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Purpose. To establish during the spring and summer period the physiologically-biochemical
response of fish to the effect of excessive anthropogenic contamination on the indicators of the
maintenance of hormones and glucose in their blood plasma, and the possibility of using these
indicators to assess the ecological status of the water body.

Methodology. Two Lakes in the city of Kyiv were selected for research, which are characterized
by various hydrochemical and toxicological indices. These water objects were Lake Kyrylivske
(Opechen Upper) — a water body from the system of Lakes Opechen (polluted by the water body) and
Lake Babyne that is on Trukhanov Island (relatively clean Lake, control). Fishing was carried out in the
early spring and in the middle of the summer by hook fishing gear. In laboratory conditions, the total
content of thyroxine (T4), triiodothyronine (T3) and cortisol in blood plasma of fish was determined by
enzyme immunoassay, using commercial T3-EIA, T4-EIA sets (NPL Granum, Ukraine) and DS-EIA-
Steroid-Cortisol ("Diagnostic Systems" NGO, Russia) using the Rayto RT-2100C EIA Analyzer. The
glucose content was determined by spectrophotometrically glucose oxidase method using standard
commercial kits "Filisit-Diagnostika" (Ukraine).

Statistical data was processed using the programs Statistica 10.0 and Excel programs from the
Microsoft Office suite.

Findings. In the spring, excessive anthropogenic pressure on the Lake Kyrylivske causes an
energy imbalance in fish, which causes the deceleration of catabolic reactions in their tissues. In this
period, the perch and roach react to the conditions of existence in the Lake Kyrylivske increase in the
content of cortisol in the blood compared with fish from the Lake. Babyne, what can be their reaction
to excessive anthropogenic stress.

Also, during this period, the low content of thyroxin and triiodothyronine in the perch from the
Lake Kyrylivske was noted compared with the Lake. Babyne, which is probably caused by changes in
the oxygen and temperature regime during spawning.

Increase of thyroxine content in roach from Lake Kyrylivske during the summer period with
respect to fish from the Lake Babyne may indicate an increase in the negative effects of toxic
substances on the physiological state of fish as water temperature rises. At the perch from the Lake
Kyrylivske content of T3 and T4 in 1.19 and 6.22 times, respectively is higher, than that of fish from
the Lake Babyne, which is associated with enhanced processes of generating energy in his body, as a
result of increased activity of redox reactions, as well as different degrees of oxygen consumption by
tissues under complicated conditions of existence.

In the summer, in the roach from the Lake Babyne content of cortisol is 2.05 times higher than
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that of roach of Lake Kyrylivske, which may be the result of a violation of the mobilization of energy
compounds by the organism of this species from the Lake Kyrylivske The content of glucose in the
blood plasma of the perch from the Lake Kyrylivske was 10.5 mmol/L in the summer, which is 1.43
times higher than that of fish from the Lake Babyne. Such a buildup of glucose can be a mechanism
for counteracting toxic substances in the environment. Decrease of glucose content in roach from
Lake Kyrylivske is probably the consequence of increased its utilization to ensure the energy
homeostasis of the organism under similar conditions of existence.

Originality. Inter-species and inter-season differences in the content of hormones in perch and
roach, which were under the influence of anthropogenic loading on the water bodies of the
metropolis, were established.

Practical Value. The obtained results suggest that the characteristics of the thyroxine,
triiodothyronine and cortisol content can be characterized by the physiological state of fish, as well as
the ecological state of the most water bodies.

Keywords: perch, roach, anthropogenic load, hormones, thyroxine, triiodothyronine, cortisol,
glucose.

PROBLEM STATEMENT AND ANALYSIS
OF LAST ACHIEVEMENTS AND PUBLICATIONS

One of the reasons for the global environmental crisis, according to international
experts, is the accumulation of a huge amount of production and household waste,
which ultimately fall into the water bodies [1].

Most of the chemicals entering waters with wastewater and atmospheric precipitation
are toxic to aquatic organisms [1-3]. Excess of some substances in the natural
environment or the presence of others leads to a change in the ecological state of the water
body, inevitably affects the qualitative and quantitative composition of the biota. This can
be displayed on such important indicators as biodiversity and water body productivity [4-
6]. It was also found that the effect of various toxicants on aquatic ecosystems is complex,
and the role of individual components can not always be distinguished and evaluated [3].
In addition, it is known that the degree of toxicity for organisms varies throughout the
year, depending on the behavior of fish and their physiological state at different times of
the year. This problem is especially acute in cities where in urban conditions, in addition
to industrial waste, municipal sewage discharges merge into water bodies, amounting to
about 20% of the total proportion of wastewater [1].

Under such conditions, compensatory mechanisms are formed in hydrobionts in
response to the action of toxicants of different nature, which is reflected, first of all, in
the change in the activity of metabolic processes [3, 7]. Therefore, there is a need to
search for reliable methods for diagnosing the physiological state of fish and identify
those parameters that would adequately reflect the ecological state of specific water
bodies. An important role in the regulation of these processes in fish is played by the
hormonal system, which, if necessary, is one of the first to trigger a chain of adaptive
reactions that promote the development of stress reactions and restore the body's energy
homeostasis [8-10].

HIGHLIGHT OF THE EARLIER UNRESOLVED PARTS
OF THE GENERAL PROBLEM. AIM OF THE STUDY

The development of the infrastructure of the city of Kiev inevitably increases the
anthropogenic pressure on water bodies, thereby worsening the ecological situation
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even in relatively safe hydroecosystems [11-12]. The quality of the aquatic environment
is determined by the presence of various toxicants in the water, bottom sediments and
organisms of hydrobionts. Chemical methods for measuring the amount of xenobiotics
allow us to establish only their compliance with existing norms, but the real biological
effect is neglected [5]. In addition, indicators of phytoplankton, macrophytes,
bacterioplankton, parasitofauna and a number of others on which water quality
assessment is based today, in particular within the city of Kiev, play an important role
in assessing the ecological state [6, 11, 13-14]. In this regard, there is a need to develop
reliable methods and criteria for the ecological assessment of water bodies, as well as
toxicological control over their condition [5]. One of such criteria can be biochemical
indicators of hydrobionts. In particular, this concerns indicators such as hormones of the
thyroid and interrenal glands that can clarify the understanding of the processes of
adaptation of fish to excessive contamination of water bodies in combination with the
abiotic component [9-10, 15-16].

Based on the foregoing, the purpose of the study was to establish during the spring
and summer period the physiologically-biochemical response of fish to the effect of
excessive anthropogenic contamination on the indicators of the maintenance of
hormones and glucose in blood plasma, and the possibility of using these indicators to
assess the ecological status of the water body.

MATERIALS AND METHODS

Two Lakes in the city of Kyiv were selected for research, which are characterized
by various hydrochemical and toxicological indices. These water objects were Lake
Kyrylivske (Opechen Upper) — a water body from the system of Lakes Opechen
(polluted by the water body) and Lake Babyne that is on Trukhanov Island (relatively
clean Lake, control). Fishing was carried out in the early spring and in the middle of the
summer by hook fishing gear.

The subjects of the study were perch Perca fluviatilis L. and roach Rutilus rutilus
L. as species that are characteristic of these water bodies and are aboriginal. The
average perch mass was 28.8 + 1.2 g, body length 13.9 + 0.7 cm; the average weight of
the roach was 18.6 + 0.8 g, and the body length was 10.5 + 0.7 cm. Blood from the
heart was obtained with a heparinized syringe and subsequently it was centrifuged for
15 min at 3000 rpm to isolate the plasma. The blood plasma was stored at a temperature
of -18 ° C.

In laboratory conditions, the total content of thyroxine (T4), triiodothyronine (T3)
and cortisol in blood plasma of fish was determined by enzyme immunoassay, using
commercial T3-EIA, T4-EIA sets (NPL Granum, Ukraine) and DS-EIA-Steroid-
Cortisol («Diagnostic Systems» NGO, Russia) using the Rayto RT-2100C EIA
Analyzer. The glucose content was determined by spectrophotometrically glucose
oxidase method, using standard commercial kits «Filisit-Diagnostika» (Ukraine).

Statistical data was processed using the programs Statistica 10.0 and Excel
programs from the Microsoft Office suite.

STUDY RESULTS AND THEIR DISCUSSION

Lake Kyrylivske (Cave II) - a water body that takes drainage of the urban drainage
system. With a surface runoff from industrial sites, as well as from adjacent urban areas
and roads, a large number of pollutants enter it [12-14]. The total mineralization in
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April fluctuated within 520-640 mg/L, water temperature 12.5-17.2 ° C, dissolved
oxygen content 6.5-10.0 mg/L. In July, the mineralization was 520-573 mg/L, the water
temperature fluctuated within 25.6-28.2 °© C, the dissolved oxygen content was 8.9-16.8
mg/L.

According to the literature, Lake Kyrylivske for indicator indicators of saprobity
belongs to the category «dirty - very dirty», alpha-mesopolysaprobna, VI-VII water
quality category [11]. According to the data obtained by the sanitary and
epidemiological station and literature sources, the indicated water body is subject to
anthropogenic load from the Kurenivka area of the city of Kiev through the collector
system and the Syrets River. They are the transit waterways, which with different
intensity and depending on the season of the year, the activity of industrial shops pollute
the Lake with oil products, synthetic surfactants, heavy metals, pesticides, etc. [2, 12,
14]. In addition, given the great depths of the Lake, as well as the low level of water
exchange, various compounds, in particular aluminum, iron, manganese, zinc and
biogens accumulate in the lower soil layers [4, 17]. These compounds are capable of
entering into complexes with other substances, in particular chlorides or sulfates,
thereby changing their toxic effect on hydrobionts [3].

A characteristic feature of Lake Kyrylivske is the uneven distribution of biogens
between the upper and lower layers of the water body. It should be noted that in July
and August, during the intensive development of blue-green and filamentous algae, the
quality of water in the Lake deteriorated, which affected the dissolved oxygen content
in the bottom layers of water when it decreased to 0.5-0.9 mg/L.

Lake Babyne is an isolated water body, which, in fact, is not subject to
anthropogenic impact through a certain distance from the city. Data on phytoplankton,
macrophytes, planktonic bacteria and parasitocenosis indicate the presence of natural
«virgin» complexes in the water body and high water quality [6, 11, 14]. The lake
completely overgrew with surface and underwater vegetation, which, to a large extent,
can indirectly determine the hydrochemical and hydrobiological regimes of the water
body [13]. The total mineralization of water in April was 250 mg/L, the water
temperature fluctuated within 10-13 ° C, the dissolved oxygen content was 8-12 mg/L,
in July the analogous parameters were 281.2 mg/L, 22.1- 24.0 ° C, 8-11 mg/L.
According to indicators of saprobity, Lake water belongs to the category «clean - fairly
cleany, alpha-oligobeta-mesosaprobic zone, I-1II category [14]. It should be noted that
the concentration of a number of biogens, in particular ammonium and nitrate nitrogen
in the surface and near-bottom layers of Lake water, varies within acceptable limits and
does not reach significant values. Their content is characterized by a uniform
distribution across the water area and depth. The insignificant content of biogens in the
water body is obviously primarily associated with assimilation by producers, in
particular macrophytes and phytobenthos [13].

Thyroid hormones were chosen for the study. According to a number of authors,
their metabolic role is to stimulate oxidative processes and regulate lipid metabolism,
form in the fish an adequate response to the entry of toxicants into the tissues of the
body. Therefore, their content often assess the physiological state of fish [10, 16].

As a result of the research, it was found that in the spring period the content of
tritodothyronine and thyroxine in the blood plasma of perch from Lake Babyne is 4.78
and 1.18 times higher, respectively, than that of the perch from Lake Kyrylivske (Figure

102
®I310JIOTISA TA BIOXIMISI




V. MARTSENIUK, A. POTROKHOV, O. ZINKOVSKYI, M. PRICHEPA

1). Increase level of T3 may indicate an intensification in oxidative processes in the
tissues of this fish species, and its low content in perch from Lake Kyrylivske is
probably caused by changes in the oxygen and temperature regime during spawning.

It can be assumed that the reduced hormonal background of the perch from Lake
Kyrylivske is a consequence of an excessive anthropogenic load on this Lake in
combination with fish exhaustion in the spring [19-20]. Also, this indicates a slowing of
catabolic reactions in their tissues during this period. As a rule, in the spring period after
wintering in fish, all metabolic mechanisms are delayed [18]. This is especially true of
the processes associated with the energy supply of the fish organism. It is known that
the interconversion of thyroxine and triiodothyronine, to a large extent, depends on the
pH of the water and the ionic composition of the aqueous medium [20-21]. Considering
that in the Lake the Kyrylivske values of these indicators often fluctuate as a result of
anthropogenic contamination of the water area with salts of chlorides and sulphates, the
content of thyroid hormones in the fish body changes proportionally.
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Fig. 1. The content of triiodothyronine (A) and thyroxine (B) in the blood
plasma of perch and roach in the spring and summer periods (M =+ m, n =5)

As for roach, it has a reverse reaction to the maintenance of thyroid hormones on
the conditions of existence. The content of these hormones in fish from Lake
Kyrylivske is significantly (p<0.05) higher at 4.53 (T3) and 6.66 (T4) times,
respectively, than in roach from Lake Babyne.

Roach for anthropogenic load proved to be more plastic than perch, and obviously
actively counteracts unfavorable environment due to activation of metabolic reactions,
as evidenced by increased level of thyroid hormones. The increase content of T4 can be
explained by elevation water temperature, which is a limiting factor in the synthesis of
this hormone [19-20]. In addition, roach, in comparison with perch, spawns later,
therefore, given that the Lake Kyrylivske in this period is more warm than Babyne, the
water temperature could determine the increase in the level of these hormones. Increase
in plasma level of T3 in the spring before spawning can be associated with intensive
maturation of gonads [15]. It is known that T4 and T3 in the body of fish can replace
one another, because they perform almost identical functions. However, the active form
of these hormones in tissues is T3, since it has an inherent greater affinity for hormonal
receptors in tissues, than T4 [16, 22].

In summer, the hormonal background of the fish species studied is of a different
nature. The content of triiodothyronine T3 and thyroxine T4 in perch from Lake
Kyrylivske, respectively, is 1.19 and 6.22 times higher, than that of the perch from Lake
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Babyne. In turn, the content of T3 in roach from the Lake of Babyne was 1.1 nmol/L,
which is 3.92 times higher, than in fish from Lake Kyrylivske (Fig. 1). The content of
T4 in roach from Lake Kyrylivske in summer is 8.84 times higher than that of the
corresponding species from Lake Babyne. The corresponding redistribution of the
values of the obtained indices in the summer period can be caused by an increase in the
negative impact of toxicants in the Kyrylivske Lake and a high water temperature,
compared with the spring period [1, 12]. To counteract anthropogenic factors, perch and
roach include various compensatory mechanisms. Such physiological changes may be
accompanied by an intensification of energy generation as a result of an increase in the
activity of redox reactions, as well as by a different degree of oxygen consumption by
tissues in complicated conditions of existence, in particular, enhanced by eutrophication
of water [16, 21]. It is not excluded that such a reaction may also be related to the
different taxonomic status of these species, which determines the type of feeding,
behavioural activity and the physiology of these fish. This, in general, can affect the
nature of the redistribution of these hormones in the blood plasma. In conditions of
intensive eutrophication of the water body (Lake Kyrylivske), the roach actively
reduces the T3 content in the blood plasma.

The total content (T3 + T4) retains the regularities described above (Fig. 2).
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Fig. 2. The total content (T3 + T4) (A) and cortisol (B) in the blood of perch
and roach in the spring and summer periods (M £ m, n =5)

Our research has shown that the nature of the hormonal response to the sum of the
environmental factors in play is essentially dependent on the biology of a particular
species [9, 19].

Also, we determined the content of cortisol in the blood plasma of fish under
different environmental conditions of their existence. It is known that cortisol is a
glucocorticosteroid that takes part in the mobilization of energy compounds, in
particular glucose, lipids, fatty acids to maintain homeostasis in post-stress periods to
restore energy balance [19, 23]. It exerts a direct influence on the intermediate exchange
in reactions developing in response to the occurrence of stress conditions [7-8].

Perch and roach in the spring react to the deterioration of environmental conditions
by increasing the level of cortisol in the blood, namely 37.5 nmol/L. and 32 nmol/L of
cortisol in perch and roach from Kyrylivske, respectively, against 5 nmol/L and 10
nmol/L, respectively in the studied species from Lake Babyne (Fig. 2). This indicates
that the overwhelming anthropogenic load on the water body played a predominant role
in the growth of the content of this hormone in the blood plasma of fish [12, 14].
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In the summer, the maintenance of cortisol in the blood of the perch in both Lakes
increases proportionally in comparison with spring indicators, however, the above-
mentioned regularity remains. In the roach of Lake Babyne, the cortisol content in
summer is 2.05 times higher than that of the corresponding species from Lake
Kyrylivske, which may indicate a violation of the mobilization of energy compounds by
the body of roach from Lake Kyrylivske. Obviously, the adaptation of this species to
the summer conditions of existence in this Lake is more complicated than that of the
perch.

The physiological state of fish for the effects of the sum of environmental factors is

also appropriate to study the glucose content as the most accessible source of energy for
most animals, and also a reliable indicator of stress [8].

As a result of our studies, it was found that the glucose content in the spring period
perch and roach from both Lakes is almost the same (5.85-6.86 mmol/L) (Fig. 3).
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Fig. 3. The content of glucose in the blood plasma of perch and roach in the
spring and summer periods (M £+ m, n =5)

However, in summer, the difference in the level of this indicator among fish from
different water bodies was recorded. The content of glucose in the blood of perch from
Lake Kyrylivske is 10.5 mmol/L, which is 1.43 times higher than that of fish from Lake
Babyne. In roach from the control Lake, on the contrary, the concentration of glucose in
the blood plasma is 1.44 times higher than in the corresponding species from Lake
Kyrylivske (Fig. 3). Again, the described changes can be related to the different
taxonomic status of the investigated species [18]. Obviously, during this period the
body of a perch from Kyrylivske is accumulating glucose, that is, a mechanism for
counteracting toxic substances of the environment. Reduction of the energy content of
the roach from the Kyrylivske Lake can be a consequence of its increased utilization to
ensure the energy homeostasis of the organism under similar conditions of existence [7,
18]. In addition, the interspecies difference in glucose content may be related to various
methods and intensity of its use by these fish in specific ecological conditions of life, in
particular, the ionic composition of water and temperature fluctuations.

CONCLUSION AND PERSPECTIVES OF FURTHER DEVELOPMENT

In the spring, excessive anthropogenic pressure on the Lake Kyrylivske causes an
energy imbalance in fish, which causes the deceleration of catabolic reactions in their
tissues. In this period, the perch and roach react to the conditions of existence in the
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Lake Kyrylivske increase in the content of cortisol in the blood compared with fish
from the Lake. Babyne, what can be their reaction to excessive anthropogenic stress.

Also, during this period, the low content of thyroxine and triiodothyronine in the
perch from the Lake Kyrylivske was noted compared with the Lake. Babyne, which is
probably caused by changes in the oxygen and temperature regime during spawning.

Increase of thyroxine content in roach from Lake Kyrylivske during the summer
period with respect to fish from the Lake Babyne may indicate an increase in the
negative effects of toxic substances on the physiological state of fish as water
temperature rises. At the perch from the Lake Kyrylivske content of T3 and T4 in 1.19
and 6.22 times, respectively is higher, than that of fish from the Lake Babyne, which is
associated with enhanced processes of generating energy in his body, as a result of
increased activity of redox reactions, as well as different degrees of oxygen
consumption by tissues under complicated conditions of existence.

In the summer, in the roach from the Lake Babyne content of cortisol is 2.05 times
higher than that of roach of Lake Kyrylivske, which may be the result of a violation of
the mobilization of energy compounds by the organism of this species from the Lake
Kyrylivske The content of glucose in the blood plasma of the perch from the Lake
Kyrylivske was 10.5 mmol/L in the summer, which is 1.43 times higher than that of fish
from the Lake Babyne. Such a buildup of glucose can be a mechanism for counteracting
toxic substances in the environment. Decrease of glucose content in roach from Lake
Kyrylivske is probably the consequence of increased its utilization to ensure the energy
homeostasis of the organism under similar conditions of existence.

The obtained results of the content of hormones allow monitoring the Lakes of the
megapolis to assess the physiological state of the background representatives of the
ichthyofauna, in particular perch and roach, and to assess the ecological state of the
most water bodies.
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YMOBAX HAAMIPHOIO AHTPONOTEHHOTO HABAHTAXEHHA HA BOAOWMY
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Mema. BcmaHosumu y 8ecHAHUU ma aimHili nepiodu ¢izionozo-bioximiyHy 8i0nosios pub Ha
8rnau8 HAOMIPHO20 AHMPOMO2EHHO20 306PYOHEHHSA 30 MOKA3HUKAMU 8Micmy 20pMOHI8 ma 2/1H0KOo3U
8 iX NAa3Mi Kposi, ma MoMIUBICMb BUKOPUCMAHHA YUX NMOKA3HUKI8 0414 OYiHKU eK0s102i4H020 CmaHy
sodolimu.

Memoouka. [na docnidmuceHHA 6yno obpaHo 0e8a o03epa M. Kuesa, AKi xapakmepulyomecs
PiIBHUMU 2i0pPOXiMIiYHUMU mMa MOKCUKO/02IYHUMU MOKA3HUKamu. Lumu eodolimamu 6yau o03.
Kupunisceke (OneyeHb BepxHe) — godolima i3 cucmemu o03ep OneveHb (3abpyoHeHa eodolima) ma
03epo babuHe, wWo 3HAX00UMbCA Ha TPyxaHo8oMy ocmposi (8i0HOCHO Yucme 03epo, KOHMpPOsb).
Jloenw pub 30ilicHIO8AAU PAHHLOK 8E€CHOK Ma 8 cepeduHi Nima 2a4YKo8UMU 3HaAPA0daMU a08Yy. Y
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AabopamopHUX yMoeax 8u3Ha4aau 3az2aabHuli emicm mupokcuHy (T4), mpulioOmupoHiny (T3) ma
Kopmu3oay y naasmi Kposi pub imyHogepmeHMHUM MemoOdOM, BUKOPUCMOBYoHYU KomepyiliHi
Habopu T3—-I®PA, T4—-IPA (HBJ1 «paHym», YkpaiHa) ma «C-I®A-Cmepoio-Kopmuszon» (HBO
«[iaeHocmuyHi cucmemu», Pocisi) 3a donomozoto I®A-aHanisamopa «Rayto RT-2100C». Bmicm
2/1I0KO3U ~ 8CMAHOB/08AAU  CIEKMPOGPOMOMEMPUYHO  2/IIOKO300KCUOG3HUM  MemoooMm 3
BUKOPUCMAHHAM CMaHOapmMHux KomepuiliHux Habopie «Yinicim-AiaeHocmuka» (YkpaiHa).

Cmamucmu4Hy 06pobKy OaHux nposoouau 3 8UKOPUCMAHHAM rnpoepam Statistica 10.0 ma
npoepamu «Excel» i3 nakemy «Microsoft Office».

Pesynomamu. Y eecHAHUli nepiod0 HAOMipHE aHMPOMNO2EHHe HABAHMAMEHHA HA 03.
Kupunieceke 8uknukae eHepeemuyHuli ducbanaHc y pub, AKul 3yMOB/IOE CrOBiNbHEHHA
KamaboniyHux peakuyili 8 ixHix mKaHuHax. Y yeli nepiod oKyHb ma NAiMKa peazytoms HA yMosu
icHy8aHHA 8 03. KupusigbKe nid8UWEHHAM 8Micmy KOpmu307ay Y Kpoei, NopieHAHO 3 pubamu i3 o03.
babuHe, wjo moxce bymu ix peakyiero Ha HAOOMipHE GHMPONO2EHHE HABAHMAXEHHS.

Takoxx, e yeli nepiod 6yno 8idmidyeHO HUMCYUL 8MiCm MUPOKCUHY ma mpulioOMmupoHiHy 8 OKYyHA
i3 03. Kupuniecske nopisHaHo i3 03. babuHe, wo, iMosipHo, cripuYuHeHe nepenadamu KUcCHe8o020 ma
memrnepamypHoO20 pexcumy y nepiodu Hepecmy.

MidsuwyeHHs emicmy mupoKCUHy y naimku i3 03. Kupuniecoke y nimHili nepiod 8ioHocHo pub i3 03.
babuHe, Moxte c8iduumu npo noocuneHHs He2amusHoI Gif MOKCUYHUX PeYyoBUH HA izionoeiyHuli cmaH
pub y Mipy 3pocmaHHsA memnepamypu 800u. Y OKyHA ¢ i3 03. Kupuniecoke emicm T3 ma T4y 1,19 ma 6,22
pasa 8idnosioHo suwuli, Hix¢ y pub i3 03. babuHe, W0 MOB’A3GHO i3 MOCUNEHHAM NPOUECie 2eHepy8aHHAM
eHepeii 8 (io2o opeaHi3mi, BHACMIOOK MIOBUWEHHS GKMUBHOCMI OKUCHO-8I0HOBHUX PeaKuill, a makox( i3
PIi3HUM cmyreHem COXCUBAHHA KUCHIO MKAHUHAMU 30 YCKAAOHEHUX YMO8 iCHY8AHHS.

Baimky » y naimku i3 03. babuHe emicm kopmusosy 8 2,05 pasza euwuli, HiX MAkoi i3 03.
Kupuniscoke, wjo moxce 6ymu Hacniokom nopyuwieHHs mobinizauii eHepezemuyHUX CrioayK Op2aHi3mMmom
uboeo 8udy i3 03. Kupusniscoke. Bmicm 2110K03u y naa3mi Kposi oKyHsA i3 03. Kupusisceke 81imKy cmaHosus
10,5 mmons/n, wo y 1,43 pasza suwe, Hixc y pub i3 03. babuHe. [100i6He HAKONUYEHHA 2/10KO3U MOM(e
6ymu mMexaHi3Mom npomudii MOKCUYHUM PeYOBUHAM HABKOMAUWHbLO20 Cepedosuwyd. 3HUMHEHHA emicmy
2/110KO3U 8 naimku i3 03. Kupusnisceke, (imosipHo, € HAC1IOKOM nidsuweHoi ymunizayii yiei cnonyku ons
3a6e3neYeHHs eHepeemu4Ho20 20Me0CmMasy Op2aHi3my 3a MoGIGHUX YMO8 iCHYB8AHHS.

Haykoea Ho8U3HA. BcmaHO08/1eHO Mix8ud0o8y ma MiHCe30HHY Pi3HUYIO 30 BMICMOM 20pMOHI8
Yy OKYHA ma naimku, Aki nepebysanu nio enaueom aHMpPOno2eHHo20 HABAHMAMXEHHA HA sodolimu
mezanosiicy.

MpakmuyHa 3Hayumicms. OmpumaHri pedyssmamu 0038048H0Mb CMBEPOXYysamu, Wo 3a
MOKA3HUKAMU 8Micmy MmUpPOKCUHY, mpulioOmupoHiHy ma Kopmu30s7y MOMXCHA Xapakmepusysamu
hizionoziyHuli cmaH pub, @ MAKOM OYiHUMU eKoso2iYHuUli cmaH camux 8000LUM.

Kntoyoei cnoea: OKyHb, NAIMKa, AHMPONO2eHHE HABAHMAMEHHS, 20PMOHU, MUPOKCUH,
mpulioOMmupoHiH, Kopmu30s1, 2H0KO3a.

®U3N0N0r0-6MOXUMUYECKUIA CTATYC OKYHA PEYHOIO
(PERCA FLUVIATILIS LINNAEUS, 1758) U NNOTBbl OBbIKHOBEHHOM
(RUTILUS RUTILUS LINNAEUS, 1758) B YCNIOBUAX YPE3SMEPHOW
AHTPOMNOTEHHOW HATPY3KM HA BOAOEM

B. H. MapueHioK, wmarzenuk@gmail.com, UHcTUTYT ruapobuonorun HAH YKpawuHsl,
r. Knes

A. C. Notpoxos, alport@bigmir.net, UHcTUTYT rngpobumonorum HAH YkpauHsl, r. Kues
0. . 3uHbKOBCbKMIA, oleg-zinkovskiy@rambler.ru, UHcTUTYT rugpobumonorum HAH
YKpauHbl, r. Knes

H. B. Npwuyena, prichepal987 @ukr.net, UHCTUTYT rapobuonornm HAH YKkpauHsl, r. Kues

Lenb. YcmaHosumes 8 seceHHul u nemHuli nepuodsi ¢uzuono2o-buoxumuyeckuli omeem poib
Ha eo030elicmeue 4Ype3mMepHO20 GHMPOMO2EHHO20 3G2PA3HEHUS 0 MOKA3aMensam COOepPH(aHUA
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20PMOHO8 U 2/110K03bl 8 UX 1/1a3Me KPOBU, U B03MOXHOCMb UCMOAb308AHUA SMux nokaszamernel 044
OYEHKU 3KO0/102U4eCK020 COCMOAHUA 8000EeMd.

Memoouka. [na uccnedosaHus beinu 8bl6paHel 0sa o03epa 2. Kuesa, Komopele
Xapakmepu3sylomcs pasnuYHbLIMU 2UOPOXUMUYECKUMU U MOKCUKO02UYECKUMU MOKA3amensamu.
Smumu eodoemamu 6biau 03. Kupunnosckoe (OneyeHb BepxHee) — eodoem u3 cucmemsl o03ep
OneyeHb (3a2psA3HeHHbIl eo0oem), u o03. babbe, Haxodsuwjeecd Ha TpyxaHosoM ocmpoge
(omHocumenbHO Yucmoe o03epo, KOHMpose). Jlosaw pelb ocyuecmensnu paHHel eecHol u 8
cepeduHe f1ema KproYKo8bIMU OpyoOusMU a108d. B nabopamopHsix ycnosusax onpedensanu obuwee
codepxaHue mupokcuHa (T4), mpulioomupoHuHa (T3) u Kopmu3oaa 6 naa3Me Kposu pblb
UMMYHOEepMEHMHbIM MemoOOoM, UCMOoAb3yA Kommepyeckue Habopol T3-UDPA, T4-UDA (HI/
«lpaHym», YkpauHa) u «JC-UDA-Cmepoud-Kopmuszon» (HMO «[uazHocmuyeckue cucmemol»,
Poccus) ¢ nomowbto UPA-aHanuzamopa «Rayto RT-2100C». CodepxcaHue 2a10K03bl ycmaHaenusau
crnekmpogomomempu4ecKu 2aHKO300KCUOA3HbIM MemoOOM C UCMO0/Ab308AHUEM CMAHOAPMHbBIX
KomMmepuecKkux Habopos «duaucum-AuazHocmuKka» (YKpauHa).

CmamucmuyecKkyto 06pabomky OaHHbIX Nposodusu € UCoaAb308aHUEM rpozpamm «Statistica
10.0» u «Excel» nakema «Microsoft Office».

Pe3synomamel. B eeceHHuli nepuod 4pe3mMepHas aHMPOMNO2eHHAs Ha2py3Ka HaA 03.
Kupunnosckoe 8bi3bieaem 3Hepzemuueckuli ducbanaHc y pbib, obycnasausarowuli 3amedneHue
Kamabonuveckux peakyull 8 Ux MKaHAX. B samom rnepuod OKyHb U /70mea peazaupyrom Ha ycaoeus
cyujecmesosaHuA 8 03. Kupussnosckoe noasileHuem co0epHaHUsA Kopmu3osa 8 Kposu Mo CPABHEHUIO
¢ poibamu 03. babbe, Ymo moxem 6bimb Ux peakyueli Ha Ype3ImMepPHYo AHMPONo2eHHYH Hazpy3Ky.

Takiwe, 8 amom nepuod 6bl10 OMMeYeHO HU3Koe CcoOepHaHue MUPOKCUHA U
mpulioOmupoHUHa y OKyHA u3 03. Kupunnosckoe no cpasHeHuto ¢ 03. babbe, ymo, sepoamHo,
8b138GHO NMepenadamu KUCI0pPOOHO20 U memMmepamypHO20 PEXUMA 8 nepuodsl Hepecma.

lNosbiweHUe coOepHaHUS MUPOKCUHA y naomesl u3 03. Kupusmnosckoe 8 aemHuli nepuod
omHocumenbHO pbl6 u3 03. babbe moxmem csudemenbcmeosame 06 ycusneHUU He2amMu8HO20
8030elicmeuUs MOKCUYHbIX 8ewecms Ha u3uonozudyeckoe cocmosaHue pbuib Mo Mepe pocma
memnepamypel 800bi. Y OKyHA yce u3 03. Kupunnosckoe codepxaHue T3 u T4 e 1,19 u 6,22 pasa
coomeemcmeeHHO 8blue, 4em y pblb u3 03. babbe, Ymo C8A3QHO C YycuneHUem Mpoyeccos
2eHepuUpoB8aHUA 3Hepauu 8 e20 Op2aHU3Me, 8C1e0CmaUe No8bIWEHUS GKMUBHOCMU OKUC/UMEIbHO-
80CCMAHOBUMESbHLIX peakyull, a makie ¢ pas3auyHol cmeneHbto nompebaeHus Kucaopooa
MKAHAMU 8 OC/TIOHCHEHHbIX YCA08UAX CYyU,eCmBe08aHUS.

Jlemom xce y naomssi U3 03. babbe codepxaHue KOpmu30sa oKazanocs 8 2,05 pasa sbiwe, Yem
y naomsesl u3 03. Kupunnosckoe, ymo mMoxcem bbimb criedcmsuem HapyweHus mobuausayuu
3Hepeemuveckux coeouHeHull opeaHuamom 3mozo euda u3 03. Kupunnoseckoe. ColdepycaHue
2/110KO3bI 8 MAA3Me KpoBU OKyHA U3 03. Kupunnosckoe nemom cocmaensn 10,5 mmons/Om3, umo e
1,43 pasa eviwe, Yem y puib u3 03. babve. N0006HOe HAKOMAeHUE 2/KO3bl Moxcem bbimeb
MexXaHuU3MoM npomusoodelicmeus MOKCUYHLIM 8ewecmsam okpyxcaroweli cpedbl. CHuxdeHue
co0epHaHusa ea/rKo3bl Yy naomebl U3 03. Kupunsnosckoe, 8eposmMHO, Aeadaemcsa caeocmeuem
no8bIWeHHOU ymunu3ayuu 3moao coeduHeHus 04 obecrevyeHus 3Hepzemu4yecko20 20Meocmasd
0p2aHU3MQ 1pU NOGOBHbIX YCA08UAX CYUWeCMB0BAHUS.

Hay4yHaa HOBU3HA. YCMAHOBAEHA MeWB8UO0BAA U MEH(CE30HHAA PAa3HUUa 8 COOepPHaHUU
20PMOHO8 Y OKYHA U 11710M8bl, KOmopble Haxo0uauce Moo 8aUAHUEM GHMPONo2eHHOU Hazpy3KU Ha
s8o0doeMbl Mezanonuca.

Mpakmuyeckaa 3Hayumocmeo. [losyyeHHble pe3yanbmamel Mo38077810M ymeepuoams, Ymo rno
nokasamenam  COOePHAHUA  MUPOKCUHA,  mpulioOMUpOHUHA U  KOpMU30/d  MOMHO
Xapakmepu3osams  pu3uono2u4ecKkoe CcocmosHue pelb, a MaK#e OouyeHUmMs 3Koso2u4yecKoe
cocmosHue camux 8000emMo8.

Knroueeble c€n068a: OKyHb, 70MEd, OHMPOMNO2eHHAA HA2PY3KA, 20PMOHbI, MUPOKCUH,
mpulioOmupoHUH, KOpmMu307, 20K03d.
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