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ABSTRACT 
 

One of the most urgent problems of modern medicine and veterinary medicine is the search for effective methods of 

prevention and nosotropic therapy for radiation damage to humans and animals. The first stage was carried out on 30 

laboratory mice. According to hematological studies of animal blood, all blood parameters were within the normal 

range. The second stage included the evaluation of the effectiveness of sorbents in rats by determining the percentage 

of radioisotope elimination from the animal body when using the sorbent and determining the dose load from the 

radioisotope over time (after 5, 15, 30, and 60min) on critical organs (gastrointestinal tract) and its elimination from the 

rat body. In one group, the rats were monitored without using the sorbent enriched with Shungite and bentonite. In 

contrast, the other group consisted of rats that received the sorbent with the feed (administered twice with an interval of 

8-12 hours). The difference in the accumulation of radiopharmaceutical preparations in the area of interest 

(gastrointestinal tract) between the two groups was 4.48% after 5min (5min), 1.39% after 15min (20min), 1.35% after 

30min (50min), and 1.04% after 60min (110min). The study revealed significantly higher initial RPP accumulation in 

the GI tract of the first group (4.48% at 5min), with differences gradually decreasing to 1.04% by 60min, suggesting 

variations in absorption/metabolism between groups. Shungite-enriched bentonite demonstrated high efficacy as a 

radioprotective sorbent, reducing radionuclide-induced damage when administered twice at 8–12-hour intervals and 

maintaining chemical stability. Its use enhanced adaptive regulatory mechanisms for accelerated radionuclide 

elimination, lowering risks of radiation-induced pathologies. 
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INTRODUCTION 

 

 Radiological contamination, whether caused by 

nuclear accidents, industrial emissions, or medical 

applications, poses a significant threat to human and animal 

health. The accumulation of radionuclides in living 

organisms can lead to long-term health complications 

(Stawkowski 2020; Hachinohe et al. 2021; Sarsembayeva 

et al. 2021; Lundquist et al. 2023). 

 In addition to natural background radiation, animals 

can be exposed to radiation as a result of accidents at 

nuclear power plants, medical diagnostics/treatment and 

human activities. With the development of the nuclear 

industry and the increasing use of radioactive materials, the 

concentration of various pollutants, including radioactive 

substances, such as uranium, cadmium, cesium, and cobalt, 

in the environment has increased over the past few decades. 

These radioactive materials eventually circulate in the 

biosphere and enter the air, drinking water, vegetables and 

grasses. Countermeasures to reduce radionuclide 

contamination of food animals and their products usually 

include cultivating land used for growing feed crops or 

grazing livestock, changes in animal husbandry, 

administering adhesive agents or similar substances to 

animals and delayed slaughter of animals (Howard 2021; 

Rosnovskaya et al. 2023; Kashparov et al. 2024; Zhang et 

al. 2024). Options that can be implemented in animal 

husbandry systems include permanent placement and 

provision of uncontaminated feed (especially in situations 

of exposure after a nuclear accident), pasture management 

(for example, cultivation of forage species with low 

radionuclide absorption potential), and selective grazing 

(Chen 2023; With et al. 2023; Hatvani-Nagy et al. 2024; 

Sweeck et al. 2024). 
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 Environmental protection from radiation depends 

primarily on the dose assessment for non-human biota. 

Most of these dose estimates combine measured or 

predicted radionuclide concentrations in soil or water with 

concentration ratios (CR) to estimate concentrations in 

animals and plants (Goulet et al. 2022; George et al. 2024). 

However, CR data is scarce compared to the many potential 

taxa and radioactive pollutants in the environment and their 

taxon-specific ecosystems. Because there are many taxa, 

each with different behaviors and biology, and because 

there are many potentially bioavailable radionuclides, CR 

can vary by orders of magnitude, as is often observed in 

published data. Given the diversity of taxa, the 

International Commission on Radiological Protection 

(ICRP) has selected 12 species of non-human biota as 

reference animals and plants (RAP), while the U.S. 

Department of Energy (DOE) uses non-specific taxonomic 

categories of terrestrial, coastal, and aquatic animals. Part 

of the question we are considering here is whether these 

RAP and categories are sufficient to adequately protect all 

species, given the diversity of animals in the region. To 

investigate this issue, we use the allometric kinetic (AK) 

model to calculate the CR of radionuclides for general 

classes of animals, further divided into herbivorous, 

omnivorous, carnivorous and invertebrate detritivores 

(Kryshev et al. 2022; Kryshev et al. 2023; Puchkov et al. 

2023; Whicker et al. 2023). CR comparisons between 

animal classes showed only minor differences, but 

differences of several orders of magnitude were noted 

between herbivores, carnivores, and detritivores for many 

radionuclides of particular interest. These results show that 

the ICRP, RAP and DOE categories are appropriate. 

However, their accuracy can be improved by including 

subcategories related to animal ecology and food biology. 

Finally, comparing the CR predicted by the AK model with 

the published CR shows differences in the order of 

magnitude, justifying further studies of assimilation of 

radionuclides in animals, environmental conditions, and 

animal classes (Guillén et al. 2020; Kundu et al. 2024; 

Zheng et al. 2024). 

 The study aims to evaluate the potential of natural 

sorbents, in particular bentonite and Shungite, as effective 

means to reduce radionuclide contamination of animals.  

 Bentonite clay is widely known in gamma radiation 

protection because it is a natural, cheap, readily available, 

common material with excellent protective properties. 

Bentonite clay was thermally activated at 900, 1,000, and 

1,100°C to obtain ceramic properties with the desired 

porosity. Heat treatment of bentonite clay leads to weight 

loss due to dehydration processes. The elemental 

composition of burnt bentonite ceramic samples was 

determined using X-ray fluorescence. The structure of 

bentonite ceramic samples was characterized by X-ray 

diffraction, particle size determination and density 

measurement, and scanning electron microscopy clarified 

the morphology of the sample surface; gamma radiation 

shielding measurements of various sintered bentonite 

ceramic samples were investigated using a sodium iodide 

detector and narrow beam method, as well as two point 

sources (Cs-137 and Co-60) emitting at 662, 1,173, and 

1,332 keV (Kerr et al. 2015; Hoshi 2022; Alafer et al. 2024; 

Stojković et al. 2024). Shungite is a filler for composite 

materials. It has a natural composition of carbon 

nanoparticles with various micro and nanoscalemineral 

additives that give it high permeability and shielding 

properties of electromagnetic radars. The radar absorption 

and shielding characteristics of a composite material based 

on fine-grained Shungite and urea-formaldehyde resin 

were studied in the frequency range from 500 MHz to 4 

GHz. The effect of the sample thickness on the 

electromagnetic properties of the composition material 

under study was determined (Tanaka et al. 2008; 

Stepanenko et al. 2017). 

In Japan, the genetic effects and radioactive 

contamination of large mammals, including wild boar, were 

studied due to the release of radionuclides at the Fukushima-

1 nuclear power plant in 2011. Such studies have generally 

shown a downward trend in the measured amount of 

radiocesium and stress on the body in nature. Assessing the 

effects of radiation on wildlife is important to understand 

the potential long-term effects. The radiation exposure of 

307 wild boars living in radioactively contaminated areas 

(50-8,000 kBq m-2) in Fukushima Prefecture from 2016 to 

2019 was assessed here, and genetic markers were 

examined to assess possible germline mutations caused by 

multiple chronic radiation exposures. Naturally occurring 

concentrations of cesium activity in wild boars (Stepanenko 

et al. 2020; Hoshi 2021) remained high in the areas 

surrounding the power plant, with a peak concentration of 

54 kBq/kg measured in 2019. The total dose rate for wild 

boars ranged from 0.02 to 36 micrograms/hour, mainly due 

to external radiation. The radiation exposure and dose rate 

in the maximally irradiated animals exceeded the total non-

irradiated control level by 10mcg/h. Depending on the 

estimated age of each animal, lifetime radiation doses 

ranged from <0.1 to 700mGy. Despite chronic exposure, 

genetic analysis did not show a significant accumulation of 

mutations (Shichijo et al. 2020; Fujimoto et al. 2021; Otani 

et al. 2022). Since wild boar is not commonly found in the 

human diet in Japan, an effective dose for humans from 

contaminated wild boar meat consumption was calculated. 

With a per capita pork consumption of 12.9kg/year, the 

hypothetical consumption of contaminated wild boar meat 

in the contaminated areas of Fukushima will result in an 

average annual effective dose of 0.9mSv/year, which is 

below the annual oral dose limit of 1mSv/year-1. 

Furthermore, the consumption of the most contaminated 

meat in this study, about 1.4kg/year, does not exceed the 

annual consumption limit (Fujimoto et al. 2020a, 2020b; 

Ruslanova et al. 2021). The dynamics of behavioral 

parameters of male rats were studied in an "open field" test. 

Total gamma radiation (absorbed dose of 5Gy) decreased 

all types of motor and exploratory activity and increased 

emotional distress. Treatment of animals with chitin/protein 

and carotene-tocopherol complexes (0.35 and 0.6.67g/kg, 

respectively) before and after irradiation, due to the 

antioxidant and enterosorbent properties of these 

complexes, significantly mitigated the negative effects of 

radiation and provided a clear trend towards normalization 

of measured behavioral parameters (with a follow-up period 

of 30 days) (Stepanenko et al. 2022). 

 

MATERIALS AND METHODS 

 

Research location and ethical authorization 

 The study was conducted at the Kazakh National 
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Agrarian Research University in the laboratory of the 

Department of Veterinary Sanitation and at the laboratory 

of the Kazakh Research Institute of Oncology and 

Radiology. The Bioethics Commission of the Kazakh 

National Agrarian Research University on November 10, 

2022, discussed and approved the research methods. 

Manipulations with experimental animals were carried out 

following the provisions of the Helsinki Declaration on 

Humane Treatment of Animals (Guiding Principles for 

Research, 2002). 

 

Experiment design 

Experiment 1: Assessing the Impact of Sorbents on General 

Health, Weight Changes and Hematological Parameters in 

Mice 

 For the experiment, two groups of 30 mice identical in 

age and weight were formed, where one group was selected 

as the control group. 

 The animals were kept in the vivarium of the 

Department of Biological Safety of the Veterinary Faculty 

of the Kazakh National Agrarian Research University at 

20-22°C, humidity no more than 50%, in standard plastic 

cages with fine wood shavings. Keeping and feeding were 

carried out according to the Rules for working with 

experimental animals. After admission and a two-week 

medical examination, they were included in the 

experiment. During the experiment, the animals were kept 

in standard conditions (vivarium, recommended diet, free 

access to drinking water, and natural light). Several 

experiments were conducted to study radiosorbents 

designed to remove radionuclides from the animal body. 

The first stage was carried out on laboratory mice. 

 Each group was given a specific sorbent. The control 

group included mice kept under the same conditions, but 

not receiving the sorbent. The sorbent (12g/1kg of feed) 

was administered daily according to the schedule in Table 1. 

 The animals were given two doses of stable sorbent, 

for example, in the morning and evening, with an interval 

of 12 hours between doses. The first and second portions of 

feed contained 6g of sorbent. 

 Shungite (33.2kg), bentonite (14.2kg) and sucrose 

(2.6kg) were thoroughly mixed in a mixer. The resulting 

powder was fed to animals in a dose of 6g per 1kg of feed. 

 Blood was taken from mice for hematological analysis 

to study the toxic effects of sorbents on the body. A general 

blood test allows one to identify the development of an 

infection in the body and determine a metabolic disorder or 

a malfunction of the internal organs of the animal. 

 During the experiment, the following parameters were 

measured: white blood cells (WBC), eosinophils (Eo.), 

basophils (Bas.), red blood cells (RBC), platelets (PLT), 

hemoglobin (HGB), hematocrit (HCT), plateletcrit (PCT), 

as well as the following RBC parameters: mean corpuscular 

volume (MCV), mean corpuscular HGB (MCH), mean 

corpuscular HGB concentration (MCHC), etc. 

 Calculated parameters were lymphocytes (LYM) %, 

monocytes (MON) %, neutrophils (NEU) %, Bas. %, Eo. 

%, etc. The analysis was performed on an automatic MS 

4/5 hematology analyzer (France). 

Experiment 2: Evaluating Sorbent’s Effectiveness in 

Reducing Radionuclide Accumulation in the 

Gastrointestinal (GI) Tract and the Whole Body. 

 To substantiate the effectiveness of the preparation as 

a sorbent to reduce the content of radionuclides in the 

animal body, a series of experiments on rats using 

radioactive rays was performed. 

 The experimental study was conducted in the 

Laboratory of Radionuclide Diagnostics of the Department 

of Radiology and Nuclear Medicine of the Kazakh 

Scientific Research Institute of Oncology and Radiology. 

 16 Wistar rats were used for the study. The subjects 

were divided in advance into two groups of eight animals, 

depending on the addition of the sorbent to the food, for 

further study of its role in reducing the radioactivity of the 

preparation Technetium-99m: 169-485g. Each laboratory 

animal was weighed on an OHAUS laboratory scale, and 

the animal weight data is shown in Table 3. 

 One group of rats was monitored without receiving the 

sorbent, while the other group was given the sorbent as part 

of their feed. The rats received feed with bentonite in 

powder form enriched with Shungite (2/1), with a dose of 

6g per 1kg of feed. They were fed twice with an 8-12-hour 

interval, during the period of immediate threat of 

radionuclide damage, with the following ratio of 

components by weight/%: Shungite: 59, starch: 10, 

bentonite: 30, purified water: 1. 

 The main objective of the experiment was to determine 

the percentage of radioisotope elimination from the animal 

body using various sorbents and to determine the dose load 

from the radioisotope over time (after 5, 15, 30, and 60min) 

on critical organs (the GI tract) and its elimination from the 

rat body as a whole using sorbents. 

 The preparation is characterized by high chemical 

stability during storage, which increases the effectiveness 

of radionuclide damage prevention, expands the range of 

preventive measures, and reduces the level of pathologies 

caused by exposure to high doses of the technetium 

isotope. 

 The rats were fixed with soft bandages on a wooden 

plate. Technetium-99m (99mTc), a daughter product of the 

beta disintegration of the radioisotope molybdenum–99 

(99Mo), was used as a radionuclide isotope. To produce 
99mTc, a transported 99Mo/99mTc gel generator is used in 

medical laboratories. The device is "charged" with highly 

active 99 Mo, produced at a pressurized water reactor 

(PWR) at the Institute of Nuclear Physics (INP) (Almaty) 

using a nuclear neutron capture reaction with a stable 

isotope of molybdenum-98 (98Mo). A radiopharmaceutical 

preparation (RPP), sodium pertechnetate 99mTc, was 

obtained in KazNIIOiR JSC using a 99Mo/99mTc generator 

by elution with 0.9% sodium chloride (NaCl) solution. The 

half-life of 99mTc is 6.04 hours. During disintegration, 

gamma rays with an energy of 140keV are emitted with a 

yield of 90%. 

 
Table 1: Experiment design (sorbent intake) 

No. Number of mice Sorbent was administered twice a day, in the morning and evening, with an interval of 12 hours between doses 

1 15 Control group 

2 5 Bentonite was administered daily from the second day of the experiment 

3 10 Bentonite and Shungite were administered daily from the second day of the experiment. 
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Table 2: Biologically active feed additive in the form of a powder 

of the following composition 

Item No. Ingredients Content, g Content, % 

1 Shungite 33.2 68 

2 Bentonite 14.2 26.3 

3 Sucrose 2.6 5.7 

 

Table 3: Data from the studied rats 

No. Group Identification of the subject Weight (grams) 

1 1 1–1 350 

2 1 1–2 485 

3 1 1–3 354 

4 1 1–4 396 

5 1 1–5 294 

6 1 1–6 238 

7 1 1–7 358 

8 1 1–8 335 

9 2 2–1 349 

10 2 2–2 369 

11 2 2–3 226 

12 2 2–4 389 

13 2 2–5 277 

14 2 2–6 213 

15 2 2–7 306 

16 2 2–8 169 

 

 The activity of the administered dose of 99mTc in the 

body depends on the type of study, in our case (a study of 

the entire body of the animals) it was equivalent for 

humans, based on the animal's body weight. The activity of 

the administered dose was measured using a Capintec 

CRC-15R ionization chamber (Fig. 1). 

 

 
 

Fig. 1: Exterior view of the Capintec CRC-15R ionization 

chamber. 

 

 Next, a syringe with a calculated dose of 

radiopharmaceutical preparation (RPP) for each animal 

was scanned on a gamma camera, after which the prepared 

dose was administered to the laboratory animals. After 

administration, the syringe with the remaining amount of 

RPP was re-scanned on a gamma camera to determine the 

percentage of RPP directly injected into the animal, and the 

residual activity in the syringe was re-measured using the 

Capintec CRC-15R ionization chamber. These actions 

make it possible to automatically calculate the percentage 

accumulation of RPP in the body of a laboratory animal. 

The diagnostic dose of RPP was 6-8MBq of activity per 

1kg of animal body weight. The correspondence of RPP 

activity to the effective equivalent dose (EED) is shown in 

Table 4. 

 Table 2 shows that the range of the introduced RPP 

activity was from 1.3 to 3.4MBq. This variation in the 

administered dose of RPP is explained by the difference in 

the weight of the animals (from 169 to 485g). The obtained 

EED was calculated based on the fact that 1MBq equals 

0.013mSv. 

 
Table 4: Indicators of the introduced activity of RPP and EED in 

animals 

Identification of the 

subject 

Introduced RPP activity 

(MBq) 

EED 

(mSv) 

1–1 2.8 0.036 

1–2 3.4 0.044 

1–3 2.7 0.035 

1–4 2.8 0.036 

1–5 1.9 0.025 

1–6 1.68 0.022 

1–7 2.63 0.034 

1–8 2.5 0.033 

2–1 2.66 0.035 

2–2 2.54 0.033 

2–3 1.6 0.021 

2–4 2.91 0.038 

2–5 2 0.026 

2–6 1.7 0.022 

2–7 2.3 0.030 

2–8 1.3 0.017 

 

 RPP was injected into the caudal vein of rats with 

preheating of the tail in a water bath (Fig. 2). The 

accumulation of 99mTc in the subjects' bodies was 

visualized using a Philips Forte single-photon emission 

computed tomography scanner (SPECT) (Fig. 3) in planar 

mode using a LEGP collimator (Fig. 4). 

 

 
 

Fig. 2: The RPP introduction process. 
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Fig. 3: Philips Forte SPECT. 

 

 
 
Fig. 4: The research process. 

 

RESULTS 

 

 According to the results of the weekly weighing of 

mice from experimental group 1 and control group 2, a 

difference in weight was observed. On the 7th day, the 

experimental group gained an average of 20% in weight. 

Mice that were kept under the same conditions but didn’t 

receive the sorbent showed no significant changes in 

weight. The results of the experiment on mice are shown in 

Table 5 and 6. 

 According to the results of the weekly weighing of 

mice from experimental group 1 and control group 2, a 

difference in weight was observed. On the 7th day, the 

experimental group gained an average of 20% in weight. 

Mice kept under the same conditions but not receiving the 

sorbent did not show change in weight. 

 According to the results of an external measurement of 

body weight, mice in group 1 that received sorbent 

exceeded the mice from group 2 by 15% in terms of weight. 

Hematological analysis of the control group showed the 

following: WBC, n/mm3: 8.2; LYM, %: 73.3; MON, %: 

12.1; RBC, n/mm3: 8.0; HGB, g/l: 125; PLT, n/mm3: 272. 

Hematological analysis of the experimental group showed 

the following: WBC, n/mm3: 8.3; LYM, %: 73.5; MON, % 

-: 3.9; RBC, n/mm3: 9.6; HGB, g/l: 165.7; PLT, n/mm3: 

295. According to hematological studies of animal blood, 

all blood parameters were within the normal range. 

 The results of the experiment in the second stage are 

an assessment of the effectiveness of sorbents in rats. The 

received data was processed using JETStream Workspace 

3.0 software and the Thyroid analytic processing tool. To 

determine the accumulation of RPP, planar scintigrams of 

each rat were performed 4 times, with an interval of +5min, 

+15min, +30min, +1 hour from the moment of RPP 

administration (that is, 5min, 20min, 50min, 110min after 

administration). The measurement data of each animal is 

presented on an individual registration card.  

 As a result of processing the scintigram data of each 

animal, the percentage of accumulation of 99mTc, 

depending on time, was demonstrated throughout the body 

and separately in the GI tract of the subjects (Table 7). 

 It follows from Table 3 that the change in the 

accumulation of RPP in animals over time from the 

moment of its introduction naturally changes, gradually 

accumulating more in the GI tract. A graphical 

representation of the average accumulation value of 99mTc 

as a function of time and organ is shown in Fig. 5 and 6. 

 Due to the movement of the limbs and tail of the 

studied rats and extravasation of blood vessels during the 

administration of RPP, the obtained data may contain errors 

of up to 5% in terms of the total accumulation level, while 

the accumulation level in the GI tract (ROI1) has a 

measurement error of only 0.2%. 

 

Table 5: Results of weekly weighing of the mice from experimental group 1 and control group 2 

Mouse 

number 

Control group 2 before the 

experiment 

Control group 2 after the 

experiment 

Experimental group 1 before the 

experiment 

Experimental group 1 after the 

experiment 

1 26.4 26.5 27.2 30.1 

2 25.1 25.3 28.5 33.2 

3 27.1 27.2 26.5 32.4 

4 26.2 26.3 29.5 34.2 

5 25.3 25.1 26.5 33.5 

6 26.4 26.3 31.4 32.1 

7 27.2 27.3 26.8 30.4 

 8 29.3 29.3 29.2 31.6 

9 28.6 28.6 25.2 34.3 

10 26.4 26.5 26.7 28.6 

11 27.4 27.3 28.2 33.2 

12 28.2 28.2 27.6 29.3 

13 29.2 29.2 28.5 30.3 

14 24.2 24.5 26.3 28.9 

15 27.3 27.4 29.3 30.5 
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Table 6: Studies of hematological parameters of blood by clinical analysis, n=15 

Indicators Standard Control groups Experimental groups 

WBC, n/mm3 

White blood cells 

6.0-13.0 8.3±0.02 8.28±0.01 

LYM, % 

Lymphocytes 

60 -78 77.2±0.01 73.5±0.02 

MON, % 

Monocytes 

2 - 5 12.0±0.03 3.8±0.03 

NEU, % 

Neutrophils 

0 1.7±0.02 0.08±0.01 

Eo. Eosinophils, % 0 - 4 1.72±0.02 2.3±0.01 

Bas. Basophils, %  0 - 2 0.5±0.01 1.27±0.02 

RBC, n/mm3 

Red blood cells 

8.0-11.0 7.9±0.03 9.57±0.01 

MCV (mean corpuscular volume), FL - 48.1±0.02 48.21±0.03 

HCT, % 

Hematocrit 

40 - 60 41.3±0.01 53.93±0.01 

MCH (mean corpuscular HGB), pg - 14.8±0.03 12.02±0.01 

MCHC (mean corpuscular HGB concentration), g/dl - 29.8±0.02 24.08±0.02 

HGB, g/l 

Hemoglobin 

140-180 125.8±0.02 165.7±0.01 

PLT, n/mm3 

Platelets 

200-400 277.3±0.01 256.9±0.02 

MPV (mean 

PLT volume), FL 

- 6.3±0.02 5.78±0.03 

PCT, % 

Plateletcrit 

0.4 - 0.8 0.154±0.01 0.56±0.01 

PDW (PLT distribution width), fl - 7.7±0.03 6.6±0.02 

 
Table 7: Accumulation of RPP as a function of time  

Identification of the subject Percentage of RPP accumulation (%) 

5min (5min) 15min (20min) 30min (50min) 60min (110min) 

Body GI tract Body GI tract Body GI tract Body GI tract 

Group 1 

1–1 85±0.1 16.1±0.1 82.1±0.2 22.3±0.2 82.1±0.2 24±0.3 77.2±0.1 29.5±0.4 

1–2 69±0.2 7.2±0.2 72.2±0.3 13.9±0.1 79.8±0.3 15.3±0.2 78.8±0.3 15.6±0.5 

1–3 78.3±0.3 18.4±0.3 74.1±0.1 16.8±0.2 78±0.4 27±0.5 78.3±0.2 38.4±0.4 

1–4 60.1±0.2 9.3±0.2 85.1±0.2 12.6±0.4 73.4±0.2 11.9±0.1 74.5±0.1 19.1±0.3 

1–5 79.4±0.1 6.9±0.4 82.3±0.4 11.8±0.1 80.5±0.5 18.6±0.2 75.8±0.2 18.4±0.1 

1–6 84.4±0.2 21.9±0.1 88.8±0.2 31.4±0.3 86.4±0.1 40.3±0.3 87.2±0.4 44.3±0.2 

1–7 87.8±0.4 16.9±0.2 84.8±0.1 20.6±0.5 81.2±0.2 24.9±0.4 71.5±0.2 24.7±0.4 

1–8 71.7±0.1 9.6±0.1 71.6±0.5 12.9±0.2 69.3±0.5 17.6±0.2 71.9±0.1 21.5±0.2 

Average value 76.96±0.2 13.29±0.4 80.13±0.1 17.79±0.3 78.83±0.1 22.45±0.2 76.90±0.3 26.44±0.4 

Group 2 

2–1 78.7±0.3 2.1±0.1 83.5±0.2 9.3±0.2 83.3±0.3 19±0.2 84.1±0.3 31.4±0.1 

2–2 88.6±0.1 17.2±0.5 83.8±0.4 22.4±0.1 88.5±0.2 23±0.5 86.6±0.1 30.8±0.4 

2–3 87.2±0.2 8.4±0.4 86.9±0.2 15.3±0.4 89.3±0.5 24.2±0.1 88.9±0.2 26.2±0.5 

2–4 74.3±0.4 9.3±0.3 75.6±0.3 13.9±0.3 77.1±0.2 20.2±0.5 78.4±0.5 21.7±0.3 

2–5 76.7±0.3 7.6±0.2 65.5±0.2 19.4±0.1 72.4±0.1 18.3±0.5 73.2±0.4 20.2±0.2 

2–6 51.1±0.2 1.5±0.1 68.2±0.5 10.6±0.2 70.6±0.2 12.5±0.3 66.8±0.2 14.7±0.4 

2–7 24.6±0.1 2.3±0.2 58.6±0.4 15.4±0.2 76±0.3 25.5±0.2 77.7±0.1 27.9±0.2 

2–8 89.5±0.4 22.1±0.3 87.2±0.2 24.6±0.5 85.5±0.4 26.3±0.4 85.3±0.2 29.9±0.3 

Average value 71.3±0.2 8.81±0.2 76.2±0.3 16.4±0.2 80.3±0.1 21.1±0.3 80.1±0.4 25.4±0.1 

 

 
 

Fig. 5: Accumulation of 99mTc in group 1. 

  

 
 

Fig. 6: Accumulation of 99mTc in group 2. 
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Table 8: The EDR of the animals after the end of the study 

Indicators Individual EDR 

Group 1, identification of the subject by number 

Animal numbers 1–1 1–2 1–3 1–4 1–5 1–6 1–7 1–8 

EDR (mSv/hr) 4 5 3 3 2 1.5 1.5 4 

Group 2, identification of the subject by number 

Animal numbers 2–1 2–2 2–3 2–4 2–5 2–6 2–7 2–8 

EDR (mSv/hr) 5 5 5 4 3 4 5 6 

 

Table 9: Summary data for the study of groups 1 and 2, n=8 

No. Group 1 Group 2 

Weight (grams) 351.3±0.1 287.3±0.2 

Entered activity RPP (MBq) 2.55±0.2 2.13±0.1 

EED (mSv) 0.033±0.2 0.028±0.1 

Percentage of 

RPP 

accumulation 

(%) 

5min (5min) Body 76.96±0.1 71.3±0.2 

GI tract 13.29±0.2 8.81±0.2 

15min (20min) Body 80.13±0.1 76.2±0.1 

GI tract 17.79±0.2 16.4±0.1 

30min (50min) Body 78.83±0.3 80.3±0.2 

GI tract 22.45±0.2 21.1±0.1 

60min (110min) Body 76.90±0.1 80.1±0.1 

GI tract 26.44±0.1 25.4±0.2 

EDR (mSv/hr) 3±0.1 4.6±0.1 

 

 To further monitor the elimination of 99mTc after the 

last scan (scintigraphy), the equivalent dose rate (EDR) of 

each rat was also measured using aminirad-1000 dosimeter 

No. C002619. The measurement result was in the range of 

2-6mSv/h (Table 8). All data on the subjects and the results 

are presented in Table 9. 

 The study showed differences in the accumulation of 

RPP between the two groups of test animals. In the first 

group, the percentage of accumulation throughout the body 

and in the GI tract increased over time, reaching a 

maximum of 30-60min after administration of the 

preparation. In the second group, similar dynamics were 

observed, but the accumulation values were slightly lower 

compared to the first group at all-time intervals, except at 

some measurement points. The difference in the 

accumulation of RPP in the area of interest (GI tract) 

between the two groups was 4.48% after 5min (5min), 

1.39% after 15min (20min), 1.35% after 30min (50min), 

and 1.04% after 60min (110min). Thus, the measurement 

data in the first group demonstrated a higher overall level 

of RPP accumulation immediately after introducing RPP 

and the most rapid redistribution (accumulation) of RPP in 

the GI tract throughout the study period. These results 

indicate potential differences in the absorption or 

metabolism of the preparation in this organ between the 

two groups. Regarding the use of sorbents, combinations of 

the two components have obvious advantages over separate 

use, due to the specifics of their metabolism, and these 

advantages have a positive effect on the body's condition 

after radiation, which is especially important. Their 

combination forms the most effective sorbent for the 

absorption and elimination of isotopes. 

 

DISCUSSION 

 

 The findings of this study demonstrate the efficacy of 

Shungite-enriched bentonite as a natural sorbent for 

counteracting radionuclide contamination in laboratory 

animals (in vivo) and potentially farm animals. This study 

aligns with recent trends focused on finding natural 

adsorbents for heavy metals and radionuclides (Novikau 

and Lujaniene 2022). In addition, several studies have 

highlighted the effectiveness of Shungite and bentonite as 

natural sorbents for absorbing radionuclides (Surkova et al. 

2022; Muslim et al. 2022). In comparison to the study on 

saponite by Krykhtina et al. (2021), the Shungite-bentonite 

mix offers a more efficient means and requires a lesser 

dose. By comparing the elimination rates and dose load 

from the radioisotope on critical organs, this study provides 

substantial evidence that Shungite-based sorbents can 

reduce radioactive contamination more effectively than 

conventional methods. The findings on weight gain 

correspond with the results obtained in the studies of 

Wlazło et al. (2023) and Lykhach et al. (2022), where they 

observed average weight gain in farm animals after 

administering sorbents. The results indicate minimal to no 

variations in the recorded blood parameters, and this 

finding agrees with the works of Nowakowicz-Dębek et al. 

(2025) and Wlazło et al. (2023), who also recorded minimal 

favorable variations and no negative influence on 

hematologic characteristics when sorbents were integrated 

into feed systems. The comparative study of 99mTc uptake 

in the gastrointestinal (GI) tract of the two groups indicated 

that the participants who were administered the Shungite-

rich bentonite sorbent exhibited decreased accumulation 

rates over time. The differences observed in accumulation 

percentages indicate that the sorbent plays a significant role 

in decreasing radionuclide retention in the organism. This 

is because bentonite and Shungite have high adsorption 

capacities and absorb radionuclides, promoting their 

elimination (Skrypnik et al. 2021; Marouf et al. 2021). The 

implications of these findings are 

beyond laboratory practices but possess potential for 

practical applications in environmental remediation, 

veterinary medicine, and human health protection. In the 

future, research studies should aim to optimize the 

Shungite-bentonite formula for peak adsorption efficiency 

safely and cost-effectively. Future studies should focus 

on examining the long-term biological consequences of 

sorbent administration, specifically under conditions of 

prolonged radiation exposure. Further research with 

various animal models and in conjunction with human 

trials would validate the broader applicability of these 

results. It is also necessary to understand the influence of 

external factors such as environmental conditions 

(temperature, humidity) and feed quality (nutrient 

composition, contamination level, etc.) on the efficacy of 

natural sorbents in feed mixtures. Further research is also 

necessary to ascertain the possible effects of long-term 

consumption of these sorbents and if side effects become 

probable. Advances in nanotechnology of materials will 

further improve natural sorbents' efficiency. The addition 

of Shungite-based sorbents to other nanostructured 

materials, as revealed by recent research, can enhance their 

adsorption and radiation-shielding characteristics (Alham 

et al. 2021). The present research validates the 

effectiveness of Shungite-supplemented bentonite as a 

sorbent in decreasing radionuclide contamination in 

experimental animals. These results offer new information 

on the use of natural sorbents in radiation protection. The 

inhibition of radionuclide absorption in the gastrointestinal 

tract and preservation of standard hematological indices in 

the present study support the effectiveness of Shungite-

based sorbents as a promising solution for radiation 
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exposure management. Future studies must persist in 

investigating and developing these materials further to 

broaden their utility within more general environmental 

and medical contexts. 

 

Conclusion 

 The difference in the accumulation of RPP in the area 

of interest (GI tract) between the two groups was 4.48% 

after 5min (5min), 1.39% after 15min (20min), 1.35% after 

30min (50min), and 1.04% after 60min (110min). Thus, the 

measurement data in the first group demonstrated a higher 

overall level of RPP accumulation immediately after 

introducing RPP and the most rapid redistribution 

(accumulation) of RPP in the GI tract throughout the study 

period. These results indicate potential differences in the 

absorption or metabolism of the preparation in this organ 

between the two groups. When added to feed and 

administered twice at 8–12-hour intervals during periods of 

radionuclide exposure, Shungite-enriched bentonite 

enhances the prevention of radionuclide damage. It 

expands available protective measures, reduces radiation-

induced pathologies caused by high doses of the 

technetium isotope, and remains chemically stable during 

storage. The results of studies involving the preparation 

made of bentonite and Shungite showed the following 

results: - the evolutionarily developed genetic and 

biochemical ability of animal body tissues to metabolize an 

exogenous preparation; - the high efficiency of the bound 

form of bentonite and Shungite as a radio-excretory sorbent; 

- the practicability of using the preparation as a sorbent, 

which allows the body to implement adaptive regulatory 

mechanisms for rapid elimination of radionuclide. 

 

DECLARATIONS 

 

Funding: The study was funded with grant funding from 

the Ministry of Higher Education and Science of the 

Republic of Kazakhstan for 2023-2025 [AP19577014 

“Develop ways to reduce radioactivity in the body of 

animals and livestock products”]. 

 

Conflict of Interest: The authors declare no potential 

conflict of interest. 

 

Author’s Contribution: Aida Abzhaliyeva: supervision 

the project and contributed to manuscript writing; Zhandos 

Amankulov, Arman Ibrayev: Designed the study and 

conceptualized the research framework; Akzharkyn 

Uzyntleuova, Assilbek Mussoyev: managed data 

collection, participated in data analysis; assisted in data 

interpretation. All authors contributed to the writing and 

revision of the manuscript. They collectively 

conceptualized the study, conducted the research, analyzed 

the data, and interpreted the results. 

 

Data Availability: All the data is available in the article.  

 

Ethical Statement: The experiments were carried out 

following the Bioethics adopted at the University and the 

provisions of the European Convention for the Protection 

of Vertebrates Used for Practical and Scientific Purposes. 

 

Generative AI Statement: The authors declare that no 

Gen AI/DeepSeek was used in the writing/creation of this 

manuscript. 

 

Publisher’s Note: All claims stated in this article are 

exclusively those of the authors and do not necessarily 

represent those of their affiliated organizations or those of 

the publisher, the editors, and the reviewers. Any product 

that may be evaluated/assessed in this article or claimed by 

its manufacturer is not guaranteed or endorsed by the 

publisher/editors. 

 

REFERENCES 

 
Alafer F, Sallam FH, Meshari MA, Alzamil Y, Abanomy A, 

Alhujaili S and El-Taher A, 2024. The influence of thermal 

treatment on the structural properties and gamma rays 

shielding of bentonite clay ceramic. Radiation Physics and 

Chemistry 217: 111531. 

https://doi.org/10.1016/j.radphyschem.2024.111531  

Alham A, Ibraimov A, Alimzhanova M and Mamedova M, 2021. 

Natural material Shungite as solid-phase extraction sorbent 

for the extraction of red synthetic dye Ponceau 4R from tap 

water, wine, and juice. Food Analytical Methods 15(3): 707–

716. https://doi.org/10.1007/s12161-021-02162-6 

Chen C-Y, 2023. Assessing the impact of climatic factors on 

biosphere dose conversion factors in the long-term safety 

assessment of radioactive waste disposal. Journal of 

Environmental Radioactivity 270: 107302. 

https://doi.org/10.1016/j.jenvrad.2023.107302 

Fujimoto N, Amantayeva G, Chaizhunussova N, Shabdarbayeva 

D, Abishev Z, Ruslanova B, Zhunussov Y, Azhimkhanov A, 

Zhumadilov K, Petukhov A, Stepanenko V and Hoshi M, 

2020a. Low-dose radiation exposure with 56MnO2 powder 

changes gene expressions in the testes and the prostate in 

rats. International Journal of Molecular Sciences 21(14): 

4989. https://doi.org/10.3390/ijms21144989  

Fujimoto N, Baurzhan A, Chaizhunussova N, Amantayeva G, 

Kairkhanova Y, Shabdarbaeva D, Zhunussov Y, 

Zhumadilov K, Stepanenko V, Gnyrya V, Azhimkhanov A, 

Kolbayenkov A and Hoshi M, 2020b. Effects of internal 

exposure to 56MnO2 powder on blood parameters in rats. 

Eurasian Journal of Medicine 52(1): 52-56. 

https://doi.org/10.5152/eurasianjmed.2020.19228 

Fujimoto N, Ruslanova B, Abishev Z, Chaizhunussova N, 

Shabdarbayeva D, Amantayeva G, Rakhimzhanova F, 

Sandybayev M, Nagano K, Zhumadilov K, Kaprin A, Ivanov 

S, Stepanenko V and Hoshi M, 2021. Biological impacts on 

the lungs in rats internally exposed to radioactive 56MnO2 

particles. Scientific Reports 11: 11055. 

https://doi.org/10.1038/s41598-021-90443-9  

George RS, Datta A, Gupta T and Goel A, 2024. Assessment of 

radionuclides activity and radiation level in banana samples 

collected from Kerala and Delhi NCR. Journal of 

Radioanalytical and Nuclear Chemistry 333: 1597-1601. 

https://doi.org/10.1007/s10967-023-09218-3 

Goulet RR, Newsome L, Vandenhove H, Keum DK, Horyna J, 

Kamboj S, Brown J, Johansen MP, Twining J, Wood MD, 

Černe M, Beaugelin-Seiller K and Beresford NA, 2022. Best 

practices for predictions of radionuclide activity 

concentrations and total absorbed dose rates to freshwater 

organisms exposed to uraniummining/milling. Journal of 

Environmental Radioactivity 244-245: 106826. 

https://doi.org/10.1016/j.jenvrad.2022.106826  

Guillén J, Beresford NA, Baeza A, Ontalba MA and Corbacho 

JA, 2020. Transfer of radionuclides and stable elements to 

foodstuffs in Mediterranean ecosystems. Journal of 

Environmental Radioactivity 223-224: 106379. 

https://doi.org/10.1016/j.jenvrad.2020.106379 

https://doi.org/10.1016/j.radphyschem.2024.111531
https://doi.org/10.1007/s12161-021-02162-6
https://doi.org/10.1016/j.jenvrad.2023.107302
https://doi.org/10.3390/ijms21144989
https://doi.org/10.5152/eurasianjmed.2020.19228
https://doi.org/10.1038/s41598-021-90443-9
https://doi.org/10.1007/s10967-023-09218-3
https://doi.org/10.1016/j.jenvrad.2022.106826
https://doi.org/10.1016/j.jenvrad.2020.106379


Int J Vet Sci, 2025, x(x): xxx. 
 

 9 

Hachinohe M, Hamamatsu S and Kawamoto S, 2021. A review 

of the radioactive cesium behavior in Japanese agricultural, 

livestock, fishery products and their foods in the decade 

following the Fukushima nuclear accident. Food Science and 

Technology Research 27(1): 1-23, 

https://doi.org/10.3136/fstr.27.1 

Hatvani-Nagy AF, Hajdu V, Ilosvai ÁM, Muránszky G, Sikora E, 

Kristály F, Daróczi L, Viskolcz B, Fiser B and Vanyorek L, 

2024. Bentonite as eco-friendly naturalmineral support for 

Pd/CoFe2O4 catalyst applied in toluene diamine synthesis. 

Scientific Reports 14: 4193. https://doi.org/10.1038/s41598-

024-54792-5 

Hoshi M, 2021. Effects of radioactive microparticles found in 

animal experiments. Innovation News Network 5: 186-188.  

Hoshi M, 2022. The overview of neutron-induced 56Mn 

radioactive microparticle effects in experimental animals 

and related studies. Journal of Radiation Research 63(S1): 

i1-i7. https://doi.org/10.1093/jrr/rrac020  

Howard B, 2021. Environmental pathways of radionuclides to 

animal products in different farming and harvesting systems. 

In: Naletoski I, Luckins AG and Viljoen, G. (eds), Nuclear 

and radiological emergencies in animal production systems, 

preparedness, response and recovery. Springer, Berlin, 

Heidelberg, Germany, pp: 53-105. 

https://doi.org/10.1007/978-3-662-63021-1_5 

Kashparov V, Kirieiev S, Yoschenko V, Levchuk S, Holiaka D, 

Zhurba M, Bogdan L, Vyshnevskyi D and Oughton DH, 

2024. Assessment of exposures to firefighters from wildfires 

in heavily contaminated areas of the Chornobyl Exclusion 

Zone. Journal of Environmental Radioactivity 274: 107410. 

https://doi.org/10.1016/j.jenvrad.2024.107410 

Kerr GD, Egbert SD, Al-Nabulsi I, Bailiff IK, Beck HL, Belukha 

IG, Cockayne JE, Cullings HM, Eckerman KF, Granovskaya 

E, Grant EJ, Hoshi M, Kaul DC, Kryuchkov V, Mannis D, 

Ohtaki M, Otani K, Shinkarev S, Simon SL, Spriggs GD, 

Stepanenko VF, Stricklin D, Weiss JF, Weitz RL, Woda C, 

Worthington PR, Yamamoto K and Young RW, 2015. 

Workshop report on atomic bomb dosimetry—Review of 

dose-related factors for the evaluation of exposures to 

residual radiation at Hiroshima and Nagasaki. Health 

Physics 109(6): 582-600. 

https://doi.org/10.1097/hp.0000000000000395  

Krykhtina YO, Leonenko N, Khmyrov I and Stankevych S, 2021. 

Role of European Green Deal as a transformation 

mechanism of the state policies for the European integration 

of Ukraine. Ukrainian Journal of Ecology 11(5): 97–101. 

https://doi.org/10.15421/2021_197 

Kryshev AI, Sazykina TG, Katkova MN, Buryakova AA and 

Kryshev II, 2022. Modelling the radioactive contamination 

of commercial fish species in the Barents Sea following a 

hypothetical short-term release to the Stepovogo Bay of 

Novaya Zemlya. Journal of Environmental Radioactivity 

244-245: 106825. 

https://doi.org/10.1016/j.jenvrad.2022.106825 

Kryshev AI, Sazykina TG, Katkova MN, Kryshev II, Buryakova 

AA and Pavlova NN, 2023. Assessment of ecological risk to 

biota of Stepovoi Bay of the Kara Sea after hypothetical 

accidental contamination. Biology Bulletin 50: 3087-3095. 

https://doi.org/10.1134/S1062359023110110  

Kundu D, Dutta D, Joseph A, Jana A, Samanta P, Bhakta JN and 

Alreshidi MA, 2024. Safeguarding drinking water: A brief 

insight on characteristics, treatments and risk assessment of 

contamination. Environmental Monitoring and Assessment 

196: 180. https://doi.org/10.1007/s10661-024-12311-z 

Lundquist KA, Arthur RS, Neuscamman S, Morris JP, Scullard 

CR, Cook AW, Wimer NG, Goldstein P, Spriggs GD, 

Glascoe LG and Nasstrom JS, 2023. Examining the effects 

of soil entrainment during nuclear cloud rise on fallout 

predictions using a multiscale atmospheric modeling 

framework. Journal of Environmental Radioactivity 270: 

107299. https://doi.org/10.1016/j.jenvrad.2023.107299 

Lykhach V, Lykhach A, Faustov R, Barkar Y and Lenkov L, 

2022. The effect of a new complex sorbent of mycotoxins in 

pigs diets on their growth performance, fattening and meat 

traits. Animal Science and Food Technologies 13(2): 26-34. 

https://doi.org/10.31548/animal  

Marouf R, Dali N, Boudouara N, Ouadjenia F and Zahaf F, 2021. 

Study of adsorption properties of bentonite clay. IntechOpen 

eBooks. https://doi.org/10.5772/intechopen.96524 

Muslim WA, Albayati TM and Al-Nasri SK, 2022. 

Decontamination of actual radioactive wastewater 

containing 137Cs using bentonite as a natural adsorbent: 

equilibrium, kinetics and thermodynamic studies. Scientific 

Reports 12(1): 13837. https://doi.org/10.1038/s41598-022-

18202-y 

Novikau R and Lujaniene G, 2022. Adsorption behaviour of 

pollutants: Heavy metals, radionuclides, organic pollutants, 

on clays and theirminerals (raw, modified and treated): A 

review. Journal of Environmental Management 309: 114685. 

https://doi.org/10.1016/j.jenvman.2022.114685 

Nowakowicz-Dębek B, Wlazło Ł, Król J, Karpińska K, Ossowski 

M, Bis-Wencel H and Ospałek W, 2025. The use of natural 

sorbents in cow feed to reduce gaseous air pollutants and 

faecal biogenic compounds. Animals 15(5): 643. 

https://doi.org/10.3390/ani15050643 

Otani K, Otaki M, Fujimoto N, Uzbekov D, Kairkhanova Y, 

Saimova A, Chaizhunusova N, Habdarbaeva D, 

Azhimkhanov A, Zhumadilov K, Stepanenko V and Hoshi 

M, 2022. Effects of internal exposure to neutron-activated 
56MnO2 powder on locomotor activity in rats. Journal of 

Radiation Research 63(S1): i38-i44. 

https://doi.org/10.1093/jrr/rrac003  

Puchkov A, Druzhinina A, Yakovlev E and Druzhinin S, 2023. 

Assessing the natural and anthropogenic radionuclide 

activities in fish from Arctic rivers (Northwestern Russia). 

Pollution 9(3): 1098-1116. 

https://doi.org/10.22059/poll.2023.350148.1668  

Rosnovskaya NA, Kryshev II, Kryshev AI and Katkova MN, 

2023. Quality indicators of the marine environment in terms 

of the radionuclide activity level for the Kara Sea ecosystem. 

Russian Meteorology and Hydrology 48: 355-360. 

https://doi.org/10.3103/S1068373923040088 

Ruslanova B, Zhaslan A, Chaizhunussova N, Shabdarbayeva D, 

Tokesheva S, Amantayeva G, Kairkhanova Y, Stepanenko 

V, Hoshi M and Fujimoto N, 2021. Hepatic gene expression 

changes in rats internally exposed to radioactive 56MnO2 

particles at low doses. Current Issues in Molecular Biology 

43(2): 758-766. https://doi.org/10.3390/cimb43020055  

Sarsembayeva NB, Akkozova AS, Abdigaliyeva TB, Abzhalieva 

AB and Aidarbekova AB, 2021. Effect of feed additive 

"Ceobalyk" on the biological and microbiological 

parameters of African sharptooth catfish (Clarias 

gariepinus). Veterinary World 14(3): 669-677. 

http://dx.doi.org/10.14202/vetworld.2021.669-677  

Shichijo K, Takatsuji T, Abishev Z, Uzbekov D, Chaizhunusova 

N, Shabdarbaeva D, Niino D, Kurisu M, Takahashi Y, 

Stepanenko V, Azhimkhanov A and Hoshi M, 2020. Impact 

of local high doses of radiation by neutron-activated Mn 

dioxide powder in rat lungs: Protracted pathologic damage 

initiated by internal exposure. Biomedicine 8(6): 171. 

https://doi.org/10.3390/biomedicines8060171  

Skrypnik L, Babich O, Sukhikh S, Shishko O, Ivanova S, Mozhei 

O, Kochish I and Nikonov I, 2021. A study of the 

antioxidant, cytotoxic activity and adsorption properties of 

Karelian Shungite by physicochemical methods. 

Antioxidants 10(7): 1121. 

https://doi.org/10.3390/antiox10071121 

Stawkowski ME, 2020, April 16. Forgotten ground zeros. Local 

populations exposed to radiation from former nuclear test 

sites. DIIS, Policy Brief, 4 p. Retrieved July 13, 2021 from. 

https://doi.org/10.3136/fstr.27.1
https://doi.org/10.1038/s41598-024-54792-5
https://doi.org/10.1038/s41598-024-54792-5
https://doi.org/10.1093/jrr/rrac020
https://doi.org/10.1007/978-3-662-63021-1_5
https://doi.org/10.1016/j.jenvrad.2024.107410
https://doi.org/10.1097/hp.0000000000000395
https://doi.org/10.15421/2021_197
https://doi.org/10.1016/j.jenvrad.2022.106825
https://doi.org/10.1134/S1062359023110110
https://doi.org/10.1007/s10661-024-12311-z
https://doi.org/10.1016/j.jenvrad.2023.107299
https://doi.org/10.31548/animal
https://doi.org/10.5772/intechopen.96524
https://doi.org/10.1038/s41598-022-18202-y
https://doi.org/10.1038/s41598-022-18202-y
https://doi.org/10.1016/j.jenvman.2022.114685
https://doi.org/10.3390/ani15050643
https://doi.org/10.1093/jrr/rrac003
https://doi.org/10.22059/poll.2023.350148.1668
https://doi.org/10.3103/S1068373923040088
https://doi.org/10.3390/cimb43020055
http://dx.doi.org/10.14202/vetworld.2021.669-677
https://doi.org/10.3390/biomedicines8060171
https://doi.org/10.3390/antiox10071121


Int J Vet Sci, 2025, x(x): xxx. 
 

 10 

https://www.diis.dk/en/research/forgotten-ground-zeros 

Stepanenko V, Kaprin A, Ivanov S, Shegay P, Bogacheva V, Sato 

H, Shichijo K, Toyoda S, Kawano N, Ohtaki M, Fujimoto N, 

Endo S, Chaizhunusova N, Shabdarbaeva D, Zhumadilov K 

and Hoshi M, 2022. Microdistribution of internal radiation 

dose in biological tissues exposed to 56Mn dioxide 

microparticles. Journal of Radiation Research 63(S1): i21-

i25. https://doi.org/10.1093/jrr/rrac023  

Stepanenko V, Kaprin A, Ivanov S, Shegay P, Zhumadilov K, 

Petukhov A, Kolyzhenkov T, Bogacheva V, Zharova E, 

Iaskova E, Chaizhunusova N, Shabdarbayeva D, 

Amantayeva G, Baurzhan A, Ruslanova B, Abishev Z, 

Apbassova M, Kairkhanova Y, Uzbekov D, Khismetova Z, 

Zhunussov Y, Fujimoto N, Sato H, Shichijo K, Nakashima 

M, Sakaguchi A, Toyoda S, Kawano N, Ohtaki M, Otani K, 

Endo S, Yamamoto M and Hoshi M, 2020. Internal doses in 

experimental mice and rats following exposure to neutron-

activated 56MnO2 powder: Results of an international, 

multicenter study. Radiation and Environmental Biophysics 

59: 683-692. https://doi.org/10.1007/s00411-020-00870-x  

Stepanenko V, Rakhypbekov T, Otani K, Endo S, Satoh K, 

Kawano N, Shichijo K, Nakashima M, Takatsuji T, 

Sakaguchi A, Kato H, Onda Y, Fujimoto N, Toyoda S, Sato 

H, Dyussupov A, Chaizhunusova N, Sayakenov N, Uzbekov 

D, Saimova A, Shabdarbaeva D, Skakov M, Vurim A, 

Gnyrya V, Azimkhanov A, Kolbayenkov A, Zhumadilov K, 

Kairikhanova Y, Kaprin A, Galkin V, Ivanov S, 

Kolyzhenkov T, Petukhov A, Yaskova E, Belukha I, Khailov 

A, Skvortsov V, Ivannikov A, Akhmedova U, Bogacheva V 

and Hoshi M, 2017. Internal exposure to neutron-activated 

56Mn dioxide powder in Wistar rats: Part 1: Dosimetry. 

Radiation and Environmental Biophysics 56: 47-54. 

https://doi.org/10.1007/s00411-016-0678-x  

Stojković I, Todorović N, Nikolov J, Vraničar A, Papović S, 

Gadžurić S and Vraneš M, 2024. LSC screening of coloured 

water samples for simultaneous 137Cs and 90Sr/90Y 

measurements during nuclear emergencies. Radiation 

Physics and Chemistry 216: 111447. 

https://doi.org/10.1016/j.radphyschem.2023.111447 

Surkova T, Abdikerim B, Berkinbayeva A, Azlan M and 

Baltabekova Z, 2022. Obtaining modified sorbents based on 

natural raw materials of Kazakhstan and research of their 

properties. Complex Use ofmineral Resources 322(3): 23–

32. https://doi.org/10.31643/2022/6445.25 

Sweeck L, Vives i Batlle J and Vanhoudt N, 2024. Assessment of 

radiation dose to people and wildlife inhabiting the Grote 

Nete catchment in Belgium. Journal of Environmental 

Radioactivity 273: 2024. 

https://doi.org/10.1016/j.jenvrad.2024.107395 

Tanaka K, Endo S, Imanaka T, Shizuma K, Hasai H and Hoshi 

M, 2008. Skin dose from neutron-activated soil for early 

entrants following the A-bomb detonation in Hiroshima: 

Contribution from beta and gamma rays. Radiation and 

Environmental Biophysics 47: 323-330. 

https://doi.org/10.1007/s00411-008-0172-1  

Whicker JJ, Gerard JL, Inglis JD and Conrad C, 2023. Allometric-

kinetic model predictions of concentration ratios for 

anthropogenic radionuclides across animal classes and food 

selection. Journal of Environmental Radioactivity 270: 

107312. https://doi.org/10.1016/j.jenvrad.2023.107312 

With G de, Vives i Batlle J, Bezhenar R, Maderich V, Fiengo 

Pérez F and Tacu A, 2023. Comparison of methods for the 

radiological impact assessment of aquatic releases to the 

waters in the Low Countries. Journal of Environmental 

Radioactivity 270: 107271. 

https://doi.org/10.1016/j.jenvrad.2023.107271 

Wlazło Ł, Kwiecień M, Bis-Wencel H, Łopuszyński W, 

Buszewicz G, Karpińska K, Rodzyń I, Kasela M, Sobczak P 

and Nowakowicz-Dębek B, 2023. Assessment of health 

safety of pigs taking natural sorbents with feed. BMC 

Veterinary Research 19: 3. https://doi.org/10.1186/s12917-

022-03563-3 

Zhang F, Zhong Q, Huang J, Huang D, Du J and Yu T, 2024. 

Continuous southwestward spread of Fukushima-derived 

137Cs in the subtropical western North Pacific and its 

intrusion flux into the South China Sea. Journal of 

Hazardous Materials 467: 133708. 

https://doi.org/10.1016/j.jhazmat.2024.133708 

Zheng Q, Zhang Y, Yin L, Qian Y and Ji Y, 2024. Simultaneous 

determination of 226Ra and 228Ra in food samples using 

liquid scintillation counting. Food Chemistry 438: 137998. 

https://doi.org/10.1016/j.foodchem.2023.137998 
 

 

 

https://www.diis.dk/en/research/forgotten-ground-zeros
https://doi.org/10.1093/jrr/rrac023
https://doi.org/10.1007/s00411-020-00870-x
https://doi.org/10.1007/s00411-016-0678-x
https://doi.org/10.1016/j.radphyschem.2023.111447
https://doi.org/10.31643/2022/6445.25
https://doi.org/10.1016/j.jenvrad.2024.107395
https://doi.org/10.1007/s00411-008-0172-1
https://doi.org/10.1016/j.jenvrad.2023.107312
https://doi.org/10.1016/j.jenvrad.2023.107271
https://doi.org/10.1186/s12917-022-03563-3
https://doi.org/10.1186/s12917-022-03563-3
https://doi.org/10.1016/j.jhazmat.2024.133708
https://doi.org/10.1016/j.foodchem.2023.137998

