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1. HaykoBe oOGI'pyHTYBaHHs Ta PO3pOOKa 3ax0/liB 010 3MEHILIEHHS pafiioaKTUBHOTO 3a0pynHeHHs: pubu 90Sr Ta
137Cs.

2. Scientific substantiation and development of measures to reduce radioactive contamination of fish by 90Sr and
137Cs.

Pedepar:

1. Incepranist npucBsiueHa anpobaliii 3ax1MCcHUX 3aX0/IiB 3a]1J1s1 BMEHILIEHHS! paflioaKTUBHOIO 3a0pyIHEHHS
npicHoBopHOI pubu 137Cs i 90Sr npu nonepesHbOMY HAYyKOBOMY OOI'PYHTYBaHHI JaHUX 3aXO0/iB. 30Kpema
IOOCJIiIKEHHS BKJIIOYAIU B c€6€ eKCIIEPMMEHT 3 BifirOZiBJli pUb «4NCTUM» KOPMOM 3 IOLABAaHHSIM y CyMilll 3 IKOi OyB
BUTOTOBJIEHMI KOPM CIIELia/IbHO] 1e3illafcopOyioUoi CrosyKu (3asiso-rekcanianodeparom kaiuito — KFCF)
BeprnincebKoi s1a3ypi Ta eKCliepUMEHT 3 IIepeMillleHHsI abOpUTreHHOI pPaflioakTUBHO 3a6pyLHEHOI pUOU B YUCTY BOLY
33115 TECTyBaHHS KOHTP3axOy 100 3MeHIIeHHs BMicTy 90ST B pubi. BulenepesidyeHi eKCliepuMeHTH
IIPOBOAMJINCS 6€3M0CEPEAHBO B MPUPOSHUX YMOBAaX YOPHOOMILCHKOI 30HU BilUy>KE€HHs, a came o3epax [7mboke Ta

Crapyxa. JJabopaTopHi €KCIIepUMEHTHU BKJIIOYaJIM B cebe cepii akBapiyMHUX AOCIIJiB 3 BUBUEHHS AUHAMIKU



HagxomkeHHs 90Sr B oprasism pub 3a pisHOi TeMIIepaTypy BOAY Ta PEXUMIB IITYYHOI FOiBJIi Ta €KCIIEPUMEHT 3
KyJliHapHOI 06p0o0KY TKaHUH pub 3 OJAIbIIMM BU3HAUYEeHHS KoedillieHTy nepepobku. [IpoBeneHi OCHiIKeHHs 3
3aCTOCYBAaHHSIM KOPMY 3 I0ZaBaHHSM 3aji3do-rekcanianodeparom kamito (KFCF) nokazany, 10 YuCTUil KOpM 6e3
KFCF 3HmXyBaB UTOMY akTUBHICTh 137Cs y M's13ax y 2,6+0,3 pasa BIIiTKY, 3aBASKA MiABUILIEHOMY [IPUPOCTY MacH (y
2,6+0,2 paza) Ta nomanbuIoMy 6i0p03BeIeHHIO. 3aCTOCYBaHHS IOAATKOBOIO YMCTOro KOpMY, mo mictus 0,1 a60 1%
KFCF, npusseso 1o 1oJaTKOBOro 3HMKeHHs BMicTy 137Cs y TkaHuHax pub y 2,7+0,9 Ta 4,4+0,3 pasa, Bif[10BinHO,
IIOPiBHSIHO 3 pubamu 6€3 04aTKOBOrO YUCTOr0 KOPMY Ta 3 10JATKOBUM 4nCTUM KopMmoM 6e3 KFCF. 3 ypaxyBaHHSIM
6i0pO3BEeNIeHHS palliosoriyHa e(PeKTUBHICTD (KOe()illieHT 3MEHIIEHHST) 3aCTOCYBAHHS NOJATKOBOTO YMCTOTO KOPMY,
mo mictuB 0,1 ta 1 % KFCF, 0151 3HM>KeHHSI TUTOMOI akTUBHOCTI 137Cs y M's130Bill TKaHUHI pub cTaHoBusa 7-16 Ta
12-27 pasis, Bifi[1OBiAHO, IOPIBHSHO 3 KOHTPOJILHUMU I'Pylamu 6€3 o4aTKOBOro YUCTOro Kopmy. Ha BinMiHy Bif,
137Cs, pomarkoBa rogisinsa ynctum Kopmom 3 KFCF He BrimmBasia Ha HaaxomkeHHs 90Sr. OfHak, y MOPiBHAHHI 3
KOHTpoJieM, HakordeHHs 90Sr y KiCTKOBiil TKAaHMHI P16 3pOCTajI0 BHACTITOK 1OJABAHHS YUCTOTO KOPMY, 11O
CYIIPOBOMKYBaJIOCS 30i/bLIEHHSIM Macu pub i HagxomxkeHHsIM 90Sr 6e3nocepeiHbO 3 BOAU. Pesynbratu
€KCIIEPMMEHTY 3 YTPUMaHHSIM abOpUreHHUX PUO 3 PalioakTUBHO 3a6pyAHEHOro o3epa ['uboke Y3B y «uucTiity
BogIi 03epa Crapyxa NpoTsarom 45 1i6 nokasany, o TaKWil KOHTP3axij He IPU3BOLUTD [0 JOCTOBIPHOTO 3HUKEHHS
BMicTy 90ST 5K y KiCTKOBIH, TaK i B M'130Bii1 TKaHMHI pub. BogHouac, criocTepiraeTbCsl 3HU>KEHHS ITUTOMOI
aktuBHOCTI 137Cs y M'a130Bi1 TKaHuHi smHa (T1/2= 16040 1i6). Toxx naHui 3axin BUBHAETHCSI HeePEeKTUBHUM SIK
KOHTP3axi[ AJ1s1 SMEeHIIEeHHS 3a0pygHEeHHs pubu pafiocTpoHuieM. OJIHaK, MO>KHA CTBEPKYBaTH, 110 OYUIIEHHS
puobY BiJ pafioCTPOHLIO LIJIIXOM NePeBeIeHHs ii B «4UCTy» BOAY MOXKe OyTH e(PEeKTUBHUM JIMILIE TOAi, KOJIM pruba
3a3Hajia KOPOTKOYACHOTO PaflioaKTUBHOTO 3a0pyJHEHHS, 10 6YJI0 MigTBEPAKEHO Y 1a60PATOPHUX €KCIIEPUMEHTAX.
MinimanpHa mBUAKICTh HafixomKeHH 90ST B KicTKOBY TKaHMHY pub (~0,055 no6a-1) 6ysa npy HalHWKYINA
tTemrepatypi Bogu 5 °C npu MiHiMasbHOMY JO60BOMY HaIXOIPKeHHI 3 Dketo — 0,15 % Big macu pubu. MakcumasnbHa
MIBUJIKICTh NOrMHAHHA 90ST KiCTKOBOIO TKAaHMHOIO Kapacs cpibsscroro craHosuia 1,5+0,2 no6a-1 npu temneparypi
27+1 °C 3a MakcuMasbHOi rogisii (1,5 %). Lle mobpe y3romkyeTbces 3i LIBUAKICTIO HaaxomkeHHs 90Sr y KiCTKOBY
TKaHMHY Kapacsl CpibssicToro B IpUpOAHUX YMOBax YOpHOOM/ILCHKOI 30HMU BijuyKeHHS, sIKa JopiBHIOE 1,4-1,6 mo6a-1
npu temnepatypi Bogu sutie 19 °C i snme 0,08-0,2 no6a-1 B ce30H 3 TeMmnepaTyporo Boau Hikue 7 °C. biosoriynunit
nepioy HaliB3MeHIIEeHHsI TUTOMOi akTUBHOCTI 90ST y KiCTKOBIi1 TKaHWHI Kapacsi CpibJIsSICTOro 3a TeMIIEpaTypy BOLU
22+1ta 25+1 °C i no6oBOMY crio>kuBaHHI KopMmy 0,5 % Ha macy pubu craHoBus T1/2=50-160 1i6 micss
KOPOTKOYACHOTO 3a6pyiHEHHSI TPOTSIrom 60 OHiB, 10 y3roAKy€eThCs 3 aHAIOTIYHMMHU aKBapiyMHUMU
eKCIIEpMMEHTaMH, OHAK CYIlepeyuTh WBUAKOCTI BuBeaeHHs 90Sr 3 KiCTKOBOI Ta M'130BOi TKAHMHY a00PUT€HHUX
pu6 3 NPUPOAHUX BUCOKO 3a0pyHEHUX BogoiM >500-1000 xi6. Pesynbraty gociigkeHs 3 KyJliHapHOi 06po6Ky
pubuU nokasanu, mo koedilieHTH yrpuMaHHs 90Sr 11py BapiHHi KiCTKOBOI TKAaHMHU JIMHA 17151 IPUTOTYBAaHHS
oysbiiony craHoBusiu 0,0066+0,0024 nicsist BunoBy 3 o3epa ['nmu6oke ta 0,0014+0,0005 micsst yTpuMaHHS pubu
npotsrom 45 z1i6 y «uucTiii» Bogi o3epa Crapyxa. Xoua criocrepirasocst HesHauHe 3HMKeHHs nepexony 90Sr 3
KiCTOK Yy BOJly ITPH BapiHHI IicJ1s1 IonepegHbOro yTpMMaHHs pubu B YMCTIl BOJli, MOXKJIMBO, 32 PaXyHOK YTBOPEHHS
HOBOI «4MCTOI» KiCTKOBOI TKAHMHU, KOeillieHTH yTPUMaHHSI IIPU IePEPOOLi CTATUCTUYHO IOCTOBIPHO He
BigpisHsamnucs (p>0,05). BusnaueHi koediuientn yrpumanss 90Sr npu BapiHHi 6y/IbIOHY 3 KICTKOBOi TKAHWHU JIMHA 3
o3epa ['mnboke cranoBuiu mexie 0,011 nmokasany, o iCHye HEOOXiAHICTb Nepersay LONyCTUMUX PiBHIB BMICTY

90Sr B pubi Ta puOHUX NPOAYKTAX i BCTAHOBJIEHHS TAKUX PiBHIB TiIbKY 17151 Ti€l 4aCTUHU pUOH 1O CIIOXKUBAETHCS.

2. The dissertation is devoted to the testing of measures to reduce radioactive contamination of freshwater fish
with 137Cs and 90Sr with preliminary scientific substantiation of these measures. The research included an
experiment on feeding fish with «clean» feed with the addition of a special cesium-adsorbing compound
(potassium iron hexacyanoferrate — KFCF) of Prussian blue to the mixture from which the feed was made and an
experiment on transferring and keeping native radioactively contaminated fish to clean water to test a
countermeasure to reduce the content of 90Sr in fish. The above mentioned experiments were conducted directly
in the natural conditions of the Chornobyl Exclusion Zone, namely in the lakes Glubokoye and Starukha.
Laboratory experiments included a series of aquarium experiments to study the dynamics of uptake of 90Sr into
fish organism at different water temperatures and feeding regimes and an experiment involving the culinary



processing of fish tissues with subsequent determination of the processing retention factor. The research
performed with the use of feed with the addition of potassium ferrous hexacyanoferrate (KFCF) showed that clean
feed without KFCF reduced the activity concentration of 137Cs in muscles by 2.6+0.3 times in summer, due to
increased weight gain (2.6+0.2 times) and further biodilution. The use of additional clean feed containing 0.1 or 1 %
KFCF resulted in an additional decrease of the 137Cs content in fish tissues by 2.7+0.9 and 4.4+0.3 times,
respectively, compared to fish without additional clean feed and with additional clean feed without KFCF. Taking
into account biodilution, the radiological efficiency (reduction factor) of the use of supplemental clean feed
containing 0.1 % and 1 % KFCF to reduce the activity concentration of 137Cs in fish muscle tissue were 7-16 and 12-
27 times, respectively, compared to control groups without supplemental clean feed. In contrast to 137Cs,
additional feeding with clean feed with KFCF did not affect the intake of 90Sr. However, compared to the control,
the accumulation of 90Sr in fish bone tissue increased due to the addition of clean feed, which was accompanied
by an increase in fish weight and 90Sr uptake directly from water. The results of the experiment when native fish
from the radioactively contaminated Lake Glybokoye were kept in the «clean» water of Lake Starukha for 45 days
showed that such countermeasure did not lead to a significant decrease in the 90Sr content in both bone and
muscle tissue of fish. At the same time, a decrease in the activity concentration of 137Cs in the muscle tissue of
tench was observed (T1/2=160+40 days). Therefore, this countermeasure was considered ineffective for reduction
fish contamination with radiostrontium. However, it can be discussed that purification of fish from radiostrontium
by transferring them to «clean» water can be effective only when the fish have been exposed to short-term
radioactive contamination, that has been confirmed in laboratory experiments. The minimum uptake rate of 90Sr
into fish bone tissue (~0.055 day-1) was observed at the lowest water temperature of 5 °C with a minimum daily
uptake of 0.15 % of fish weight. The maximum rate of 90Sr uptake by silver prussian carp bone tissue was 1.5+0.2
day-1at 27+1 °C with maximum feeding (1.5 %). This corresponds well with the rate of 90Sr uptake into the bone
tissue of silver prussian carp in the natural conditions of the ChEZ, which is 1.4-1.6 day-1 at water temperatures
above 19 °C and only 0.08-0.2 day-1in the season with water temperatures below 7 °C. The biological half-life of
90Sr activity concentration in the bone tissue of silver prussian carp at water temperatures of 22+1 and 25+1 °C
and daily feed consumption of 0. 5 % of fish weight was T1/2=50-160 days after short-term contamination for 60
days, which is consistent with similar aquarium experiments, but contradicts the rate of 90Sr removal from bone
and muscle tissue of native fish from natural highly contaminated water bodies >500-1000 days. The results of the
fish culinary processing experiment showed that the processing retention factor of 90Sr during cooking of tench
bone tissue for broth preparation were 0.0066+0.0024 after catching from Lake Glybokoye and 0.0014+0.0005
after keeping fish for 45 days in the «clean» water of Lake Starukha. Although there was a slight decrease in the
transfer of 90Sr from bone to water during cooking after preliminary keeping fish in clean water, possibly due to
the formation of new «clean» bone tissue, the processing retention factor during processing were not statistically
significantly different (p>0.05). The determined retention factors of 90Sr in broth from bone tissue of tench from
Lake Glubokoe were less than 0.01 and showed that it is necessary to revise the permissible levels of 90Sr in fish
and fish products and set such levels only for the part of the fish that is consumed.
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roJIOBYIOYOrO Ha 3aCifiaHHi

BignoBizanbHMIL 32 NiATOTOBKY Bospuyk Cepriit Bacumbosiy

00JIIKOBHX JJOKYMEHTIB

Peectpartop

VKpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




