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Abstract

For the commissioning of ultrasound equipment effective for the microphytofouling control
of nuclear power plant hydraulic facilities, field studies are needed to confirm its safety
for aquatic organisms, in particular for fish exposed to ultrasound. The paper aims to assess
the effect of ultrasound equipment (power 500 W, frequency 27 kHz, current 3 A) on the beha-
vioral response, biochemical and histopathological parameters of some Black Sea fish spe-
cies in the marine environment (Karantinnaya Bay, Black Sea). The experiment was carried
out over three days. In each day the ultrasound equipment was switched on for 1 h at an expo-
sure frequency of 27 kHz. Afterwards, the individuals were kept in tanks for another five
days to assess possible delayed effects. The irritating and deterrent influences were estab-
lished at a short distance (10-30 cm) from the ultrasound equipment. The most pronounced
behavioral reactions were recorded in red mullet Mullus ponticus, Black Sea horse mackerel
Trachurus ponticus, picarel Spicara flexuosum and common stingray Dasyatis pastinaca,
the least pronounced ones were noted in European black scorpionfish Scorpaena porcus.
At the same time, fish mortality was not observed in the experimental and control tanks
throughout the entire experiments. There were no significant differences between the bio-
chemical parameters in the blood serum and liver, histopathological alteration indices in liver,
gills and kidneys, as well as the total indices of alterations in fish from the experimental and
control tanks. The obtained results indicate that the ultrasound equipment with the defined
characteristics has no negative influence on fish that allows us to recommend this equipment
for the application in the technical water supply system of nuclear power plants.
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AHHOTAUMA

Jlyis BBeieHUS B 9KCIUIyaTallMIO YIbTPa3BYKOBOW YCTAaHOBKH, 3 (GEKTHBHOMN it OOPHOBI €
MHUKpPO(UTOOOpaCTaHUAMH THAPOTEXHUYECKUX COOPYKEHHIH aTOMHBIX 3JEKTPOCTAHLMH,
HEOOXOAMMO IPOBEJCHUE HATYPHBIX UCCIICAOBAHU, MONTBEPKAAIOIINX ee 0e30I1acHOCTh
JUISl THIPOOHOHTOB, B YaCTHOCTH PHIO, MOMAJAIONINX B 30HY JeHCTBUs yibTpasByka. Llenb
paboThI COCTOUT B OLIEHKE BO3ACHCTBHUS YIBTPa3ByKOBOH ycTaHOBKH (MoriHocThI0 500 Br,
yactotod 27 k11, cunoit Toka 3 A) Ha TTOBeJJeHYECKHE PEeaKH, ONOXUMHYECKHE U THCTO-
IaTOJIOTUYECKUE TTOKA3aTeIN HEKOTOPHIX BHIOB PHIO YepHOTO MOpPS B yCIOBHUSIX MOPCKOH
akBaropuu (0. Kapantunnas, UepHoe Mope). DKCIIEPUMEHT NPOBOIIIIM B TEUYEHHE TpeX
JHEH, B K&KABIH M3 KOTOPHIX yJIbTPa3BYKOBYIO YCTAHOBKY BKIIOYAIHM Ha | 9 IpH dacToTe
BozxeiictBus 27k . [Tocite 3Toro ocodu comepKannch B cajkax eIie Ha MPOTSHKEHUH IIATH
JHEH JJIs1 OLIEHKH BO3MOXKHBIX OTCPOYEHHBIX 3(P(PeKToB. YCTaHOBIEHO, YTO HAa HEOOIBIIOM
paccrossaun (10-30 cM) ymbTpa3ByKoBas yCTAaHOBKA OKa3bIBAeT Ha PhHIO pa3mpakaromiee U
oTHyruBarouiee BosaelcTere. Hanbomee BbIpa)keHHBIE TOBEIEHUECKHE PEAKIUU OBUIN OT-
MEeYeHBl y cynatanku Mullus ponticus, ctaBpunsl Trachurus ponticus, cMapunsl Spicara
flexuosum n mopckoro kota Dasyatis pastinaca, HauMeHee BBIPaKEHHBIE — Yy MOPCKOTO
epuia Scorpaena porcus. IIpu 5TOM Ha MPOTSDKEHUU BCETO HKCIIEPUMEHTa MOeny peid He
HaOJIIOZIaJIM HU B OIBITHOM, HM B KOHTPOJIBHOM cajkax. J[oCTOBepHBIE paziudus MEXIy
OMOXMMHUYECKIMHU TIOKA3aTeIsIMH B CHIBOPOTKE KPOBHM M TIEUYEHH aHAJIM3MPYEMBIX BHJIOB
PBIO M3 ONBITHOTO M KOHTPOJIBHOTO CaJKOB OTCYTCTBYIOT. CpaBHUTENbHBIH aHAIN3 WHJIEK-
COB TUCTOIIATOJIOTUUECKUX W3MEHEHHH TIeYeHH, )kabp M I0oUeK, a TakkKe OOIINX MHIEKCOB
JIbTEpaluil y ppI0 M3 OIBITHOIO U KOHTPOJIBHOTO CaJKOB HE ITOKa3all JJOCTOBEPHBIX pa3iiu-
yuid. [lomydeHHbIE pe3ynbTaThl CBUAETENBCTBYIOT, UTO YJIbTPAa3ByKOBas YCTaHOBKA C 3a-
JAHHBIMHM XapaKTePHCTHUKaMH BO3/ICHCTBUS HE BIIMSICT HAa COCTOSHHE PHIO M3 OIBITHOM
TPYIIIBI, YTO MO3BOJIET PEKOMEHAO0BATh JaHHYIO YCTAaHOBKY K HCIIOJIB30BAHHIO B CHCTEMaX
TEXHHUYECKOTO BOJJOCHA0KEHNSI aTOMHBIX AJIEKTPOCTAHIIHH.

KiroueBble cj10Ba: yIbTpa3ByKOBOE BO3JECHCTBHE, YSPHOMOPCKUE PBIOBI, MOBEACHYECKHE
peaKuK, BEDKUBAEMOCTh, BBDKUBAEMOCTh PbIO, OMOXMMHUECKHE MapaMeTpbl, TUCTOIATO-
JIOTUYECKHE U3MEHEHUS
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Introduction

Today, during operation of nuclear power plants (NPPs) and floating nuclear
thermal power plants (FNPPs), deviations in their operation are recorded, caused
by accumulation of living organisms (sources of bio-interference) in technological
systems. This significantly affects the operational characteristics of technical water
supply systems, leads to equipment failure, power reduction of NPP/FNPP power
units and, as a consequence, to underproduction of electric power and to economic
losses associated with repair, unscheduled maintenance and replacement of process
equipment [1].

One of the effective and reagent-free methods of biological interference con-
trol is ultrasonic water treatment. Specialists of the Department of Biochemical
Technologies and Technological Support of JSC VNIIAES developed ultrasonic
equipment (USE) with various radiation modes for protection of hydraulic structures
from microphytofouling. As a result of joint work with the staff of the Benthos
Ecology Department of A. O. Kovalevsky Institute of Biology of the Southern Seas
of the Russian Academy of Sciences (IBSS), the high efficiency of the USE against
fouling was established, as well as the optimal mode and frequencies of expo-
sure [1]. At the same time, no field studies confirming the safety of the equip-
ment for hydrobionts, in particular fish, falling within the zone of action of the USE,
have been carried out so far. Such studies are a necessary stage of work for safe
application of USE at NPPs, heat sinks of which belong to the objects of fishery
importance, including sea water areas. The interest in conducting this kind of
research in marine waters is generated due to the operation of two NPPs (Lenin-
grad and Kola) and the Akademik Lomonosov FNPP on the territory of the Russian
Federation, which use coastal marine areas as heat sinks, as well as the active con-
struction of NPPs by Rosatom in the marine areas of Turkey, Bangladesh, Egypt
and India.

To date, the effects of sound and ultrasound on the sensory systems of fish [2]
as well as those of focused ultrasound on the peripheral structures of animal and
human sensory organs [3] have been well studied. At the same time, information
on the effect of ultrasound on fish health in general is still limited in the literature.
Most works, as a rule, are aimed at studying the effect of fish barrier ultrasonic
devices only on the behavioral responses of fish [4], as well as on studying the effec-
tiveness of ultrasound to control fish ectoparasites [5]. To evaluate the effect of
ultrasound on fish reared in offshore structures or on offshore multipurpose plat-
forms combining renewable energy production and aquaculture, S. Knobloch et al.
studied the growth, survival and microbiota of laboratory-reared European sea bass
(Dicentrarchus labrax) [6]. Ultrasound between 17.5 and 49.7 kHz was found to
have no effect on growth and survival of sea bass. However, microbiological analysis
using the plate count method and 16S rRNA gene based metataxonomics
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showed an impaired microbiota of the gills and skin, including an increase in the num-
ber of potential pathogenic bacteria [6]. Other researchers ran a long-term 30-day
experiment to assess the effects of low-power (7-9 W) dual-frequency anti-
cyanobacterial USE (23 and 46 kHz) under freshwater conditions on growth,
blood cortisol levels and antioxidant enzyme activities in carp liver homogenates.
The insignificant changes in biochemical parameters noted in the work, according
to the authors, indicated the absence of stress conditions in fish and, therefore, any
negative effect of the low-power USE with these frequencies of exposure [7].

At the same time, the impact of effective for biofouling control USE (power
500 W, frequency 27 kHz, current 3 A) on behavioral responses of fish, biochemi-
cal and histopathological parameters of their tissues/organs in marine conditions
has not been assessed so far.

Thus, the work aims to assess the effect of the USE (power 500 W, frequency
27 kHz, current 3 A) on behavioral, biochemical and histopathological parameters
of some fish species of the Black Sea in marine conditions.

Material and methods

Experimental studies were carried out in the coastal water area of Sevastopol
(Karantinnaya Bay, Black Sea) to assess the impact of USE (developer JSC VNIIAES,
Moscow) with a power of 500 W, frequency of 27 kHz, current of 3 A on be-
havioral responses as well as biochemical and histopathological indicators of fish.

To perform the experiment, the following tasks were set: 1) installation of
the experimental equipment (control and experimental cages) and the USE;
2) catch of fish; 3) assessment of the USE effect on behavioral responses of fish
and their distribution in the cages, as well as survival rate using video recording
equipment; 4) assessment of the USE effect on biochemical and histopathological
parameters of fish.

Two cages (control and experimental) were prepared for the experiment.
The cages were polypropylene pipe frames with flip lids (length — 4 m, width — 2 m,
height — 1 m) covered with 10 mm mesh capron netting. The bottom of the cages
was made of reinforced perforated polyvinyl chloride cloth with a mesh of 1.5 mm.
To raise the upper edge of the cages 10—15 cm above the water surface, polysty-
rene foam floats were attached to the upper part of the cages and weights were
attached to the lower part. The cages were submerged in the coastal sea area near
the laboratory building of IBSS. The control cage was towed away from the exper-
imental area at a distance of 30 m. The experimental cage was secured near the pier
for placing the radiating equipment in it. The depth under the cages was 5 m.

In the Sevastopol water area (Black Sea) some species of fish of the Black
Sea were caught using bottom traps: red mullet Mullus ponticus Essipov, 1927 —
120 individuals, peacock wrasse Symphodus tinca (Linnaeus, 1758) — 60 individuals,

140 Ecological Safety of Coastal and Shelf Zones of Sea. No. 2. 2024



European black scorpionfish Scorpaena porcus Linnaeus, 1758 — 60 individuals,
common stingray Dasyatis pastinaca (Linnaeus, 1758) — 4 individuals, thornback
ray Raja clavata Linnaeus, 1758 — 2 individuals, Black Sea horse mackerel 7Tra-
churus ponticus Aleev, 1956 — 20 individuals, annular seabream Diplodus annu-
laris (Linnaeus, 1758) — 4 individuals, brown meagre Sciaena umbra Linnaeus
1758 — 6 specimens, picarel Spicara flexuosum Rafinesque, 1810 — 6 individuals,
damselfish Chromis chromis (Linnaeus, 1758) — 2 individuals.

The fish were equally divided between two cages. The fish were kept in the cag-
es for five days before the experiment in order to adapt the individuals to the condi-
tions in the cages, as well as to exclude from the experiment the individuals injured
during catching. The experiment was conducted for three days, on each of which
the ultrasound was on for 1 h with a frequency of 27 kHz.

The behavior and distribution of the fish in the experimental and control cages
were assessed using an underwater video camera (7/9/10 inch AHD Underwater
Fishing Camera, China) and visually by the distance between the fish shoal front
and the USE. Fish survival in the experimental cage was assessed by counting dead
fish specimens during and after exposure to the USE, while in the control cage it
was assessed throughout the experiment. After the end of the three-day experiment
on the effect of the USE on the behavioral responses of the fish, individuals re-
mained in the cages for another five days to assess possible delayed effects.

The effect of the USE on biochemical and histopathological parameters was
assessed on representatives of different ecological groups of fish — red mullet and
European black scorionfish. After removing the fish from the cages, a standard bio-
logical analysis of 21 individuals of red mullet and 20 individuals of European
black scorionfish was carried out: the main linear and weight characteristics
as well as clinical and pathological features [8, 9] were determined. The age of
the fish was determined from otoliths V.

Fish liver and blood serum served as materials for biochemical studies.
The content of products of oxidized proteins (OP), lipid peroxidation (LPO), as
well as the activity of superoxide dismutase (SOD), catalase (CAT), peroxidase
(PER) and cholinesterase (ChE) were determined in fish liver. In liver and serum,
alanine aminotransferase (ALT) and aspartate aminotransferase (AST) activities
were determined by the methods we described previously [10].

All determinations were performed on a spectrophotometer SF-2000 (OKB
Spectr, St. Petersburg, Russia).

For histological analysis, samples of gills, liver and kidneys were fixed
for 24-48 h in Davidson's solution and then placed in 70% alcohol. Further pro-
cessing of histological samples was carried out according to the generally accepted
method 2. Sections 4-5 um thick were stained with hematoxylin-eosin according
to Mayer and Romanowsky—Giemsa?. The histopathological changes detected
in fish were analysed using a modified semiquantitative analysis of alterations
according to the method of D. Bernet et al. [11], in which the severity factor (w)

D Pravdin, LF., 1966. [Guideline for Fish Studies (Mainly Freshwater Fish)]. Moscow: Pishchevaya
Promyshlennost, 374 p. (in Russian).

2 Bancroft, J.D. and Gamble, M., 2008. Theory and Practice of Histological Techniques. New York;
London: Churchill Livingstone, 744 p.
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and the prevalence of lesions in organs (@) were taken into account. Using
the above values, the organ index was calculated [11, p. 30]

L=, Z/:(aorg wate * Worg rpait)>
rp o alt
where org — organ; rp — reaction pattern; alt — change; a — score value; w — importance
factor. A high index value indicates a significant degree of damage. The total alteration
index IT was calculated as the sum of organ indices.

The significance of differences between the samples was evaluated using
the Mann—Whitney U-test. Differences were considered reliable at a significance
level of p < 0.05. The statistical analysis was performed using computer pro-
grammes Past 3 and Microsoft Office Excel 2016.

Results and discussion

Behavioral responses, distribution and survival of fish

The first day of the experiment. 30 min before the start of the experiment,
a radiating device was placed in the experimental cage. The fish moved freely in-
side the cage without fear of a floating object on the water surface. The red mullet
were at the bottom in a group, part of which was under the USE. The peacock
wrasses, European black scorpionfish and brown meagres were located in the corners
between the cage bottom and the wall. The thornback rays were located at the bot-
tom. The Black Sea horse mackerels, picarels and annular seabreams were grouped
together and stayed near the cage wall. The common stingray individuals and dam-
selfish were actively moving in the water column throughout the cage area.

After turning on the USE in the experimental cage, the fish (picarels, annular
seabreams, Black Sea horse mackerels, peacock wrasses, European black scorpion-
fish, brown meagres, a thornback ray), which were not directly exposed to the USE,
did not change their behavior and location. Individuals of the common stingray,
when approaching the USE again, sharply turned and swam away in the opposite
direction, avoiding getting into the radiation zone under the equipment. The red mul-
lets, located at the bottom of the cage under the equipment, began to move towards
individuals of their own species, which were out of the range of the equipment.

During the operation of the equipment, the fish tried to avoid the ultrasound
zone. While outside the area of the USE, they behaved in the same way as before
the start of the equipment.

The second day of the experiment. No fish mortality was observed in the ex-
perimental and control cages.

When turning on the USE, the fish were distributed throughout the volume of
the cage. At an attempt to drive the group of red mullets into the ultrasound zone,
they moved under the equipment, where they stayed for a long time, sometimes ris-
ing from the bottom trying to relocate and then again going to the bottom. Visually,
these behavioral responses of the red mullets in the exposed area could be charac-
terised as loss of orientation / being stunned. Similar behavioral responses were
observed in the horse mackerels, picarels and common stingray. Other fish species
that were not in the USE zone moved freely around the cage. The common sting-
rays occasionally swam under the equipment, but stayed near the bottom, avoiding
the water column closer to the equipment. After turning off the radiating equipment,
the fish did not change their behavior or location in the cage.
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The third day of the experiment. No fish mortality was observed in the exper-
imental and control cages. After turning on the USE in the experimental cage, there
was no noticeable effect on fish of all species. They moved calmly throughout
the cage area without signs of agitation or loss of orientation.

After the end of the three-day experiment on the effect of USE on the be-
havioral responses of fish, the individuals were kept in the cages for five days more
to assess possible delayed effects. No fish mortality was observed in the experi-
mental and control cages.

Thus, the 27 kHz USE can irritate and repel fish at a short distance (10-30 cm)
from the equipment. The most pronounced behavioral responses were observed
in the red mullets, horse mackerel, picarels and common stingray, which avoided
the area exposed to the USE. The common stingray does not have scales, which
probably makes it more sensitive to the effects of the USE. The least pronounced
behavioral responses were observed in the European black scorpion fish. Assess-
ment of the survival rate of individuals in the control and experimental cages
exposed to ultrasound with a frequency of 27 kHz revealed no negative effect
(death of fish). The absence of negative effects on growth and survival of fish was
also noted in a 72-day experiment on exposure of sea bass (Dicentrarchus labrax)
to ultrasound with a frequency in the range from 17.5 to 49.7 kHz in the form of
randomly alternating sequences of cycles [6]. At the same time, the results of our
studies allowed us to establish that a more powerful source of radiation (> 500 W)
is required to assess the repellent effect of ultrasound at distances greater than 30 cm.

Biochemical studies

The results of biochemical studies showed that there were no significant dif-
ferences between all analysed parameters in tissues of the red mullet and European
black scorpionfish from the experimental and control groups (Table 1).

Analysis of the correlation between the intensity of POL and OP and the reac-
tions of the antioxidant (AO) system allows us to assess the nature of the organ-
ism's response to a certain stress factor or their complex. The increase in the activi-
ty of AR enzymes under the influence of unfavourable environmental factors is
a non-specific adaptive reaction of the organism aimed at neutralization of reactive
oxygen species.

Reduced or relatively low activity of AO enzymes against the high content
of LPO and OP products, on the contrary, indicates a shift of pro-oxidant-
antioxidant reactions towards free-radical oxidation of biomolecules and develop-
ment of oxidative stress preceding pathological conditions in the organism [12—15].
In our studies, the absence of significant differences between the indicators of oxi-
dative stress (content of TBARS, OP products) and the activity of AO enzymes
(SOD, CAT, PER) in the liver of fish from the experimental and control groups can
indicate that USE (500 W) with a given frequency, periodicity and duration of
work did not have any effect on the state of the pro-oxidant-antioxidant system of
fish liver. The absence of significant differences between the activity of AO
enzymes (SOD, glutathione peroxidase, glutathione-S-transferase) in the liver of
carp (Cyprinus carpio) from the experimental and control groups was also noted
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under the action of low-power ultrasound (7-9 W; 23 and 46 kHz) under freshwa-
ter conditions [7].

Other informative biomarkers recommended for the assessment of cytolytic
organ damage under oxidative stress are ALT and AST [16, 17]. As a result of
cell membrane integrity disruption, aminotransferases are released into the blood.
At the same time their activity decreases in the organ and increases in the serum.
In our studies, the ALT and AST activity in the liver and serum of the fish from
the compared groups did not differ, which also indicates the absence of any effect
of ultrasound (with the given characteristics of the equipment, frequency and mode
of exposure) on the fish organism.

In combination with the above markers, as a rule, the liver glucose content,
an indicator of carbohydrate metabolism, is analysed [18]. The absence of reliable
differences between the analysed groups of red mullet and European black scorpi-
onfish may indicate the absence of adaptive/compensatory restructuring of meta-
bolic processes, which is typical for organisms under stress factors of different
nature and intensity.

Another important indicator recommended to assess the functioning of the nerv-
ous system and protein synthesising function of the liver under stress factors is
the enzyme ChE [19]. In our studies, ChE activity in the liver of two fish species
from the experimental group did not differ from that of fish from the control group.
The obtained results may indicate the absence of ultrasound influence (with the given
characteristics of the equipment, frequency and mode of exposure) on the protein
synthesising function of the liver.

Histological studies

The integral result of physiological and biochemical changes are histopatho-
logical alterations reflecting the severity of pathological processes at the level of tis-
sues and organs [9, 20]. Histological methods of investigation in the fish revealed
the following changes.

Red mullet. Melanomacrophage centres were most frequently observed in the liv-
er parenchyma (33.3% in the control group and 41.7% in the experimental group)
(Fig. 1, a; 2, a). The incidence of lipoid vacuolization of hepatocytes differed
insignificantly (22.2 and 25%) (Fig. 2, a). The local inflammatory reaction near
blood vessels (Fig. 1, b) was more often observed in the fish of the control group
(33.3 vs. 16.7%), and dilation of hepatic sinusoids and blood vessels (8.3% each)
was detected in the fish only after exposure to ultrasound. Localised moderate
hyperplasia of the respiratory epithelium of the gill lamellae was recorded in the gills,
the incidence of which differed insignificantly (22.2 and 25%) (Fig. 1, ¢; 2, ¢).
Single parasitic protozoa were found on the gill lamellae in the control and experi-
mental groups (66.7 and 33.3%, respectively) (Fig. 1, d; 2, ¢). Chondroma, a benign
tumour of cartilage tissue, was diagnosed in 8.3% of the fish in the experimental
group (Fig. 2, ¢). In the Kkidneys, no significant differences were found between
the analysed groups (Fig. 2, e).

European black scorpionfish. In the liver, the incidence of lipoid vacuolization
of hepatocytes and melanomacrophage centres differed insignificantly (Fig. 2, b),
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Fig. 1. Histological structure of liver (a, b) and gills (c, d) of red mullet M. ponticus
and of European black scorpionfish S. porcus (e — liver, f— gills) under ultrasound expo-
sure. Note: A — melanomacrophage center; T — blood vessel dilation; A — local inflam-
matory reaction; 1 — epithelial hyperplasia in gill lamellae; A — parasitic protozoa on gill
lamellae. Scale bar: 50 um
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Fig. 2. Incidence (%) of histopathological changes in liver (a, b), gills (¢, d)
and kidneys (e, f) of red mullet M. ponticus (left) and European black scorpion-
fish S. porcus (right) under ultrasound exposure
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whereas dilation of the hepatic sinusoids (9.1%) and blood vessels (18.2%), as well
as local inflammatory reaction (9.1%) were observed only in the fish of the exper-
imental group (Fig. 1, e; 2, b). In the gills, local hyperplasia of the epithelium and
fusion of the gill lamellae, as well as dilation of blood vessels were detected only in
fish of the experimental group (9.1% each) (Fig. 1, f; 2, d). In the kidneys, melani-
zation of macrophages was most frequently observed (22.2 and 9.1% in the control
and experimental groups, respectively). Local inflammatory reaction, hyaline-drop
degeneration and necrosis of renal tubule cells were recorded only in the fish of
the experimental group (9.1, 27.3 and 9.1%) (Fig. 2, /).

The revealed disorders of the histological structure of organs mainly belong to
the first group of severity [11] and are reversible. It should be noted that the occur-
rence of protozoan parasites on the gill lamellae of the red mullets in the control
group was twice higher than that in the experimental group (Fig. 2, c¢). Probably,
exposure to ultrasound reduced the parasitic load on the gills of the fish. Similar
studies were conducted on the salmon reared in marine cages in Southern Chile.
It was found that ultrasound reduced the total ectoparasitic load of Caligus rog-
ercresseyi without the use of chemical antiparasitic agents *.

The comparative analysis of indices of histopathological alterations of the liv-
er, gills and kidneys of the control and experimental groups in two fish species did
not reveal reliable differences. The statistical analysis of total alteration indices of
the control and experimental groups of the red mullet and European black scorpion
fish also showed no significant differences (Table 2).

Table 2. Values of indices of histopathological alterations in organ (M + m) of red mullet
M. ponticus and European black scorpionfish S. porcus under ultrasound exposure

Red mullet Europegn black
scorpionfish
Parameter

Control Experiment Control Experiment

Organ alteration index
of liver [; 0.88+0.78 1.00+0.85 133+1.58 1.45+1.69
of gills I, 1.50+133 1.16+133 0.11+0.33 0.45+0.07
of kidneys I 1.00+0.50 1.08+0.28 0.22+0.47 0.73+1.48
Total pathology index IT 344+£1.58 325+217 167150 2.18+231

3) Aquavitro. [Use of Ultrasound in the Control of the Chilean Sea Louse Caligus Rogercresseyi].
[online] Auvailable at: https://aquavitro.org/2016/11/17/ispolzovanie-ultrazvuka-v-kontrole-chilijskoj-
morskoj-vshi-caligus-rogercresseyi [Accessed: 24 May 2024].
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Conclusion

The analysis of behavioral responses of Black Sea fish species (red mullet,
peacock wrasse, European black scorpion fish, common stingray, thornback ray,
Black Sea horse mackerel, annular seabream, brown meagre, picarel, damselfish)
under the action of ultrasound (JSC VNIIAES, Moscow) (power 500 W, frequency
27 kHz, strength 3 A) allowed establishing an irritating and repelling effect on fish
at a small distance (10-30 cm) from the equipment. The most pronounced behav-
ioral responses were observed in the red mullet, Black Sea horse mackerel, picarel
and common stingray, the least pronounced ones were in the European black scor-
pion fish. No fish mortality was observed.

The results of biochemical studies showed that there were no significant dif-
ferences between the analysed parameters (level of OP and POL, activity of AO
enzymes, aminotransferases and ChE, and glucose content) in tissues of the Euro-
pean black scorpion fish and red mullet from the experimental and control cages.
Indices of histopathological changes in the liver, gills and kidneys, as well as val-
ues of the total alteration index in the compared groups of red mullet and European
black scorpionfish also did not differ.

Thus, the analysis of behavioral, biochemical and histological parameters of some
fish species of the Black Sea suggests absence of negative influence of the USE
(JSC VNIIAES, Moscow) (power 500 W, frequency 27 kHz, current 3 A) on the state
of health of fish from the experimental group. This allows us to recommend this
equipment for use in NPP technical water-supply systems.
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