economic sector
and accordingly large anthropogenic load on the soil cover.
Significant lead accumulation was found in soils of territories
characterized by an increased density of road traffic
(Tsuman, Zhuravychi, Kivertsi, Sokyrychi). In places of
increased exposure to vehicles (roadsides), high levels of
lead accumulation (46-52 mg/kg) are probably due to the
use of tetraethyl lead in gasoline until recently. The
maximum value of lead content is observed on the lands of
the park adjacent to the lake (point Ne 25) — 59.8 mg/kg. It
should be noted that within the military unit to the north-west
of the village Zhuravychi there is a technical zone. In the
soils of this territory, high values of lead content were also
found — 42-57 mg/kg (point Ne 23). Within the 15th quarter
of Horynskii and 49th quarter of the Lopatenskii forestry,
lead content in soils is also increased and amounts up to
42.6 mg/kg (point Ne 37). With distance from center of the
military unit, a noticeable decrease in concentration of lead
in soils is observed.

Least slightly contaminated with lead, in comparison with
other parts of the park, is the floodplain of the river Rudka,
composed of sandy and loamy alluvium with peat-bog soils
and peat bogs under the black alder forests and bog-grass
meadows, where its content does not exceed 5 mg/kg.
Thus, the studies carried out showed that the highest lead
contamination in soils was detected on lands of the category
of economic use (55.3 mg/kg) and zone of stationary
recreation (up to 60 mg/kg). It is important to note that on
lands of economic use, the concentration of lead in some
areas increases with depth and can reach 3-4 LOC in soil
bedding rocks close to the parent rock. Also, high values
were found for the lands of the protected area, especially for
the test plots with Soddy calcareous light loam soils on
loess-like loams. Here, lead content exceeded the LOC in
only one test plot (57.3 mg/kg).

Barrier role of forest litters is clearly traced, preventing
entry of lead into the underlying ground bedding rocks.

Zinc. Average zinc content in NNP soils is 210 mg/kg,
which exceeds the background values (42 mg/kg) and the
maximum concentration limit (150 mg/kg). Content of mobile
forms of zinc ranges from 0.5 to 2.1 mg/kg. Humus bedding
rock is characterized by more intensive removal of mobile
forms of zinc.

Content of gross forms of zinc in soils ranges from
60.3 mg/kg to 700 mg/kg. The highest concentration is
characterized by sod-slightly podzolic sandy soils on water-
glacial sands (620-700 mg/kg). The maximum value was
recorded on territory of the military unit on the north-west of
the village Zhuravichi (point Ne 136 — 670.5 mg/kg). On
lands of economic use, maximum concentration of zinc —
450-680 mg/kg — was found in soil samples taken in quarter
55 on sampling plot Ne 81 and in the "Hrud" tract. On rural

lands, the maximum value of zinc, which reaches
321.6 mg/kg, was found in the village Yaromel (point Ne 26-
19). The highest zinc content was found to the left of the
road to Tsuman (point Ne 35-19) — 700.6 mg/kg, where an
unauthorized household landfill operates. On lands of the
protected area this element is less than 60 mg/kg in soil
content. Thus, in the NNP, including protected areas, there
is a tendency to accumulate zinc. Exceptions are denudation
interfluve lowland plains, composed of low-strength water-
glacial sands and sandy loams, with shallow marls and
chalks, with sod-podzolic, sod-gley and humus-carbonate
clay-sandy and sandy soils (Zn content up to 20 mg/kg)
(Kabata-Pendias at ai., 2007).

It is known that zinc is easily adsorbed by clays and
colloids of organic matter. It has different complexing ability
depending on the composition of organic matter. In
wetlands, 41 % of zinc and 13 % of fulvic acids are bound to
the humic acid fraction. Because humic and fulvic acids
differ slightly in structure and properties, their ability to form
complexes with metals is different. Based on the study of
humates and fulvates of the park soils, it was also found that
zinc mainly forms complexes with humic acids, but the
complexing ability of this element with fulvic acids is much
lower (Kabata-Pendias et al., 1989).

Nickel. Average nickel content in the organogenic and
mineral bedding rocks of the soils of the NNP is average
25.5 mg/kg, however, its concentration varies widely — from
3 mg/kg, in sod-slightly podzolic sandy (point Ne 20—19) up
to 40-50 mg/kg in turf carbonate light loam soils (point
Ne 25-19) and lowland peatlands (point Ne 22—19). In the
studied soils, nickel is contained exclusively in thin fractions
(<0.01 mm). In general, its average concentration in the
soils of NNP is 1.5 above the background values.

The average content of nickel in mobile form in the mineral
bedding rocks of the studied soils is at the level of 0.8 mg/kg,
which averages 22 % of its total content, which characterizes
the heterogeneous supply of soils in this area with mobile
nickel. Organogenic bedding rocks of mobile nickel contain up
to 1.3 mg/kg. With depth, the content of mobile Nickel
decreases to 0.29-0.34 mg/kg. We calculated the geometric
mean value — 17.8 mg/kg. Approximately the background
concentration level is 12 mg/kg, but the LOC level is higher
and equal to 20 mg/kg. In general, on territory of the NNP
there is a tendency to accumulate nickel in soils of the
floodplain of the rivers Kormyn and Rudka, including territory
of the old peat extraction (37-48 mg/kg). The research
revealed only one point (number 31-19) of nickel which is
50 mg/kg. The increased concentration of nickel was
recorded in soils of permanent test areas (points NeNe 40-19,
58-19) and in territory of an unauthorized landfill (point Ne 64)
— 47.1 mg/kg. On the lands of rural development, as well as
on lands of regulated recreation there are no values
exceeding the maximum allowable concentration. However,
level of background values of nickel content is exceeded in
most soil samples, regardless of land use category.

Chromium. Chromium is concentrated in small fractions
with a maximum content in fractions <0.01 mm. In the
fractions of 0.25-0.1 and 0.1-0.075 mm chromium is not
fixed or contained in small quantities (0.001%). In studied
soils, chromium is part of the organo-clay-iron aggregates
(in fraction of 0.075-0.01 mm), and also occurs in the form
of sorbed cations (clay fractions). The average value of
chromium in soils of NNP is 30.4 mg/kg, which is 3 times
less than the LOC, and below the level of the regional
background (39 mg/kg). Concentration of chromium in soils
varies from 5.2 to 60.8 mg/kg, which does not exceed the
maximum concentration limit. The results of research show
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that in the soils of NNP there is a tendency to the
accumulation of chromium in sod-weak and sod-medium-
podzolic sandy soils on water-glacial sands. Increased content
is characteristic of sod carbonate light loam soils developed on
loess-like loams. High levels of content (37—40 mg/kg) were
also observed for sod podzolic gley sandy soils (37—40 mg/kg)
and lowland peatlands (up to 50 mg/kg).

The maximum rate was observed in the 23rd quarter of
Horynskiy forestry (point Ne 47) — 49 mg/kg. The increased
concentration of chromium was found in low-power
peatlands in floodplain of the Rudka River (point Ne 6—-19) —
45.2 mg/kg. Indicators exceeding the regional background
of the content of this element are noted in 37 % of number
of soil samples taken on lands of the economic zone and
stationary recreation.

High level of chromium concentration in forest litters of
sod-slightly podzolic sandy soils on water-glacial sands is
46.2 mg/kg, which exceeds the background values by 3—4
times. The mineral horizons of these soils are also
characterized by a high content of chromium — 54.2 mg/kg,
which is a consequence of its significant content in the soil-
forming rock. Slightly lower concentration of chromium was
found in the mineral horizons of sod gley sandy soils —
21.5 mg/kg and sod podzolic gley sandy soils — 30.2 mg/kg.

The amount of mobile chromium in the mineral bedding
rocks of soils averages 0.48 mg/kg, which is 42 % of its total
content. The range of fluctuations is very wide — 0.33-
0.9 mg/kg.

Manganese. According to ICP-AES analysis, the
content of Mn in the soils of the NNP ranges from 8-
800 mg/kg. The average concentration is 420 mg/kg, with
regional background values of 395 mg/kg. Manganese in
the soils of the territory is in the form of isomorphic
impurities in clay, clay-iron aggregates of fraction 0.075—
0.01 mm or in clay minerals of fine fractions and in the
absorption complex.

It is established that on the territory of NNP separate
territories with dominance of sod-weakly podzolic sandy
(tract "Hrud") and alluvial layered sandy soils (quarter 4 of
integrated agricultural production center) depleted in
manganese, fluctuation limits are of 30-100 mg/kg.
Maximum concentration (700-800 mg/kg) is typical for light
gray loamy soils (former hunting grounds "Bazhotarnia").
High indicators of manganese content were recorded in the
mineral horizons of meadow-swamp and peat-swamp soils
(650-670 mg/kg). The selected samples are enriched with
organic matter. They also have a high proportion of mobile
forms of manganese — up to 1.9 mg/kg, while on average
they are about 0.89 mg/kg.

The increased content of manganese in the surface
horizon of the soil in the NNP is due, in our opinion, to the
fact that manganese is a biophilic element involved in redox
processes. In this regard, there is its biogenic accumulation
in the surface bedding rocks of the soil, in particular, in the
forest litter, formed from plant precipitation. In most samples,
amount of manganese is above the background level, but
below the LOC level, regardless of the category of nature.
High levels of manganese in the park are recorded locally,
which is not dangerous because the element is not a toxic
pollutant. However, at high concentrations, its phytotoxicity
is detected (Anitipov at al., 2002).

In the studied soils, manganese is found in clay-iron and
clay aggregates of fraction 0.074—-0.01 mm, in clay minerals
of fine fractions and in the absorbing complex.

Copper. Average copper content in NNP soils is
29.4 mg/kg, which is three times higher than the regional
background value (8 mg/kg). Geometric mean value of the

copper concentration in soils is 19.8 mg/kg, which also
exceeds the background value and is close to LOC level
(33 mg/kg). Copper is fixed in all fractions of soils of the
territory. The maximum values are typical for the fraction
<0,01 mm. There is higher concentration in fractions from
samples of transitional bedding rock, slightly less —in humus
bedding rock.

It was found that in soils of the studied area copper
concentrations have significant fluctuations — from 10 mg/kg
in sod-slightly podzolic gley sandy to 60 mg/kg in lowland
peatlands. According to research, the largest amounts of
copper are found in soils on forest deposits and on average
their content in soils of the park is 19—25 mg/kg. Maximum
concentrations of copper were also recorded in light gray
loamy, sod carbonate and sod podzolic gley sandy soils
(35-55 mg/kg). Sod-slightly podzolic sandy soils are
characterized by low copper content (5-6 mg/kg). According
to the spatial spreading of copper in soils, there is a
noticeable tendency for the element to accumulate in alluvial
layered sandy soils and low-power peatlands located in the
floodplain of the Rudka River. The maximum concentration
limit was exceeded in 27 % of soil samples. It should be
noted there are increased indicators of copper content in
sod-medium-podzolic sandy soils in 1-2 quarters of
Horynskiy forestry (point Ne 56) — 51.9 mg/kg and in sod-
slightly podzolic sandy soils integrated agricultural
production centre "Druzhba", sq. 10 (Davydiv Forest, point
Ne 35) — 55.5 mg/kg. Concentration of copper in the
protected area does not exceed 10-12 mg/kg. Content of
mobile copper in the mineral bedding rocks of soils averages
1.7 mg/kg. Low concentration of mobile forms of copper is
characteristic of meadow soils — 0.9 mg/kg. The highest
values of mobile copper were found in sod-slightly podzolic
sandy-sandy soils of 3.2 mg/kg, which is about 73 % of the
total copper content.

Conclusions. In spatial terms, the landscape-
geochemical structure of NNP and adjacent territories are
represented by calcium, calcium-carbonate, carbotate-gley,
acidic calcium geochemical landscape classes.

Analysis of the content of heavy metals in the soils of the
territory showed its non-uniform spreading and dependence
on the available sources of anthropogenic impact. The
highest concentrations of manganese and chromium are
found in soils developed on loess sediments, nickel and
copper on glacial sediments.

The main direction of further research should be the
study of the spreading of macro- and microelements in
various genetic types of soils; determination of the reference
content of elements in geochemical landscapes to establish
the intensity of migration and nature of the spreading of
elements; carrying out biogeochemical zoning.The data on
the spreading of pollutants in soil cover of NNP territory
landscape complexes are presented; it is an example that
illustrates the relevance of such an analysis, especially for
protected areas.

The promising tasks for further development of this
direction is the study of the distribution of chemical elements
in the "soil-plant" system of NNP territory; regularities of
composition, development and distribution of vegetation
cover depending on the geochemical parameters of the soil;
concentration of chemical elements in some types of plants;
seasonal dynamics of the content of elements; pathological
and specific plant diseases caused by the geochemical
features of the landscape; adaptation of plants to new
geochemical environmental factors.
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Hapivwna po peakonerii 19.12.2020

IHCTUTYT reoximii, MiHepanorii Ta pyaoyTBopeHHs im. M.IN. CemeHeHka HAH YkpaiHu,

npocn. Akaa. Mannaaixa, 34, m. Kuie, 03680, YkpaiHa

EKOJIOro-reOXimivHA OLIHKA po3noainy TEXHONrEHHUX ENEMEHTIB
HA TEPUTOPII KIBEPLIIBCbKOIO HALIOHAITbHOIO MPUPOAHOIO NAPKY "LIYMAHCbLKA NMYyLJA"

Po3ansinymo ocobnusocmi akymynsiyii ma po3nodiny 3abpyoHroganbHUX pe4yosuH y naHowadgmax KHIIM "LjymaHcbka lMywa” e ymosax npupo-
OHuX i MexHO2eHHUX 2eo0xiMiYHUX aHOManil. AHani3 eMicmy eaxKux Memariie y rpyHmax mepumopii 3aceidyue HeoOHopidHull po3nodin ma 3anex-
Hicmb 8i0 HasisHuUX O)epesl mexHo2eHHoz20 ernusy. [lpoaHanizogaHOo Macue OaHUX ma po3paxo8aHO 2eOXiMiYyHi KoegpiyieHmu HaKonu4YeHHs
OCHOBHUX 3abpydHIoeadyie. Halieuwji KoHUeHmMpauii Map2aHyt0 ma xpomy Maroms rpyHmu, wjo po3euHymi Ha siecoeux eidknadax, a Hikesro ma mioi
— Ha 800HOIbOO0OBUKOBUX 8iOKNadax. binbwicmb docnidxysaHux eaXKux Memarsiie nepesuuyye pe2ioHasbHUl 2eoximiyHuli hoH. 3a eanosum emic-
mom y rpyHmax MikpoenemeHmu ¢gpopMyroms makuli 2eoximiyHul psid: Zn>Cu>Pb>Ni>Mn>Cr. Yimko npocmeyembcsi HAKONU4YeHHs 8 jlicoeux nio-
cmusikax ceuHuyro — o 2-3 K.

Binbwicme eaxKux Memariie y rpyHmosomy rokpuei po3nodineHi HepieHomipHo. Bucoki 3Ha4eHHs1 koeghiyienma eapiauii — noHad 34 % — xapa-
KmepHi Onsi He0OHOPIOHOT cyKynHocmi OaHux w000 KOHUeHmpauil ecix docnidxyeaHux eaxkux memarnis. Halisuwuli noka3Huk eapiauii eusieneHuti
0Onsi KoHUeHmpauil ceuHyto — 170 %, HaliMeHwi 3Ha4eHHs1 ompuMaHi dnsi emicmy xpomy — 34 % i YuHKy — 36 %. Y eusyeHux rpyHmax criocmepiaa-
embcsi dea munu po3nodiny mikpoeneMmeHmia: aKkymynsiyis eneMeHmie e op2aHiYHUX 20PU30HMax 3 MOCMYNOBUM 3MeHWEeHHSIM KOHUyeHmpauii e
HUXHIl YyacmuHi npogpinto ma po3nodin 3a enrosianbHo-inoeiansHUM munom. [insi nepwo2o muny xapakmepHuli 3pocmatroyuli po3nodin — Zn, Pb,
ons dpyzozo — Co, Ni, Cu, Mn.

BukoHaHO ekos1020-2e0XiMi4Hy OUYiHKy po3rnodiny mexHo2eHHuUx enememie mepumopii KHIIM "L{ymaHcbka lMywa" Ha OocHO8i MOPi@HSIHHSI MexXHo-
2eHHOi 2eoximiyHOI cneyianizayii pizHux cepedosuuy (6oda, rpyHmu mouwo). [ins oyiHku posii KoMnoHeHmie naHowagmy e 3a2asnbHili 2e0XiMiyHil
aHomManbHOCMi mepumopii 3anPonoHoeaHo cmeoprogamu CyMapHi eKoJ1020-2e0XiMiyHi OyiHKU, wo npedcmaenisiomb CyMy 3Ha4eHb KoeghiyieHmie
KOHUeHmpauyii nosromaHmie 8 oKpeMux KOMrNoHeHmMax.

OCcHOBHUM HanpsimoMm nodanbuwiux docnidxeHb Mae 6ymu eue4eHHsi po3nodiny MakKpo- ma MikpoesnieMeHmie y Pi3HUX 2eHemu4yHuUxX munax
rpyHmie; eu3Ha4yeHHs1 emasloHHO20 eMicmy esleMeHmie y 2eoximiyHux naHOwagmax Ans1 ecmaHo8sIeHHs1 iHmeHcueHocmi mizpauii ma xapakmepy
po3nodiny enemeHmie; npoeedeHHs1 6io2eoxiMi4HO20 palioHy8aHHS.

Knroyoei cnoea: eanoeulii emicm, mexHo2eHHi enemMeHmu, koegiyieHmMu HaKONUYEHHS.
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9KOJIOI0-rEOXMMNYECKAA OLEHKA PACNPEOENEHNA TEXHOIMEHHbIX SJIEMEHTOB
HA TEPPUTOPUUN KUBEPLIOBCKOIO HALIMOHAJIbHOI'O NMPUPOOHOIO MNAPKA "LIYMAHCKASA NYLLA™

PaccmompeHbl ocob6eHHOCMU akKyMynsiyuu u pacrpedesnieHus 3ae2psi3Hsiroujux eeujecme 8 naHowadgpmax KHIIM "LlymaHckas Mywa” e ycnoeusix
MPUPOOHBIX U MEXHO2EHHbIX 2e0XUMUYeCKUX aHoManull. AHanu3 codep)xaHusi msixesibiX Memasioe 8 no4yeax meppumopuu rnokasasa HeoOHopoodHoe
pacnpedesieHue U 3a8UCUMOCMb OM UMEIWUXCSI UCMOYHUKO8 mexHo2eHHo20 eo3delicmeausi. [TpoaHanu3uposaHbl Maccuebl GaHHbIX U paccyu-
maHbI 2eoxumuyeckue Ko3ghguyueHmbl HaKoMIeHUs1 OCHOBHbIX 3a2psi3Humerel. Haubosnee ebicokue KOHUeHMpayuu MapaaHya u xpoma umerom
noyebl, pa3zgumsbie Ha JIECCO8bLIX OMJIOKEHUSIX, HUKeJISI U MeOu — Ha 800HO/IeOHUKOBbLIX OMIoXKeHusiX. BonbwuHcmeo uccnedyembix msxenbix Mme-
mainnoe npeebiwiaem pe2uoHanbHbIl 2eoxumudeckuli ¢hoH. Mo sanoeomy codepxxaHuro 8 noYyeax MUKpo3sieMeHmb! ¢hopmupyrom credyrowjuli 2eo-
xumuyeckulii psid: Zn> Cu> Pb> Ni> Mn> Cr. Yemko npocnexueaemcsi HakonsieHusl 8 JIeCHbIX nodcmusikax ceuHya — o 2-3 K.

BonbwuHcmeo msixenbix Memasnsoe 8 NoYeeHHOM MoKpoee pacrnpedesieHbl HepagHOMEPHO. BbicoKue 3HavyeHus KoaghghuyueHma eapuayuu —
6onee 34 % — xapakmepHble Onsi HEOOHOPOOHOU COBOKynHOCMU OaHHbIX O KOHUeHmpayuu ecex uccredyeMbix msxenbix memasnnos. Cambiii
8bICOKUL MoKa3ameJsib 8apuayuu o6Hapy»xeH Onsi KOHUeHmpayuu ceuHya — 170 %, HauMeHbWwue 3Ha4eHus NoJslyYeHbl Onsi codepxaHusi xpoma — 34 %
u yuHka — 36 %. B usy4yeHHbIx no4yeax Habnroodaemcsi dea muna pacnpedesieHuUsi MUKPO3JIEMEHMOB8: aKKyMyIsiyusi 3/IeMeHMOo8 8 op2aHUu4ecKux
20pU30HMax ¢ NocmeneHHbIM yMeHbWeHUeM KOHUeHmpauuu 8 HWwxHel Yacmu npogbusisi u pacnpedesieHue 1o 3/1108UasibHO-UMLTI08UalbHOMY mury.
Ans nepeoz2o muna xapakmepHo pacmyuwee pacnpedeseHue — Zn, Pb, dnss emopozo — Co, Ni, Cu, Mn.

BbinonHeHa 3Ko1020-2eo0xuMuYeckasi oyeHka pacrnpedesieHusi mexHo2eHHbIX anememoe meppumopuu KHIIM "LlymaHckas lMywa” Ha ocHose
CpagHeHuUs1 mMexHO2eHHOU 2eoxuMuYyecKoli crneyuanusayuu pasiuyHbix cped (eoda, noyebl u m.o.). [ins oyeHku ponu komnoHeHmos naHowagma e
obujeli 2ceoxumuyeckoli aHoMaslbHOCMU meppumopuu npedsIoKeHO paccyumamb CyMMapHYH 3KOJI020-2e0XUMUYECKYI0 OUeHKY, Ymo npedcmae-
nisilem cyMMy 3Ha4YeHul kKoaghghuyueHmos KoHyeHmpayuu 3a2psisHumesneli 8 omaesibHbIX KOMIMIOHeHmMax.

OCcHO8HbIM HanpasesieHueM danbHelwux uccnedosaHuli o/KHO cmamb UsyyeHue pacrnpedesieHUss MaKpo- U MUKPO3/IEeMEHMO8 8 Pa3/lu4dHbIX
2eHemu4eckux munax noyes; onpedesieHUe 3MasloHHO20 codepiKaHUsI 3/IEMEHMNO8 8 2e0XUMUYeCKUX NTaHOwagmax Onsi ycmaHo8J/IeHUs1 UHMeHcus-
HOCmMu Mu2payuu u xapakmepa pacnpedesieHus1 aieMeHmos; nposedeHue 6U02e0XUMUYECKO20 PalioHUPOBaHUsI.

Knioueenie crnoea: sanoeoe codepikaHue, mexHo2eHHbIe 3/1eMeHMbI, KO3ghUYUeHMbI HaKOMEHUsI.



