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Abstract. Radiological tests analysis aimed to determine important issues regarding the safety
of food products, feeds, medicinal herbs, etc., obtained from radioactively contaminated territories as a
result of the accident at the Chornobyl nuclear power plant. The material for analysis was current
documentation of the Regional State Laboratories of State Service of Ukraine on Food Safety and
Consumers Protection in Zhytomyr, Volyn, Rivne, Chernihiv regions, Central Testing State Laboratory
of State Service of Ukraine on Food Safety and Consumers Protection in Kyiv region and Kyiv city from
2013 to 2022. The analysis is conducted regarding contamination of food products, feeds, medicinal
herbs, etc., with radionuclides *’Cs and %°Sr. The specialists of regional State Laboratories of State
Service of Ukraine on Food Safety and Consumers Protection conducted 12 797 892 radiological tests,
that showed 3 372 samples with higher than the permissible level content of *’Cs and 10 samples with
higher than permissible level content of *Sr. *¥'Cs is a main dose-forming radionuclide that has
considerable influence on getting internal irradiation by population. There have been rare cases of
contamination of food, feeds, and medicinal herbs with *°Sr. It was found that forest-based food
(mushrooms, berries) — 62.1, milk — 22.7, meat of wild animals — 8.3, feeds — 1.8, and medicinal herbs
— 0.8 had been mostly contaminated with *’Cs from the total number of samples with positive results
for the specified period. Thus, analyzing the results of radiological tests over the past decade, it should
be noted that even today, further radiological control of food products, feeds, etc. in radioactively
contaminated territories is expedient and requires further implementation of anti-radiation protection
actions established by current national legislation.

Keywords: radionuclides **’Cs and °°Sr, zones with radioactive contamination, forest-based
food, feeds, medicinal herbs.

The quality and safety of food products and the provision of the population of Ukraine with
environment-friendly products in the post-Chornobyl period are particularly important. (Kotelevich,
2019). Providing quality and safe products to the population residing in the areas with radioactive
contamination as a result of the Chornobyl nuclear power plant accident is a pressing issue today that
is essential for the health and well-being of future generations. (Supreme Council of Ukraine, 1991;
Likhtarev, 1996; IAEA. 2011, Fesenko, 2013).

In 1986 Ukraine experienced one of the major radiation accidents in the history of nuclear energy
development. As a result of the Chornobyl nuclear power plant accident, a large number of long-lived
radionuclides, such as *°Sr (with a half-life of 29 years) and *’Cs (30 years), were released into the
environment. This posed a particular and lasting threat to all living beings, making this accident a global
disaster.

The natural conditions of the regions contaminated with the radiation, approximately 3.5 million
hectares of forests, contributed to the mass migration of artificially exposed radiation elements to the
environment. Therefore, one of the most important tasks of the overall research system on the
radionuclides migration in the biosphere is to study processes in trophic chains involving agricultural,
forest plants, and productive animals. The consumption of plant and animal products contaminated with
radioactive substances is the main factor in forming the radiation dose rate in humans. Radioactivity
can enter the body through the consumption of forest-based products, such as mushrooms, berries,
and game, as well as through the consumption of products grown in household plots directly by the
population. The public awareness of the radiological state of the environment after the Chornobyl

70_ One Health Journal. 2023. Vol. 1. N 4 NN


mailto:_malimon@ukr.net

SECTION 3

disaster and the getting radionuclides through the soil — plant — animal — human chain, as well as
people's knowledge of effective means of individual protection, remain important today (Romanchuk,
2015).

The objective of our paper was to analyze the results of radiological studies of food products,
feeds, medicinal herbs feedstock, etc., regarding the content of radionuclides **’Cs and *°Sr from 2013
to 2022 in areas contaminated with radiation. To identify critical dose-forming food products and trace
their dynamics.

Methods and materials. During the analysis, the following methods and materials were applied:
reports of radiology departments of state laboratories of the State Service of Ukraine for Food Safety
and Consumer Protection, commonly accepted statistical and analytical methods for processing
research results, as well as radiometric and gamma-beta spectrometric methods for identifying
radionuclides.

Results Specialists from the state laboratories of the State Service of Ukraine for Food Safety
and Consumer Protection (State Consumer Service of Ukraine) regularly conduct radiological tests of
food products, feeds, etc., to ensure compliance with permissible levels of radionuclides according to
current regulatory acts.

The analysis of the results of radiological tests of the contamination of food products, feeds,
medicinal herbs feedstock, etc., with *’Cs and °°Sr radionuclides in the regions established as zones
with radioactive contamination were conducted for the period from 2013 to 2022 in Zhytomyr, Volyn,
Rivne, Chernihiv, and Kyiv regions. It was found that for the past ten years, specialists from the state
laboratories of the State Service of Ukraine for Food Safety and Consumer Protection conducted
12,797,892 radiological tests of food products, feeds, etc., to identify the content of the mentioned
radionuclides. Notably, there were 3 372 samples with content higher than the permissible level of *’Cs
and 10 samples with ®°Sr content higher than the permissible level.

The number of cases with the content of *’Cs and °°Sr radionuclides higher than permissible
levels in food products, feed, etc., for the period from 2013 to 2022, in the regions established as zones
with radioactive contamination is provided in Table 1.

According to the data in the Table, it is clear that from 2013 to 2022, there was a clear tendency
of decline in the number of samples with higher ¥’Cs content in all types of food products, feeds, etc.
The year 2017 was an exception regarding the number of positive samples, which could be explained
by the increased number of radiological tests in the Rivne and Kyiv regions that year, compared to all
the mentioned years.

There were 615 samples with the content of *’Cs higher than the permissible level, in 2013, the
highest number, which constituted almost 0.1% of the total number of samples that year. In 2021, there
were the least number of samples with content of 13’Cs higher than the permissible level — 0.01% of all
cases (128 samples), if exclude the year 2022 when the number of samples with higher content was
0.006% (67 samples). However, these results can’t be considered frontmost since the overall number
of tests in 2022 was also the least throughout the entire research period, this was likely because of the
hostilities in Ukraine.

A higher content of ®Sr radionuclide than a permissible level was found in 3 samples of feeds
(Kyiv region) in 2013, 2014 there were 4 samples in feeds (Kyiv region), one sample from medicinal
herbs feedstock, and one sample from wild animals’ bones (Chernihiv region) in 2016. — one sample
from medicinal herbs feedstock (Chernihiv region).
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Table 1

The number of samples with ¥’Cs and °Sr radionuclides higher than permissible levels in
food products, feeds, etc., (from 2013 to 2022)

Overall Nurcr;fber Regions established as zones with radioactive contamination
number
of tests sam'ples Zhytomyr Volyn Rivhe Chernihiv Kyiv
for e | 5 T~ 81~ -51-1-51-1_35]-
Year | radionucli B x ) Bx | © B Xx [} B X [} B Xx )
d content . cg|l o8|l €g o8 | £ o8 |€£8g o® | £
€s of ¥7Cs / o 4, 2¢| 0, | 24 0o, | D24 o, |24 o, | 2o
187Cs/ Sy 2 | Qo |<c9d Qo |9 Qo | 2o | EC
. 905y E = col| E5 | =d €5 cd €5 cd €5 £ o
in the in the ::g' = O ::g' = Jd 32‘ * Jd :sg' = J :g' =2R3)
regions regions = a = = 3 = = 3 = = & = = & =
2013 1285368 615/3 285562 | 292 | 61916 | 63 | 94326 | 201 | 192894 | 13 | 650670 | 46/3
2014 1261787 441/6 286773 | 267 | 60110 | 51 | 86383 | 101 | 185233 | 5/2 | 643288 | 17/4
2015 1221646 437 275645 | 287 | 64378 | 56 | 78031 | 68 |182206| 3 |621386| 23
2016 1152658 346/1 272412 | 242 | 45444 | 44 | 61392 | 49 | 192474 | 3/1 | 580936 8
2017 1684104 518 265571 | 232 | 43104 | 69 | 150581 | 77 |183717| 8 |1041131| 132
2018 1389189 343 252954 | 201 | 26268 | 45 | 100788 | 52 |172934| 10 |836245| 35
2019 1374729 293 266278 | 174 | 28347 | 44 |104118| 7 |182258| 3 |793728| 65
2020 1115215 184 210183 90 |[19686 | 24 |106975| 23 |147112| 6 |631259| 41
2021 1230318 128 217465 47 119369 | 22 | 63330 | 11 |143305| 3 |786849| 45
2022 1082878 67 183558 22 | 23640 | 15 | 124204 | 11 | 99655 1 [651821| 18
TCita 12797892 3372/10 | 2516401 | 1854 |392262| 433 | 970128 | 600 |1681788| 55/3 |7237313| 430/7

Table 1 indicates that the *3’Cs radionuclide forms the main part of the internal radiation dose
for residents in radioactively contaminated areas. There have been registered a few cases of
contamination with *°Sr of food products, feeds, and medicinal herbs feedstock.
As scientists claim (Gudkov, 2012; Romanchuk, 2019), now and in the future **’Cs will remain
the main radionuclide influencing the health of people residing in these areas.
Analyzing the reports of the radiological departments of regional state laboratories of the State

Service of Ukraine for Food Safety and Consumer Protection over the past ten years, the highest
number of samples with content of $3’Cs higher than the permissible level has been observed in forest-
based food products — 2094 samples, milk — 767 samples, wild game meat — 280 samples, feed — 62
samples, medicinal herbs — 26 samples. At the same time, higher content of **Sr was found in 7 samples
of feeds, 2 samples of medicinal herbs, and 1 sample of bones from wild animals, respectively.

Therefore, the majority of samples with **’Cs radionuclide content higher than permissible level
have been detected in forest-based food products — 62.1% of the total number of positive results, which
were detected in 3372 samples from 2013 to 2022, taken in regions established as zones with
radioactive contamination because of the Chornobyl disaster. The number of samples with *’Cs
radionuclide content higher than the permissible level in milk, meat of wild animals, forest-based food
products, medicinal herbs feedstock, and feed in the regions established as zones with radioactive
contamination for the period of 2013-2022 is shown in Figure 1.

The Figure shows the period from 2013 to 2022, forest mushrooms and berries took the largest
share of samples with *’Cs radionuclide content higher than the permissible level. Thus, in 2014, 210
positive samples of these forest-based products were identified, they had — 47.6% of the total number
of all samples with *’Cs radionuclide content higher than permissible level (441 samples) for that year,
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in 2021 the highest share of samples with higher content was found — 84.4% (108 samples) in forest
mushrooms and berries, with a total number of samples with higher content — 128 registered that year.
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Figure 1. The shares of samples with *’Cs radionuclide content higher than the permissible
level in the regions established as zones with radioactive contamination from 2013 to 2022.

Thus, in 2014, there were 47.6% of samples with ¥’Cs content higher than the permissible level
in forest mushrooms and berries, 32% were taken in Zhytomyr, 9.0% in Volyn, 4.1% in Rivne, 1.4% in
Kyiv, and 1.1% in Chernihiv regions. Thus, in 2021, there were 84.4% of samples with **’Cs radionuclide
content higher than the permissible level in forest mushrooms and berries, 35.2% were taken in Kyiv,
33.6% in Zhytomyr, 14.8% in Volyn, and 0.8% in Chernihiv regions. The change in sample number with
187Cs radionuclide content higher than the permissible level in forest mushrooms and berries over the
years depends on natural conditions that influence the mass migration of artificial radionuclides in the
regions established as zones with radioactive contamination. However, the share of forest mushrooms
and berries in the aggregate of food products, medicinal herbs feedstock, and feed contaminated with
radionuclides over the past decade (2013-2022), remains significant.

This period showed no samples with a content of °°Sr higher than PL in forest mushrooms and
berries during the specified period.

Milk holds second place, with 22.7% of the total number of positive samples with *’Cs
radionuclide content higher than the permissible level for the past decade. According to the analysis,
the least share of samples with ¥’Cs radionuclide content higher than the permissible level was in milk
in 2021. — 7 % (9 samples) of the total number of samples with higher content (128) for the year in the
Rivne region. 34.2% (151 samples) was the highest number of samples with *’Cs radionuclide content
higher than permissible level in
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milk, in 2014, out of the total number of positive samples (441), with 17.2% taken in Zhytomyr, 16.1%
in Rivne, and 0.9% in Volyn regions.

The Polesie region, one of the most affected areas because of the Chornobyl disaster, had 80%
of samples with *’Cs radionuclide content higher than permissible level due to animal products
consumed by people (Kotelevich, 2017; Malimon, 2020).

Samples with ¥’Cs radionuclide higher than the permissible level in wild animals’ meat over the
mentioned period took 8.3% of all positive samples. However, no samples with higher content than PL
of 3’Cs were found in 2021 and 2022. The lowest share of samples with higher content of the mentioned
radionuclide in wild game meat was found in 2020-0.9% (3 samples) in the Zhytomyr region out of a
total of 184 positive samples that year. In 2015, the highest share of samples with a higher content of
137Cs was recorded — 15.6% (68 samples) out of the total 437 positive samples. So, out of the 15.6%
of samples with higher content of 3*’Cs, 11.9% were taken in Zhytomyr, 3.2% in Kyiv, and 0.5% in Rivne
regions, respectively. In 2014, according to the test, one sample with °*Sr content higher than PL was
found in the bones of wild animals in the Chernihiv region.

Based on the analyzed data and the conclusions of other scientists (Gupta et al., 2018), the
study of the dynamics of radionuclide content in meat should be conducted regularly. This will allow for
the continuous updating of existing scientific databases and the implementation of actions to reduce
the content of hazardous radionuclides in meat.

Feeds play a significant role in the chain of plants — animals — humans. According to the
analysis of test results, the share of samples with *’Cs radionuclide content higher than permissible
levels in feeds from 2013 to 2022 was 1.8% of all positive samples. In 2017, there were only 518 positive
samples for the year, with 3 cases of *’Cs content higher than permissible levels in feeds. Similarly, in
2018, there were 2 samples out of a total of 343 with higher permissible levels that gave the same share
of samples with higher content — 0.6% for these two years, it was the least value for the last decade,
and all positive samples were taken in Volyn region. The greatest number of samples with ¥’Cs higher
content than permissible levels in feeds was found in 2022, there were 11.9% (8 samples) of all positive
samples (67) for that year, with 7.4% taken in Rivne and 4.5% in Volyn regions. It should be mentioned
that there were 3 samples with *°Sr higher content than PL in feeds in 2013 and 4 samples in 2014 in
the Kyiv region.

The higher-than-permissible level content of the radionuclide *’Cs was found in medicinal herbs
feedstock (substances) used for the production of medicinal products and it took 0.8% of the total
number of samples with higher content. During the period from 2013 to 2022, the samples with higher
than permissible level content of the radionuclide *’Cs in medicinal herbs feedstock were absent in
2013, 2021, and 2022. The least number of samples with higher content of *’Cs was found in 2016
with one positive case (Chernihiv region) and in 2018 with one positive case (Zhytomyr region), it took
0.3% of the total number of samples with higher content for each year out of 346 and 343 samples
respectively. The greatest number of samples with a higher content of *’Cs in medicinal herbs
feedstock was found in 2019. — 4.1% (12 samples) out of a total number of all samples with higher
content — 293. The higher content of *°Sr was detected in medicinal herbs feedstock in one sample
each in 2014 and 2016 year in the Chernihiv region.

The system of monitoring radiological tests still ensures the safety of food products, feeds,
medicinal herbs feedstock, etc., in Ukraine in the post-Chornobyl period (Chechet et al., 2023).

Conclusions

The analysis of the results of radiological tests of food products, feeds, medicinal herbs
feedstock, etc., was conducted for the period from 2013 to 2022. It has been found that there is a trend
for the decline in the number of samples with a higher content of *’Cs than permissible levels in all
types of food products and feeds.

According to the observations over the specified period, the most critical and consistent dose-
forming food products were forest mushrooms and berries, which took the most — 62.1% of samples
from the total number of all samples with higher content, milk contaminated with the **’Cs radionuclide
had 22.7%, and feeds — 1.8%. The dynamics of samples of food products, feeds, and medicinal herbs
feedstock with the content of the *’Cs radionuclide higher than PL indicate that there is a continuous
hazard of radioactive contamination of the local population on radiation-contaminated territories with
long-lived radionuclides.

It has been proven that during the analyzed period, the *°Sr was found in food products, feeds,
etc., rarely.
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Therefore, the content of radionuclides in forest mushrooms, berries, milk, game, feeds, and
medicinal herbs, in regions contaminated because of the Chernobyl accident, in most cases significantly
higher than permissible levels, it forms high dose of radiation and has a negative impact on the health
of the population. Hence, conducting further radiological monitoring remains relevant today.

Further research perspective. The question of monitoring radiological tests of food products,
feeds, etc., as well as timely informing the population, requires constant focus, therefore, our future
tests will be devoted to implementing radiological control of products and feedstock in contaminated
regions because of the Chernobyl accident. This is considered one of the effective actions for radiation
protection of the population.

REFERENCES

1. Liknhtarev, I. A., Kovgan, L. N., Vavilov, S. E., Gluvchinsky, R. R., Perevoznikov, O. N.,
Litvinets, L. N., Anspaugh, L. R., Kercher, J. R. and Bouville, A. (1996). ‘Internal exposure from food
contaminated after the Chernobyl accident’; Health Physics; 70(3):297-317. doi.:10.1097/00004032-
199603000-00001.

2. Fesenko, S., Jacob, P., Ulanovsky, A., Chupov, A., Bogdevich, |., Sanzharova, N.,
Kashparov, V., Panov, A. and Zhuchenka, Y. (2013). ‘Justification of remediation strategies in the long
term after the Chernobyl accident’; J Environ Radioact; 119:39-47. doi.:10.1016/].jenvrad.2010.08.012.

3. Gudkov, |.M. and Kashparov, V.O. (2012). ‘Aktual'’ni zavdannja i problemy
sil's'kogospodars'koi' radioekologii' cherez chvert stolittja pislja avarii' na Chornobyl's'kij AES’ [Actual
problems and problems of agricultural radioecology in a quarter century after the Chernobyl disaster];
Visn ZhNAEU [Bulletin of ZNAMEU]; 1(1): 27-36.

4. Gupta, D. K., Schulz, W., Steinhauser, G. and Walther, C.I. (2018). ‘Radiostrontium
transport in plants and phytoremediation’; Environ Sci Pollut Res; Springer. doi.:10.1007/s11356-018-
3088-6.

5. 1AEA. (2011). Radiation protection and safety of radiation sources : international basic
safety standards : general safety requirements. — Interim edition. Part 3 No. GSR Part 3 (Interim) [WWW
Document]; Int At Energy Agency, Vienna.
http://wwwpub.iaea.org/MTCD/publications/PDF/p1531linterim_web.pdf.

6. Kotelevych, V. A. (2019). ‘Actual poblems of quality and safety of food products in the
context of providing food security in the Zhytomyr region’; Sci Mess LNUVMBT; Ser: Vet Sci;
21(93):155-159. doi.: 10.32718/ nvlvet9327.

7. Kotelevich, V. A. (2017). ‘Veterinary and sanitary assessment of food quality and safety in
Zhytomyr region’; Sci Mess LNUVMBT; Ser: Vet Sci; 19(78):58-61. doi.:10.15421/nvivet7812.

8. Malimon, Z., Salata, V., Kochetova, G., Prokopenko, T. and Gusak, L. (2020). ‘Analysis of
radiouclide contamination of forestry products on the territory of Ukraine 2013— 2019’; Sci Mess
LNUVMBT,; Ser: Vet Sci; 22(97):47-51. doi.: 10.32718/nvlvet9709.

9. Romanchuk, O., Lopatiuk, Y. and Kovalchuk, S. (2019). ‘Evaluation of the content of 137Cs
radionuclide in food products of forest origin of residents of radioactively contaminated territories in the
long-term period after the chernobyl accident’; Sci Horiz; 11(84):108-112. doi.:10.33249/2663-2144-
2019-84-11-108-112.

10. Romanchuk, L.D. (2015). ‘Radioekologichna ocinka formuvannja dozovogo
navantazhennja u meshkanciv sil's'kyh terytorij Polissja Ukrai'ny’ [Radioecological assessment of the
formation of the dose load of the inhabitants of the rural territories of the Polissya of Ukrainian];
Zhytomyr, Polissja; 300.

11. Supreme Council of Ukraine. (1991). ‘On legal regime of territories contaminated as a result
of the Chernobyl disaster’; The Law of Ukraine promulgated by Supreme Council Decree 795-12 from
28.02.91 [in Ukrainian]; Bull Supreme Counc Ukr; 16:199.

12. Chechet, O., Shulyak, S., Kobish, A., Malimon, Z. and Omelchun, Yu. (2023). ‘Monitoring
of contaminants chemical and biological origin in feed for productive and non- product animals in 2021
in Ukraine’; One Health Journal; 1(2):17-25. doi.:10.31073/onehealthjournal2023-11-03.

PALIALUIMHA CUTYALISA HA 3ABPYHEHUX TEPUTOPISAX YKPAIHU B
MNOCTYOPHOBUNBbCBLKUU NEPIOM 3 2013 NO 2022 POKU
ManimoH 3. B., KouetoBa . C., N'ycak J1. M., LLlynsak C. B.

I  One Health Journal. 2023. Vol. 1. N 4

75


https://doi.org/10.1016/j.jenvrad.2010.08.012
https://doi.org/10.1007/s11356-018-3088-6
https://doi.org/10.1007/s11356-018-3088-6

SECTION 3

[epxaBHUN HayKOBO-OOCAIgHWMIA HCTUTYT 3 nabopaTopHOl AiarHOCTUKM Ta BeTepuHapHO-
caHiTapHoi ekcnepTuan, Kuie (Ykpaina); e-mail: z_malimon@ukr.net*

Pe3rome. Memoto aHanidy padionozidyHux 0ocnioxeHb 6yro su3HadyeHHs1 akmyarsibHUX rnpobriem
wo0do besneyHocmi xap4yosux rpPodyKmis, KOpMie, POCIIUHHOI 1IIKapCbKOI CUPOBUHU MOWO, 00epKaHUX
3 padioakmueHo 3abpyOHeHUX mepumopil eHacniOok aeapii Ha YopHobubCchbkili amomHil
eniekmpocmatuii. Mamepianom dns aHanizy 6yna 3eimHa OoKyMmeHmauis PezioHanbHUX 0epxXagHUX
nabopamopit [epxasHoi cnyxbu 3 numaHb bes3riedHocmi xap4yosux mnpodykmie ma 3axucmy
crioxugaydie *Kumomupcbkoi, BonuHcekoi, PigHeHcbkoi, YepHiziecbkoi obnacmedl, LleHmpanbHoi
suripobysasibHoi OepxxasHoi nabopamopii [epxnpodcroxuecryxbu e Kuisckkili obriacmi ma m. Kuesi
3a nepiod 3 2013 no 2022 pp. lNposedeHo aHani3 wodo 3abpydHeHOCMi xap4o8ux npodyKmis, Kopmis,
POCIUHHOI JTiKapChKOi cupo8uHU mowjo padioHyknidamu *'Cs ma °°Sr. ®axieusmu pezioHanbHUX
OepxasHux rnabopamopit [epxnpodcrnoxuscnyxbu 6yno nposedeHo 12 797 892 padionoaidyHux
docridxeHb, npu uysomy y 3 372 3paskax euserieHo nepesulieHHs dornycmumux pieHie **'Cs ma y 10
gunadkax nepesuuieHHss [P °°Sr. OcHosHUM A030ymeoproroYUM pPadioHyKTiooM, SKUL Mae 3Ha4YHUU
8nue y hopMmysaHHi 003U BHYMPIWHL020 ONMPOMIHEHHS HacereHHs ecmaHosereHo *Cs.
3abpydHeHHs *°Sr xapyoeux npPodykmis, KOPMI8, POCIUHHOI NiIKapCbKOi CUPOBUHU Mae MoodUHOKUL
xapakmep. BusigrieHo, wo Halbinbwy Yacmky rnepesulueHb dornycmumux pieHie padioHyknidy *'Cs
cmaHo8/15imb Xxap4o8i MpodyKmu J1ico8020 NMOX00XeHHSs (epubu, ssieodu) — 62,1 %, mosnoko — 22,7 %,
m'ssico Qukux meapuH ckradae 8,3 %, kopma — 1,8 %, pocrnuHHa nikapcebka cuposuHa — 0,8 % eid
3azarnbHOI  Kiflbkocmi  no3umueHUx 3paskie 3a eKkasaHul nepiod. Omxe, npoaHasisysaswu
pesynbmamu padionioeiyHux OO0CniOXeHb 3a ocmaHHi O0ecsimb pPOKig, Cid 3a3Hayumu, Wwo i Ha
Cb0200eHHS rnodarnbuwie npoeedeHHs1 padioniociyHo20 KOHMPOIIH0 Xap4osux rnpodyKkmie Kopmie moujo
Ha padioakmueHo 3abpyOHeHUX mepumopisx € douinbHUM ma rompebye nodanbuwo2o 30ilCHEHHS
3axo0ie npomupadiauitiHo20 3axucmy, 8CMaHOBIEHUX YUHHUM HauioHalbHUM 3aKOHOO0ascmeom.

KnwouoBi cnosa: pagioHyknign °*'Cs i °Sr, pagioakTuBHO 3abpyaHeHi 30HM, xap4oBi
NPOAYKTU NiCOBOro NOXOMKEeHHs1, KOPMU, POCIIMHHA JliKapCbKa CUPOBMHA.
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