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Fukushima fallout in Sakhalin Region, Russia, part 2:
137Cs and "3%Cs in grassland vegetation

Valery P. Ramzaev, Anatoly N. Barkovsky, Alexey V. Gromov, Sergey A. Ivanov, Marina V. Kaduka

Saint-Petersburg Research Institute of Radiation Hygiene after Professor P.V. Ramzaev, Federal Service
for Surveillance on Consumer Rights Protection and Human Well-Being, Saint-Petersburg, Russia

Samples of vegetation (vascular plants) were collected at 14 grasslands on Kunashir, Iturup, Urup and
Paramushir Islands in August—September 2012. All surveyed grasslands were virgin lands with respect to
Fukushima fallout. Four plots were used as pastures for cattle in 2012. About 1 kg of green vegetation (mixed
grass-forb crop) was taken from each of 13 plots. Seven samples of wormwood (Artemisia sp.) and three sam-
ples of Kuril dwarf bamboo (Sasa sp.) of the same mass were collected for comparison. A density of the above
ground biomass was estimated at one of the plots. Activities of **Cs and ’Cs radionuclides were determined
by direct y-ray spectrometry method using HP-germanium detectors. Inventories of *Cs and "’Cs in the top
20 cm layer of soil were estimated by the authors earlier for each of these 14 plots based of the soil samples
analysis. Caesium- 134, a marker of Fukushima fallout, was determined in 18 of 24 vegetation samples. Cae-
sium- 137 activity was quantified in all of 24 samples. The activity concentration of the radionuclides in plants
(wet weight) ranged from <0.05 Bq kg™' to 1.6 Bq kg™ for **Cs and from 0.06 Bq kg™’ to 5.8 Bq kg™! for "*"Cs.
About 2/5 (median = 41%, n = 18) of the total activity of "*’Cs in plants was associated with the Fukushima
accident. The soil-to-plant aggregated transfer coefficient (T, g) values in mixed grass-forb crop ranged from
<0.2x 107 m?kg'to 11x 107 m? kg! for ¥*Cs and from 0.08 x 10~ m? kg to 3.3 x 10~ m? kg! for ’Cs. The
T, values for 34Cs were statistically significantly higher compared to the T, values for *’Cs. The median T,
for 7*Cs in mixed grass-forb crop decreased in the 2011—2012 period by a fzgzctor of about two: from 12 x 10~
m? kg’ 10 6.6 x 10~ m? kg'. The ecological half-time, T, , of *Cs in the plants was approximately one year.
In 20112012, the median T, for pre-Fukushima *’Cs in mixed grass-forb crop was estimated as 0.12 x 10~
m? kg'. This value is lower by a factor of 100 and 50 compared to the median values of 7;g that were deduced
Jor Fukushima-derived radiocaesium in 2011 and 2012, respectively. The radiocaesium T, . values for Sasa
sp. and Artemisia sp. agreed with those for mixed grass-forb crop. At grasslands with the aboveground biomass
density of 1 kgm? and the T, . of 6 x 1072 m? kg™ for 1*Cs, the contribution of the vegetation contamination to
total inventory of the radionuclide did not exceed 1%. For Cs, this contribution was less than 0.1%.
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Mykycumckue BbinageHnsa B Caxanunckon o6nactn Poccuu,
coobujeHue 2: 3’Cs u 39Cs B nyroBbix pacTeHusax

B.I1. Pam3aeB, A.H. bapkosckuii, A.B. Ipomos, C.A. iBanos, M.B. Kaagyka

Cankr-IleTepOyprckuit HayqdHO-UCCAEN0BATEIbCKUIT MHCTUTYT paauallMOHHOM TMTMeHbl UMEHHU Mpodeccopa
I1.B. Pam3aeBa, @enepaibHas ciiyx0a 1o Haa30py B cepe 3aluThl IIpaB NOTPeOUTE el 1 OJIarOmoIydnst
yenoBeka, CaHkr-IletepOypr, Poccus

Obpasupt pacmumensHocmu (cocyoucmole pacmenus:) Obiau coopauvl 6 aseycme — cenmsope 2012 e. na
14 ayeax ocmpoeoe Kynawup, Umypyn, Ypyn u [lapamywup. Bce obcredosannvie ayea npedcmagasiu coooi
YeNUHHbIe YMACMKU 8 OMHOWEHUU (YKYCUMCKUX 8binadeHuil. Hembipe yuacmka ucnoas308anucs 8 Kavecmee
nacmouw, o KpynHoeo poeamoeo ckoma. Okono 1 ke 3eneHoil pacmumensHocmu (CMeuanHble mpassiHvle
coobuecmaa) Obi10 omodparo ¢ Kaxcooeo us 13 yuacmkos. Jlis cpasrenus Ha 7 yuacmiax obiau omoopansl npoosl
noaviu (Artemisia sp.) u Ha 3 yuacmkax — npoobl KypuabCKo2o Kapaukoeoeo bamobyka (Sasa sp.) moii jce mac-
cvl. Ha oonom u3 ywacmioe 6bina onpedenena naomnocms Ha03eMHOU buomaccyl. AkmusHocms paouoHykauoos
3%Cs u 37Cs onpedensinu memooom nPsImoil Y-CNeKmpOCKONUU ¢ UCHOAb30GAHUEM 0eMEKMOPOS U3 0C000 YUCHO20
eepmanust. 3anacot **Cs u ¥’Cs 6 eepxnem 20-canmumemposom cioe nougvl 0s Kaxicoo2o us smux 14 yuacmios
ObLIU OUEHEHbL ABMOPaMUL PaHee HA OCHOBe anaau3a npob nouewl. Llesuii- 134, mapkep @ykycumckux evinadenuil,
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Obin sbisienen 6 18 uz 24 oopasuyos pacmumensriocmu. Axmuerocms V7Cs Obiia KoauMecmeeHHo onpedeneHa 60 6cex
npobax. Yoenvnas akmueHocmos paduoHyKAUd08 6 pacmeHusx (no eéraxchomy eecy) eapvuposana om <0,05 b-ke!
00 1,6 br-ke™' 0ns *Cs uom 0,06 bx-xe” 00 5,8 br-ke™' dns ’Cs. Okono 2/5 (meduana=41%, n=18) om obweti ax-
muegrocmu "3’Cs 6 pacmenusix ovi0 cés3arno ¢ Qykycumckoil asapuetl. SHaverus azpecuposanHoeo Koapguyuenma
neperoca nousa — pacmenue (T, ) 6 cmeuanHbix mpassanbix cooduecmeax (uckarouas Artemisia sp. u Sasa sp.)
eapwuposanu om <0,2x 1073 do 11x 1073 m*ke" dns *Cs u om 0,08x 107 do 3,3x 1073 m>ke’ onsa P’Cs. Snauenus
T ona P'Cs Gvuau cmamucmuvecku 3HaUUMO GOAULMI NO CPABHEHUIO CO SHAEHUAMU T, ons ¥’Cs. Meduanroe
snauenue T 0/1;1 13%Cs 6 mpaesnvix cooduecmeax cHusunocs 6 nepuod 2011—2012ze. ¢ 2 pa3a ¢ 12x107° m*ke " do
6,6x107° W' Ilepuod sxonoeumeckoeo nonyouuwenus (T, ) ona <«HOg020» paduouesus GyKYCUMCKoeo
npoucxoofcaenuﬂ ov11 pasen 1 200y. Meduantoe 3nauerue 7;g ons doghykycumekoeo ¥’Cs 6 mpassiHbix cooduecmeax
ouenusaemcs genununoil 0, 12x 107> m*ke™'. Dma uyugppa npumepro 6 100u 50 pas menviue no cpasreruio ¢ Meouan-
HbIMU 3HAYEHUAMU 7:1 , OUeHeHHbIMU 0151 YKycumckoeo paduouesus 6 2011 e. u 2012 e. coomeemcmeenHo. 3naue-
Hus T ons paauouemﬂ 6 Sasa sp. u Artemisia sp. Obiau OAU3KU K MAKOBbIM 8 CMEUAHHBIX MPABSHBIX COOOUECMBAX.
Ha /zyeax ¢ naommocmbio hadsemnoii ouomaccot 1 kem=u T, , pasrom 6 x 10~ m>ke! dns Cs, éxcnad sagpasmenus
pacmumenvHocmu 6 00wl 3anac paduorykauda e npegviwian 1%. ns ’Cs dannbiii 6k1a0 cocmagasn metee

0,1%.

Kmouessie coBa: Qykycumckas asapus, enobarshoie evinadenus, Caxarunckas ooaacms, Kypuisckue
ocmposa, ayea, pacmumenstocms, Cs, 7’Cs, aepecuposannbiii ko3ghuyuenm nepenoca, T,

Introduction

Vegetation cover is the first barrier interacting with
radionuclides which deposited from the atmosphere on the
ground surface. The proportion of radioactivity initially retained
by the above-ground biomass (so called interception fraction,
f) may vary widely, depending on vegetation species, biomass
density, habitat and weather conditions [1-4]. For example,
in intensively exploited pastures with low biomass density,
the interception in grasses is less than 5%, while it can reach
almost 100% in dense coniferous forests and in thick lichen
mats [5]. The proportion of radioactivity associated with the
aerially contaminated parts and organs of plants declines with
time due to weathering (e.g., the loss of radioactive material
from leaf surfaces) and radionuclide translocation to those
plant parts and organs that were not contaminated directly by
the atmospheric deposition [2, 3]. In parallel to the cleaning
and diluting processes, a secondary contamination of plants
occurs due to resuspension (wind erosion and rain splash) of
contaminated particles deposited on the soil surface and due
to the soil-to-plant transfer of radionuclides via root uptake
[2, 3]. To quantify this complex interaction between fallout
radionuclides and plants, the concept of the aggregated
transfer coefficient, Tag, is used widely (e.g., [5, 6]). The
Tag (m? kg") is defined as the ratio of radionuclide activity
concentration in plant (Bg kg™) to the radionuclide inventory
(the total radionuclide activity per unit area) in soil (Bq m=).
As a rule, a value of Tag declines in the course of time and its
dynamics can be reasonably described by single- or double-
exponential models [7, 8]. Such models can be used for: 1)
evaluation of current radiation exposure from fallout when
direct measurement data are scarce or not available, and 2)
prediction of possible radiation doses to humans in the case
of accidental radioactive contamination of the environment in
the future [5, 7].

From a radiological point of view, accumulation of
radionuclides in vascular plants growing in grasslands
(pastures and lawns) is important because such plants are
the starting point for the transfer of radionuclides from the
environment to human in the food chain: grass—cow-milk-
man [8, 9]. In turn, cow milk is a major component of the
human diet in many countries, including Russia [10]. After
the Chernobyl accident, the processes of radionuclides

Beepenve

PactutenbHbli  MOKPOB — 3TO  MepBbii  Bapbep,
B3aVIMOAENCTBYIOLLMIA C PAAVMOHYKINAAMM, BbIMAAAOLLMMUN U3
aTMocdepbl Ha MOBEPXHOCTY 3emMnn. [1ons pagmoakTMBHOCTY,
nepBOHaYasnbHO YaBIMBAaEMON Ha3eMHOW 6G1MoMaccoin (Tak
HasblBaemast dpakuusi nepexsata, f), MOXET CW/IbHO Bapbu-
poBaTb B 3aBMCUMOCTU OT BUOOB PACTUTENIbHOCTU, MIIOTHOCTM
Ouomacchl, cpefbl O0UTAHUS UM MOroAHbIX YcnoBuid [1-4].
Hanpvmep, Ha WMHTEHCMBHO 3KCrlyaTMpyeMbix nactéuiax c
HM3KOW MNIOTHOCTLI0 GrOMAacchl MepexeaTt B TpaBax COCTaB-
naetT meHee 5%, Torga Kak oH MOXeT gocTturatb nodtn 100%
B IYCTbIX XBOVHbIX Jlecax M B MAOTHbIX auwaiiHukax [5]. Co
BPEMEHEM [0/ PaAVOaKTUBHOCTU, CBA3AHHOW C BO3AYLUHO-
3arps3HEHHbIMY YaCTAMU M OpraHamMn pPacTeHuid, CHUXAEeTCs
13-3a2 BbIBETPUBAHWS W BbIMbIBaHUS  PaAMOAKTUBHOIO
Marepuana C UMX MOBEPXHOCTW, a Takke nepeHoca
PaaMOHYKIMAOB B T€ 4aCTM M OpraHbl PACTEHWI, KOTOPbIe
He OblM HEMOCPEACTBEHHO 3arpsi3HEHbl  aTMOCHEPHLIMU
ocaxaeHusmu [2, 3]. MapannensHo ¢ NpoLeccamm O4UCTKU 1
pa36aBneHns NPOUCXOOUT BTOPUYHOE 3arpsid3HEHVE PaCTeHUI
13-3a PECYCMNeH3MpPOoBaHUsA (BETPOBON 3p03nnN U LOXOEBOro
BCMJIECKA) 3arPA3HEHHbIX HACTULL, OCKAEHHbIX HA MOBEPXHOCTh
noYBbl, U N3-3a NEPEHOCa PaaMOHYKINO0B M3 NOYBbI B pacTe-
HVS1 MOCPEACTBOM KOPHEBOro noctynnexus [2, 3]. Ona konu-
YECTBEHHOr0 OMnpeaesieHnst 3Toro CIOXKHOro B3aUMOAENCTBUS
MeXay PaavoHyKIMaaMM 1 PACTEHUSIMI LUMPOKO UCMOSIb3YEeTCs
arpernpoBaHHbI KOG GULIMEHT NepeHoca (Tag) (cMm. Hanpumep,
[5, 6]). Tag (M2 k') onpenensieTcs kak OTHOLLEHWE YaesibHOMN ak-
TUBHOCTU PAAVOHYKIMAOB B pacTeHum (Bk kr') k 3anacy paamo-
HYKN10B (06128 akTUBHOCTb PAAVIOHYKIMAOB HA €AVMHWLY M10-
waan) B noyse (bk M2). Kak npasmno, 3Ha4eHve Tag CHWXaeTcs
C TEYEHNEM BPEMEHU, N Er0 AMHAMUKA MOXET ObITb PA3yMHO
OonMcaHa OAHO- WAN  [ABYX3KCMOHEHUMaNbHbIMU  MOAENSIMU
[7, 8]. Takne mogenn SBNSIOTCS MOJSIE3HLIMU MHCTPYMEHTAMM
Ons: 1) OUEHKN TEKYLLLEro BO3AENCTBUS PAANOHYKIMAOB B TEX
YCNOBUSX, KOrAA [aHHble MPSMbIX W3MEPEHUA HeOOCTYMHbI
WM OrpaHnyeHbl; 2) NPOrHO3MPOBaHMS BO3MOXHbIX [03 00-
Jly4eHVs1 HaCeneHns B Cilyyae aBapuiiHOTO PaaMOaKTUBHOMO
3arpa3HeHnst OKpyXaioLeri cpeabl B Oyayiiem [5, 7].

C  pagonauMOHHO-TUMMEHNHYECKON  TOYKW  3PEHMS,
HaKoMnMeHne pPaguoHyKNIMOOB B PACTEHUSX, PACTYLUMX Ha
nyrax u nactouwiax, npencTtasnseT 6G0MblWOoK UHTEpec,
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accumulation in vegetation at grasslands in the European part
of Russia were studied intensively and the T_ values were well
documented (e.qg. [8, 11, 12]). The Asian part of Russia, where
Chernobyl fallout was negligible [13], received less attention
from researchers. However useful information related to the
region specific accumulation of technogenic radionuclides in
grassland vegetation has been obtained for certain sites of
radioactive contamination, including the territories adjacent
to the Mayak Production Association in the Eastern Urals
[9, 14] and locations of the peaceful underground nuclear
explosions in Yakutia (for a brief review see [15]).

The 2011 accident at the Fukushima Daiichi nuclear
power plant [16-18] resulted in additional radioactive fallout
in the territory of Russia, specifically, in its Far-Eastern
regions [19]. Although the levels of the Fukushima fallout were
comparatively low (<0.4 kBg m= for the '**Cs radionuclide
[20-22]), caesium radionuclides (*"Cs and ™*Cs) were
determined in samples of soil, vascular plants, lichens, cow
milk and wild mushrooms collected by the Saint-Petersburg
Research Institute of Radiation Hygiene after Professor P.V.
Ramzaev, RIRH, and the local branch of Rospotrebnadzor
in the Sakhalin region during the first year after the accident
[23]. The simultaneous sampling of soil and plants in the
same grasslands on Sakhalin, Kunashir and Shikotan Islands
allowed RIRH [20] to evaluate soil-to-plant T, values for ¥7Cs
and "¥“Cs six-seven months after the fallout. RIRH continued
the studies of the plant contamination in the Sakhalin region
in 2012 with two main objectives: 1) to estimate soil-to-
plant Tag values for Fukushima derived and pre-Fukushima
radiocaesium in the second growing season after the fallout,
and 2) to evaluate the depuration rate for Fukushima derived
radiocaesium in plants in the studied period of 2011-2012.
This paper is focused on these two issues. It also summarizes
all measurement data obtained by RIRH in 2011-2012 on
the grassland vegetation contamination by '¥’Cs and 3“Cs.
Analysis of data on the radioactive contamination of soils at
the grasslands in the Sakhalin region is presented in the first
part of the study [21].

NMOCKOJIbKY Takme pacTeHuUs SIBASIIOTCS OTNPaBHOM TOYKOM
nepeHoca paaMoHyKINA0B B NMALLEBO Lienu: TpaBa — KopoBa —
MOJIokO — 4enosek [8, 9]. B cBow o4epenb, KOPOBbe
MOJIOKO SIBASIETCH OCHOBHbIM  KOMMOHEHTOM  pauuoHa
yenoBeka BO MHOIMX cTpaHax, Bkitoyas Poccuio [10]. MNMocne
aBapun Ha YepHoObiibckon ASC npouecchbl HakomniaeHus
pPaaMoHYKIMAOB B PAaCTUTENbHOCTU Ha Jlyrax B eBpOneinckomn
4acT POCCUW MHTEHCUBHO N3y4auCh, a 3HaueHus T Oblnn
XOpOLWO O0BOCHOBaAHbl  3KCMEPUMEHTANIbHBIMU  AAHHBLIMU
(Hanpumep, [8, 11, 12]). Asmartckas 4acTb Poccuum, roe
4YepHOObLINbCKUE  BbIMAAEHWsI  Obli  HE3HAYUTESIbHBbIMU
[13], npuBnekna k cebe MeHbluee BHMMaHWE CO CTOPOHbI
nccneposatenein. OgHako 1 3aecb noaesHas nHbopmauus,
Kacawmllasics pernoHasibHbiX OCOOEHHOCTEN HaKOMIeHUs
TEXHOTE€HHbIX PaAVOHYKNNOO0B B JIYrOBOW PaCTUTENbHOCTU,
Obina nosiyyeHa AN ONpefeNeHHbIX 30H PaAMOaKTMBHOIO
3arps3HeHns, BKIOYas TEPPUTOPUIO, MNpPUIEralLLylo K
npon3BoACTBEHHOMY 0ObeauHeHnto «Mask» Ha BocTouHom
Ypane [9, 14], n mecTa NPOBEAEHNS MUPHBIX NOA3EMHbIX
A0epHbIX B3PbIBOB B AKyTUM (Ans kpaTkoro o63opa cm. [15]).

ABapusi Ha aToMHOW 3nekTpocTaHummn «Pykycrma-1» B
2011 r. [16-18] npuBena K AOMNOMHUTENbHLIM PAAMOAKTUB-
HbIM BbINAAEHWSAM Ha TeppuTopmmn Poccum, B HaCTHOCTU B ee
OaNbHEBOCTOUHBIX pernoHax [19]. XoTa ypoBHU GyKyCUMCKUX
BbiNaAeHuin OblIN cpaBHUTENBHO HebonbwMK (<0,4 KBK M2
ons '%Cs [20-22]), pagnoHyknuapl uesus ('*’Cs n '34Cs) 6binm
MOEHTUPUUMPOBaAHBLI B 00pasLax Mo4Bbl, COCYAUCTbIX pac-
TEHUIA, NMLWIANHNUKOB, KOPOBLEr0 MOJIOKa U AMKOPACTYLLMX
rpnboB, cobpaHHbIx cneuuanmcTamu CaHkT-MeTepbyprckoro
Hay4HO-MCCNenoBaTenbCckoro  MHCTUTYTA  pagmMaumOHHON
rmrmeHsl umenn npodeccopa [1.B. Pamsaesa (HUWPT) un
coTpyaHukamm PocnotpebHansopa B CaxannHckolr obnactu
B nepBbli rog nocne aBapun [23]. OgHOBpEMEHHbIN 0TOoP
npo6 no4YBbl M pacTeHWIA Ha nyrax ocTpoBoB CaxanuH,
Kynawmp un LukoTtan no3sonun cneuvanuctam HUAWPT [20]
oueHuTb 3HadeHust T, ans *’Cs u '*Cs yepes 6-7 mecsiLes
nocne nepBoHavasbHbIX BbinageHnn. Cneumanuctel HANPT

Table 1

Activity concentrations of caesium radionuclides in vegetation, the radionuclides inventory in soil, contribution of Fukushima
derived '3’Cs to total '*’Cs and aggregated soil-to-plant transfer coefficient (Tag) for '34Cs and total '*’Cs in individual samples
obtained from grassland plots on the Kunashir, Iturup, Urup and Paramushir islands in autumn 2012

[Tabnvua 1

YaenbHaa akTUBHOCTb PaAUOHYKJIMAOB L,e3usl B paCTUTENIbHOCTM (Ha BNIaXKHbIN BeC), 3anac pagvioHyKIUAOB B NoYBe, BKAA,
¢dykycumckoro '*7Cs B 00LLyI0 aKkTUBHOCTb '*’Cs 1 arpermpoBaHHblii K03 GULMEHT nepeHoca (Tag) noy4sa — pacteHue ang '*‘Cs
1 o6wero '*’Cs B oTAenbHbIX NPo6ax, 0TOOpaHHbIX Ha nyrax ocTtpoBoB KyHawup, Utypyn, Ypyn n Mapamywup oceHbto 2012 r.]

Activity concentration in plants

Contribution of
Fukushima "¥’Cs to

Plot code* Date (Ba kg™, w.w.)** Inventory in soil (Bq m2) total '¥'Cs (%) T, (m?kg,
[Kog [Oata [YoenbHas akTMBHOCTb B [3anac B nouse (bk M2)] [Bknap, nx10-%)
ysactka*]  ot6opal pacTeHmsix (Bk kr', B.8.)*] dykycnmekoro “'Cs
B 06wWmii ¥’Cs (%)]
¥Cs ¥7Cs ¥4Cs ¥7Cs Plants Soil 34Cs ¥7Cs
Mixed grass-forb crop
[CmeluaHHble TpaBsiHble coobLecTsal
Kun-A*** 25 Sep. 0.28 (12) 3.64(1.8) 63 1640 12 6.7 4.4 2.2
Kun-B*** 25 Sep. 0.13 (24) 1.09 (3.9) 59 2320 19 41 2.2 0.47
Kun-3*** 24 Sep. 0.61(7.5) 3.02 (2.5) 55 2820 33 3.2 11 1.1
Kun-4 24 Sep. 0.61(8.6) 3.40 (2.6) 70 1020 29 11 8.7 3.3
Itu-1 19 Sep. 0.16 (22) 0.65 (6.8) 59 3280 40 2.8 2.7 0.20
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Table 1
OkoH4aHuve Tabnuibl 1

Activity concentration in plants

Contribution of
Fukushima "*’Cs to

Plot code* Date (Ba kg, w.w.)** Inventory in soil (Bq m-2) total '¥'Cs (%) T, (m?kg™,
[Kon [OaTa [YoenbHas akTMBHOCTb B [3anac B noyse (bk M2)] [Bknap, nx1072)
yuacTka*] oT60pa] pacTeHusx (bk kr, B.8.)**] dykycumexoro ''Cs
B 06wt ¥'Cs (%)]
1%4Cs ¥7Cs 134Cs ¥Cs Plants Soil 1%4Cs ¥Cs
Itu-2 19 Sep. 0.15(14) 0.84 (5.1) 62 3120 29 3.3 2.4 0.27
[tu-3*** 18 Sep. <0.05 0.12(19) 18 1430 - 2.0 <2.8 0.08
ltu-4 18 Sep. 0.19(12) 0.71(4.3) 17 1240 43 2.2 11 0.57
Itu-5 20 Sep. <0.05 0.21(12) 7.8 1950 - 0.6 <6.4 0.11
Itu-6 20 Sep. 0.16 (21) 1.64 (3.5) 18 2120 16 1.4 8.9 0.77
Uru-1 28 Aug. <0.05 0.062 (32) 211 551 - 61 <0.2 0.11
Uru-2 28 Aug. <0.06 0.063 (48) 185 525 - 56 <0.3 0.12
Par-2 03 Sep. <0.06 0.057 (49) 12 220 - 9.1 <4.2 0.26
Sasa sp.
Kun-4 24 Sep. 0.48 (12) 5.82(2.0) 70 1020 13 11 6.9 5.7
Itu-1 19 Sep. 0.31(16) 0.71(7.2) 59 3280 70 2.8 5.3 0.22
Itu-2 19 Sep. 0.31(18) 1.22(5.4) 62 3120 41 3.3 5.0 0.39
Artemisia sp.
Kun-4 24 Sep. 0.51(9.8) 2.20(2.6) 70 1020 37 11 7.3 2.2
Itu-1 19 Sep. 0.12(32) 0.42(7.9) 59 3280 46 2.8 2.0 0.13
Itu-2 19 Sep. 0.24 (19) 0.80 (5.4) 62 3120 48 3.3 3.9 0.26
Itu-4 18 Sep. 0.10 (25) 0.27 (4.3) 17 1240 60 2.2 5.8 0.22
Uru-1 28 Aug. 0.21(19) 0.40 (7.0) 211 551 83 61 1.0 0.73
Uru-2 28 Aug. 1.61(2.8) 2.64(1.8) 185 525 96 56 8.7 5.0
Par-1 03 Sep. <0.05 0.56 (7.8) 4.3 3510 - 0.2 <12 0.16
All vascular plants from an area of 1 m?
[Bce cocyaucTble pacTeHus ¢ nnowaan 1 m?]

Itu-1 19 Sep. 1.02 (5.6) 1.79 (2.9) 59 3280 92 2.8 17 0.55

* — the code starting with “Kun”, “Itu”, “Uru” or “Par” means that the plot is located on Kunashir, Iturup, Urup or Paramushir, respectively. For

the plots description, see Table 1in [21].

** — counting error is given in brackets in percent (%) at one sigma level. The activity concentrations in plants, inventories in soil and Tag values

are given on the date of sampling.
*** —the plot is used as a pasture.

[* — koA, HaumHatowmincs ¢ «<Kun», «ltu», «Uru» nnm «Par», 03Ha4aeT, 4To y4acTok pacnonoxeH Ha KyHawwmpe, UTypyne, Ypyne nnn
Mapamylimpe cooTBeTCTBEHHO. OnncaHme y4acTkoB npueeaeHo B Tabnuue 18 [21].

** — owmbka BbluMCeHns nnowaan GoTonmka ykazaHa B ckobkax B npoueHTax (%) Ha ypoBHE O HOM CUMMbl. YaenbHas akTMBHOCTL B
pacTeHusix, 3anachl B Mo4BeE 1 3Ha4YeHWs T, NpUBEeAEHbI Ha aaTy oT6opa npob.

*kk

— Y4aCcTOK UCMONb3yeTcs And Bbinaca ckoTa.]

Material and methods

Samples of vegetation (vascular plants) were collected
in August-September 2012 at 14 grasslands on four Kuril
Islands: Kunashir, Iturup, Urup and Paramushir (see Fig. 1 in
[21]). The geographic coordinates and brief description of the
plots surveyed can be found in Table 1 in [21]. All surveyed
grasslands were virgin lands with respect to Fukushima
fallout. Four plots (Table 1) were used as pastures for cattle in
2012. Inventories of '**Cs and '*’Cs in the top 20 cm layer of
soil were determined for each of these 14 plots based of the
soil samples analysis [21].

NPOAOIIKUIN U3YYeHMEe NYroBbIX pacTeHuin B CaxanmHCKON
o6nactn B 2012 1. ¢ AByMS OCHOBHbIMU LiensiMu: 1) onpeaenntb
3Ha4YeHus Tag ona  @ykycumckoro v JoQyKycMMCKOro
paguouesnss BO BTOPOW BeretauMOHHbI nepuop, nocne
BbINAAEHWN; 2) OLEHWUTb CKOPOCTb OYMLLEHWUS PACTEHWUA OT
paanoHYKIMAO0B Le3us B uccneayemslin nepmop, 2011-2012 rr.

HacTtosiee coobLieHne MnOCBSALLEHO pesynbratam MC-
cnenoBaHui Mo AByM 0603HAYEHHbIM BbILLE HAMPaBAEHMSIM.

Mel Takke NprBOAUM CBOAKY BCEX PE3YNIbTAaTOB N3MeEpe-
HWIA, NpoBeaeHHbIX cneuvanuctamun HAWPT B 2011-2012 rr.
C Lefbl0 U3y4eHns 3arpsa3HeHns NyroBo pacTUTENbHOCTU
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Green vegetation (mixed grass-forb crop, GFC [20],
excluding wormwood and bamboo) was collected at 13 of 14
plots (totally 13 samples, about 1 kg each). Additionally, seven
samples of wormwood (Artemisia sp.) and three samples of
Kuril dwarf bamboo (Sasa sp.) were collected for comparison.
The plants were cut with scissors at a height about 3-5 cm
from the ground. This sampling height modeled the height of
grass usually eaten by cows [24].

We determined the aboveground biomass density on
lturup at plot Itu-1 where green vegetation was very rich. The
plot was not used for livestock grazing. All vascular plants
(including live and dry vegetation) were cut from an area of 1
m?2. The sample mass was 2.1 kg (wet weight, w.w.).

The vegetation samples were dried and ashed at a
temperature below 450 °C to reduce the sample volume. The
processed specimens were packed into the metal 250 cm?® or
plastic 80 cm?® containers. Activities of caesium radionuclides
were determined by direct y-ray spectrometry method using
two HP-germanium detectors and multichannel analyzers [20,
21]. The duration of counting varied from 60000 s to 240000
s. The detection limits ranged from 0.05t0 0.06 Bg kg™' (w.w.).
The activity data were decay corrected to the date of sampling
using half-life values of 2.062 y for '**Cs and 30.0 y for '*’Cs
[25]. Details of the calibration and measurement procedure
can be found in [20, 21].

The '¥*Cs/'¥’Cs activities ratio in Fukushima fallout in the
Sakhalin region was assumed to be 1.0 (as of 15 March 2011)
[21, 26]. This value was used to calculate the contribution of
Fukushima-borne '¥’Cs to total '*”Cs in samples.

Statistical analysis included calculation of mean,
median and standard deviation for the radionuclides
activity concentration, contribution of Fukushima-
borne '¥'Cs to total '¥"Cs, radionuclides inventory in
soil, and Tag. Correlations between the variables were
estimated using Spearman’s rank order correlation
coefficient, Ry . Statistical significance of differences
between groups was checked using the non-parametric
Mann-Whitney U test (non-paired samples) and sign
test (paired samples). P-values of <0.05 were considered
significant for the analysis.

Results and discussion

Activity concentrations of 'Cs and '**Cs (w.w.) for
individual samples and summary statistics for three groups
of plants (GFC, Sasa sp. and Artemisia sp.) are presented in
Table 1 and Table 2, respectively. Table 2 also contains results
of the statistical analysis based on the 2011 data obtained
from Tables 2 and 3 in [20].

Caesium-134, a marker of Fukushima fallout, was
estimated in 18 of 24 vegetation samples collected on
Kunashir, Iturup, Urup and Paramushir Islands in August-
September 2012. Caesium-137 activity was quantified in all of
these samples. The activity concentration of radionuclides in
plants ranged from <0.05 Bq kg to 1.6 Bq kg™' for '**Cs and
from 0.06 Bq kg'to 5.8 Bq kg™' for '*’Cs. About 2/5 of the total
activity of '¥’Cs in plants was associated with the Fukushima
accident.

Caesium-134 was determined in eight of the total 13 GFC
samples collected in 2012 (Table 1). Activity concentration of
the radionuclide varied from <0.05 Bq kg™ to 0.61 Bqg kg™
Caesium-137 was quantified in all samples of GFC; the activity
concentration ranged from 0.06 Bq kg™' to 3.64 Bq kg-'. About

pagnoHyknuaamu ¥'Cs u '%Cs. AHann3 gaHHbIX O pagmoak-
TMBHOM 3arps3HeHun noys Ha nyrax CaxanmHckoi obnactu
npeacTaBneH B nepeom coobeHnm [21].

Ma‘repmanbl n metToabl

O6pasupl pacTUTenbHOCTU Oblv cobpaHbl B aBrycte —
ceHTs6pe 2012 r. Ha 14 nyrax yeTblpex KypunbCknx OCTPOBOB:
Kynawwp, WUtypyn, Ypyn mn Mapamywmp (cm. puc. 1 B [21]).
leorpaduyeckme KoopavHaTbI 1 KpaTKoe onvcaHme o6ce0BaH-
HbIXy4acTKOBNpuBeaeHbIBTabnmue 18[21]. Bce ob6crnenoBaHHbie
nyra npeacTaBnanM cobol LENMHHbIE y4acTKM B OTHOLUEHUM
bYKYCUMCKMX BbINaOEHWMIA. YeTbipe yd4acTka MCnob30BaINCH
B KQ4eCTBe MacTouLy, Ans KPynHOro poratoro ckota (1abn. 1).
3anacsl **Cs 1 '¥’Cs B BepxHeM 20-CaHTMMETPOBOM CJI0€ MOYBbI
Oblny onpeaeneHbl 4N Kaxkaoro 13 aTux 14 y4acTkoB Ha OCHOBE
aHanm3a 06pa3LoB rpyHTa [21].

MpoO6bl 3eneHol pacTUTENBHOCTY (CMELLaHHbIE TPaBsiHblE
coobuectea [20], mnckoyas nosbiHb U 6aMOyK) Oblv 0TO-
OpaHbl Ha 13 13 14 yyacTkoB (Bcero 13 o6pa3LoB maccom 1 kr
KaX[ibI Ha BIaXHbIV BEC (B.B.)). Kpome TOro, s CpaBHeHWs Ha
7 y4acTkax 6binn cobpaHbl Npobbl NonbiHW (Artemisia sp.) 1 Ha
3 yqacTkax — npobbl KypuibCKOro kapnamnkooro 6ambyka (Sasa
sp.). PacteHns 6binn cpe3aHbl HOXHMLLAMU Ha BbICOTE OKOJIO
3-5 cm ot 3emnun. Takas BbicoTa NpobooTbopa Moaenuposana
BbICOTY TPaBbl, 00bIYHO NOeAAEMON KopoBamu [24].

Mbl onpegenuny MAOTHOCTb HaA3eMHON GuomMacchl Ha
Ntypyne Ha ydacTke Itu-1, NONHOCTLIO MOKPLITOM OOWUNBLHOW
pacTUTENBHOCTBIO. Y4acTOK HE MCMOb30Bancs s Bbinaca
ckoTa. C nnowaay 1 M2 6binv cpe3aHbl BCe pacTeHs, BKioYas
XuBble 1 cyxue. Macca obpasua coctasmna 2,1 kr (B.B.).

O6pasLbl PaCTUTENLHOCTU BbICYLUMBANIW 1 03015 NPU
TemnepaTtype Huxe 450 °C ons ymeHblleHns o6bema npoobl.
O6paboTaHHble 06pasLbl OblIV yiakoBaHbl B MeTalIndeckmne
KOHTElMHepbl o6bemoM 250 cm® uWAM  MAAcTUMKOBbIE
KOHTelHepbl 06beMoM 80 cM®. AKTUBHOCTb PaAMNOHYKIMAOB
ue3ns onpegensans MeToooM MnpsiMOIA  y-ChekTpOoCKonuu
C MCMONb30BaHMEM [BYX OETEKTOPOB M3 0COO0 4MCTOro
repMaHnsa 1 MHOrOKaHabHbIX aHann3aTopos [20, 21].

MpPOoONKXUTENBHOCTL ~ U3MEPEHUS  OfHOW  Npo6bl
Haxoamnack B npegenax 60 000-240 000 c. NMpeaen netektu-
poBaHus paamMoHyknnaoBs Bapbuposan ot 0,05 no 0,06 Bk kr!
(B.B.). AKTMBHOCTb Oblna CKOpPeKTMpoBaHa Ha aaTy oTbopa
00pasL0oB C UCMOIb30BAHNEM 3HAYEHWNI Nepuoaa nosypac-
naga 2,062 r gna **Cs u 30,0 r ons *"Cs [25]. NMoapobHas
MHpOpMaums 0 npoleaype KannmbpoBkn U M3MEpPEHUI npu-
BegeHa B [20, 21].

CooTHoleHne aktuBHocTel '**Cs/'®’Cs B dyKyCUMCKMX
BbinaaeHusx B CaxanuHcko obnactu npegnonaranochb
paBHbiM 1,0 (Mo cocTosiHuio Ha 15 mapTa 2011 r) [21, 26].
3T0 3HauyeHue OblI0 UCMOML30BaHO AJI pacyeTa Bkiaga
dykycumekoro '¥’Cs B 06LLyto akTMBHOCTL '*Cs B 06pasLax.

CTatcTMYeckMin - aHannM3  BKOYAST  PacyeT  CPemHen,
MeAVaHbl M CTaHAAPTHOrO OTKIIOHEHWS A9 YAENbHOM aKTUBHOCTU
paovoHyknMaoB, Bkiaaa dykycumckoro '*Cs B 006LLytO aKTVB-
HocTb ¥’Cs, 3anaca paavoHyKMaoB B MOYBE 1 Tag. Koppensauum
MEX Ay NePEMEHHbIMY OLLEHVBAIV C UCMONb30BAHEM PAHTOBOIrO
koadpduumeHTa CnmpmenHa (Rg,)- CTratmcTnyeckyto 3Ha4YMMOCTb
pasnuunii Mexay rpynnamu nNpoBePSIv C UCMOSIb30BaHNEM He-
napametpuyeckoro U-tecta MaHHa — YUTHU (He3aBUCUMbIE
BbIOOPKM) M KPUTEPUS 3HAKOB (MapHble 06pasupbl). BennumHa
P<0,05 cumTanacb 3Ha4YMMON OJ19 aHaNM3a pasnuynii.
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Table 2
Summary statistics on activity concentrations of caesium radionuclides in vegetation (wet weight), the radionuclides inventory in
soil, contribution of Fukushima derived '3’Cs to total '*’Cs and aggregated soil-to-plant transfer coefficient (T,,) for 134Cs and total
137Cs in samples obtained from grassland plots on the Sakhalin, Kunashir and Shikotan islands in September—October 2011 and
on the Kunashir, Iturup, Urup and Paramushir islands in August—September 2012
[Tabnnya 2
CBofHble CTaTUCTUYECKME AaHHble 00 yAeNbHOW aKTUBHOCTY PaAVOHYKIINAOB LLe3Us B PaCTUTENbHOCTU (Ha BNaXHbIiA BEC),
3anacax pagvMoHyKIUA0B B NoyBe, Bknage ¢pykycumckoro '¥’Cs B 06wmii '*’Cs u arpermpoBaHHoM koadduumeHTe nepeHoca
13 nousel B pactenue (T, ) ans 134Cs n obwero '*’Cs B npo6ax, 0To6paHHbIX Ha nyrax ocTpoBoB CaxanuH, KyHawmp n LLukoTaH
B CeHTS0pe — okTa6pe 2011 r., a Takxe ocTpoBoe KyHawwup, UTypyn, Ypyn u Mapamywup B aBrycte — ceHtaope 2012 r.]

Activity concentration in Contribution of Fukushima
plants (Bq kg™, w.w.) Inventory in soil (Bq m2) ¥7Cs to total '¥’Cs (%) T (m?kg™, nx 109)
Parameter [YoenbHas akTMBHOCTb [3anac B no4se (Bk M2)] [Bknag, dpykycumckoro ¥Cs ag 9
[MapameTp] B pacTeHusix (bk kr', B.8.)] B 06wt '¥Cs (%)]
¥4Cs ¥Cs ¥4Cs ¥’Cs Plants Soil 13Cs ¥7Cs

Mixed grass-forb crop, 2011
[CmeLuaHHble TpaBsiHble coobliecTa, 2017]

Median 0.63 0.75 74 1840 77 4.0 12 0.65
Mean 1.04 2.56 63 1880 70 71 21 1.5
SD 1.25 4.18 39 886 30 10 29 2.0
Minimum 0.03 0.092 6.6 82 22 0.4 0.8 0.05
Maximum 4.93 18.0 119 3150 108 36 100 8.0
n 19 19 19 19 19 19 19 19

Mixed grass-forb crop, 2012
[CmelnaHHble TpaBsHble coobLuecTsa, 2012]

Median 0.18 0.71 59 1640 29 3.3 6.6 0.27
Mean 0.29 1.19 64 1710 28 13 6.5 0.74
SD 0.20 1.32 64 1000 11 21 3.9 0.98
Minimum <0.05 0.057 7.8 220 12 0.6 <0.2 0.08
Maximum 0.61 3.64 211 3280 43 61 11 3.3
n 13 (8)* 13 13 13 13 (8)* 13 13 (8)* 13
Sasa sp., 2011
Median 2.68 5.18 92 2590 79 3.8 28 2.1
Mean 2.51 4.69 85 2410 66 4.7 28 2.2
SD 1.30 1.20 21 820 31 25 11 1.2
Minimum 0.91 2.91 53 1320 20 2.8 17 0.99
Maximum 3.78 5.50 101 3140 87 8.4 41 3.9
n 4 4 4 4 4 4 4 4
Sasa sp., 2012
Median 0.31 1.22 62 3120 41 3.3 5.3 0.39
Mean 0.37 2.58 64 2470 41 5.7 5.7 2.1
SD 0.10 2.81 6 1260 29 4.6 1.0 3.1
Minimum 0.31 0.71 59 1020 13 2.8 5.0 0.22
Maximum 0.48 5.82 70 3280 70 11 6.9 5.7
n 3 3 3 3 3 3 3 3
Artemisia sp., 2011
n=1** 1.35 2.87 91 2930 56 3.7 15 0.98
Artemisia sp., 2012
Median 0.23 0.56 62 1240 54 3.3 4.9 0.26
Mean 0.47 1.04 87 1890 62 20 4.8 1.2
SD 0.58 0.96 80 1350 23 27 3.0 1.8
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Table 2
OkoH4aHue TabnuLibl 2

Activity concentration in
plants (Bg kg™, w.w.)

Inventory in soil (Bgq m2)

Contribution of Fukushima
¥7Cs to total '*’Cs (%)

Parameter [YaenbHas akTMBHOCTb [3anac B nouse (Bk M2)] [Bknag, ¢pykycumeckoro ¥7Cs Ty (m*kg™, nx107%)
[MapameTp] B pacTeHusx (Bk kr', B.8.)] B 061 '¥7Cs (%)]
¥4Cs ¥Cs ¥4Cs ¥’Cs Plants Soil 1¥4Cs ¥Cs
Minimum <0.05 0.27 4.3 525 37 0.2 1.0 0.13
Maximum 1.61 2.64 211 3510 96 61 8.7 5.0
n 7(6) 7 7 7 7(6)* 7 7(6)* 7

* — number of plant samples with quantified activity of '**Cs is shown in brackets; the calculations of median, mean and standard deviation

(SD) were performed for these samples.
** —the only one sample of Artemisia sp. was collected in 2011.

[* — uicno 06pasLOB pacTeHNiA, B KOTOPbIX OblNT KONMYECTBEHHO onpeaeneH '*#Cs, noka3aHo B CKOOKax; Ana dTUX NPo6 OblIN BbINOJIHEHBI

pacyeTbl MenaHbl, CPeLHel U CTaHAAPTHOro 0TKNoHeHus (C.0.).
** - 2011 r. 6bna nonyyeHa nmwb ogHa npoba Artemisia sp.]

1/3 (median = 29%, n = 8) of the total activity of '*’Cs in plants
can be attributed to Fukushima fallout (Table 2). In soil, the
contribution of Fukushima-derived *"Cs to total '*’"Cs was
much smaller: median = 3.3%. The difference between plants
and soil with respect to the proportion of Fukushima-borne
87Cs in total "¥’Cs is statistically significant (the sign test,
P < 0.05, n = 8). It indicates a larger transfer of Fukushima-
borne ¥’Cs from soil to plant compared to that for pre-
Fukushima '¥’Cs. The similar results were obtained by Ramzaev
et al. [20] for the soil-to-plant transfer of radiocaesium for
samples collected on grasslands in the Sakhalin region in
September-October 2011. For that sampling occasion,
the median contributions of Fukushima-borne '¥’Cs to total
8"Cs were calculated as 77% (range 22-108%) and 4%
(range 0.4-36%) for plants and soil, respectively (Table 2).
The presence of values exceeding 100% can be explained
by uncertainty of the 604 keV ('**Cs) and 662 keV ('*"Ba)
peak areas determination in spectra (see Table 3 in [20]) and
by uncertainty of the **Cs/'*’Cs activities ratio evaluation in
the regional Fukushima fallout. Although we have applied the
reference ratio of 1.0, the actual ratio could differ by several
percent from this value [26, 27].

Avisual analysis of the scatter-plots (Fig.), demonstrating
relationship between the '¥“Cs and ™Cs radionuclide
activity concentrations in plants and the radionuclide
inventories in soil, indicated that the large variability of the
activity concentrations could hardly be associated only
with differences in the radionuclides inventories between
the plots. Correlation analysis confirmed this estimation.
Although Spearman’s coefficients were positive for the 2012
data (0.18 for '**Cs and 0.48 for '¥’Cs), the correlations were
not statistically significant: P-value was larger than 0.05 in
both cases. In 2011, the association between radiocaesium
activity concentration in plants and radiocaesium inventory
in soil was also positive and not significant statistically: Ry =
0.31 (P > 0.05, n = 19) for '*Cs and Rs, =0.41(P>0.05n=
19) for ¥"Cs.

We observed about two orders of magnitude variability in
the T_ values for GFC: from <0.2 x 103to 11 x 10 m2 kg™ for
'%Cs and from 0.08 x 10°10 3.3 x 10°m?kg ™" for '¥Cs. The T,
values for '**Cs were statistically significantly higher compared
to the T, values for 87Cs (the sign test, P < 0.05, n = 8). The

Pesynbrathl n 06cyxpaeHvne

YpoenbHasi akTuBHOCTb '¥7Cs n '**Cs (Ha WCXOAHbIN
BNaxHbli BeC Npobbl) Ans oTAenbHbIX 00pa3uoB npes-
cTaBneHa B Tabnuue 1, a cBogHas cratucTvka Ans Tpex
rpynn pacTeHuii (cMelwaHHble TpaBsiHble coobllecTBa
(CTC), Sasa sp. u Artemisia sp.) npuseaeHa B Tabnuue 2.
MocnenHsas Takxe COOEPXUT peadynbraTbl CTaTUCTUYECKO-
ro aHanm3a, OCHOBAHHOI0 Ha AaHHbix 2011 ., NONy4eHHbIX
n3 tabnu 2 n 3 B [20].

Leann-134, mapkep  ®YKyCUMCKMX  BblMafeHuWMN,
Obln KONIMYecTBeHHO onpegeneH B 18 u3 24 obpasuos
pacTUTeNbHOCTUN, COBpaHHbIX Ha ocTpoBax KyHawmp, ATypyn,
Ypyn n NMapamywwmp B aBrycte — ceHTa6pe 2012 r. AKTUBHOCTb
¥’Cs Obina onpepeneHa BO Bcex npobax. YoenbHas
aKTUBHOCTb PaAMOHYKINLAOB B pacTEHWsIX BapbMpoBana oT
<0,05 Bk kr'' go 1,6 Bk kr' anga '**Cs n o1 0,06 Bk k' 10 5,8
Bk kr' onsa ¥’Cs. B cpenHeM npubnunsntensHo 2/5 obuuei
aKkTMBHOCTM '¥’Cs B pacTeHusax Oblfo CBA3aHO C aBapuein Ha
ASC «Dykycuma-1».

Lleanin-134 6bin BoiiBNeH B 8 13 13 obpasuos CTC,
cobpaHHbix B 2012 . (cMm. Tabn. 1). YoenbHas akTMBHOCTb
pagmoHyknuaa Bapbupoana ot <0,05 bk kr' o 0,61 bk kr'.
Lleanin-137 6bin HalioeH Bo Bcex 06pasuax CTC; yaoenbHas ak-
TUBHOCTb Haxogunack B ananasoHe 0,06-3,64 Bk kr-'. Okono
1/3 (MeguaHa = 29%, n=8) obuiein aktTmeHoCcTK ¥’Cs B pac-
TEeHUsIX Oblo 00yCcnoBNeHO GYKYCMMCKUMUN BbiNaaeHUSIMU
(cm. Tabn. 2). B nouse Bknapn, dykycumckoro *’Cs B 06LLyto
aKTUBHOCTbL '3’Cs OblJ1 HAMHOIO MeHblle: meamaHa = 3,3%.
PasHuua mMexay pacTeHUSIMU 1 NMOYBOA B OTHOLUEHUWN 00N
dykycumckoro '¥’Cs B obuieit aktuBHoctn '*’Cs siBnsietcs
CTaTUCTUYECKM 3HAYMMON (KpuTepuin 3HakoB, P<0,05; n=8).
OTO0 yKkasbiBaeT Ha 60see BbICOKNN KOIDDULMEHT nepeHoca
dykycumckoro '¥’Cs 13 noyBbl B pacTEHNS MO CPABHEHUIO C
TakoBbIM AN Aodykycnumckoro '¥’Cs. AHanOrMyHbIn BbIBOL,
6bin coenaH Ramzaev et al. [20] B oTHOWeEHUN nepeHoca
paguoueanst 3 NoyBbl B pacTeHuns ans npob, cobpaHHbIX Ha
nyrax CaxanuHckol obnactu B ceHTa0pe — okTabpe 2011
Ona atoro BpemeHn npobooTbopa MearaHHble 3HAYEeHUs
BKnaga ¢ykycmumckoro ¥’Cs B o6wmin 3anac *’Cs coctaBunm
77% (anana3oH 22-108%) n 4% (amanasoH 0,4-36%) ona
pacTeHWU 1 NOYBbI COOTBETCTBEHHO (CM. Tabn. 2). Hannuve
3HayeHui, npesbiwatowmx 100%, MoXeT ObiTb 0OBACHEHO
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Fig. Relationship between activity concentration of caesium radionuclides in mixed grass-forb crop and inventory of the radionuclides in soil
at grassland plots surveyed in Sakhalin Regionin 2011y (n=19)and in 2012y (n = 13). Arrows in the right panel indicate detection limits for
those samples of vegetation (n = 5) where activity of '**Cs was not quantified
[Puc. CooTHOLIEHNE MeXay yaenbHON akTUBHOCTLIO (activity concentration) paanoHyknvMaoB Le3ns B CMELLaHHbIX TPaBSHbIX
coobLecTBax 1 3anacom (inventory) paamMoHykInaoB B MoYBe Ha fyrax, o6cnenoBaHHbix B CaxanuHckoin obnactn B 2011 .
(n=19)n 2012 r. (n = 13). CTpenkun Ha NpaBoii NaHenn ykaablBatoT NPeaesbl AETEKTUPOBAHNS ANs TEX NPO6 pacTUTENbHOCTM (N=5),
rfe akTMBHOCTb '3*Cs He Oblna onpeaeneHa KoIMYeCTBEHHO]

Table 3
Soil-to-grass T,, values (dry weight) for the accident-derived radiocaesium and global 137Cs
[Tabavuya 3
3Hauvetus T, nousa — Tpaea (Ha Cyxoil BeC) A1 PaANOHYKIMA0E Lie3Usi, CBA3aHHOIO C FN06anbHbIMM BbINaAEHNSMM
1 paAnauvoHHbIMMY aBapusimm)
Author Region of Russia Main source Time after deposition (yea[) 2 et 3
N [Bpems nocne BbinageHuin T (m2kg',nx1073)
[ABTOP] [PernoH Poccun] [OCHOBHOI NCTOYHMK] ag
(roaw)]
This study Far East Fukushima accident 0.55 84 (48)*
[AanHHasa paboTa]
This study Far East Fukushima accident 1.55 25 (26)*
[AaHHasa paboTa]
This study Far East Global fallout ~50 2.8 (0.5)"
[AaHHasa paboTa]
Kaduka and Shutov [8] . -
[Kaayka vt LLyTOB [8]] European part Chernobyl accident 0.55 190
Kaduka and Shutov [8] . -
[Kayka v LLlyTos [8]] European part Chernobyl accident 1.55 95
Kaduka and Shutov [8] _ -
[Kayka v LLlyTos [8]] European part Global fallout 40 1.2
Ramzaev et al. [29] European part Chernobyl accident 16 0.5-5.2
Ramzaev et al. [15] Eastern Siberia Accidental nuclear explo- 23-24 2.0

sion “Kraton-3”

* — the first figure is a mean value; a median value is given in bracket. Dry weight conversion has been carried out assuming 25% dry matter in
grass [2].

** — the value was calculated by using the regression equation and numerical values presented by Kaduka and Shutov in Table 1.4.3.2 [8] for
dry grass.

[* — nepBoe YMCno — 3TO CpeaHee 3HaYeHVe; MeaMaHHoe 3Ha4YeHne faHo B ckobkax. MepecyeT Ha cyxoit Bec Obin npoBeaeH ncxoas ns 25%
COAEPXaHUsi Cyxoro BellecTsa B Tpase [2];

** — BeNMUMHY T paccumUTbIBaNM C UCMOJb30BAHMEM YPaBHEHWA PErPECCHN U YACTIOBLIX 3HA4eHNI, npuseaeHHbIX M.B. Kaaykoii n B.H.
LyToBbiM B Tabnumue 1.4.3.2 [8] ans cyxovi Tpassbl.]
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similar differences between two caesium radioisotopes
with respect to T_ values were estimated by Ramzaev et al.
[20] in the Sakhalin region in 2011. The median T, for 1%Cs
decreased in the 2011-2012 period with a factor of about two:
from 12 x 10°*m2 kg 10 6.6 x 10°* m? kg™'. The difference was
statistically significant (the Mann-Whitney test, P < 0.05; n1
=19, n2 = 8). Hence, the ecological half-time, T__ [5, 28], of
%Cs in the plants was approximately one year. The median Tag
for ¥’Cs also declined during this time period with a factor of
about two: from 0.65 x 10°*m? kg' t0 0.27 x 10°® m? kg'. But
the difference between two sampling occasions for ¥Cs is
not statistically significant (the Mann-Whitney test, P > 0.05;
n1=19,n2=13).

Soil-to-plant transfer of radiocesium radionuclides for
Sasa sp. and Artemisia sp. did not differ significantly from
those for mixed grass-forb crop (the Mann-Whitney test, P >
0.05). There were no differences as well between Sasa sp. and
Artemisia sp. (the Mann-Whitney test, P > 0.05). The median
T, for %Cs in bamboo decreased in the 2011-2012 period
from 28 x 10 m? kg™' to 5.3 x 10 m? kg™, i.e. with a factor
of about five (T, = 0.4 year). The reduction is statistically
significant (the Mann-Whitney test, P < 0.05; n1 =4, n2 = 3).
The same tendency can be observed for wormwood (Table 2),
but the number of observations (1) in 2011 was not enough to
perform any statistical evaluation. The median Tag for ¥’Cs in
bamboo also decreased in the 2011-2012 period from 2.1 x
10°* m? kg t0 0.39 x 10* m? kg''; the difference between two
years was not statistically significant (the Mann-Whitney test,
P>0.05;n1=4,n2=3).

The 'Cs T values were calculated for a mixture of
Fukushima-derived '¥’Cs and pre-Fukushima '*’Cs. One can
assume that T_ values for Fukushima-derived '*’Cs are equal
to those for Fukushima-derived '**Cs. To derive soil-to-plant
T,, value for pre-Fukushima 87Cs, the following equation can
be used:

T _ CT01137C5 - CI-'137C: (1 )
ag-PreF137Cs — A A ’

Tot137Cs ~ “IF137Cs

where T is soil-to-plant aggregated transfer

ag-PreF137Cs
coefficient for pre-Fukushima '¥7Cs (m2?kg™); C,.,3.c, IS activity
concentration of total ¥’Cs in plants (Bqkg™); C.,,,.. iS activity

concentration of Fukushima-derived '*’Cs in plants (Bq kg
"); ALsvc IS inventory of total '¥’Cs in soil (Bg m™2); A is
inventory of Fukushima-derived '¥’Cs in soil (Bg m2).

Using Eq. (1), the Tag_PreHmS values have been calculated
for those samples where the '**Cs activity was quantified in
2011-2012. The mean and median (in brackets) Tag for pre-
Fukushima ¥Cs in mixed grass-forb crop (n = 27), bamboo
(n=7)and wormwood (n=7) can be estimated as 0.71 (0.12)
x10°* m? kg, 0.80 (0.43) x10* m?2 kg™' and 0.44 (0.32) x10-°
m? kg, respectively. These figures are one-two orders of
magnitude lower compared to the mean and median values
of Tag for Fukushima-derived radiocaesium (Table 2). The rela-
tively high soil-to-plant transfer coefficients for the “new” ra-
diocaesium can be explained by presence of the major part
(range 45-100% [21]) of Fukushima-derived radionuclides
inventory in the top 1-cm layer of soil. This location of the re-
cently deposited radionuclides may promote secondary con-
tamination of plants via the resuspension mechanism. From
the other hand, the low uptake of pre-Fukushima radiocesium
by plants may be attributed to: 1) fixation of the radionuclides

F137Cs

HEONpPeAENeHHOCTbIO BbIMMCEHNS Nowaaen nkos 604 kaB
("%*Cs) 1 662 kaB (*"™Ba) B cnekTpax (cM. Tabn. 3 B [20]), a
Takke HeOoMnpeaeseHHOCTbIO OLLEHKN OTHOLLIEHWUSt aKTUBHO-
cTeit '**Cs/'¥’Cs B permoHanbHbIX GYKYCUMCKMX BbiNaaeHWsIX.
Mbl ncnonb3oBanu pedepeHTHoe OTHoweHue, pasHoe 1,0;
dakTMyeckoe COOTHOLUEHME MOrJI0 OTIMYaTbCs OT 3TON
BEMNYMHbI B NPeAenax HeCKOMbKMX MPOLEHTOB [26, 27].
BuayanbHblil aHann3 pUCYHKa, AEMOHCTPUPYIOLLEro B3a-
MMOCBSI3b MEXAY YAeSbHON aKTUBHOCTLIO PaaMOHYKIIMAOB B
CTC 1 3anacom pagmoHYKIMAOB B MoYBe (purc.), NoKasbIBaeT,
41O GOMbLUAA U3MEHYMBOCTb YAENbHOWM aKTMBHOCTU BPSL, Nv
MOXET OblTb CBSI3aHa TOJIbKO C PasnnyMsMm B 3arnacax pagmo-
HYK/IMAOB Ha ydacTkax. KoppensumoHHbIin aHann3 noarsepans
3TO npeanonoxeHve. Xots koapoduumeHTsl CnvpmeHa Obin
NONOXUTENbHBIMK A5t NP6, oTobpaHHbIX B 2012 1. (0,18 ons
34Cs 1 0,48 ona ¥’Cs), koppenauma He Oblia CTaTUCTUYECKU
3HauMMol: 3HadeHve P Obino 6onbe 0,05 B 06oux cnyyasx.
B 2011 r. cBA3b Mexay yOenbHOM aKTUBHOCTLIO paamoLe3nst
B pacTeHusIX 1 3arnacamyu paguoLe3unst B noyse Obina Takke
MONIOXNTENBbHOM N CTAaTUCTUHECKN HE3HAYMMOW: Rsp =0,31 (P>
0,05, n=19) gns **Csn Rsp =0,41(P>0,05,n=19) ona '*'Cs.
3HauyeHus Tag ona CTC BapbupoBannch B Npeaenax oByx
nopaaxKoB BennyuHbl: oT <0,2x107° go 11x10° m? kr' ong
134Cs 1 o1 0,08x107% oo 3,3x10-3 M2 kr" anga '¥’Cs. 3HauyeHus
Tag ona '**Cs ObII0 CTATUCTUYECKM 3HAYMMO OOMbLUUM MO
CPaBHEHUIO CO 3HadeHvsMmn T ans 87Cs (kpuUTEPUIA 3HAKOB,
P<0,05; n=8). AHanorunyHble pa3nuyns Mexay AByMs pagmno-
M30TOMaMM LE3NS MO OTHOLLEHWIO K 3HAa4eHusm T Obinn
HanpeHbl Ramzaev et al. [20] B CaxanuHckoin obnactm B 2011
r. MegnaHHas BenmymHa Tag 055 %*Cs ymeHbLIMach B nepuos,
2011-2012rr. B aBa pasa: ¢ 12x10°3 M2 kr-' go 6,6x10°3 M2 kr'.
PasHuua mexay sHaueHvsmu T, nonydeHHbIMu Ans npoo,
oTobpaHHbIx B 2011 1., 1 npobd, otobpaHHbix B 2012 1., Gbina
CTaTUCTMYECKM 3Ha4YMmon (TecT MaHHa — YuTtHn, P<0,05;
n1 =19, n2 = 8). CnenoBatenbHO, 3KONOrMYECKUIA Nepuoa,
nonyounwenmns — T [5, 28] ana "*Cs B pacTeHnax Obin pa-
BEeH npubnuantensHo 1 rogy. MegnaHHasa BennynHa Tag oans
137Cs TaKkke yMeHbLUMIach 3a 3TO BPemsi MPUMEPHO B 2 pasa:
¢ 0,65x10°° m? k' 0o 0,27x107% M? kr-'. Ho pasHuua mexay
2011 . n 2012 . onga '¥’Cs He 9BNSeTCA CTaTUCTUYECKN 3HA-
ynmoii (Tect MaHHa — YutHu, P>0,05; n1 =19, n2 =13).
MepeHoc pagvoHYKNMOOB pagmoLe3nst 13 Mo4YBbl B
pacTeHune ona Sasa sp. n Artemisia sp. CyLLECTBEHHO He OT-
nuyancs ot TakoBoro ang CTC (tect MaHHa-Yuthu, P>0,05).
Takke He OblNo pasnuunin mexay Sasa sp. u Artemisia sp.
(tect MaHHa — YuThHu, P>0,05). MenmaHHoe 3HadeHue T,
ona *Cs B 6ambyke ymeHblumniocb B nepuog, 2011-2012 rr.
c 28x10° m? xr' pmo 5,3x10° m? kr', T0 ecTb B 5 pa3
(T,,,=0,4 roma). CHuxeHne ABISETCH CTATUCTMYECKM 3Ha-
ynMbIM (TecT MaHHa — YutHn, P<0,05; n1=4, n2=3). Ta xe
TeHaeHUns HabnogaeTcs U Ans NonbiHA (CM. Tabn. 2), Ho
konunyecTtso HabnoaeHun (1) B 2011 r. 66110 HEAOCTATOYHbIM
0N NCMONb30BaHNA Kakoro-nnbo CTaTUCTUYECKOro TecTa.
MepauaHHoe 3HavyeHue Tag ons '¥’Cs B 6amOyke Takke yMeHb-
wmnocbB2011-2012 1. ¢ 2,1x10°3m?kr' 0o 0,39x10° M2 kr'.
Ho pasHuua mexay OBymMs rogammn He Gblna cTaTUCTUYECKN
3HauYnmon (Tect MaHHa — YutHu, P>0,05; n1=4, n2=3).
3HauveHus Tag ons '¥’Cs 6binn paccymTaHbl B OTHOLLEHWN
cmecn dykycumckoro ¥'Cs n godykycmumckoro '¥’Cs. Mel
OOMyCKaem, 4YTO 3HayeHus Tag ona  ¢ykycumckoro ¥'Cs
PaBHbI 3HaueHVsmM T, Ans GyKycrmcKoro 134Cs. YT06bI OULE-
HUTb KO3DOUUMEHT MepeHoca M3 MO4YBbl B pacTeHue Ans
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on soil minerals or/and humus, and 2) migration of some pro-
portion of the “aged” radiocaesium deeply down the soil pro-
file, below the rooting zone [2, 20].

The T values determined in this study for “fresh”
Fukushima-derived **Cs in 2011 (0.55 y after the acci-
dent) and 2012 (1.55 y after the accident) are about 2.5-4
times lower than the values that can be deduced for “fresh”
Chernobyl-derived radiocaesium using the equation derived
by Kaduka and Shutov [8] for the European part of Russia
(Table 3). One of the possible explanations for the difference
between two contamination events is the fact that the deposi-
tion of Chernobyl-derived radiocaesium occurred directly on
the new grass cover in the beginning of the growing season
(April-May 1986), while Fukushima-derived radiocaesium fell
to ground covered with the remnants of last year’s plants or
with snow [20, 23]. Therefore, it is quite possible that plants
in mixed grass-forb crop on the grasslands in Sakhalin Region
were contaminated in 2011 mainly via resuspension or/and
the root pathway, rather than through the primary aerial path-
way. In the remote period after deposition (>15y), Tag values
for ¥’Cs did not differ greatly between areas surveyed in this
work and in works of some other authors (Table 3).

It is interesting to estimate the proportion of radiocaesi-
um contained in the vegetation cover. The estimation can be
done directly for plot Itu-1 where biomass density was 2.1 kg
m-2. The activity concentration (w.w.) of '**Cs and '*’Cs in the
sample of vegetation (a grass-forb crop with an admixture of
dwarf bamboo) was 1.02 Bq kg™ and 1.79 Bq kg, respec-
tively (Table 1). The inventory of the radionuclides in soil was
estimated as 59 Bq m and 3280 Bg m2 (Table 1). Hence,
the '¥*Cs contamination in the vegetation biomass (2.1 Bq
m-2) added approximately 3.6% to the '**Cs inventory in soil.
For ¥"Cs, this contribution was minor: only 0.1%. It should
be noted that these estimations were made for the plot with
the large biomass density (2.1 kg m) and high value of T
for 4Cs (17 x 10 m? kg™'). In more common conditions for
plots with the biomass density of about 1 kg m and the av-
erage T, of 6 x 10° m? kg™ for "*Cs, the contribution of the
vegetation contamination to total inventory of the radionu-
clide at the grasslands did not exceed 1% in September 2012.
In September-October 2011, the aboveground biomass
on average contained not more than 2-3% of total inven-
tory of Fukushima-derived radiocaesium at grasslands in the
Sakhalin region, although the values up to 15% were reported
for certain sites [20].

Conclusions

Caesium-134, a marker of Fukushima fallout, was esti-
mated in 18 of 24 vegetation samples (vascular plants) col-
lected on Kunashir, Iturup, Urup and Paramushir Islands in
August-September 2012. Caesium-137 activity was quanti-
fied in all of these samples. The activity concentration of ra-
dionuclides in plants (on wet weight) ranged from <0.05 Bq
kg'to 1.6 Bg kg for '**Cs and from 0.06 Bq kg'to 5.8 Bq kg™’
for '¥7Cs. About 2/5 of the total activity of '*’Cs in plants was
associated with the Fukushima accident.

About two orders of magnitude variability of the soil-to-
plant Tag values was observed in mixed grass-forb crop: from
<0.2x 10°to 11 x 10-*m? kg™' for '**Cs and from 0.08 x 10 to
3.3 x 10 m?kg™" for ¥'Cs. The T, values for '*Cs were statis-
tically significantly higher compared to the T, values for 187Cs.
The median T, for '**Cs declined in the period 2011-2012

nodykycumckoro '¥’Cs, MOXHO MCMONb30BaTb Clieayollee
ypaBHeHue:

T . :M (1)
ag—PreF137Cs 4 iy ] ’
Tot137Cs F137Cs
e T perrarcs arpervpoBaHHbii  KO3pGULMEHT
nepeHoca noysa pacteHue ansa godykycumekoro '¥’Cs (M2kr);
Crotiarce — YAENbHAA aKTMBHOCTL 06Liero '¥’Cs B pacTeHusx
(Bkkr™); Cp e — YAENBHAA AKTUBHOCTL YKYCHUMCKOro '¥'Cs
1. 137,
o e G oxor 700 8 10488 (B,
» PF137Cs :
Mcnonb3ys ypaBHeHue (1), 3Ha4yeHus Tag»PreF137Cs Obinn
paccuyuTaHbl ansa Tex npod, B KoTopbix B 2011-2012 rr. Obin
BbisiBNieH '*Cs. CpefHee 3Ha4yeHve M MeauaHHoe 3Haue-
HMe (nNpuBedeHO B CKOOKax) T,, Bodykycrmckoro ¥Cs
ons CTC (n = 27), 6ambyka (n = 7) 1 nofbiHK (n = 7) MoryT
ObITb oUeHeHbl kak 0,71 (0,12)x10-% m? kr', 0,80 (0,43)x10-2
M2 kr' n 0,44 (0,32)x10° m? kr' COOTBETCTBEHHO. JTU
umMdpbl Ha 1-2 nopsaka BENNYMHbI MEHbLLE 3HAYeHWI Tag
dykycumckoro paguouesust (cMm. tabn. 2). OTHocUTeNbHO
BbICOKMI KO9GDOUUMEHT MepeHoca «HOBOro» paamouesuns
13 NOYBbI B PACTEHME MOXET ObITb 06BACHEH NPUCYTCTBMEM
Gonblienn 4vactn (omana3oH 45-100% [21]) 3anaca
DYKYCUMCKUX PaOMOHYKSIMAOB B BEPXHEM 1-CaHTMMETPOBOM
cnoe nouyebl. Takas rybuHa 3aneraHus OCHOBHOMO
3anaca CBEXEBbIMaBLUNX PAAVOHYKAMAOB B MOYBE MOXET
CcrnocobCTBOBaTb  BTOPUYHOMY — 3arpsi3HEHUID  PaCTEHWi
nocpeacTBOM pecycrneH3npoBaHus. C Apyroi CTOPOHbI, H13-
Koe noctynneHve godykycumckoro *’Cs B pacTeHust MOXeT
ObITb CBA3aHO C duKkcaumelnt pagnoHyknnaa Ha rnoYBeHHbIX
MUHepanax u/unm rymyce n ¢ Murpaumein HeKoTopoin [onm
«CTaporo» pagmouesns rmyboko BHMU3 Mo NPoduIo NMoyBkl,
HUXE 30HbI PACMPOCTPaHEeHNs KOpHel pacTeHuii [2, 20].
3HadyeHust T, onpefeneHHbie B 3TOM WCCeA0BaHNM
ons «cBexero» gpykycumckoro *Cs B 2011 r. (0,55 roga no-
cne asapun) n B 2012 r. (1,55 roga nocne aeapwum), oka-
3a/MCb NPUMEpPHO B 2,5-4 pasa HuXe 3Ha4YeHul, KoTopble
MOryT ObITb paccyMTaHbl OJI «CBEXEro» 4epHOObIIbCKOro
pagmouesnsi C UCMOoSb30BaHNEM YPaBHEHWS, BbIBEAEHHOMO
M.B. Kagykown n B.H. LLytoBbiM [8] o5 €BpONEncKor Yyactu
Poccum (1abn. 3). OgHMM K13 BO3MOXHbIX OObLSCHEHWI
3TON pasHuUbl Mexay [OBYMS aBapuiiHbIMK  COObITUSIMU
ABNSETCS TO OOCTOSTENLCTBO, YTO BbiNageHUe 4epHOObIIb-
CKOro pagmoLe3nst MPOUCXOAMIO HEMNOCPEeACTBEHHO Ha
HOBbIV TPABSAHOW NMOKPOB B Havasie BEreTauMoHHOro nepuoaa
(anpenb — man 1986 r.), a GyKyCUMCKUIA paamoLes3unii Boinas
00 Hayana BeretaumoHHoro nepuoaa (mapt 2011 r.) Ha 3emnio,
MOKPbLITYIO OCTaTkaMy MPOLUIOrOAHUX PACTeHUIA NN CHErom
[20, 23]. MosTomy BrosiHE BO3MOXHO, YTO MHOTME pacTeHus
B CMeELLaHHbIX TPaBsHbIX COOBLIECTBAX Ha JlyronacTOULLHBIX
yroabax CaxanuHcko obnactu 6binn 3arpasHeHsl B 2011
rnaBHbIM 06Pa30M 3a CYET PECYCMEH3NPOBAHUS U/UNN KOp-
HEBOro NyTW, a He 32 CHET NEPBMYHOIO OCAXKAEHUS pPaaMoak-
TUBHbIX BELLECTB 13 aTMocdepbl. B oToaneHHbI neprog, no-
cne BbinageHuii (>15 net) saHaveHns Tag ons '¥’Cs He cuiibHO
pasnmyanMcb Mexay permoHamu, ob6cnefoBaHHbIMY B HaLLEi
paboTe 1 B paboTax HEKOTOPbIX APYrX aBTOPOB (CM. Tabn. 3).
NHTEpecHOo BblNo OLEHUTL A0 PaAMOLLE3NS, COOEPXKALLY-
0CS B PacTUTENBLHOM MOKPOBE. 3Ta oueHka Bblia BbiMoSHeHa
HerocpeacTBeHHO AN ydacTka ltu-1, roe nnoTHocTb Gromac-
cbl coctasuna 2,1 kr M2, YoenbHas aktmBHOCTb '#*Cs u ¥'Cs B
06pasLie pacTUTENBHOCTU (CMELLIAHHOE TPaBSIHOE COOBLLECTBO C
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with a factor of about two: from 12 x 10 m? kg' to 6.6 x 10°°
m?kg™. The ecological half-time, T__, of '*Cs in mixed grass-
forb crop was approximately one year.

In 2011-2012, the median Tag for pre-Fukushima ®*"Cs in
mixed grass-forb crop can be estimated as 0.12 x 10 m? kg
'. This value is lower by a factor of 100 and 50 than the median
values of Tag that were deduced for Fukushima-derived radio-
caesiumin 2011 and 2012, respectively.

The radiocaesium soil-to-plant Tag values and their time-
dependant dynamics for dwarf bamboo (Sasa sp.) and worm-
wood (Artemisia sp.) were in reasonable agreement with
those for mixed grass-forb crop.

At grasslands with the aboveground biomass density of 1
kgm~?andthe T, value of 6 x 10° m? kg™ for '**Cs, the contri-
bution of the aboveground part of plants to total inventory of
the radionuclide did not exceed 1% in September 2012. For
187Cs, this contribution was less than 0.1%.
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NnpUMechio kapimkoBoro 6ambyka) paeHsinace 1,02 bk kr—'n 1,79
Bk kr' cooTBeTCTBEHHO (CM. Tabsn. 1). 3anackl pagMoHYKNINAOB
B MoYBe OLEeHMBanMCh Kak 59 Bk M2 1 3280 Bk M2 (cM. Tabn.
1). CneposatenbHo, '**Cs, NMPUCYTCTBOBABLLWIA B HaO3EMHOW
pacTuTensHon 6romacce (~2,1 Bk M), no6asnsan okono 3,6% k
3anacy '**Cs B nouse. 5151 '¥’Cs aT10T Bknag, Obi1 HAMHOrO MeHb-
we: Bcero 0,1%. Cnegyet OTMETUTb, YTO 3TU OLEHKM COENAHbI
018 ydacTka ¢ 60MbLLION MAOTHOCTLIO Griomacch (2,1 kr M) 1 Bbl-
COKWM 3Ha4YeHneM Tag ons ¥Cs (17x103 m?kr ). ina Gonee pac-
MPOCTPAHEHHBIX YC/IOBUIA HA y4acTkax C MJIOTHOCTLIO Bromac-
Cbl OKOJ10 1 KI M2 1 cpegHUM Tag 6 x 10 m? k' onga '**Cs Bknap,
3arpsi3HeHnst PacTUTEeNbHOCTM B OOLLMIA 3amac pagvioHyKnvaa
Ha nyrax B ceHTs6pe 2012 . He npeBbiwan 1%. B ceHTs6pe —
okTs6pe 2011 . Hag3eMHas Gromacca B cpeaHem BHOCUA He
6onee 2-3% B 06LWMit 3anac GyKyCMMCKOro paamouesns Ha
nyrax CaxannHckon obnacTu, XOTs OJisi HEKOTOPbIX Y4acTKOB
coo6Lanock 1 0 60see BLICOKUX 3Ha4eHUsIX — 1o 15% [20].

3akno4eHve

Lleaunin-134, Mapkep  OYKYCUMCKWUX  BbINaLEeHWUN,
OblN KONMYECTBEHHO onpefeneH B 18 3 24 06pasuos
pacTUTENbHOCTM (COCYLAMCTBIX PACTEHWUA), COOpaHHbIX Ha
ocTpoBax KyHawwp, Utypyn, Ypyn n MNapamymnp B aBrycte—
ceHTa6pe 2012 . AkTuBHOCTD '¥’Cs 6bly1a onpeaeneHa Bo BCex
npobax. YaenbHas akTMBHOCTb PaAVOHYKIMAO0B B PACTEHUSIX
(Ha NCXOAHBIV BaxHbIn Bec) BapbupoBana ot <0,05 Bk kr'
po 1,6 bk kr' gna '**Cs n o1 0,06 Bk kr' go 5,8 bk kr' gnsa
137Cs. Okono 2/5 obLeit akTuBHOCTM '¥’Cs B pacTeHusx 66110
cBsi3aHo ¢ aBapveit Ha ASC «Pykycuma-1».

B 2012 r. 3HayeHus arpernpoBaHHOro koadduumneHTa
rnepeHoca (Tag) B CMeLUaHHbIX TPaBsHbIX CO0OOLEeCTBaXxX
(CTC) BapbupoBanu B npeaenax AsyX NMopsiakoB BENYMHBI:
o7 <0,2x10® po 11x102 m? kr' gna ¥Cs n ot 0,08x103
0o 3,3x10° m2 kr' pgns '¥Cs. 3HayeHus T, ans 134Cs Obln
CTaTUCTUYECKN 3HAYMMO OGONbLUMMU MO CPABHEHUIO CO
3Ha4YeHNaMN Tag ona ¥’Cs. MepguaHHas BenuumHa Tag ons
%Cs ymeHblumnack B nepuog 2011-2012 rr. B 2 pasa: oT
12x10°% m? kr' mo 6,6x10° M? kr-'. Skonormyeckuii nepunos,
nonyounwenmns (T, ) ang '3Cs B pacteHmsax Obin paBeH npu-
6nn3utensHo 1 roay.

Ona nepuvopma 2011-2012 rr.  meamaHHbI Tag ong
poodykycumckoro  '’Cs B CMELUA@HHbIX  TPaBSIHbIX
coobuwectBax (CTC) Obin oueHeH BenuuuHon 0,12x10°8
m? kr'. 9ta umdpa npumepHo B 100 1 50 pas meHbLUue Mo
CPaBHEHWIO C MEAVAaHHBIMU 3HAYeHNsIMN T, OLLEHEHHbIMY
ona  dykycumckoro paguouesvs B 2011 . m 2012 r
COOTBETCTBEHHO.

3HaveHus Tag 0N kapnnkoBoro 6amoyka (Sasa sp.) u no-
NblHY (Artemisia sp.) HaxXo0AMAMCb B Pa3yMHOM COracum C Ta-
KOBbIMU [J15 CMELLUAHHbIX TPaBsHbIX COOOLLECTB.

B ceHTsa6pe 2012 r. Ha nyrax ¢ NJOTHOCTbIO HAA3eMHOM
Guomaccsl 1 Kr M2 1 3Ha4YEeHeM T, PaBHOM Ayis 184Cs 6x10°3
M? Kr', BKNag Hag3eMHO 4acTu pacTeHuii B oblumii 3a-
nac pagmoHyknuaa He npesbiwan 1%. Ons ¥Cs aT10oT BKiap,
cocTasnsn meHee 0,1%.

ABTOpbI BbipaxatoT 6GnaroaapHocTb T.B. PomaHOBOW,
JLIO. TkaneHko, [.H. PomapgaHoBoui u M.B. [ly3aHOBy
(®PenepansHas cnyxba no Han30py B cepe 3almThbl rpas
notpebuteneii n 6aarononyyus Yenoseka no CaxaimHCKOu
obnacTtu) 3a nomoLb B cbope npob pacTeHW.

ABTOpbI TakxXe npu3HaTesibHbl ABYM PEeLeH3eHTaM 3a
KOHCTDYKTUBHbIE KOMMEHTapUN.
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