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SEASONAL DYNAMICS OF PRODUCTS OF LIPID
PEROXIDATION IN LIVER OF BANK VOLE (Myodes glareolus)
UNDER CONDITIONS OF ENVIRONMENTAL POLLUTION
BY HEAVY METALS
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The presented research involves the integral assessment of biochemistry indexes of natural populations
of voles under conditions of environmental pollution by heavy metals. The raised content of mobile forms of Pb,
Cd, Cr, Ni and Co in soils was revealed for a distance of 500 m to the south-west of Tripillya Thermal Power
Plant (TPP) (Kyiv region, Ukraine). It considerably (up to 3-5 times) exceeds the levels in the territory of
Kaniv Nature Reserve (Cherkassy region, Ukraine). The territory of National Nature Park «Holosiivsky» (Kyiv,
Ukraine) is characterized by rather increased content of active form of investigated heavy metals, especially Pb.
The increase of the concentration of diene conjugates (up to 7-10 times) and thiobarbituric acid (TBA) active
compounds (up to 2-3 times) in the liver of bank vole (Myodes glareolus) polluted by heavy metals has been
Jfound. The insignificant increase of the content of Schiff bases in liver homogenate of voles in the region of im-
pact of the Tripillya TPP (2 times in spring and summer, 3 times — in autumn) was detected. Seasonal dynam-
ics of the maintenance of lipid peroxidation products has been revealed. The registered changes of biochemical
indicators evidence for availability of biochemical stress in the bank vole organism in the region of influence of

the Tripillya TPP.

Key words: heavy metals, bank vole (Myodes glareolus), lipid peroxidation, environmental pollution.

an-caused chemical pollution of eco-
M systems is an urgent problem at present.

Concentration of industrial plants in big
cities, near towns and villages makes it difficult
to monitor their negative impact on the environ-
ment [1—3]. Intensive production results in releas-
ing great amounts of heavy metals that extend in
the atmosphere and are involved in circulation
of elements. Their ranges exceed many times the
natural amount of metals at different levels of the
biosphere. Lead, mercury, cadmium, copper and
zinc are widely distributed in the biosphere among
man-caused metals. They are mainly released
under the burning of mineral fuel. Ashes, nitric
oxides, sulfur anhydride, vanadium pentoxide,
carbon oxide and benzapilene are main products
formed under the burning of coal. Concentration
of heavy metals in coal ashes is as follows: Cu
is 35 mg/kg, Zn — 85 mg/kg, Pb — 20 mg/kg,
Cr — 123 mg/kg, Ni — 62 mg/kg, Cd — 4 mg/kg,
Co — 114 mg/kg [4]. Anthropogenic emission is so
strong that under the burning of bituminous coal
the number of metals dispersed in the atmosphere
is much more than that extracted by people from
deposits [5]. The areas of pollutions in snow cover
nearby big thermoelectric power plants are formed
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within the range of 10-20 km. Winds contribute to
formation of the dispersion halos [4]. The Kyiv Re-
gion is one of the most contaminated in Ukraine.
Four hundred forty three (443) industrial plants
are the sources of air pollution in the Kyiv Re-
gion. Among the region areas the biggest polluters
are located in the Obukhiv district; the amount
of its industrial discharges is about 83 000 tons a
year. The strongest polluter is Tripillya TPP — over
21000 tons a year. It forms 84% of all discharges in
the atmosphere from industrial plants in the Kyiv
Region [6].

It is topical to clarify specific mechanisms
of influence of a large plant (e.g., thermoelectric
power station) located in densely populated region
on the environment. Small mammals are the most
convenient objects for such investigations as long as
they are animals that inhabit transformed ecosys-
tems directly near with human. Via short life cycle
forest rodents have time to reflect the impact of
the environment on their organism [5]. It is known
that the activation of lipid peroxidation processes
in cell membranes is the reflection of toxic heavy
metals’ impact [1]. The liver is the most important
organ of detoxication. The presented research in-
volves the integral assessment of biochemistry in-

163



KOPOTKI IMOBIJOMJIEHHA

dexes of natural populations of voles in the district
of the Tripillya TPP influence. The goal of the
research is to define the basic biochemical indica-
tors in the bank vole organism under conditions of
environmental pollution by heavy metals.

Materials and Methods

Researches were conducted on natural popu-
lation of the bank vole (Myodes glareolus Schre-
ber, 1780), in the territories with different level
of anthropogenic pollution. This species habitat
is closely concerned with soil bedding. Therefore
M. glareolus may be used as a biomonitor of man-
caused pollution of the environment.

Three areas with different level of anthropo-
genic loading were chosen for comparative analy-
sis. The territory of the Kaniv Nature Reserve
(Cherkassy region, Ukraine) that is the nature re-
serve with the highest protection status was cho-
sen as the least disturbed landscape. The territory
of the National Nature Park «Holosiivsky» (Kyiv,
Ukraine) is similar, as to phytocenosis structure
(hornbeam forest), to the Kaniv Nature Reserve. It
feels direct and indirect impact of human activity
starting with disturbing factor and ending with air
pollution by discharges. The zone of impact of the
Tripillya TPP (Obukhiv district, Kyiv region) with
small hornbeam plantation adjoins the south-west
edge of the industrial area of thermoelectric power
plant (about 500 meters). The industrial area rather
works on bituminous coal thus getting under the
torch of dispersion [4].

The results of control catches of M. glareolus
in the chosen areas were used in the research. The
control catches were conducted according to gene-
rally accepted methods in spring, in summer and
in autumn 2012 [7]. General amount of analyzed
animals is 230 specimens. Among them 111 spec-
imens were from the Kaniv Nature Reserve, 61
specimens — from the National Nature Park «Ho-
losiivsky», 58 specimens — from the Tripillya TPP.
The material was collected on registered spots with
the area of 3025 m? which are chosen for assess-
ment of density of individuals’ distribution.

The content of heavy metals in the upper soil
stratum of 5 cm and in the liver were determined
by flame atomic-absorption spectrophotometer
C115-M1 (SELMICHROM, Ukraine) with heavy
hydrogen corrector of the background and com-
puter complex CAS-120. The content of acid-solu-
ble metals and their exchange fraction in soil were
analyzed by extraction with acetate-ammonium
buffer (pH 4.8; molarity — 1.1 mol/L) according
to standard methods [8]. The content of metals in
the samples was estimated in mg per kg of masses
of air dried recoveries.
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The objects (M. glareolus) were anesthetized
using ether and chloroform. Anesthetic agents were
introduced into the organism by inhalation in a
confined space. According to the rules of humane
treatment of animals, bank voles were subjected to
euthanasia by destruction of the spinal cord. The
liver was removed at a room temperature.

The samples for determining the content of
lipid peroxidation products were obtained by pre-
paring 10% liver homogenate in terms of 1 mg of
liver tissue per 10 ml of 0.9% solution of sodium
chloride (physiological solution). Firstly, a tissue
sample was washed in 10% sodium chloride so-
lution. After that, the sample was refrigerated in
liquid nitrogen. Before the experiment the sam-
ple was carefully crumbled up in chilled porcelain
mortar.

A list of reagents, used in determination of
lipid peroxidation products: heptane (Alfarus,
Ukraine); isopropanol (Sistema Optimum ChP,
Ukraine); 0.9% solution of sodium chloride
(OJSC «Biosintez», Russia); ethanol (Bio-Product
LTD, Ukraine); 0.025 M tris-HCI buffer solu-
tion (pH 7.4), with 0.175 M solution of potassium
chloride (Shanghai Hanwish Industrial CO., LTD,
China); 20% trichloroacetic acid solution (Farmak,
Ukraine); 0.8% water solution of 2-thiobarbituric
acid (SFERA SIM, Ukraine).

The level of lipid peroxidation products was
estimated by the content of primary (diene con-
jugates), secondary (malonic dialdehyde or TBA-
active compounds) and terminal (Schiff bases)
metabolites. During the lipid peroxidation on the
stage of formation of free radicals in molecules
of polyunsaturated higher fatty acids the system
of conjugated binary links is formed. Conjugated
dienes are formed as a result. It is accompa-
nied by the appearance of a new maximum in
the absorption spectrum on the wave of 233 nm;
e= 2,210 cm-M-! [9].

Since conjugated dienes differ by intensive
absorption in ultraviolet (UV) spectra, spectro-
photometric methods were used for identification
of diene conjugates. Identification of contents of
TBA-active compounds was conducted by spectro-
photometric methods (Shimadzu, UV mini-1240
model, Japan). TBA-active compounds were de-
tected in reaction with 2-thiobarbituric acid [9].
Calculation of TBA-active compounds concentra-
tion was conducted taking into account the value
of coefficient of molecular extinction of malonic
dialdehyde on 532 nm; ¢ = 1.56-10° cm-M-'. The
content of diene conjugates and TBA-active com-
pounds was calculated in nmol per mg of sample.
Content of the Schiff base was calculated in con-
ventional units per 1 ml of sample that was detected
by spectrofluorometric method (the length of exci-
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tation wave is 360 nm; the length of emission wave
is 420 nm; Shimadzu, RF-1501 model, Japan) [9].

Because of misfit of normal distribution of
some sampling variative ranks of investigated in-
dexes the average size of lipid peroxidation products
and content of metals were presented as median
(Me). Standard deviation of the median (SDMe)
was used as the variation index. Man-Whitney’s
U-Index was used for comparative characteristic
of sampling parameters. For all statistical analysis
the STATISTICA 6.0 statistical package was used.

Results and Discussion

Soil is a specific component of the biosphere.
It not only accumulates contaminants but also
serves as a natural buffer that controls the trans-
fer processes of chemical elements and compounds
from dry lands to the atmosphere, hydrosphere and
living organisms. The lifetime of contaminants in
soil is much longer than in other components of the
biosphere. Therefore contamination of soil, par-
ticularly by heavy metals, is practically perpetual.
Compounds of heavy metals falling on the earth
surface with atmospheric precipitates are accumu-
lated in soil thickness, especially in upper humus
levels and are slowly removed under leaching, ero-
sion, deflation and extraction by plants. The pe-
riod of semi-extraction for Pb from soil is a few
thousand years, for Cd it is up to 1.1 thousand
years, for Zn — up to 0.5 thousand years [1]. It may
be supposed that under permanent source of air
contamination a gradual increase of heavy metals’
content in the upper layer of soil will occur. It may
serve as index of contamination of the investigated
territory [4]. Research of content of heavy metals
(Pb, Cd, Cr, Ni, Co) in soil samples displays the
significant differences of selected regions under ex-
change fraction (Table).

Differences of soil in researched regions as
to the content of acid-soluble fraction of heavy
metals were found statistically insignificant and
corresponded to the value of regional clark typi-
cal of the forest-steppe zone of Ukraine [10]. The
excess of normative indexes of boundary permis-
sible concentrations for arable soil has not been
found. But the analysis of heavy metals exchange
fraction showed that its content in the Kaniv Na-
ture Reserve is the least. Soil at the National Na-
ture Park «Holosiivsky» was characterized by the
increased content of Pb. In the region of impact
of the Tripillya TPP the content of active forms
of all investigated heavy metals in soil are greatly
(up to 3-5 times, P < 0. 05) exceeding the levels
that is typical of the nature reserve territory. Thus
one can argue that the consistent increase of part
of biological available fraction of the investigated
heavy metals in soil was observed: the Kaniv Na-
ture Reserve < the National Nature Park «Holo-
siivsky» < region of impact of the Tripillya TPP.
The increase of the content of exchange fraction
of heavy metals in soils of the last two regions was
probably conditioned by the processes of atmos-
pheric contaminants transportation and contami-
nants fall-out (the presence of a big city nearby the
National Nature Park «Holosiivsky» and powerful
Tripillya TPP). It will be shown that in every case
the exceeding of normative indexes of boundary
permissible concentrations of heavy metals for ar-
able lands was not determined. It may be under-
stood by the existing environmental standards as a
satisfactory ecological situation in all investigated
territories.

The same results of soils pollution by heavy
metals in the territories adjacent to the Tripillya
TPP were obtained by other researchers [4]. The
estimation shows that thanks to irregular disper-

Content of exchange fraction of heavy metals in samples of the upper soil level in investigated territories

Content of metals, mg/kg
Territory Pb Cd Cr Ni Co
of investigation
Me | SD,,, Me SD,,, | Me | SD,,, | Me | SD,,, | Me | SD,,

Kaniv Nature Reserve
(Cherkassy region,
Ukraine) <0.19 - <0.002 - 0.07 0.03 008 0.07 0.05 0.04
National Nature Park
«Holosiivsky»
(Kyiv, Ukraine) 0.27  0.09 <0,003 - 012 002 0.10 006 0.11 0.06
Region of impact of
Tripillya TPP (Kyiv
region, Ukraine) 0.34  0.05 0.03 0.00 017 014 030 005 025 0.01
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sion of smoke fumes discharges of the station 26.3-
36.0 ton per km? of man-caused dust is falling out
in south-east direction annually. That is why the
soils are enriched by compounds of Cd, Pb, Cr.
Thus it may be stated that the region around the
Tripillya TPP, as to the content of heavy metals
(Pb, Cd, Cr, Ni, Co), is a man-caused contami-
nated territory. The territory of the National Na-
ture Park «Holosiivsky» is characterized by rather
high content of active form of investigated heavy
metals, especially Pb.

In the National Nature Park «Holosiivsky» a
significant increase of bank vole’s population den-
sity is observed during different seasons of a year:
in spring — 20 individuals per hectare, in sum-
mer — 20 individuals per hectare, in autumn —
11 individuals per hectare. In the Kaniv Nature
Reserve and in the region of impact of the Trip-
illya TPP the highest density was observed in sum-
mer (48 individuals per hectare and 20 individu-
als per hectare, accordingly). The value of density
was minimal in spring and in autumn: 22 indivi-
duals per hectare and 21 individuals per hectare,
accordingly, in the Kaniv Nature Reserve; 14 indi-
viduals per hectare and 14 individuals per hectare,
accordingly, in the territory next to Tripillya TPP.
Thus maximum density in the most contaminated
territory next to powerful TPP was observed in
summer, while minimum density was observed in
spring and in autumn.

While analyzing the content of heavy metals
in the bank vole’s liver in the investigated territo-
ries, the insignificant increase of Cu, Zn, Cr, Mn
content was detected in the region of impact of the
Tripillya TPP. Thus the content of Cu and Cr in
the liver was by 29% higher in the contaminated
territory than in reserved territory, the content of
Zn and Mn — by 34%. So the heavy metals are
accumulated in the bank vole’s liver from popula-
tion in the region of the Tripillya TPP impact. It
probably may cause physiological disturbance in
organism.

Biochemical changes in organism are the most
accurate indexes of direct impact of heavy metals.
The products of lipid peroxidation in homogena-
te of the bank vole’s liver from natural popula-
tions were analyzed for the changes of biochemical
indexes. An analysis of lipid peroxidation content
products in voles’ organism from investigated ter-
ritories showed considerable differences (P < 0.05).

As a result of investigation of diene conjugates’
content in the liver homogenate the increasing of
these products in bank vole in contaminated terri-
tory during different seasons 2012 was determined
(Fig., A). In spring it was up to 9 times higher in
the region of impact of the Tripillya TPP as against
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the nature reserve territory, in summer it was up to
10 times higher, accordingly, and in autumn — up
to 7 times.

It should be mentioned that the maximum
concentration of diene conjugates in the National
Nature Park «Holosiivsky» was detected in au-
tumn, while the content of primary metabolites
had descended in summer. As it is well known,
diene conjugates concern to toxic metabolites that
provide damage impact on enzymes, ferments and
nucleic acids [11]. Therefore it may be assumed that
the content of diene conjugates depends on me-
tabolism intensity in the organism. In our investi-
gations the increasing quantity of toxic product in
bank vole individuals was detected during the year
in the territory next to the Tripillya TPP.

The study of content of TBA-active com-
pounds showed the increasing of its concentration
near the territory of the Tripillya TPP during 2012
in comparison with reserved territory: a 2-fold in-
crease had been recorded in spring, 3-fold — in
summer and in autumn (Fig., B). Such increasing
of TBA-active compounds possibly was closely
concerned with entry of heavy metals with food. It
probably leads to affection of the liver cell mem-
branes.

An important role in synthesis of prostaglan-
dins, progesterone and other steroids belongs to
TBA-active compounds [12]. The negative role of
TBA-active compounds consists in cross-linking
of lipid molecules and deterioration of penetra-
tion of membranes. As a result the membrane be-
comes less labile. The processes concerned with
the change of membrane surface (e.g. phagocyto-
sis, pinocytosis, cell migration) were broken [11].

The Schiff base formation is a final product
of lipid peroxidation as a result of interaction of
secondary products of lipid peroxidation with pro-
teins and phospholipids which contains amides.
The analysis of the Schiff base content is insig-
nificant but statistically considerable exceeding of
its concentration in the liver of voles was detected
in the region of impact of the Tripillya TPP (Fig.,
C). The clear gradual decrease of its content could
be noted during the vegetative season from 0.0032
conventional units/mg in spring to 0.0031 conven-
tional units/mg in autumn. In reserved territories
the content of the Schiff base in the liver of voles
was practically constant during the vegetative sea-
son. Such difference in dynamics of the Schiff base
in the territories with different level contamina-
tion of top-soil may be explained by the compli-
ance of accumulation of that product to more deep
changes of oxide homeostasis [11]. A considerable
increase of that index is mostly the consequence of
serious tissue affection.
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[1] Region of impact of Tripillya TPP

Content of lipid peroxidation products in liver homogenate of natural populations of voles from investigated ter-
ritories: A — content of diene conjugates (in spring n = 40; in summer n = 14; in autumn n = 12); B — content
of TBA-active (in spring n = 40; in summer n = 14, in autumn n = 12); C — content of Schiff base (in spring
n = 40; in summer n = 14; in autumn n = 12). Note: * — statistically significant differences (P < 0.05)

It is well known that the entrance of toxic
substances to organism of warm-blooded animals
stimulates the generation of active forms of oxygen
[5]. Under disturbance or overcharge of inactiva-
tion molecular mechanisms of these radicals the
intensification of processes of free-radical oxida-
tion and accumulation of products of lipid peroxi-
dation are possible.
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Inhibition of these processes is carried out
at the expense of endogenous antioxidants — vita-
min A, E and others. Accumulation of lipid per-
oxidation products under conditions of toxic pol-
lution is concerned with exhaustion of resources of
endogenous protectors [1]. The disturbance of cell
membranes’ structure and ferment system of the
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organism metabolism that is the appearance of in-
toxication characteristics becomes a consequence.

The results of this research show that the
content of heavy metals in soil and in the liver
of bank vole population is the highest in the re-
gion of impact of the Tripillya TPP (most con-
taminated among researched territories) as against
the Kaniv Nature Reserve that is the background
territory. Considerable accumulation of lipid per-
oxidation products in the liver cells of voles from
the Tripillya TPP area as against the nature reserve
territory in spring (diene conjugates — 9 times;
MDD — 2 times), in summer and in autumn (di-
ene conjugates — 10 times and 7 times; TBA-active
compounds — 3 times, accordingly) was stated.
The insignificant increase of the Schiff base con-
tent in the liver cells of voles in the region of im-
pact of the Tripillya TPP (2 times in spring and in
summer, 3 times in autumn) was detected.

Thus the exceeding of the levels of maximum
permissible concentrations for soil was not detect-
ed in the investigated territories but biochemical
features of disturbance in the organism of bank
vole from natural populations were observed. Thus
the conformity of chemical composition of soils to
the maximum permissible concentrations does not
correspond to safe condition of the animal organ-
ism which existence is connected with the paedo-
sphere. Therefore it may be concluded that abso-
lute content of heavy metals in soil is not a marker
of ecological conditions of the environment. The
registered changes of biochemical parameters can
evidence for availability of biochemical stress in
the bank vole organism in the region of influence
of the Tripillya TPP.

CE30HHA JTUHAMIKA ITPOAYKTIB
IMEPOKCUJIHOI'O OKUCJIIEHHS
JIIIIAIB Y HEYIHIII PYIO1
HOPUIII (Myodes glareolus) B YMOBAX
3ABPYJIHEHHS TOBKIJIJIA
BAXKKNMUN METAJIIAMU

C. B. 3adupa, /I. B. Jlykauoes

KuiBcbkuit HalliOHAJbHUM YHIBEPCUTET
imeni Tapaca IlleBueHka,
HHII «JHcTuTyT Giojorii», YkpaiHa;
e-mail: luminary SV@ukr.net

PobGoTta mnpucBsiueHa iHTerpajbHiil OLIHII
0iOXIMIYHMX MOKA3HUKIiB MPUPOTHUX MOMYISLii
HOpUIb B YMOBaX 3a0pYJAHEHH S JOBKIJLISL BaXKKU-
mu Metanamu. Ha Biactani 500 M Ha miBaeHHU
cxig Big TpMMiAbChbKOI TEIJIOBOI €JIEKTPOCTaHILIi1
(TEC, KuwuiBcbka 00j., YKpaiHa) BUSIBJICHO
MiJBUIIEHUI BMICT y TpyHTax pyxoMux ¢opMm
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Pb, Cd, Cr, Ni ta Co, 1o 3HauHo (y 3—5 pasiB)
nepeBUIlye piBHi, xapakTepHi Ajas KaHiBCbKOro

npupomHoro 3amnoBigHuka (Yepkacbka 0OIL.,
VYkpaina). Tepurtopiss HauioHambHoro mpu-
pomHoro  mapky  «lojociiBcbKuii» (Kuis)

XapaKTepu3yeTbCs JellO MiABUILEHUM BMIiCTOM
pyxJauBUX (GHOPM HOCTIIKEHMX BaKKMX METaliB,
ocobsmBo Pb. B ymoBax 3a0pynHEHHsI BaxKKH-
MU MeTaJaMUu I'PYHTOBOTO IMOKPUBY BCTaHOBJICHO
30iJIbIIEHHSI KOHLIEHTpallil Ji€EHOBUX KOH’IOTaTiB
y 7—10 pasziB, ThbK-aktuBHux crnoiyk — y 2—3
pa3u y mediHli ocoOuH pyaoi Hopuli. BcraHoB-
JICHO HEe3HayHe IIiABUILIEHHS BMicTy IKd@oBUX
OCHOB Yy I'OMOI€HaTi MeYiHKM HOpPHUIb B palOHi
BBy Tpumninbebkoi TEC (B 2 pa3u HaBecHi Ta
BJIITKY, BOCEHU — B 3 pasu). BusiBIeHO Ce30HHY
JUHAMiKy BMiCTy OPOAYKTiB II€POKCUIHOIO OKMC-
JICHHSI JiIigiB. BUCIOBIIOETbCS MPUNYILIEHHS,
1110 3apEECTPOBAHI 3MiHM CBiAYaTh NP0 HASIBHICTh
0iOXiMIYHOIO CTpecy y pydoi HOpulli B paloHi
BILUIMBY TEIIOEJIEKTPOCTAHIIil.

KnmodyoBi caoBa: BaxkKi MeTaau, pyaa
Hopulist (Myodes glareolus), nepoKcuaHe OKUCICH-
HS JIiMiaiB, 3a0pyAHEHHS JOBKiJIs.

CE30HHAA TUHAMMUKA ITPOAYKTOB
INEPOKCUAHOI'O OKHUCJIIEHUA
JUIIUJIO0B B IEYEHU PBIXKEN
IIOJIEBKWU (Myodes glareolus) B
YCJIOBUAX 3AT'PA3BHEHU A
OKPYKAIOIIEN CPEJBI TAXEJIBIMU
METAJIJIAMU

C. B. 3advpa, /. B. Jlykawees

KwneBckuit HaIIMOHAJIBHBIM YHUBEPCUTET
nmenu Tapaca LleBueHko,
YHII «<MHCcTUTYyT OMOIOTMM», YKpanHa;
e-mail: luminary_SV@ukr.net

PaGoTta mnocesiiieHa MHTErpajbHON OLIEHKE
OMOXMMUUYECKHX TOKa3aTejeld MPUPOMHbBIX TOIYy-
JISLUMIA TIOJIEBOK B YCJIOBUSIX 3arpsi3HEHUSI OKpY-
JKalollle cpelbl TSXeJbIMU MeTaJulamMu. Ha pac-
crossHuu 500 M K 10ro-BocToKy oT Tpunonabckoi
tenjoBoit anektpoctaHuun (TOC, Kuesckas
001., YKkpanHa) 0OHapyKeHO TMOBbILLIEHHOE COlep-
KaHMe B IouBax nmoaBuxkHbIX popm Pb, Cd, Cr, Ni
u Co, 4To 3HaYUTEIbHO (B 3—5 pas) mpeBbllIaeT
YPOBHU, XapakTepHble s KaHeBcKoro npupo-
Horo 3anoBeaHuka (Yepkacckasi o0j., YkpauHa).
Tepputopusi HalimoHaabHOro mpupoaHOro napka
«J'onoceeBckuii» (KueB) xapakTtepusupyercs II0-
BBILIEHHBIM CONEPXKaHUEM MOABUKHBIX (hOPM HC-
clielyeMbIX TSIXKeJIbIX MeTajioB, ocooeHHO Pb. B
3arpsi3HEHHON TSIXKEJIbIMU METaJlJlaMU TOYBE Bbl-
SIBJICHO YBEJIMYEHUE KOHLEHTPaUUU ITUEHOBBIX
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koHbloratoB B 7—10 pa3 u TBK-akTUBHBIX MpoO-
JIYKTOB — B 2—4 pa3a B IIEYCHU PhIKEH ITOJEBKU.
ITokazaHo He3HAYUTEIbHOE MOBBILIEHUE IHUDPO-
BBIX OCHOBAaHMiI B TOMOTeHaTe MeYeHU I0JEeBOK B
paiioHe BaustHus Tpunonbckoit TOC (B 2 pasza
BECHOI1 U JIETOM, OCEHbIO — B 3 pa3a). YCTaHOBIIE-
Ha Cce30HHas NMHAMMKa COAEPXKaHMS MPOAYKTOB
MEePOKCUIHOIO OKMCICHUS TUMUI0B. Bbicka3biBa-
€TCs TIPEAIoJIOXKEeHNEe, UTO 3aperucTpupOBaHHbBIC
M3MEHEHHUSI CBUACTEIbCTBYIOT O HAJIMYUU OMOXU-
MMUYECKOIO CTpecCa y PbIXKEH IIOJIEBKM B palloHe
BJIMSHUS TEIJI03JIEKTPOCTAHIIUM.

KniodgeBble cloBa: TSKEIbIEe METaJLIbI,
pbixxast nojieBka (Myodes glareolus), nmepokcuaHoe
OKMCJICHUE JIMITUIOB, 3arpsi3HEHUE OKpYKalollei
CpEeIBbI.
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