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Abstract. The paper presents the results of radioecological studies conducted in fish farms of the
Dnipropetrovsk region. The distribution of radionuclides of natural and artificial origin is an urgent
problem for various types of ecosystems, given the different routes of entry of these substances. The
level of accumulation of radionuclides in the waters of the Zelenodolsk, Krynychansk and Kryvorizk

E-mail: svaddau@gmail.com fish farms was determined in a course of the presented study prior to the 2022 russian invasion of
Ukraine. Content indicator of radium-226 in water ranged from 3.8 to 7.4 Bq/kg, thorium-232 —
from 2.95 to 44.4 Bq/kg, potassium-40 — from 74.2 to 82.4 Bg/kg. Obtained in the present study
results evidence that bottom sediments significantly accumulate the radionuclides. The registered
content of radium-226 in them was from 30.1 to 14.8 Bg/kg, thorium-232 — from 9.6 to 41.5 Bg/kg,
potassium-40 from 134.8 to 182.2 Bqg/kg. The coefficients of accumulation of natural radionuclides
in water and bottom sediments was registered as ranging from 1.4 to 5 for radium-226, from 0.82 to
3.3 for thorium-232, from 1.72 to 2.26 for potassium-40. The content of artificial radionuclides in
water and bottom sediments determined in the study corresponded with their biochemical properties.
In water, their value ranged from 0.13 to 1.8 Bq/kg for cesium-137 and from 0.05 to 0.08 Bq/kg for
strontium-90. Taking into account the fact that bottom sediments accumulate a significant proportion
of pollutants from water, the determined indicators were significantly higher than those in water,
namely, from 5.6 to 10.4 Bq/kg for cesium-137 and from 1.5 to 2, 4 Bg/kg for strontium-90. The
coefficients of accumulation of radionuclides of artificial origin in water and bottom sediments ranged
from 3.3 to 80 for the content of cesium-137 and from 18.7 to 48 for the content of strontium-90. The
levels of accumulation of natural radionuclides in the body of silver carp and carp were studied. The
level of potassium-40 in the body of silver carp is lower than that of radium-226 and thorium-232
and ranges from 20.2 to 34.4 Bq/kg in all three fish farms. The same amount of radium-226 and
thorium-232 was noted in the silver carp of the Krynychan fish farm which was on the level of 47
Bg/kg. In carp, the levels of natural radionuclides were significantly higher in all three fish farms.
The content of cesium-137 was registered as approximately the same in silver carp and carp, with
the exception of the Kryvyi Rih fish farm, where its level was significantly lower in the body of
carp. Strontium-90 content was found in similar amounts in both types of fish. The concentration of
radionuclides did not exceed the permissible levels.
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HaKkonuuyeHHA NPUPOAHUX Ta LUTYYHUX PAAIOHYKAIAIB y BoAi Ta rigpobioHTax
puborocnogapcbkux craBkis [JHinponeTpoBCcbKoOi obnacTi

AHoTtanisi. B po0oTi npeacTaBiieHo pe3ynasTaTé pafioeKoJIOTiYHUX JOCTIIKEHb MPOBEACHUX y PHOHHUIBKUX rocrnofgapcTeax Jluinpore-
TPOBCHKOT 005acTi. Po3MOBCIOMKEHHS PaIioOHyKITiIiB MPHUPOTHOTO T IITYYHOTO MOXOMKEHHS ABISETHCS aKTyaIbHOIO TPOOIEMOIO JUTS Pi3HUX
BUJIIB €KOCHCTEM 3 OISy Ha Pi3Hi IULIXM HAIXOPKESHHS LIUX CIONYK. BU3Ha4eHO piBeHb HAKOMMYEHHS PaJiOHyKIiiB Y Boax 3eIeHON0b-
cpkoro, Kpranaancekoro ta KpuBopizpkoro pubrocis 1o modarky pociiicskoi okynanii Ykpaiau y 2022 pouni. [loka3HuK KinbKkocTi panito-226
Y BOJIi KONIMBABCA B Mexkax Bif 3,8 1o 7,4 br/kr, Topiro-232 - Big 2,95 no 44,4 Br/kr, kanito-40 — Big 74,2 no 82,4 br/kr. JIoHHI BiAKIaaM 3HAYHO
HAKOMMYYIOTh KUTBKICTh PaIiOHYKIIIIIB, BMICT panito-226 B HuX ckias Bix 30,1 mo 14,8 Br/kr, Topito-232 — Bix 9,6 mo 41,5 Br/kr, kamiro-40
Bix 134,8 mo 182,2 Bbr/kr. KoedimienTn HakomuyeHHS! NPUPONHHUX PaIiOHYKIIIIIB B BOMI Ta JOHHUX BiKIamax KonmuBaiucs Bix 1,4 mo 5 3a
paniem-226, Bin 0,82 o 3,3 3a Topiem-232, Bin 1,72 no 2,26 3a xaniemM-40. BusHaueHuii B JOCHIiKEHH] BMIiCT IITYYHUX PaJiOHyKIIIIIB y BOAI
Ta JOHHMX BIJKJIaJax BiIIOBigaB ix O10XIMIYHMM BIACTUBOCTAM. Y BOMI iX mokasHuk xoymBascs Bif 0,13 no 1,8 Br/kr 3a nesiem-137 Ta Big
0,05 no 0,08 bx/kr 3a crpoHnieM-90. BpaxoByroun Toit (haKT, 110 JOHHI BiIKJIa 1 aKyMYJIFOIOTh 3HaYHy YacTKy ITONIOTAHTIB i3 BOAW, BU3HAYEHI
MOKa3HMKH OyJIM 3HAYHO BUILI 3a Taki y Boji, a came, Bif 5,6 1o 10,4 bx/kr 3a nesiem-137 ta Bix 1,5 10 2,4 br/kr 3a crponuiem-90. Koedimientn
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HaKOITIMYCHHS PaJiOHyKJIIIiB IITYYHOTO MOXO[KEHHS B BOII Ta JOHHUX BiIKiazax konusanucs Bif 3,3 1o 80 3a BMicToM nesiro-137 ta Bix 18,7
1o 48 3a BMicToM cTpoHILi0-90. Jlocni/keHO piBeHb HAKOIIMYEHHS IPUPOIHUX PaJiOHYKIIIIIB B OPraHi3Mi TOBCTONIOOMKA Ta Kopona. PiBeHb
Kautis-40 B oprafi3Mi TOBCTOJIOOMKA HYDKIHI, OPIBHSHO 3 pasieM-226 Ta TopieM-232 i ckianae Bin 20,2 1o 34,4 BK/KT B yciX TppOX prOrocIax.
OnHakoBa KUTBKICTh pafiro-226 Ta Topito-232 BigMideHa y ToBcTonoOrka Kpunmdyancbkoro pubrociy ta ckinagae 47 Br/kr. ¥V xopona piBeHb
BMICTY IIPUPOTHUX PaliOHYKIIi/IiB 3HAYHO BHINA Y BCIX TPHOX pubrocmax. Bmict riesito-137 6yB BH3HaueHHIT TPUOIM3HO OJJHAKOBHM 1 Y TOBCTO-
700mKa, 1 y Koporia, 3a BUKITIO4eHHSIM KpHBOpi3bKoro prorocy, ie Horo piBeHb € 3HAYHO MEHIIMM B oprasi3mi kopora. Bmict CrpoHti-90
OyB BUSIBIICHHUI B 301KHIH KiTbKOCTI B 000X Buaax pub. KoHueHTpallis pagioHyKIIiiB He IEpeBHUIlyBaia OIMYyCTUMHAX HOPMaTHBAMHU BEJIUYHH.

KuarouoBi ciioBa: pubHI rocroapcTBa; MPUPOIHI Ta MITYYHI paAiOHYKIIIH; paaii-226; Topii-232; kamii-40; nesiii-137; ctponmiit-90;
ToBcTONIOOUK Olnuit (Hypophthalmichthys molitrix); xopon 3Buuaitauii (Cyprinus carpio).

Introduction

Correlation of water pollution and nuclear power usage in the
context of climate change increase the importance of control of
radioisotopes’ transit, level and recovery. Despite the drive to use
of sustainable economies, nuclear power generation remains an
important issue (Omeje et al., 2024). Radionuclides mixing with
water or wastewater can accumulate in and directly affect living
organisms (Hossain, 2020; Asaduzzaman et al., 2022; Hunt et al.,
2023).

Artificial reservoirs are under the influence of negative effects in
a significant number of countries around the world, and, first of all,
in the certain regions of Ukraine due to the location of the Chernobyl
NPP on its territory (Volkova et al., 2014; Santhanabharathi et
al., 2023; Volkova et al., 2023). Significant heterogeneity of
radionuclide dose rates in the air, K+ concentration, and estuarine
processes contribute to increasing concentrations of radionuclides
of natural and artificial origin in the both soil and water resources
(Wada et al., 2023). The question of the accumulation of various
ecological groups of radionuclides by living organisms and the
factors affecting those organisms remain relevant for the past 35
years (Hubanova et al., 2019; Teien et al., 2021).

To obtain safe and high-quality fish and farming animal products,
it is necessary to monitor the spread, migration and redistribution of
environmental toxicants and radionuclides in artificial and natural
reservoirs of the region (Masiuk et al., 2022). The condition of
the fish pond is an integral component in obtaining quality fish
products in various countries of the world and Ukraine as well
(Tahir et al., 2010; Kolar & Gugleta, 2019; Asaduzzaman et al.,

2022; Ghajarbeygi et al., 2024). The contribution of ichthyofauna
to the total biomass of freshwater reservoirs is significant, and fish
play a significant role in the processes of radionuclide migration
in ecosystems (Llamazares et al., 2023). Thus, the studying the
features of radionuclide accumulation in the organisms of various
hydrobiont types is important, first of all, for solving sanitary and
hygienic problems. Furthermore, the study of farming animal
health is critic item for the better knowledge of the processes of
distribution and accumulation of both toxicants and radionuclides in
the aquatic environment and various groups of hydrobionts (Masiuk
etal., 2023).

The integrative search of detrimental effects of radionuclides
and other environmental pollutants is required to clarify the potential
risks for both human and animal health.

The purpose of this study was to determine the characteristics of
the distribution of radionuclides of natural (226 Ra, 232 Th, 40 K)
and artificial (137 Cs, 90 Sr) origin in the water and hydrobionts in
fish farms of the Dnipropetrovsk region.

Materials and methods

The research was conducted in the major fish breeding ponds
of the region, operating in the mode of special commercial fish
farming (Zelenodolsky, Krynychansky and Kryvorizky fish farms)
of the Dnipropetrovsk region (Ukraine) in 2021. For the analysis,
7 individuals of silver carp (Hypophthalmichthys molitrix) and
common carp (Cyprinus carpio) were selected as representatives of
different trophic levels. Preparations of sampling of water and bottom
sediments for measurements were carried out in accordance with

Fig. 1. Content of radionuclides of natural origin in water and bottom sediments.
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Fig. 2. The content of radionuclides of artificial origin in water and bottom sediments.

the generally accepted methods (Gembal et al., 2023). The content
of radionuclides was determined on a SEG-001 "AKP-S" gamma-
radiation scintillation spectrometer using the spectrophotometric
method in a certified laboratory. Obtained data presented as mean
+ standard error of mean (M + SEM) where statistical significance
was accepted as p < 0.05.

Results

The accumulation of radionuclides of natural origin in water
and bottom sediments has an invariant character with respect to the
amount of radium: in water and bottom sediments, the maximum
indicator was detected in the Zelenodol fish farm as 7.4 + 0.12 Bq/
kg and 14.8 £ 0.2 Bg/kg correspondingly. The observed trend was
the same in the Kryvorizka and Krynychan fish farms. The amount
of radium in water and bottom sediments was almost the same in
both farms at the levels of 3.1 + 0.2 Bq/kg and 3.8 + 0.2 Bg/kg,
correspondingly. The maximum rate of thorium was recorded in

Kryvorizka fish farm at the level of 44.4 + 1.2 Bg/kg in water and
in the Zelenodol fish farm in the bottom sediments at the level 41.5
+ 1.2 Bg/kg. The minimal results were obtained at the Krynychan
fish farm. Potassium content was observed in significantly higher
values, especially in the bottom sediments of the Kryvyi Rih fish
farm (Fig. 1).

In terms of the number of artificial radionuclides, the maximum
level was observed in the bottom sediments of the Krynychan fish
farm, both in terms of the content of cesium-137 and strontium-90.
The minimum contents of artificial radionuclides were observed in
water of the Krynychan fish farm (Fig. 2) and were on the levels
of 0.13 + 0.05 Bqg/kg for cesium-137 and 0.05 + 0.02 Bq/kg for
strontium-90 in the the Krynychan fish farm (Fig. 2).

The ratio of the levels of radionuclides of natural origin between
bottom sediments and water is given in the form of accumulation
coefficients and varies from 1.2 to 5 for radium-226, from 0.82 to
2.21 for thorium-232, from 1.4 to 3.3 for potassium-40 (Fig. 3).

The coefficients of accumulation of artificial radionuclides

Fig. 3. Accumulation coefficients of natural radionuclides.
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Fig. 4. Accumulation coefficients of artificial radionuclides.

between water and bottom sediments varied for cesium-137 from
3.3 in Kryvyi Rih to 80 in Krynychki and for strontium-90 from 18.7
in Kryvyi Roz to 48 in Krynychki (Fig. 4).

The content of radionuclides of natural origin was minimal
for potassium-40 in the silver carp of the Zelenodol Fish Farm,
and the maximum was 46.2 £ 2.3 Bg/kg in the common carp of
the Kryvorizka Fish Farm; for radium-226, the minimum — 36.2 +
1.8 Bq/kg was registered in the body of the common carp of the
Kryvorizka fish farm, and the maximum indicator is 47.7 + 2.2 —
in the common carp of the Krynychan fish farm. The content of
thorium-232 demonstrates the same accumulation character (Fig. 5).

The content of radionuclides of artificial origin was observed
in silver carp in a range of 0.8 + 0.3 to 1 Bq/kg for cesium-137
in Zelenodolsk and Kryvorizke fish farms, correspondingly, and
the same amount of cesium-137 in the body of common carp
of Zelenodolsk and Krynychan fish farms. The accumulation of
strontium-90 by silver carp and common carp was invariant in all
fish farms (Fig. 6).

Taking together, obtained results evidence that the level of
both natural and artificial radionuclides in the fish farms of Dnipro
province is vary and is dependent on unique location.

Discussion

Obtained in the present study results evidence that the presence
of radionuclides in the body of fish is vary in respect with its content.
However, detected values do not exceed the permissible levels,
which is the basis for the further conduction of fishing activities,
obtaining the food products, and could be a certain step towards the
compliance of the fish products of these farms with the system of
analysis of dangerous factors (Gembal et al., 2023).

The results of recent study demonstrated that the dynamics of
radionuclide accumulation depends on the biological characteristics
of the species, the type of nutrition and the nature of radionuclides
(Ilin & Hromyk, 2012; Khan & Yaseen, 2023). The accumulation
of cesium could be linked to the peculiarities of physiological and

Fig. 5. The content of radionuclides of natural origin in the body of fish.
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Fig. 6. The content of radionuclides of artificial origin in the body of fish.

biochemical processes in fish organisms, as well as the content of
radionuclide in feed resources, which corresponds to the results
of other researchers (Kuzmenko et al, 2010). The analysis of the
obtained data confirms the fact that the problem of accumulation and
distribution of radionuclides of natural and artificial origin exists in
both natural reservoirs and in fish farm ponds. The accumulation of
radionuclides of natural origin in fish farms has the same tendency,
which consists in their intensive cumulation in bottom sediments
(Santhanabharathi et al., 2023). The monitoring and detailed control
of the content of radionuclides in water ecosystems of the Dnieper
region is a necessary activity to prevent secondary water pollution
due to bottom sediments.

According to its chemical properties, strontium is an analogue of
calcium, which is why it is actively stored in fish skeletons or in the
shells of bottom sediments. Accumulation of artificial radionuclides
in common carp significantly exceeds such indicators in silver
carp, which is related to the type of euryphagous nutrition. Thus,
herbivorous species more actively accumulate strontium-90, and
carnivores — cesium-137 (Skyba, 2010). A higher specific activity
of cesium-137, according to literature data, is characterized by
predatory fish, in our studies — by the example of common carp, and
relatively low — by herbivores. The radioecological conditions of
fish requires significant attention in connection with the formation
of trophic chains, therefore, the assessment of the territory
according to the landscape-geochemical conditions of radionuclide
migration, the study of the patterns of radionuclide migration in
different landscape-geochemical conditions, the determination of
the paths of surface migration and accumulation of radionuclides
require constant observations (Ilin & Hromyk, 2012; Ananieva &
Shapovalenko, 2019). The perspective of further research is the
study of the influence of the length of the fish farming period on the
intensity of its contamination with cesium-137. The distribution and
accumulation of toxic substances at the fish farms is an indicator
of the environment conditions. Takin into the account the progress
in environmental pollution, there is an actual problem to find out
molecular markers which can reflect the detrimental effect of local
contamination with various toxic agents. Different tissue types
accumulate toxicants and develop vary susceptibility in respect with
animal health. The cells of intestinal system serve as a first barrier
for toxicants and infectious agents (Masiuk et al., 2024). Therefore,
the harmful effect of radionuclides should be characterized with tight
relation to complex of the other factors which detrimental effect
be modulated with the cellular damaging caused by radionuclide
exposure.

Theoretical and Applied Veterinary Medicine | Volume 12 | Issue 1

Conclusion

Obtained in the present study results evidence that the levels
of natural radionuclides differ in the main trophic groups of
hydrobionts. Furthermore, radionuclide levels were varied in
water and bottom sediments as well. The maximum content of
potassium-40 was found in the water and bottom sediments of the
Zelenodol fish farm — 74.2 and 168 Bq/kg relatively. The content
of natural radionuclides in the common carp tissue was detected in
a much higher concentration than in the body of silver carp Bg/kg.

The maximum content of artificial radionuclides was
observed in the tissues of common carp and silver carp of the
Zelenodol fish farm. The detected content of cesium-137 was
estimated of 1.2 and 0.8 Bqg/kg, correspondingly. The content of
strontium-90 detected as similar content for both types of carp at the
level of 0.04 Bg/kg. The accumulation coefficients of radionuclide
concentrations in the water and bottom sediments confirm their
migration according to different ecological groups of hydrobionts
and increase from the minimum in water to the maximum in bottom
sediments. Despite the presence of radionuclides in the farming fish
samples, their levels do not exceed permissible levels, which makes
it possible to continue economic activity in the conditions of these
enterprises.

Conflict of interests

The authors declare no conflict of interests in respect with this
manuscript publishing.

References

Ananieva, T., & Shapovalenko, Z. (2019). The contents of artificial
and natural radionuclides in tissues of the Percidae fish from the
Dnipro Reservoir. Ukrainian Journal of Ecology, 9(3), 304-308.

Asaduzzaman, K., Priya, F. J., Akter, D., Enamul Haque, Md.,
Begum, M., Kamruzzaman Munshi, Md., & Arman Hossen,
Md. (2022). Radiological risk assessment of farm-raised fish
species due to natural radionuclides in the freshwater ecosystem
of Bangladesh with the statistical approach. Radiation Effects
and Defects in Solids, 177(5-6), 432-454.

Gembal, M., Czerski, P., Milczarczyk, E., & Warenik-Bany, M.
(2023). Levels of caesium-137 in food of animal origin in
Poland. Journal of Veterinary Research, 67(3), 407—414.

29



http://doi.org/10.1080/10420150.2022.2043319
http://doi.org/10.1080/10420150.2022.2043319
http://doi.org/10.1080/10420150.2022.2043319
http://doi.org/10.1080/10420150.2022.2043319
http://doi.org/10.1080/10420150.2022.2043319
http://doi.org/10.1080/10420150.2022.2043319

V. O. Sapronova, N. L. Hubanova, N. M. Matviienko

Accumulation of natural and artificial radionuclides in water and hydrobionts of fishing ponds of Dnipropetrovsk region

Ghajarbeygi, P., Ranaei, V., Pilevar, Z., Nematollahi, A., Ghanbari,
S., Rahimi, H., Shirdast, H., Fakhri, Y., Mahmudiono, T.,
& Mousavi Khaneghah, A. (2023). The concentration of
radioisotopes (Potassium-40, Polonium-210, Radium-226, and
Thorium-230) in fillet tissue carp fishes: A systematic review
and probabilistic exposure assessment. International Journal of
Environmental Health Research, 34(1), 273-294.

Hossain, F. (2020). Natural and anthropogenic radionuclides in
water and wastewater: Sources, treatments and recoveries.
Journal of Environmental Radioactivity, 225, 106423

Hubanova, N., Horchanok, A., Novitskii, R., Sapronova, V.,
Kuzmenko, O., Grynevych, N., Prisjazhnjuk, N., Lieshchova,
M., Slobodeniuk, O., & Demyanyuk, O. (2019). Accumulation
of radionuclides in Dnipro reservoir fish. Ukrainian Journal of
Ecology, 9(2), 227-231.

Hunt, D., Dewar, A., Dal Molin, F., & Willey, N. (2023). Enhancing
radiological monitoring of 137Cs in coastal environments using
taxonomic signals in brown seaweeds. Journal of Environmental
Radioactivity, 268-269, 107261.

Ilin, L. V., & Hromyk, O. M. (2012). Umist radionuklidiv u
limnosystemakh Zakhidnoho Polissia (na prykladi vodoim zony
radioaktyvnoho zabrudnennia Volynskoi oblasti) (in Ukrainian).

Khan M, F., & Yaseen, N. S. (2024). Bioaccumulation of Natural
Radionuclides in Edible Molluscs from Ashtamudi Estuary,
Situated on a High Background Natural Radiation Zone
(HBNRA), Kerala, Southwest Coast of India.

Kolar, M. V. & Gugleta, M. (2019). The consequences of disposal
and leakage of radioactive materials on various species of
marine and freshwater fish. International Journal of Fisheries
and Aquatic Studies, 7(6), 185-189.

Kuzmenko, M., Hudkov, I. & Pankov 1. (2001) Radionuklidy ta
yikh ekolohichne znachennia v vodoimakh Ukrainy. Naukovi
Zapysky Ternopilskoho Natsionalnoho Pedahohichnoho
Universytetu, 4 (15), 19-21 (in Ukrainian).

Liuta, N., & Sanina, 1. (2023). Osoblyvosti rozpodilu vmistu
vazhkykh metaliv u donnykh vidkladakh u riznykh pryrodno-
antropohennykh umovakh. Mineralni Resursy Ukrainy, (1), 35-
38 (in Ukrainian).

Llamazares Vegh, S., Biolé, F., & Volpedo, A. V. (2023). Essential
and toxic elements in juvenile migratory commercial fish
species in the Parana River alluvial valley (South America): an
approach for aquatic environmental monitoring. Environmental
Monitoring and Assessment, 195(9), 1079.

Masiuk, D. M., Kokariev, A. V., Bal, R., & Nedzvetsky, V. S. (2022).
The isotonic protein mixture suppresses Porcine Epidemic
Diarrhea Virus excretion and initiates intestinal defensive
response. Theoretical and Applied Veterinary Medicine, 10(2),
23-28.

Masiuk, D. M., Kokariev, A. V., Buzoianu, S. G., Firth, A. M., &
Nedzvetsky, V. S. (2024). An isotonic protein solution favorably
modulated the porcine intestinal immune response and cellular
adhesion markers and reduced PEDV shedding in vivo.
Veterinary Immunology and Immunopathology, 271, 110753

Masiuk, D. M., Romanenko, E. R., Herrman, B., & Nedzvetsky,
V. S. (2023). Fibronectin measurement as a potential molecular
marker for barrier function assessment of piglet intestine.
Theoretical and Applied Veterinary Medicine, 11(2), 3-8.

30

Metodyka vidboru prob silskohospodarskoi produktsii ta
produktiv kharchuvannia dlia laboratornoho analizu na
vmist radionuklidiv. Dovidnyk dlia radiolohichnykh sluzhb
Minsilhospprodu Ukrainy. Kyiv, 1997. C. 3—14 (in Ukrainian).

Omeje, M., Orosun, M. M., Aimua, G. U., Adewoyin, O. O.,
Sabri, S., Louis, H., Joel, E. S., Omohinmin, C. A., Ahuckwe,
E. F., Isibor, P. O., Usikalu, M. R., Oha, I. A., Garba, N. N.,
& Targema, T. V. (2023). Radioactivity distributions and
biohazard assessment of coastal marine environments of niger-
delta, Nigeria. All Earth, 36(1), 1-19.

Romanenko, V. (2006). Methods of hydroecological studies
of surface waters. Instytut hidrobiolohii [Institute of
Hydrobiology]. Kyiv: LOGOS, 408 p (in Ukrainian).

Santhanabharathi, B., Pradhoshini, K. P., Suhail Ahmed, M.,
Priyadharshini, M., Shafeeka Parveen, M. H., Alam, L., Mofizur
Rahman, I. M., Duong, V. H., Ud Din War, M., & Saiyad
Musthafa, M. (2023). Source, fate and transfer of primordial
radionuclides as potential contaminants in environmental
matrices of high and low background radiation areas — a critical
review. International Journal of Environmental Analytical
Chemistry, 1-27.

Skyba, V. (2010). Assessment of accumulation and distribution of
137cs and 90sr in freshwater fish of fish ponds central forest
steppe in the remote period chernobyl disaster, 15-21 (in
Ukrainian).

Tahir, S. N. A., Alaamer, A. S., Ayub, M., & Khan, M. Z. (2010).
Radiometric analysis of samples of domestic fish species and
radiological implications. Health Physics, 98(5), 741-744.

Teien, H.-C., Kashparova, O., Salbu, B., Levchuk, S., Protsak, V.,
Eide, D. M., Jensen, K. A., & Kashparov, V. (2021). Seasonal
changes in uptake and depuration of 137Cs and 90Sr in silver
Prussian carp (Carassius gibelio) and common rudd (Scardinius
erythrophthalmus). Science of The Total Environment, 786,
147280.

Teien, H.-C., Wada, T., Kashparov, V., Lopez-Gutierrez, J. M.,
Garcia-Tenorio, R., Hinton, T. G., & Salbu, B. (2023). Transfer of
12T to freshwater fish species within Fukushima and Chernobyl
exclusion zones. Journal of Environmental Radioactivity, 270,
107269.

Volkova, O. N., Beliaiev, V. V., Parhomenko, O. O., & Prishlyak,
S. P. (2014). Parameters of the Distribution of Radionuclides in
Water Bodies of Different Trophic Status. The nature of Western
Polissia and adjacent territories, 127-132.

Volkova, O. N., Beliaiev, V. V., Prishlyak, S. P., Gudkov, D.
I., Kaglyan, O. Ye., & Skyba, V. V. (2023) Technogenic
radionuclides in the hydrobionts of the northern Ukraine waters
bodies. Hydrobiological Journal, 59(6), 100-119 (in Ukrainian).

Wada, T., Hinata, A., Furuta, Y., Sasaki, K., Konoplev, A., & Nanba,
K. (2023). Factors affecting *’Cs radioactivity and water-to-
body concentration ratios of fish in river and pond environments
near the Fukushima Dai-ichi Nuclear Power Plant. Journal of
Environmental Radioactivity, 258, 107103.

Theoretical and Applied Veterinary Medicine | Volume 12 | Issue I



http://doi.org/10.1080/09603123.2022.2147905
http://doi.org/10.1080/09603123.2022.2147905
http://doi.org/10.1080/09603123.2022.2147905
http://doi.org/10.1080/09603123.2022.2147905
http://doi.org/10.1080/09603123.2022.2147905
http://doi.org/10.1080/09603123.2022.2147905
http://doi.org/10.1080/09603123.2022.2147905
http://doi.org/10.1016/j.jenvrad.2023.107261
http://doi.org/10.1016/j.jenvrad.2023.107261
http://doi.org/10.1016/j.jenvrad.2023.107261
http://doi.org/10.1016/j.jenvrad.2023.107261
http://doi.org/10.2139/ssrn.4696456
http://doi.org/10.2139/ssrn.4696456
http://doi.org/10.2139/ssrn.4696456
http://doi.org/10.2139/ssrn.4696456
http://doi.org/10.31996/mru.2023.1.35-38
http://doi.org/10.31996/mru.2023.1.35-38
http://doi.org/10.31996/mru.2023.1.35-38
http://doi.org/10.31996/mru.2023.1.35-38
http://doi.org/10.32819/2022.10009
http://doi.org/10.32819/2022.10009
http://doi.org/10.32819/2022.10009
http://doi.org/10.32819/2022.10009
http://doi.org/10.32819/2022.10009
http://doi.org/10.1016/j.vetimm.2024.110753
http://doi.org/10.1016/j.vetimm.2024.110753
http://doi.org/10.1016/j.vetimm.2024.110753
http://doi.org/10.1016/j.vetimm.2024.110753
http://doi.org/10.1016/j.vetimm.2024.110753
http://doi.org/10.32819/2023.11006
http://doi.org/10.32819/2023.11006
http://doi.org/10.32819/2023.11006
http://doi.org/10.32819/2023.11006
http://doi.org/10.1080/27669645.2023.2299109
http://doi.org/10.1080/27669645.2023.2299109
http://doi.org/10.1080/27669645.2023.2299109
http://doi.org/10.1080/27669645.2023.2299109
http://doi.org/10.1080/27669645.2023.2299109
http://doi.org/10.1080/27669645.2023.2299109
http://doi.org/10.1080/03067319.2023.2277891
http://doi.org/10.1080/03067319.2023.2277891
http://doi.org/10.1080/03067319.2023.2277891
http://doi.org/10.1080/03067319.2023.2277891
http://doi.org/10.1080/03067319.2023.2277891
http://doi.org/10.1080/03067319.2023.2277891
http://doi.org/10.1080/03067319.2023.2277891
http://doi.org/10.1080/03067319.2023.2277891
http://doi.org/10.1097/hp.0b013e3181d18f4a
http://doi.org/10.1097/hp.0b013e3181d18f4a
http://doi.org/10.1097/hp.0b013e3181d18f4a
http://doi.org/10.1016/j.scitotenv.2021.147280
http://doi.org/10.1016/j.scitotenv.2021.147280
http://doi.org/10.1016/j.scitotenv.2021.147280
http://doi.org/10.1016/j.scitotenv.2021.147280
http://doi.org/10.1016/j.scitotenv.2021.147280
http://doi.org/10.1016/j.scitotenv.2021.147280
http://doi.org/10.1016/j.jenvrad.2023.107269
http://doi.org/10.1016/j.jenvrad.2023.107269
http://doi.org/10.1016/j.jenvrad.2023.107269
http://doi.org/10.1016/j.jenvrad.2023.107269
http://doi.org/10.1016/j.jenvrad.2023.107269
http://doi.org/10.1016/j.jenvrad.2022.107103
http://doi.org/10.1016/j.jenvrad.2022.107103
http://doi.org/10.1016/j.jenvrad.2022.107103
http://doi.org/10.1016/j.jenvrad.2022.107103
http://doi.org/10.1016/j.jenvrad.2022.107103

