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Fukushima fallout in Sakhalin Region, Russia, part 3:
137Cs and 34Cs in cow’s milk

Valery P. Ramzaev, Anatoly N. Barkovsky, Alexey V. Gromov, 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

The study was conducted on Kunashir, Shikotan and Iturup Islands (Sakhalin Region of Russia) in order
to evaluate the impact of the Fukushima accident on the “soil—grass—cow’s milk” exposure pathway. A total
of 22 samples of cow’s milk were collected in the May 2011 — September 2012 period. Radiocaesium was
isolated from thermally treated specimens using the antimony—iodide radiochemical method. The activity
concentrations of **Cs and "’Cs were measured by y-ray spectrometry using high purity germanium detec-
tors. Caesium-134 was detected in 18 of the total 22 samples of milk. The activity concentration of '**Cs in
the samples varied from 0.08 Bq kg~' to 2.00 Bq kg~'. Caesium-137 was quantified in all 22 samples: range
= 0.088—2.43 Bq kg~'. On average, more than a half of the total "’Cs in the milk samples from Sakhalin
Region was of Fukushima origin (mean = 60%, median = 57%, range = 13—95%). The highest activity
concentrations and values of the soil—to—milk aggregated transfer coefficient, T, " Jor ¥*Cs (and Fukushima-
derived V’Cs) were observed in milk samples collected in mid-May 2011. The mean 7;g values decreased in
the May—October period of 2011 from 12 x 107 m? kg™' to 2.3 x 107 m? kg~'. In September 2012, the T,
values remained unchanged (mean = 2.8 x 10 m? kg~') compared to those in September—October 2011. In
the autumns of 2011 and 2012, the calculated values of T, for Fukushima-derived radiocaesium were on
average 17 times larger than the ones for pre-Fukushima 5Cs. The higher transfer of Fukushima-derived
B37Cs (compared to pre-Fukushima ’Cs) for milk reflected the difference between the “new” and “aged”
radiocaesium in the intensity of the radionuclide transfer from soil to grassland plants which were the major
component of the cow’s diet in the area of our study. The ratio between the '’Cs activity concentration in the
milk (fresh weight) and that in the grassland plants (dry weight) ranged from 0.028 to 0.11. The effective dose
from ingestion of Fukushima-derived radiocaesium in locally produced cow’s milk for critical group of adult
residents of the southern Kuril in the first year after the accident is conservatively estimated as 0.0027 mSv.
The Fukushima accident has had a negligible impact on radiocaesium contamination of cow’s milk and the
corresponding human exposure on the southern Kuril Islands: Shikotan, Kunashir and Iturup.

Key words: the Fukushima accident, global fallout, Kuril Islands, cow, milk, plants, **Cs, ’’Cs, aggre-
gated transfer coefficient, effective dose.

Mykycumckue BbinageHns B Caxanunckon o6nactn Poccun,
coobujeHne 3: 3’Cs n 13%Cs B KopoBbeM MoOJIOKE

B.I1. Pam3aen, A.H. bapkosckuii, A.B. Ipomos, M.B. Kaayka

Cankr-IleTepOyprckuit HayIHO-UCCASIOBATEIbCKIIT MHCTUTYT pagualliOHHON TUTHEHBI UMEHN
npodeccopa I1.B. PamzaeBa, @enepanbHas ciry>k0a 1o Hag30py B cepe 3aiuThl ITpaB NoTpeouTe e
u Onaroroyuns yenoBeka, Cankr-IlerepOypr, Poccus

Hccaedosanue nposodunocy wa ocmposax Kynawup, Illuxkoman u Umypyn (Caxarurckas obracmo
Poccuu) ons oyenxu eausnus asapuu Ha ADC «Dykycuma-I» Ha paduoakmugroe 3aepsi3HeHlUe KOPO8beeo
Mmonoka. Beeeo 6 nepuoo ¢ mas 2011 2. no cenmstpn 2012 2. 6bi10 omo6paro 22 npobvt mosoka. Paduoakmue-
HbLll Ye3uil 6bl0esAU U3 npoo NOCAe UX CHCULAHUS U 0301€HUSs C UCHOAb308AHUEM PAOUOXUMULECK 020 CYDOMIHO-
1100udno2o0 memoda. Yoenvnyro akmuenocmo 3*Cs u 3’Cs onpedensiau memooom eamma-cneKkmpomempuu ¢
UCNOAb308AHUEM 0eMEKMOPO8 U3 0c000 uucmoeo epmarus. Llesuii- 134 6vi1 o6napyxcen ¢ 18 u3 22 06pasiyoé
monoka. Yoeavnas akmuernocms '¥Cs 6 npobax eapvuposana om 0,08 br/xe do 2,00 bx/ke. Llezuii- 137 6bin
svlsieaeH 60 ecex 22 npobax: duanazon = 0,088—2,43 bk/ke. B cpednem boaee norosutvl om odbuweil akmué-
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nocmu ’Cs 6 npobax monoka us Caxarunckoi obaacmu umeno QyKycumckoe npoucxoxcoenue (cpeounee
sHauenue = 60%, meduana = 57%, duanason = 13—95%). Makcumanvhas yoeavnas axmueHocms *Cs
U 3Havenus azpeupoeaniozo Kodgguuuenma neperoca (T, g) nouea — moaoko oas **Cs (u gykycumckoeo
B37Cs) nabarodanuce s npod moaoka, omoopannsix 6 cepedurne mas 2011 2. Cpednee snavenue Tag CHU3UNOCH
6 nepuod ¢ mas no okmsaops 2011 2. ¢ 12 x 107 m*/ke do 2,3 x 107 m*/ke. B cenmsope 2012 e. 3navenus
7;g 0CManucy HeusmeHHoiMuU (cpednee 3nauenue = 2,8 x 107 m?/k2) no cpasnenuro ¢ makosvimu 6 ceHms0-
pe — okmsbpe 2011 e. Boruucaennvie 3HaveHus 7;g 01 paduoye3us PyKycumcKo20 npoUcXoncoeHus: Oviau
ocernvio 2011 u 2012 22. 6 cpednem ¢ 17 pas 6oavuie, yem makosvie 0as dogykycumckozo 7’Cs. boaee evi-
cokuil koaguuuenm neperoca gyxycumckozo ’Cs (no cpasnenuro ¢ doykycumckum ’Cs) 6 koposve
MONOKO 0mpasicaem pasHuyy Meicoy <HOGbIM» U «CIMapvim» paouoye3uem 6 OMHOUeHUU UHMEHCUBHOCIU
nepexooa paduoHyKAud08 U3 nouebl @ 1y208ble pACMeHuUsl, KOMopble A8ASHMCS OCHOBHbIM KOMHOHEHMOM
PAUUOHA NUMAHUSL KOPO8 8 00CAe0068aHHOM peioHe. SHauerus pakmopa Hakonaernus ’Cs das napot (Mo-
JNI0K0, Ha ceedcuil 8ec)/(ny2o8vle pacmerus, Ha cyxoil éec) Haxoouaucy 6 duanasoue 0,028—0,11. Dghghex -
mueHas 003a 00AyueHUs: OM ROCIYNACHUS QYKYCUMCKO20 PAOUOYe3Usi ¢ MECIHbIM KOPOBbUM MOAOKOM 015
Kpumuueckoli epynnut 83pocavix scumeneti FOxucnoix Kypua 6 nepeviii 200 nocae agapuu KoHcepeamueHo
oyenusaemces eeauuunoll 0,0027 m36. Asapus na AIC «Dykycuma- I» okazanra npenebpencumo manoe éau-
SHUe HA PadUOAKMUBHOE 3a2PA3HEHUE KOPOBbe20 MONOKA U COOMBEeMcmayujee 6030eiicmaue Ha 4ea08eKa
Ha FOoxcnbix Kypuawvckux ocmposax Kynawup, Illukoman u Hmypyn.

Kmouessie cnoBa: Qykycumckas asapus, enobarvhele svinadenus, Kypuasckue ocmposea, koposa,

Mmonoko, pacmenus, *Cs, 7Cs, aepeeuposannbiii Koagguyuenm neperoca, 3¢pgpekmuenas dosa.

Introduction

The Fukushima accident led to a significant atmospheric
emission of the long-lived radionuclides '**Cs and '*"Cs that
fell to the surface of land and sea in the entire Northern
Hemisphere [1-3]. Such fallout were registered in Russia,
specifically in its Far-Eastern territories and the adjacent
regions of Pacific Ocean [4-6]. Shortly after the accident,
when the situation with actual levels of Fukushima fallout on
the Russian territory remained unclear, the Federal Service
for Surveillance on Consumer Rights Protection and Human
Well-Being (Rospotrebnadzor) initiated a monitoring program
on the assessment of radioactive contamination of the locally
produced food and imported foodstuff [7, 8].

Evaluation of cow’s milk contamination by radiocaesium
was of importance. Previous studies performed after
atmospheric nuclear weapons tests and the Chernobyl
accident had shown that, in the Russian Federation, the
“grass—cow-milk” pathway might be one of the major
contributors to internal exposure of the local population by
radiocaesium (e.g., [9-11]).

In May 2011, '**Cs, a marker of Fukushima fallout, was
quantified (range =0.8-2.5Bqgkg")inall samples of cow’s milk
obtained from certain private farms on Kunashir and Shikotan
Islands (Sakhalin Region) [12]. Cs-137 was also determined in
the samples. Although the total activity concentrations of the
radiocaesium isotopes were far below the permissible level of
100 Bqg kg~" adopted in Russia for cow’s milk [13], the generic
recommendation of Rospotrebnadzor was that radiological
monitoring of milk as well as of other locally produced food
should be continued [5]. The measurements of cow’s milk
samples collected in Sakhalin Region in autumn 2011 by
Rospotrebnadzor [8] confirmed the negligible influence of
the Fukushima accident on the “grass—cow-milk” exposure
pathway in the south of Sakhalin Island and in Kunashir and
Shikotan Islands.

The published evaluations [5, 8, 12] of the milk
contamination in Sakhalin Region after the Fukushima
accident were primarily focused on the hygienic (radiological)
aspect. Such important radioecological issues as soil-to—
milk transfer and forage-to-milk transfer of Fukushima-
derived radiocaesium and pre-Fukushima '¥’Cs remained

Beepenve

Asapusi Ha ASC «Dykycrma-1» npuBena K 3Ha4nuTesIbHbIM
aTMocdepHbIM BbIBPOCaM [ONrOXMBYLIMX PaAVOHYKIMA0B
1%Cs n '¥'Cs, KOTOpble BbiMan/ Ha MOBEPXHOCTb CyWW W
Mopsi BO BceM CeepHom nonywapun [1-3]. Takme Bbinage-
HUst ObINN 3apPerncTpupoBaHsbl 1 B Poccun, 0COOEHHO Ha ee
0aNbHEBOCTOUHbIX TEPPUTOPUSX U B MPUEraIoOLLMX pPanoHax
Tuxoro okeaHa [4-6]. Bckope nocne aBapuu, Korga cutya-
uMsa ¢ GakTUYECKUMU YPOBHAMU DYKYCUMCKUX BblNageHumn
Ha Tepputopun Poccum octaBanacek HesicHol, @enepanbHas
cnyx6a no Haa3opy B cdepe 3awmThl Npas noTpebuTenei n
©Gnarononyyns Yenoseka (PocnotpebHaa3op) MHMUMMpoBana
nporpaMMy MOHUTOPVHIa MO OLEHKE PaaMoakTUBHOMO
3arpsi3HeHNst NPOAYKTOB MUTAHUSA MECTHOIO MPOU3BOACTBA U
MMMOPTHbIX MULLEBbLIX MPOAYKTOB [7, 8].

BaxHoe 3HayeHMe uMena oOueHka  3arpsi3HeHust
KOPOBLErO0 MOJIOKa PaAVOaKTUBHBIMW M30TONaMKn  LLe3ns
(mnanee no TekCcTy — «paguouesunin»). Mpegplaywme ncene-
[0BaHUS, NPOBEAEHHbIE B CBSA3M C UCTbITAHUSMU SAEPHOr0
opyxus B atmocdepe 1 aBapuein Ha YepHobbinbckon ASC,
nokasanu, 4to B Poccuiickoin @epepaumm nuiesas Lenoyka
«TpaBa — KOpoBa — MOJI0KO» MOXET ObITb OAHUM N3 OCHOBHbIX
$akTopoB, BANSIOWMNX HA BHYTPEHHEE 00NyYeHne MEeCTHOro
HaceneHus paguouesnem (Hanpumep, [9-11]).

B mae 2011 1. "**Cs, mapkep hyKyCUMCKUX BbINaaeHuiA, Obin
onpeneneH KonM4eCcTBeHHO (ananadoH =0,8-2,5 bk/kr) BO BCex
npo6ax KOPOBLErO MOJIOKA, MOJTYHEHHbIX U3 YACTHbIX XO3SNCTB
Ha ocTpoBax KyHawmp u LUukotaH (CaxanuHckast obnactb)
[12]. B npobax Takxe onpeaensnu '*’Cs. XoTs yaenbHas akTuB-
HOCTb paamoLe3uns Hbina HAMHOIO HUXE JOMYCTUMOrO YPOBHS
100 Bk/kr, npuHsAToro B Poccumn ans kopoBbero mosoka [13],
obwpme pekoMmeHpgaumm PocnoTtpebHansopa 3akioyanach B
TOM, 4TO PAANALMOHHO-TUMMEHNYECKNIA MOHUTOPUHI MOOKA,
a TaKke Apyrmx NpoOAyKTOB MECTHOr0 NPOM3BOACTBA OOMKEH
ObiTb npoposikeH [5]. Peaynbrathl uMccnegoBaHuini npob
Mosoka, oTobpaHHbIX B CaxannHckoin obnactu oceHbio 2011
I. cneumanucTaMmum yupexaeHunii PocnotpebHaasopa [8], noa-
TBEPAUIN NpeHebpexrMMo manoe BMsHUE (DYKYCUMCKOM
aBapun Ha MULLEBYIO LIEMOYKY «TpaBa — KOPOBA — MOJIOKO»
0151 10XXKHOM YacTn octposa CaxanuH 1 ocTpoBoB KyHawmp n
LLnkoTaH.
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beyond the scope of the investigations. One of the reasons
was the fact that at the moment of publishing the book [8]
in 2012, the assessments of the ¥*Cs/'®’Cs activities ratio
in Fukushima fallout, the radiocaesium inventories in soils
and the radioactive contamination of plants in grasslands
were incomplete. Currently, after publication of additional
experimental data and generic estimations focused on the
above mentioned issues [14-18], the transfer parameters
in the “soil-grass—cow-milk” pathway can be evaluated
quantitatively. Additionally, the authors had an opportunity
to collect and analyze a new series of cow’s milk samples in
Sakhalin Region in 2012. It has allowed to evaluate dynamics
of the radiocaesium contamination levels in milk in the first
and second years after the accident.

The main objectives of the study are:

1) to present new experimental data and to summarize all
results obtained in Sakhalin Region in 2011-2012 on cow’s
milk contamination by caesium radionuclides;

2) to estimate the “soil-to—cow’s milk” aggregated
transfer coefficients (Tag) for Fukushima-derived and pre-
Fukushima radiocaesium;

3) to estimate the “cow’s milk/forage” concentration
ratios (CR) for Fukushima-derived and pre-Fukushima
radiocaesium;

4) to assess the effective dose from ingestion of
radiocaesium in locally produced milk for critical group of
adult residents of the southern Kuril in the first year after the
accident.

Materials and methods

A total of 22 samples of cow’s milk were obtained from
private farms on the Kunashir (four settlements), Shikotan
(two settlements) and lturup (six settlements) islands. The
samples were provided by the farmers (the cows’ owners);
they were interested in getting information on the quality of
milk.

The investigated areas and the properties of soil and
vegetation in grasslands have already been described in [8,
14,17, 18].

In all cases the cows grazed freely on the territory of a
settlement or in its vicinity, including grasslands, edges of
forests and the beaches of Pacific Ocean or Okhotsk Sea.
A mixture of grasses and herbs (the grass-forb crop, GFC
[14]) in the grasslands was the main contributor to the forage
of the cows, however the cows’ owners also mentioned
dwarf bamboo (Sasa sp.) and edible sea macro-algae (e.g.,
Laminaria sp.) [19].

The mass of a milk aliquot taken for laboratory analyses
ranged from 0.5 to 1.0 kg (fresh weight, f.w.).The aliquots
were dried and ashed at a temperature below 450 °C.
Radiocaesium was extracted from the treated specimens
using the antimony-iodide radiochemical method [20]. The
precipitate of caesium antimony iodide was placed on an
aluminium plate (diameter = 1.5 cm) and dried. Gamma-
spectrometry analyses were performed using high-purity
germanium detectors and multichannel analysers (ORTEC) to
determine the '**Cs and '*’Cs activities [14, 16]. The plates
were placed at a distance of about 3 mm from the cup of the
detector. Primary calibration of the spectrometers for this
geometry was done in 2011 [8, 12]. The final calibration was
performed in 2011-2012 using certified sources '**Cs and

Ony6nukoBaHHble oueHkn [5, 8, 12] no 3arpsidHeHuo
Mosnoka B CaxanuHckon obnactu nocne aBapum Ha A3C
«Pykycuma-1» B Nepeyto o4epeap Kacanmcb MMrneHn4eckoro
(pagmonornyeckoro) acnekra. Takme BaXHble Pagnoakono-
rmyeckue napameTpsbl, kKak KO3QOUUMEHT nepeHoca paamo-
Le3nst U3 MO4YBbl B MOJIOKO U COOTHOLLUEHNE KOHLEHTpauumm
paauoLesunsi B KOPOBbLEM MOJIOKE M B KOPMaXx, NOCTyMNaloLLmMX
B OpPraHn3m XMBOTHbIX, OCTaBaJMChb 3a paMkamu 1Uccnepo-
BaHWiA. OOHa 13 NPUYKUH 3aKkTloYanachb B TOM, YTO HA MOMEHT
noaroToBkM M BbixoAa kHurv [8] B 2012 1. oueHku, kacatoLme-
Cs1 COOTHOLLEHMs akTUBHOCTel ¥4Cs/'¥’Cs B BbinageHusX, 3a-
naca pagvouesns B NOYBE M PAAMOAKTUBHOMO 3arpsi3HEHNS
pacTeHuit Ha nyrax, 6bin1 HenosiHbIMK. B HacTosiLee Bpems
nocne nyénnkaumm OONOSIHUTENbHBLIX 3KCMEePUMEHTasTbHbIX
[OaHHbIX 1 0006LLEHHbIX OLEHOK MO BbllLEeyka3aHHbIM BOMPO-
caMm [14-18] napameTpbl Nepexoaa pPaanmouesns B LIENOYKe
«MoYyBa — TpaBa — KOPOBA — MOJIOKO» MOTMYT OblTb OLEHEHBI
KONnyecTBeHHo. Kpome Toro, y aBTopoB Gbina BO3MOXHOCTb
oTobpaTh 1 NpoaHanM3npoBaThb eLLe 0aHY cepuio NpPob Kopo-
Bbero Mosnoka B CaxanvHckon obnactv B 2012 r. 310 no3so-
JINNO OLLEHUTb AMHAMUKY YPOBHS PaAMOaKTMBHOIO 3arpssHe-
HWS B NePBbIV 1 BTOPOW MO, Nocie aBapui.

3apgauv uccnegoBaHva:

1. MpencraBuTb HOBbIE 3KCMEPUMEHTANbHBIE [AHHbIE
1 0606LWMTL BCE Pe3yNbTathl U3SMEPEHUIA, NPOBEOEHHbIX B
2011-2012 rr. OTHOCUTENBHO 3arpsI3HEHNS KOPOBLETO MOJIO-
Ka paamoHyknnaamm uesns B CaxanmHckor o6nactu.

2. OueHnTb arpermpoBaHHble KO3hdULMEHTbI NepeHoca
(Tag) dyKycuMcKoro n godpykyCcMMCKOro pagmouesns ua
MOYBbI B MOJOKO.

3. OueHunTb hakTop HakorieHust (PH), T.e., BeInYmHy co-
OTHOLUEHUS KOHLEHTPaLMKN PyKyCUMCKOro 1 LODYKYCUMCKO-
ro pagmoLesunst B KOPOBbEM MOJSIOKE 1 B KOPMax, NOCTynalo-
LLMX B OPraHn3M XNUBOTHbIX.

4. OueHntb addeKTUBHYIO 003y 006ny4yeHust OT pagmo-
Le3ns, CoaepXaLlerocst B MO0Ke MECTHOrO NPON3BOACTRA,
OJ19 KPUTUYECKOWM FPYNIbl B3POC/IbIX XUTENEN I0XHbIX Kypun B
nepBblil rO4, NOCe aBapun.

Marepuanbi n meTogbl

Bcero na depmepckux (4acTHbIX) XO3SMCTB, pacnosno-
XEHHBbIX Ha 0cTpoBe KyHalump (4 HaceneHHbIx nyHkTa (H.n.)),
ocTpose LukoTaH (2 H.n.) n octpose Utypyn (6 H.n.), 66110
nosily4yeHo 22 npobbl KOPOBLEro Mosnoka. Mpobbl BbiIM Nepe-
OaHbl epmepamu (BnagensLamm KOpoB); OHY OblIv 3aMHTe-
pecoBaHbl B MONy4eHUN MHDOPMALLMKM O KQ4ECTBE MOJIOKA.

CBoiicTBa MOYBbI M PACTUTENBHOCTU Ha Nyrax KOxHbix
Kypwn npusegensi B [8, 14, 17, 18].

Ha Kypunbckunx octpoBax KOpoBbl CBOOOLHO MacyTcs Ha
TEPPUTOPUN HACENEHHbLIX MYHKTOB WAN B UX OKPECTHOCTSIX,
BKJIIOYAs Jlyra, OnyLUKW/ JIECOB U MASXXU TUXOro okeaHa unm
OxoTckoro mops. CMmellaHHble TpaBsHble coobuiectsa (CTC)
[14]) Ha nyrax 9BRSIOTCA OCHOBHbLIM KOPMOM AJ151 KPYMHOrO
poraToro ckoTa, OAHaKo BNafesbLibl KOPOB TAKXEe yNOMUHaNM
KapnnkoBbIi 6amMbyk (Sasa sp.) n cbegobHble MOpCKMe BOAO-
pocnu (Hanpumep, Laminaria sp.) [19].

Macca npoGbl MOnoka, B3ATOM [Af9 1abopaTopHbIX
aHann3oB, coctaenana ot 0,5 po 1,0 kr Ha cBexuin Bec
(cB.B.). Mpo6bI cxxurany 1 3aTeM 0301971 Npy TeMnepaType,
He npesbiwatowen 450 °C. PagnoakTBHbIN LLE3WI BbIAENSN
13 030/1EHHBIX MPO6 C MCMONb30BaHMEM PAAVOXUMUYECKOrO
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187Cs [21]. All gamma-ray spectra recorded in 2011-2012 for
the milk specimens were evaluated (or re-evaluated) using
the final calibration parameters.

In order to quantify the soil-to—milk transfer of caesium
radionuclides, their aggregated transfer coefficients, Tag
(m?kg™'), were estimated. The T, value was calculated as the
ratio of activity concentration of radionuclide in milk (Bq kg™")
toinventory of radionuclide in soil (Bqm=2) [22, 23]. The activity
concentrations of '¥"Cs and '**Cs in milk were determined
directly from results of gamma-spectrometric analyses. The
activity concentration of pre-Fukushima '3"Cs was calculated
as a difference between the total activity concentration of
8"Cs and the activity concentration of Fukushima-derived
87Cs. To calculate the activity concentration of Fukushima-
derived ¥"Cs, we applied the '**Cs/'"*’Cs activities ratio of
1.0 in Fukushima fallout as of 15 March 2011 [14, 16]. The
half-life of *’Cs and "¥*Cs is 30.0 y and 2.06 y, respectively
[24]. The mean values of '3*Cs inventory in soil on the islands
of Kunashir (87 Bq m~?) and Shikotan (124 Bq m2) [17] were
used to calculate Tag values for **Cs. On Iturup Island, where
there was a large difference between the western and eastern
sides of the island in the intensity of Fukushima fallout, the
mean value of 26 Bq m=2 and 100 Bg m=2 was taken for the
western and eastern side, respectively. To calculate Tag for
pre-Fukushima '¥’Cs, the mean reference inventory value for
pre-Fukushima '*’Cs of 2590, 2910 and 2860 Bg m-2was used
for Kunashir, Shikotan and lturup, respectively (see Table 7 in
[17]).

The radiocaesium (cow’s milk)/(pasture grass)
concentrationratio, CR, was calculated as the ratio of the mean
value of Tag for milk to the mean value of Tag for vegetation. The
Tag values for pasture grasses (GFC) were obtained from the
paper by Ramzaev et al. [18].

Results are presented as means, medians and
standard deviation. The non-parametric Mann-Whitney
U-test was used to evaluate differences between the
groups on the three sampling occasions. Correlation
between activity concentrations of '**Cs and '*’Cs in milk
was estimated using Spearman’s rank order correlation
coefficient, Rg . The level of statistical significance was set to
P < 0.05. All analyses were performed using the Excel for MS
Windows and a free on-line calculator accessible at the web-
site [25].

Results and discussion

The measured activity concentrations (decay-corrected to
the date of sampling) for '**Cs and '*’Cs in milk samples from
individual farms are listed in Table 1. Additionally, this table
contains data for the corresponding levels of inventories of
13Cs and pre-Fukushima ¥’Cs in soil. Values of contribution of
Fukushima '*’Cs to total '*’Cs, and values of T__ are presented
in the last four columns of the table; the summary statistics
are given in Table 2.

Cs-134 was determined in 18 of the total 22 samples of
milk. The activity concentration of '3*Cs in the samples varied
from 0.08 Bq kg~"t0 2.00 Bq kg~'. Cs-137 was quantified in all
22 samples: range = 0.088-2.43 Bq kg~'. The activity concen-
trations of the sum '3*Cs+'3’Cs (maximum = 4.4 Bq kg™') were
well below the permissible level of 100 Bq kg™' currently ad-
opted for '¥"Cs in milk in Russia [13]. On average, more than
a half of the total *’Cs in milk (mean = 60%, median = 57%,
range = 13-95%) was of Fukushima origin. After correction

cypbMsiHO-ogmnaHoro metoga [20]. Ocamok CypbMSIHO-
MOOMCTOro Le3vs nomMeLlany Ha antoMUHUEBYIO MOOJIOXKY
(avamerp = 1,5 cM) un BbicywmBann. AKTUBHOCTb
paamonyknuaoos '**Cs un '¥’Cs onpenensany Metooom ramMmma-
CMNEKTPOMETPUM C MCMOJSIb30BAHNMEM OETEKTOPOB M3 0CO60
yuctoro repmanus [14, 16]. Moonoxkn pasmewann Ha
paccTosiHum okono 3 MM OT Topua fetektopa. [MepBuyHas
KanmbpoBka CMEeKTPOMETPOB [AJi1 3TOM reomeTpuun Obina
npoeeneHa B 2011 r. [8, 12]. OkoHuyaTenbHas kannbpoBka
Obina BeinonHeHa B 2011-2012 rr. ¢ ncnonb3oBaHmem o6pas-
LOBbIX raMMa-ncTo4HnkoB #*Cs n '¥’Cs [21]. Bce cnekTpsl
raMmmMa-uanyyeHusi, 3apermctpupoBaHHbie B 2011-2012 rr.
0ns Npob Monoka, 6bin 06paboTaHbl (MK NOBTOPHO 06pa-
00TaHbl) C UCMOSIb30BAHMEM OKOHYaTEJIbHbIX MapamMeTpoB

KannmbpoOBKK.

Ona KOJINYECTBEHHON OLEHKN nepexona
pPagvoOHYKNIMOOB  UEe3nd U3  MOYBbl B MOJIOKO  Mbl
BbI4NCANAN nX arpernposaHHble K03pPUUMEHTHI

nepeHoca (Tag, M?/kr). 3HauyeHune Tag paccynTbiBaeTCH
KaKk OTHOLUEHWE yOEeNbHOW aKTMBHOCTU paguoHykanpa
B Monoke (Bbk/kr) k 3anacy paguoHyknupa B NO4YBE
(Bk/m?) [22, 23]. YoenbHyl0 akTMBHOCTb (PYKYCMMCKOro
34Cs 1 o6Lyl0 yaoenbHylo akTMBHOCTb '’Cs B Mosoke
onpenensnM HenoCpeacTBEHHO MO pedyfnbTaTaM ramma-
CNEKTPOMETPUYECKOrO aHanms3a. YaoenbHas akTUBHOCTb
nooykycumckoro '®'Cs 6Gbina paccumTaHa kak pasHuua
Mexay obuleli yoenbHoli akTMBHOCTbIO ¥7Cs 1 yaenbHol
akTUBHOCTbIO dykycumckoro '*’Cs. na pacyeTta ynesnb-
HOI aKTUBHOCTU dyKycumckoro ¥’Cs Mbl MCNONb30Banm
COOTHOWeHne akTuBHocTel '**Cs/'¥’Cs B dyKyCUMCKMX
BblnageHusax, pasHoe 1,0 (no cocrtosHumio Ha 15 mapTta
2011 r.) [14, 16]. Nepuoabl nonypacnaga '*’Cs u ¥“Cs
cocTtaBnsoT 30,0 net n 2,06 rona cooTBETCTBEHHO [24].
CpenHve 3HayeHus 3anaca '**Cs B Mo4YBe Ha OCTPOBE
KyHawwup (87 Bk/m?) n octpoBe LukotaH (124 Bk/m?)
[17] 6binn ncnonb30BaHbl NpU pacyeTe Tag ons %4Cs. Ha
ocTpoBe WTypyn, roe Habniwopanacb Gonblias pasHuua
Mexay 3anafHoi M BOCTOYHOW CTOPOHaMM OCTpPOBa B
WHTEHCUBHOCTN (PYKYCUMCKMX BbiNageHuin, Obiv B3ATHI
cpenHue 3HaveHus 26 Bk/m2 n 100 Bk/m2 ona 3anagHoin
N BOCTOYHOM CTOPOH OCTPOBA COOTBETCTBEHHO. [lpu
pacueTe Tag ons  podykcmmckoro '¥’Cs Ha ocTpoBax
Kynawwup, WukotaH n UTypyn ucnonb3oBanu cpegHue
pedepeHTHbIe 3HaYeHns 3anacoB aodykcumckoro *7Cs,
paBHble 2590, 2910 n 2860 Bk/M? COOTBETCTBEHHO (CM.
Tabnuuy 7 B [17]).

®dakTop HakomnneHus pPagMoakTMBHOMO LEe3ns B nape
(monoko)/(cmMellaHHble  TpaBsiHble  coobuiecTtBa)  Obin
paccyMTaH Kak OTHOLUEHWe CPedHero 3Hadvewws T ans
MOJIoka K CpefHeMy 3HaueHuio T, A1 pacTUTENbHOCTW.
3HaueHus Tag ona nyroBoit pactutenbHoctn (CTC) Gbinm
B35Thbl U3 cTaTbn Ramzaev et al. [18].

Pe3ynbtathl NpeacTaBneHbl B BUAE CPEAHEN, MeAVaHbl 1
CTaHOAPTHOrO OTKNOHEHUS. st NPOBEPKM Pa3NNYnNin MeXIyY
rpynnamu ans Tpex neprmonos npo6ooTbopa Mcrnonb30Banm
HenapameTpuyecknn U-tect MaHHa — YuTtHu. Koppensaumio
Mexay akTuBHocTamu ¥*Cs 1 ¥’Cs B MONoKe OLgHMBanu ¢
MCMNOJIb30BaHNEM paHroBoro koadduumeHta Cnmvpmena,
Rsp. YpOBEHb CTATUCTMYECKOI 3HAYMMOCTM Oblfl YCTAHOBIIEH
paBHbiM P < 0,05. Bce pacyeTsl 6binv BbINOAHEHbI C UCMOb-
3oBaHuemM Excel gna MS Windows n 6ecnnatHOro oH-namH
Kanbkynatopa, AOCTYMNHOro Ha caiTe [25].
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Table 1

Activity concentration of caesium radionuclides in cow’s milk (fresh weight), the radionuclides inventory in soil, contribution
of Fukushima derived '*’Cs to total '*’Cs and the soil-to—milk aggregated transfer coefficient (T,,) for Fukushima-derived 137Cs
and pre-Fukushima '3’Cs in individual samples of milk obtained from private farms on the Kunashir, Iturup and Shikotan islands
in2011 and 2012

[Tabnvua 1

YaenbHas akTUBHOCTb PaAVOHYK/IMA0B Lie3Us B KOPOBLEM MOJIOKE (Ha CBEXUiA BeC), 3anac paguoHyKvA0B B NoYBe, BKag,
dykycumckoro '3’Cs B 06LLyI0 akTUBHOCTb '37Cs 1 arperupoBaHHbIii K03 DULMEHT NepeHoca (T,,) nousa — mosioko

Ansa pykycumckoro *’Cs n podpykycumckoro '*’Cs B oTaesNbHbIX NPo6Gax MOJsIoKa, NOSYY4EHHbIX U3 YaCTHbIX XO35CTB Ha OCTPOBax
Kynawmp, Utypyn u Lnkotan B 2011 12012 rr.]

Af:;:gﬁg?ﬁﬁl? ) Contribution of
(Bg kg™, fw.)** Inventory in soil (Bg m=2)*** Fukushima *'Cs to
Sample .o o W iesn  total ¥7Cs (%) [Bknag 1¥Cs T (m2kg™", n x 10°3)
code* [YoenbHas aktus- [3anac B nouse (bk/m?)***] 187 ag
[Oata dykycumckoro ¥’Cs
[Koa HOCTb B MOJIOKE B OBV '97Cs (%)]
npoBbI*] ot6opal  (Bk/kr, ce.B.)**]
1840 190 1840 Pre-Fukushima '¥"Cs Milk Soil Fukushima Pre-Fukushima
[Aodykycumckuin ¥7Cs]  [Monoko]  [MouBa]  [Pykycumckuin]l  [Jodykycumckuii]
2011, spring [BecHa 2011 r.]
Kun- 0.61
Otr-1 13 May (15) 0.76 (11) 82 2660 85 3.3 7.4 0.044
Kun- 13 Ma 111 1.28(6.8) 82 2660 91 3.3 14 0.045
Yu-1 Y g2 =0 : :
Kun- 0.93
Gol-1 14 May (13) 2.40(6.3) 82 2660 41 3.3 11 0.55
Kun- 1.05
Yu-2 14 May (17) 1.31(13) 82 2660 84 3.3 13 0.081
Kun- 1.43
Gol-2 14 May (9.4) 1.77(8.7) 82 2660 85 3.3 17 0.10
Shi- 1.32
Mal-1 12 May (14) 1.79(12) 117 3020 78 4.1 11 0.14
Shi- 1.20
Ko 12May (15) 1.33(12) 117 3020 95 4.1 10 0.023
Shi- 2.00
Malo  13May (8.6) 2.43(6.9) 117 3020 87 4.1 17 0.1
Shi- 0.93
Kra-2 13 May (12) 1.55(7.9) 117 3020 63 4.1 7.9 0.20
2011, autumn [oceHb 2011 T.]
Kun- 0.20
Otr-2 28 Sep. (15) 0.49(6.0) 73 2630 48 3.2 2.7 0.10
Kun- 0.41
Dub-1 28 Sep. (16) 0.92(6.4) 73 2630 53 3.2 5.6 0.17
Kun- 0.16
Tre-1 28 Sep. 21) 0.42(8.2) 73 2630 46 3.2 2.2 0.089
Kun- 0.17
Yu-3 03 Oct. (15) 0.55(4.8) 73 2630 37 3.2 2.3 0.14
Shi- 0.082
Mal-3 01 Oct. (19) 0.20(8.7) 103 2980 49 4.1 0.80 0.036
Shi- 0.088
Kra-3 010ct. <0.05 (13) 103 2980 - 4.1 <0.5 -
2012, autumn [oceHb 2012T.]
Kun- 0.06
Tre-2 24 Sep. (37) 0.73(4.6) 52 2550 13 4.1 1.2 0.26
Kun- 0.17
Gol-3 28 Sep. (6.5) 0.45(2.6) 52 2550 61 4.1 3.3 0.072
u-Gor- 195ep. 018 7153 60 2760 30 3.4 2.2 0.19
1e (19)
't“}z“r' 21 Sep. ((’1'21? 131(3.0) 60 2760 36 3.4 47 0.31
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Table 1 (continued)
[OkoHyaHme Tabnuubi 1]

Afrt;\t/:m?(;nn?ﬁs ) Contribution of
i 137,
Sample (Bg kg™, faw.)** Inventory in soil (Bq m=2)*** FUkﬂfhlm? Csto 137 R 5
" Date VY, . 3 BK/M2)*** total '*¥’Cs (%) [Bknap, Cs T, (M*kg™,n x 1079)
code [YoenbHas aktvie [3anac B no4se (bk/m?)***] 1o
[Koa [data HOCTb B MOJIOKE d)yKyCW\ﬂ(aE? 2
APOGLI*] ot60pal  (By/kr, cB.B.)"] B 06wwmii ¥Cs (%)]
1840 190 1840 Pre-Fukushima '®’Cs Milk Soil Fukushima Pre-Fukushima
[Aodykycumckuin ¥7Cs]  [Monoko]  [MouBa]  [Dykycumckuin]l  [Jodykycumckuii]
KU 19sep. <0.08 053(20) 16 2760 - 0.9 <5 -
Wt 21sep. <005 049(53) 16 2760 - 0.9 <3 -
WA 21sep. <0.05 0.45(11) 16 2760 - 0.9 <3 -

* —the code “Kun”, “Shi” or “Itu” corresponds to the sample obtained from Kunashir, Shikotan or Iturup, respectively.
** — counting error is given in brackets in percent (%) at one sigma level. The activity concentrations in milk, inventories in soil and Tag values
are given on the date of milk sampling.
*** _ the inventory values of '**Cs are the mean values determined for Kunashir and Shikotan Islands and for the eastern and western sides
of lturup Island [17]; the inventory values of '*’Cs are the reference values deduced for Kunashir, Shikotan and lturup Islands [17].
[* — kom “Kun”, “Shi” nnwn “Itu” o3HayaeT, 4To AaHHas npoba Hbina nonyyeHa ¢ octposa KyHawmp, LLnkoTaH unmn Mtypyn cOOTBETCTBEHHO.
** — owwmbka BbIYUCTIEHNS MoLLaam GpoTonmka ykasaHa B Ckobkax B MPoLeHTax (%) Ha YpOBHE OHOM CUrMbl. YAenbHas akTUBHOCTb
B MOJIOKE, 3arachl B MO4BE 1 3Ha4YeHust T, NpUBEAEHbI Ha JaTy oTbopa npob Mosoka.
*** _ 3HaueHns 3anaca '**Cs npeacTaBnsoT coboi CpeiHNE BENNUMHBI, ONpeaeNieHHble A ocTpoBoB KyHawmp u LLUvkoTaH, a Takke
[0J191 BOCTOYHOW 1 3amnafHol CTOPOH ocTpoBa UTypyn [17]; 3HaueHus 3anaca '*’Cs aBnsioTcs pedepeHTHbIMU BENNYMHAMU, BbIYMCIEHHBIMA
ons octpoBoB KyHawmp, Lnkotan n Utypyn [17].]
Table 2
Summary statistics on the contribution of Fukushima derived '*’Cs to total '3’Cs in milk and in soil and on the soil-to—milk
aggregated transfer coefficient (Tag) for Fukushima-derived '*’Cs and pre-Fukushima '3*’Cs in milk samples obtained from private
farms on the islands of Kunashir, lturup and Shikotan in 2011 and 2012
[Tabnvua 2
CBopAHble cTaTUCTUYECKUE gaHHble 0 Bknage dpykycumckoro '¥’Cs B cymmapHoe cogepxxaHue '3’Cs B MOJIOKe 1 B No4YBe
1 06 arpernpoBaHHoM kKo3dPpuLMeHTe NnepeHoca U3 No4Bbl B Monoko (Tag) ana pykycumckoro '*’Cs u godpykycumckoro '*’Cs
B Npo6ax MOoJI0Ka, NOJIy4EHHbIX U3 YaCTHbIX XO0391CTB Ha ocTpoBax KyHawmp, Utypyn n LUukoTtaH B 2011-2012 rT.]

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

Parameter [Bknaa pykycmumekoro '37Cs B 06wmii ¥7Cs (%)]
[MapameTp]

WCs T, (M?kg™, nx 10%)

Milk [Monoko] Soil [MoyBa] Fukushima [®ykycumckuin] Pre-Fukushima [[Jodykycumckui]
2011, spring (n=9) [BecHa 2011 r.;(n=9)]

Median

[Meaviaral 85 3.3 11 0.10
Mean 79 3.7 12 0.14
[CpenHsia]
SD[C.0.] 17 0.4 4 0.16
2011, autumn (n=15) [ocenb 2011 r.; (n=5)]
Median 47 3.2 2.3 0.10
[Menunana]
Mean 45 3.4 2.3 0.11
[CpenHsia]
SD[C.0.] 7 0.4 1.9 0.05
2012, autumn (n =4) [ocenb 2012 1.; (n =4)]
Median 33 3.8 2.7 0.23
[MenunaHna]
Mean 35 3.8 2.8 0.21
[CpepnHsa]
SD[C.0.] 21 0.4 1.6 0.10

n — number of samples with quantified activity of '**Cs.

SD - standard deviation.

[n = 4ncno npo6 Monoka, B KOTOPbIX GbINO KONMYECTBEHHO ONpeaeneHo cogepxaHue **Cs.
C.0. - CTaHAAPTHOE OTKIIOHEHNE. ]
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for radioactive decay (as of 15 March 2011), the activity con-
centrations of '¥’Cs and '**Cs in samples were positively and
significantly correlated with each other (Rg = 0.85,P<0.01;n
=18), also indicating a substantial input of Fukushima derived
¥7Cs to total '¥’Cs in the milk.

In addition, the relationship between **Cs and *’Cs can
be presented in the graphical format using a regression analy-
sis (Fig. 1). The scatterplot and the value of coefficient of de-
termination (0.745) indicate a close positive association be-
tween two radionuclides in milk samples from Sakhalin Region
in 2011-2012. The slope of the regression line of 0.98 £ 0.14
(a 95% confidence interval of 0.67-1.28) corresponds to the
187Cs/'%*Cs activities ratio values of approximately 1.0 report-
ed for Fukushima fallout by other authors for Japan (e.g., [7,
26]) and Sakhalin Region [15]. The intercept of 0.41 = 0.13
Bq kg~' can be interpreted as the background (pre-Fukushi-
ma) ¥’Cs activity concentration associated with global and
Chernobyl fallout.

The highest activity concentrations and values of Tag
for ¥*Cs (and Fukushima-derived '3’Cs) were observed in
samples obtained in mid-May 2011 (Table 1). The mean
(median) Tag values decreased in the May-October period in
2011 from 12 (11) x 10°*m?kg't0 2.3 (2.3) x 10*m2kg~". The
difference between two sampling occasions was statistically
significant (the Mann-Whitney test, P<0.01; n1=9,n2=5).In
September 2012, the Tag values remained unchanged (mean
=2.8x10°m?kg", median =2.7x 10* m? kg~') compared to
those in September-October 2011 (the Mann-Whitney test, P
>0.05;n1=5,n2=4).

Although activity concentration of radiocaesium in cow’s
milk and the corresponding parameters of radiocaesium
transfer from the environment to cow’s milk typically decline
over time [27-30], the stabilization of the Tag values noted in
our observations is not the only exception. For example, Miick
and Gerzabek [27] identified a group of areas in Austria in

3.0

Peaynbrathl n 06cyxpaeHne

3HayYeHns1 yOenbHOW akTUBHOCTM (Ha jJaTty oTtbopa
npo6) ¥Cs mn '¥'Cs B npobax Mosoka M3 OTAeSIbHbIX
X03ANCTB npuBedeHbl B Tabnuue 1. B atoih xe Tabnuue
npeacTaBneHbl JaHHble A/ COOTBETCTBYIOLUMX 3anacos
34Cs n podykycumckoro '*’Cs B nouyse. 3HaveHUs Bknaga
dykycumckoro '¥’Cs B 06LLy0 akTUBHOCTb '*’Cs 1 3HaYeHus
T,, MPEACTaB/EHbI B NOCAEAHMX YETBIPEX CTONOLAX TabAULLbI;
CBOOHas CTaTUCTMKA NpUBEAEHa B Tabnuue 2.

MpucyTtcteue 3*Cs 66110 BbiBAEHO B 18 13 22 npobax
Monoka. YaenbHas akTMBHOCTb B  OTAENbHbIX Mpobax
BapbmpoBana ot 0,08 bk/kr po 2,00 Bbk/kr. YgenbHas
aKTUBHOCTb '¥’Cs Oblfia KOIMHECTBEHHO OMnpeaeneHa s Bcex
22 npo6: amanasoH = 0,088-2,43 bk/kr. YoenbHas akTUBHOCTb
cyMMmbl #*Cs+'¥7Cs (makcumym =4,4 Bk/kr) 6bina 3Ha4MTeIbHO
Huxe gonycTnmoro ypoBHs 100 Bk/Kr, KOTOPLIN B HACTOSLLEE
Bpems NpuHAT B Poccun onst copepxkanusa '*’Cs B monoke
[13]. B uenom, 60nee nonoBuHbl 06LLel akTnBHocTH '¥’Cs B
npobax monoka (cpeaHee 3HaveHne = 60%, meamana = 57%,
pasbpoc = 13-95%) nmeno GpykycumMckoe nponcxoxneHue.
Mocne nonpasky Ha pagnoakTUBHBIN pacnaz (Mo COCTOAHMUIO
Ha 15 mapta 2011 r.) akTmBHoCcTM ¥'Cs n ¥*Cs B npobax
MOJNIOXUTEJIbHO N 3HAYMMO KOPpPEenupoBann gpyr ¢ opyrom
(RSp =0,85,P<0,01;n=18), yTo TaKkxKe yka3bIBaeT Ha CyLLEeC-
TBEHHbIN BKag @dykycumckoro '*’Cs B 0OLLyl0 aKTMBHOCTb
87Cs B MOJ10KE KOPOB.

Kpome Toro, cootHoLueHne mexay '**Cs n '¥’Cs moxeT
OblTb  MPOAEMOHCTPUPOBAHO B rpaduyeckom dopmarte
C MCMNONb30BAaHMEM PErpPeCCMOHHOro aHanu3da (puc. 1).
Ouarpamma paccesHus M BenndmMHa  KoadduumeHTa
netepmuHaumn - (0,745)  CBMOETENLCTBYIOT O  TECHOW
MOJIOXMTENIbHOW CBS3U MexXay ABYMS PagvoHYKIuaamu B
npobax monoka, oTobpaHHbix B CaxanmHckoin obnactn B
2011-2012 rr. HaknoH nuHun perpeccun 0,98 = 0,14 (95%
noBepuTenbHbln MHTepean = 0,67-1,28) COOTBETCTBYET TEM

251

2.0 1

%cs (Bakg™)

y=0.98x + 0.41
R*=0.74
n=18

0.0 0.5 1.0

T T T

1.5 20 25 3.0

13Gs (Bq kg™")

Fig. 1. Relationship between activities of '**Cs and '*’Cs in samples of cow’s milk obtained on Kuril Islands in 2011 and 2012. The activity
concentrations are presented after correction for radioactive decay (as of 15 March 2011)

[Puc. 1. BaanmocBsidb Mexay aktuBHocTsaMmur '*4Cs u ¥7Cs B npobax KopoBbero Mosoka, 0TobpaHHbix Ha Kypunbckmx octpoBax B 2011 u

2012 rr. 3Ha4eHns yaenbHOM akTMBHOCTM NOKa3aHkbl NOC/e NONPaBKM HA PaAM0akTUBHbBIN pacnag, (Mo coctosiHMio Ha 15 mapTta 2011 )]
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which there was virtually no decrease in activity concentration
of ¥"Cs in cow’s milk during the first two years after the
Chernobyl accident.

However, our further calculation of T, values for pre-
Fukushima '¥"Cs confirmed the generic declining time-
dependent trend in the radiocaesium transfer from the
environment to the milk of cows in Sakhalin Region. The
values of T, for “aged” pre-Fukushima "’Cs were one-two
orders of magnitude lower than those for “new” Fukushima-
borne radiocaesium (Table 2). The major source (96%) of
pre-Fukushima '¥"Cs in Sakhalin Region is global fallout due
to nuclear weapons tests in the atmosphere [14]. The fallout
peaked in the middle of the 1960s [31], and approximately
45 years had passed before the new contamination occurred
due to the Fukushima accident. In Fig. 2, we have plotted all
deduced Tag values (for Fukushima-borne and pre-Fukushima
87Cs) versus time since radiocaesium deposition. Roughly,
two time periods can be distinguished. During the first 2-6
month period, the Tag value decreases fast with a half-time
of about 55 days (0.15 y). A much slower decline of the Tag
with a half-time of approximately 10 y is observed in a later
period. A two-period dynamic model, which included the fast
and slow components, was reported by Kaduka and Shutov
[32] in respect of Tag values for radiocaesium in cow’s milk
in the European part of Russia after the Chernobyl accident.
The ecological half-times of Chernobyl-derived '¥’Cs in cow’s
milk were in the range of 1-2 y in the first several years after
deposition, increasing up to 10-20 y in late period after the
accident. It should be noted that the depuration rates were
estimated for those periods when plants contamination via
root uptake prevailed. In the earliest phase after the Chernobyl
accident (in May-June 1986), when plants contamination
was associated mainly with the aerial pathway, the '¥’Cs
concentration in milk decreased faster with a half-time of 10—
30 days [32].

3Ha4YeHMsIM OTHOLLIEHUSI akTUBHOCTeN ¥’Cs/'**Cs (nprumMepHO
1,0), KoTopble NPUBOAAT ApyrMe asTOpbl B OTHOLIEHMM
GYKYCUMCKMX  BbINageHun ana Anodun (Hanpumep, [7,
26]) n CaxanuHckor obnactu [15]. BennyinHy cBOOGOAHOrO
yneHa (0,41 £ 0,13 Bk/Kr) MOXHO WHTEPNPETUPOBATbL Kak
GOHOBOE (80DYKYCMMCKOE) 3HAYEeHNE yOeSlbHOW aKTUBHO-
cTn "¥’Cs, cBA3aHHOMO C rM06abHbIMU 1 YEPHODbLITLCKMMM
BbINaAEeHUSAMN.

Camble BbICOKME 3HA4EHWst yAENbHOM akTnBHOCTM 1 T
ans '34Cs (n dykycumckoro '*’Cs) 6binv 3apermctTpupoBaHbl
B Npobax Monoka, 0To6paHHbIX B cepeanHe mas 2011 1. (cm.
Tabn. 1). CpenHue (MegnaHHble) 3HaYeHus! Tag YMEHbLUNINCH
B nepunof ¢ mas no okta6pb 2011 . ¢ 12 (11) x 103 mM?/kr oo
2,3 (2,3) x 10°° m?/kr. PazHuua mexay AByMs nepuomamm
npo6ooTbopa Obina CTaTUCTUYECKN 3Ha4YMMOM (TecT MaHHa —
Yutam, P<0,01;n1=9,n2=5). B ceHtabpe 2012 . 3HaueHus
Tag OCTaNIMCb HEN3MeHHbIMK (cpeaHee 3HadeHne = 2,8 x 10738
M2/kr, MeamaHa = 2,7 x 1072 M2/Kr) no cpaBHEHMIO C TaKOBbIMU
B ceHTs0pe — okTsbpe 2011 . (Tect MaHHa — YuTHu, P > 0,05;
n1=5n2=4).

XoTs comepxaHue — paguouesnss B MOJioke U
COOTBETCTBYIOLUME MapamMeTpbl NMepeHoca paauouesnst u3
OKpYXatoLLLei cpefpl B KOPOBbE MOJIOKO 0OLIYHO CHUXAKOTCS
co BpemeHem [27-30], ctabunmaauma 3HavyeHui Tag, oTMe-
YyeHHasi B HaLMX HabnoaeHUsaX, He aBNSeTCS eOUHCTBEHHbIM
ucknodeHmeM. Hanpumep, Miick n Gerzabek [27] Bbioenu-
v rpynny obnacteii B ABCTPUM, B KOTOPbIX NMPaKTUHECKM He
ObINo CHUXeHMs cogepxaHus '’Cs B KOPOBbEM MOJIOKE B
TeYeHVe NepBbIX AABYX JET nocsie YepHoObINbCKOV aBapuu.

OpHako Haw JanbHENMWWIA pacyeT 3HayYeHui Tag ons
nodykycumckoro '¥’Cs noareepamn o6ulyl0 TEHAEHUMIO K
CHMXEHNIO 3aBUCALLEI OT BPEMEHW MHTEHCUBHOCTM Mnepe-
HOCa pajaMoLesnst U3 OKpyXatoLlein cpeabl B MOIOKO KOPOB
B CaxanuHckoinn obnactn. 3HayeHus Tag Oonsg  «CTaporo»
nodykycumckoro '¥’Cs 6b1iM Ha 1-2 nopsigka HUXe, Yem
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Fig. 2. Scatter-plot of T, values for 87Cs in cow’s milk versus time since the moment of '*’Cs deposition on Kuril Islands. Exponential curves
are fitted to the early period data (a dashed line) and the late period data (a solid line). The first three clusters of data points (0.2 y, 0.55 y and
1.55y) are Fukushima-derived radiocaesium and the last cluster (45 y) is pre-Fukushima (global) radiocaesium
[Puc. 2. Anarpamma paccesHus 3HaveHunin Tag 005 '¥’Cs B KOPOBbEM MOJIOKE B 3aBMCMMOCTU OT BPEMEHM, MPpoLIeAWwero ¢ MOMeHTa
BbinaaeHus ’Cs Ha KypunbCkux 0CTpoBax. SKCMOHEHLMANbHBIE KPUBbIE MPYBA3aHbI K TOYKaM paHHEro neproaa (MyHKTUPHAs MHUS) 1
TOYKaM no3aHero nepuoda (cnnowHas nnHus). MNepeble Tpy knactepa Todek aaHHbIx (0,2 roga, 0,55 roga n 1,55 roga) npeactaensoT coboi
dykycumckuii '¥’Cs, a nocnegHuii knactep (45 net) — nodbykycumckuii (robanbHbiit) #7Cs)
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The range of Tag for “new” radiocaesium in Sakhalin
Region in May 2011 (7.3-17 x 10° m? kg™') is in good
agreement with the data reported in other studies for early
period after deposition of radiocaesium in certain Arctic
areas (including the north-west of the Russian Federation)
before the Fukushima accident: 2.8-20 x 10 m? kg™' [22,
33]. The T, values obtained for “aged” pre-Fukushima ¥7Cs
in our study (range = 0.023-0.55 x 10 m? kg™') are as well
in good agreement with the ones derived by other authors for
selected sites in Russian Arctic (range = 0.062-0.24 x 10 m?
kg™ [22]) and in Iceland (range = 0.04-1.4 x 10 m?kg~" [33])
in late period after the peak intensity of the '*’Cs global fallout
due to atmospheric nuclear weapons tests.

The higher transfer of Fukushima-derived '*’Cs (compared
to pre-Fukushima ¥’Cs) to cow’s milk reflects the difference
between “new” and “aged” radiocaesium in the intensity of
the radionuclide transfer from soil to grassland plants which
are the major component of the cow’s diet in the region of
our study. Ramzaev et al. [18] determined that in GFC from
grasslands in Sakhalin Region, Tag values for pre-Fukushima
87Cs were one-two orders of magnitude lower compared to
those for Fukushima-derived radiocaesium. Using data from
the study [18] we have calculated mean values of the '¥’Cs
Tag for GFC on Kunashir, Shikotan and lturup Islands. Such
calculation was possible for two sampling occasions: in the
autumns of 2011 and 2012. Unfortunately, a representative
collection of plant samples in May 2011 was not performed.
Results of the calculation for grass are provided in Table
3 together with the corresponding results for milk. In the
autumns of 2011 and 2012, the Tag values for Fukushima-
derived radiocaesium in milk were on average 17 times
larger than the ones for pre-Fukushima '*’Cs. A comparable
difference (a factor of 14) between “new” and “aged” '*’Cs
in the values of T_ was observed for grass. The higher T_ for
Fukushima-derived '*"Cs compared to pre-Fukushima *"Cs
indicates that “fresh” '*’Cs is preferentially transferred to the
cow’s body and milk from the environment. This is further
confirmed by a strong difference between soil and milk in the
contribution of Fukushima-derived '*’Cs to total '*’Cs (Tables
1and 2).

It should be additionally noted that there is a major
difference between the vertical distributions of Fukushima
derived '¥"Cs and pre-Fukushima '¥’Cs in grassland soils
in Sakhalin Region [17]. The mean contribution of the
Fukushima NPP accident to total inventory of '¥’Cs in the
top 0-1 cm layer of soil is estimated as 35%, which exceeds
the average contribution of ~3-4% in the whole 20-cm soil
profile by the factor of 10 [17]. The enrichment of the top-
most layer of soil with “new” radiocaesium promotes a higher
intake of the radionuclide into the body of a cow not only
with green fodder but with the soil itself. Note that, although
the radiocaesium intake via soil adhered to vegetation can
be significant, the gastro-intestinal absorption of the soil-
associated radionuclide is usually substantially lower than
that incorporated into plants [22].

We have calculated the transfer factor (concentration
ratio, CR) from GFC to cow’s milk for radiocaesium based
on the mean normalized (to the deposition density) activity
concentrations of radiocaesium in the milk and in the grass
(Bg kg™ per Bgm™), i.e., the T, values; results are provided
in Table 3. The values of CR for fresh weight of plants and milk
are given in column 4 of the table, while column 5 contains

3HaYeHUs Ona «CBexero» GykycMMCKOro pagmouesmnst (CMm.
Tabn. 2). OCHOBHbIM UCTOYHMKOM (96%) AODYKYCUMCKOro
87Cs B CaxanvHckoi obnacTu sBRSoTCs rnobasbHble Bbl-
nageHnsa nocne MUCNbITaHU 90epPHOro OpyXus B atmocde-
pe [14]. 3T1 cobbiTus gocTUrnu nuka B cepeanHe 1960-x rr.
[31], n npowno npumepHo 45 neT 40 TOr0 MOMEHTA, KOr-
[a Npou30LLINM HOBble BbiNazeHus nocne asapum Ha ASC
«Pykycuma-1». Ha pucyHke 2 npeacraBfieHbl BCe BblHUCTIEH-
Hble 3HayYeHusd Tag (ons dykycumckoro n godpyKkycCMMCKOro
87Cs) B 3aBMCUMOCTM OT BPEMEHMU, MpoLUeAlero ¢ Mo-
MeHTa BbinageHus paauouesns. MOXHO BbloenMTb ABa
neprvoaa M3MEHEHUI 3HAYeHUN Tag C TEYEHUEeM BPEMEHU
nocne BblinageHuin. B TeyeHme nepBbix 2-6 Mecsues
(HavanbHbIA Nepuop) sHadenne T ObICTPO CHUXAETCH CO
CKOPOCTbIO MonyyMeHblleHns okosio 55 gHeit (0,15 ropa).

B panbHenwem (OTOaneHHbIn nepuoa) Habnogaetcs
ropazgo 6onee mMensieHHOE CHUXEeHue Tag C Nepuoaom
nosiyymeHbllenmss okoso 10 net.  [ABYXKOMMOHEHTHas

JVHamMuka, KoTopas BK/4Yana ObICTPbIA U MELNEHHbIN
nepuogbl, 6eina npeacrasneHa M.B. Kagyka v B.H. LLyToBbIM
[32] B OTHOLLEHUN 3HAYEHWMIA Tag 05 pagmoLLesns B KOPOBLEM
MOJIOKE B eBponenckor yactu Poccum nocne aBapuu Ha
YepHoObinbekoii ASC. 3HayeHuss 3KOSIOrM4eckoro nepuoaa
NONYyYMEHbLUEHUS aKTUBHOCTW YepHobbinbekoro '¥7Cs B Ko-
POBbLEM MOJIOKE B NMEPBbIE HECKOJILKO JIET NOCNE BbINaAEHWI
Haxogunuce B npepenax 1-2 net. B panbHeliweM 3HaveHne
[OAaHHOro nepuopa noflyMeHblUeHns cTano coctaenatb 10—
20 net. Cnegyet OTMETUTb, YTO CKOPOCTb OYMLLeHMsT Gbina
OLEHEHa B Te nepuoabl, korga npeobnagano 3arpsisHeHve
pacTeHunin B pesynbTate KOPHEBOrO NOrnoLLeHns. Ha camonm
paHHel ctagmm nocne YepHoObinbCKol aBapun (B Mae —
nioHe 1986 r.), korga 3arpsisHeHe pacTeHuii NPOUCXOANI0
rnaBHbIM 06pa30M BO3OYLIHLIM NMyTeM, KOHUEeHTpaums ¥’Cs B
MOJIOKE CHUXanacb GbICTPee C NepPUoaOM MOJyyMEHbLIEHUS
10-30 gHen [32].

[JvanasoH 3HavyeHuin Tag 0N «HOBOro» paauouesns B
CaxanuHckoit o6nactn B mae 2011 . (7,3-17 x 108 m?/kr)
HaXO4MTCS B XOPOLUEM COrMNacun C AaHHbIMU, MONyYEHHbI-
Mu 0o aBapum Ha ASC «Dykycuma-1» B Apyrux uccnenosa-
HUSIX A5 PaHHEro nepuoga nocie BbiNaAeHnin paamoue3ns
B HEKOTOpbIX pamoHax ApKTUKM (BKIOYas CeBepo-3anam,
Poccuiickon ®epepaumn): 2,8-20 x 10-° m?/kr [22, 33].
3HayeHuns Tag, BbIYNCIIEHHbIE AJ19 «CTaporo» 40pYyKyCMMCKOro
87Cs B Hawem wuccnegoBaHun (omanasoH 0,023-0,55 x
108 Mm?/kr), Takke XOpPOLIO COOTBETCTBYIOT 3HAYEHUAM,
MoJly4eHHbIM APYrMY aBTOpPaMun O OTAESbHbIX PaioHOB
B poccuiickoli Apktuke (amanasoH 0,062-0,24 x 10-% m2/kr
[22]) v B Ucnanpun (onanasoH 0,04-1,4 x 10-° m?/kr [33]) B
OTAANEHHbI NEpPUOS Nnocne nuka MHTEHCUBHOCTU rnobanb-
HbIX BbiNnageHun '¥’Cs B CBA3W C UCMbITAHUAMU AOEPHOIO
opyxus B aTMocdhepe.

Bonee Bbicokue 3Hadenmns T, ans pykycumekoro *'Cs (no
cpasHeHwio ¢ T, Anst fodykycumckoro ¥/Cs) B Mosoke oTpa-
XaloT PasHULy Mexay «HOBbIM» U «CTapbiM» PaJVOLE3NEM B
WHTEHCUBHOCTW NEPEXOAa PafMOHYKIINAOB 13 NMOYBbI B IYrOBbIE
pacTeHusl, KOTOPbIE ABNSOTCS OCHOBHLIM KOMMOHEHTOM KOpMa
kopoB B CaxanuHckon obnactn. Ramzaev et al. [18] onpe-
nennnun, yto B CTC Ha nyrax CaxanuHckon obnact 3Haue-
Hus T ROdyKyCMMCKOro 87Cs 6blnv Ha [Ba Nnopsiaka HKe o
CPaBHEHMIO CO 3HAYEHUSIMU Tag dykycumckoro '¥’Cs. Micnonbays
OaHHble 13 paboTbl [18], Mbl BbIMMCIUAM CPeaHMe 3HaYEeHUs!
T 137Cs gnst CTC Ha octpoBax KyHawwmp, LLvikoTtaHd n Utypyn.
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results of the calculation for fresh weight of milk and dry
weight of plants. Wet matter was converted to dry matter
assuming a water content of 75% in fresh grasses [22]. For
fresh weight of plants, the CR values varied from 0.11 to
0.43. The expected scatter of CR values for individual cows
and sampling occasions can be considerably wider due
to the high coefficients of variation (up to 170%) for the Tag
values both in milk and in vegetation (Table 3).The averaged
CR values correspond to a mean value of 0.30 that can be
deduced using the normalized activity concentrations of '¥’Cs
in grasses (f.w.) and in cow’s milk (f.w.) registered on Russian
territory in the 1960s due to global fallout from atmospheric
nuclear weapons tests [9]. The range of the CR values derived
in our study is comparable with the range of 0.064-0.189
reported for the transfer of '¥’Cs from pasture grasses (f.w.)
to cow’s milk (f.w.) in Belarus after the Chernobyl accident

Takoii pacyeT Obin BO3MOXEH A5t OBYX BbIOOPOK: OCEHbIO
2011 1 2012 rr. K coxanenuto, penpeseHTaTBHbI cOOp pac-
TeHuli B Mae 2011 . He npoBoauncs. Pesynstathl pacyeTta ans
CTC npvBeneHbl B Tabnvue 3 BMECTe C COOTBETCTBYIOLLMMU
peaynetatamu s MoJsioka. B monoke 3HauveHus Tag ong
dykycumekoro pagmouesns obinm oceHblo 2011 1 2012 rr. B
cpepHeM B 17 pa3 6osbLue, 4eM Te, KOTOopble OblIN MOyYeHbI
ons nogpykycumekoro '¥’Cs. ConocTaBumas pasHuua (14 pas)
Mexay 3HaueHusiMi T, [yisi «<HOBOTO» U «CTaporo» 87Cs Ha-
onoganack U B TpaBe. Bonee BbiCOkMe 3HaAYEHUA Tag ons
dykycumekoro ¥’Cs no cpaBHeHuto ¢ godykycumckum '¥7Cs
MoKa3bIBalOT, 4TO «CBEXMIA» '¥7Cs NpeanoyTUTesibHO NepexoamT
B OpraH13mM KOPOBbI 1 MOJIOKO 13 OKpY»KatoLLe cpeabl. [JaHHbI
daKT NOATBEPXAAETCS CYLLECTBEHHON pa3HMLEn Mexy BKia-
namn pykycumekoro '¥’Cs B 06LLyto akTUBHOCTbL ¥’Cs B npobax
nouyBbl 1 Npobax Mosnoka (cM. Tabn. 1u 2).

Table 3

Values of the aggregated transfer coefficient (Tag) for Fukushima-derived and pre-Fukushima '3’Cs in cow’s milk and in mixed
grass-forb crop, and the '*’Cs milk/grass concentration ratio (CR) values for samples collected on the islands of Kunashir, Iturup
and Shikotan in 2011 and 2012

[Tabnvya 3

3HauyeHus arpermpoBaHHoro koapduumeHTa nepeHoca (T,,) Ans pykycumekoro 137Cs n podpykycumckoro '¥’Cs B KOpOBbEM
MOJIOKE U B CMELLaHHbIX TPaBAHbIX COOOLEeCTBaX, a TakkKe 3HayeHus pakTopa HakonneHus (PH) '3’Cs B nape monoko/TpaBa
Ang npo6, oToOpaHHbIX Ha ocTpoBax KyHawwup, Utypyn u LLnkotan B 2011-2012 rr.]

Parameter ¥Cs T, (M?kg™, nx107°) ¥Cs CR [®H]
[MapameTp] Milk, f.w. [Monoko, cB.B.] Grass, f.w.* [Tpasa, cB.B.*] f.w.** [cB.B.**] d.w.*** [cyx.B.***]
2011, autumn,; Fukushima-derived '¥’Cs [oceHb 2011 r.; dykycumckuii *’Cs]
Mean [CpegzHsisi] 2.3 20 0.12 0.029
SD[C.0.] 1.9(83) 26 (130) - -
n 5 12 - -
2011, autumn; pre-Fukushima '¥’Cs [oceHb 2011 r.; nodykycumckmin '¥7Cs]
Mean [CpenHss] 0.11 1.00 0.11 0.028
SD[C.o0.] 0.05 (45) 1.68 (168) - -
n 5 12 - -
2012, autumn; Fukushima-derived '¥’Cs [oceHb 2012 1.; dykycumckuin '¥7Cs]
Mean [CpegHss] 2.8 6.5 0.43 0.11
SD[C.o0.] 1.6 (57) 3.9 (60) - -
n 4 8 - -
2012, autumn; pre-Fukushima '*’Cs [oceHb 2012 1.; nodykycumckuii ¥7Cs)
Mean [CpepHsis] 0.21 0.90 0.23 0.058
SD[C.o0.] 0.10 (48) 0.95 (106) - -
n 4 8 - -

SD - standard deviation.

n — number of samples with quantified activity of '**Cs.Values of coefficient of variation (percent) are given in brackets.
* —the ¥"Cs Tag values in the grass-forb crop have been calculated based on results of measurements and estimations presented in [14, 17, 18].

** — for fresh weight of the milk and grass samples.

*** — for fresh weight (f.w.) of the milk samples and dry weight (d.w.) of the grass samples; the dry weight conversion has been performed as-

suming 25% dry matter in grass [22].

[C.0. — cTaHAapTHOE OTKIOHEHME. 3HaYeHKs KO3 bULMEHTA BapUaLmm (B NPOLIEHTax) NPUBELAEHbLI B CKOOKaX.
N — 4yncno Npob MoNIoKa, B KOTOPLIX ObISIO KONMYECTBEHHO ONpeaesieHo cogepxarve '#Cs.
* — 3HaYeHus Tag 87Cs B TpaBe Obln paccumTaHbl HA OCHOBE PE3YILTATOB N3MEPEHUIA U OLIEHOK, MPeACTaBneHHbIX B [14, 17, 18].

** — Ha cBeXwuii Bec (CB.B.) P06 MOJoKa 1 TpaBbl.

*** — Ha cBeXwii Bec (CB.B.) Npob Mosioka 1 Cyxoli Bec (Cyx.B.) NPo0 TpaBbl; MepecyeT Ha Cyxoi Bec Obin BbiNonHeH, npeanonaras 25-npo-

LleHTHOE coAepXaHne Cyxoro BellecTsa B Tpase [22].]
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[34]. The range of variation of the '*’Cs CR for (fresh milk)/
(dry grasses) of 0.028-0.11 (Table 3) is within the range of
0.0036-0.9 (arithmetic mean = 0.11; n = 289) reported by
Howard et al. [35] in the recent review of published values
of the CR for cow’s milk (fresh weight) and the feedstuff (dry
weight) ingested by the animals.

Besides grasses and forbs from grasslands (for
description of the plants species in Sakhalin Region, see e.g.,
[14, 36]), other natural fodder components such as bamboo,
marine macro-algae and edible wild fungi can be included in
the cow’s ration in the southern Kuril. Inclusion of bamboo in
the cow’s diet can hardly change the radiocaesium content
in the milk because the activity concentrations of Fukushima
derived "*"Cs and pre-Fukushima '’Cs in GFC are comparable
with those in bamboo [14, 18]. A partial substitution of pasture
grasses by marine macro-algae (e.g., Laminaria sp.) would
lead to a decrease of the content of Fukushima derived *"Cs
and pre-Fukushima '¥’Cs in the milk due to considerably
lower activity concentrations of '¥’Cs+'%*Cs (at maximum of
0.7 Bg kg, f.w. [21]) in edible macro-algae compared to
GFC (at maximum of 23 Bqg kg, f.w. [14]). On the opposite,
a consumption of wild mushrooms by cows could lead to
an increase of radiocaesium content in the milk due to the
higher activity concentrations of total radiocaesium in edible
fungi (maximum = 110 Bqg kg™, f.w. [8]) than in GFC. After
the Chernobyl accident, Karlén et al. [37] reported a slower
rate for '¥’Cs decrease in milk for the farms in Sweden where
pastures were located in semi-natural environment, including
forest, and cows had access to wild plants and mushrooms.
During our surveys of Kuril Islands, we observed that cows had
free access to any of the above considered nutritional sources
but a comprehensive evaluation of their actual contribution to
the cow’s ration is beyond the scope of our study.

The calculated values of Tag and ecological half-time for
Fukushima-borne radiocaesium in cow’s milk in Sakhalin
Region allow us to make a rough estimate of the effective dose
from ingestion of the milk for adult residents of the southern
Kuril in the first year (15 March 2011-14 March 2012) after
the accident. The following assumptions have been applied:

- the initial deposition density (as of 15 March 2011)
was 100 Bg m= for '¥’Cs and 100 Bq m=2 for '**Cs, which
corresponded to the averaged inventories of the radionuclides
in soil on the islands of Kunashir and Shikotan and on the
eastern side of lturup Island [17];

- in the period No. 1 (15 March — 14 May 2011), the Tag
value linearly increased from 0 to 12 x 103 m2 kg;

—in the period No. 2 (15 May — 30 September 2011), the
Tag value exponentially decreased with a half-time of 0.15 y
(see corresponding equation in Fig. 2);

—inthe period No. 3 (01 October 2011 — 14 March 2012),
the Tag value exponentially decreased with a half-time of 10y
(see corresponding equation in Fig. 2);

— an annual consumption of locally produced milk for
critical group of the population was 200 kg per a person [19].

The daily intake of caesium radionuclide, /., (Bq), was
calculated using the equation:

L, = dyxexp(= 2250 m, (1)
1/2
where A is the initial deposition density of radionuclide
(100 Bgm™); tis time elapsed after deposition (day); T,/Zisthe

half-life of radionuclide (754 d for '**Cs and 10960 d for '*’Cs);

CnenyeT [ONONAHWUTENBHO OTMETUTb, YTO CYLLECTBYIOT
NPUHUMNWANbHBIE — pa3nuuna  Mexay  BepTuKalbHbIMU
pacnpegeneHvsaMm dykycumckoro n godykycumckoro ¥7Cs
B noysax Ha nyrax CaxanuHckoin obnactu [17]. B cpeaHem
Bknan, aapun Ha ASC «Pykycuma-1» B 0bwmii 3anac *’Cs
B BEPXHEM cnoe noysbl TonwmHon 0-1 cm oueHmBancs
BennynHoin 35%, yto B 10 pa3 npeBsbillaeT CpeaHuin Bknag,
dykycumekoro ¥'Cs (~3-4%) Bo Bcem 20-caHTUMETPO-
BOM Mo4BeHHOM npodune [17]. OboralleHne camoro Bepx-
HEero cnosi Mo4Bbl «HOBbIM» PaAMoLE3veM CrnocobCTByeT
NOCTYMNEHMIO PAANOHYKNNAA B OPraHM3M KOPOBbI HE TONbKO
C 3efIeHbIM KOPMOM, HO 1 C camor no4yson. OTMETUM, 4TO,
XOTS1 MOCTYM/IEHNE PagmMoLEe3ns C MOYBOW, NMPUAUMLLER K
PacTUTENbHOCTU, MOXET OblTb 3HAYNTENbHbLIM, XEyA04HO-
KMLeyHast abcopOuma CBA3AHHOIO C MOYBOW PaaMoHykInaa
0ObIYHO 3HAYUTENBHO HUXE, YEM TOro PaAVOHYKINAA,
KOTOPbIV HAKOMWICS BHYTPU pacTexus [22].

Mbl paccuntanu daktop HakonneHus (PH) pagnouesuns
ons napbl (kopoBbe M0oko)/(CTC) Ha OCHOBeE CpemHuX
HOPMMPOBaHHbLIX (K MAOTHOCTW BbINALEHWI) KOHLEHTPALMI
pagunoLeauns B MOJIoKe 1 B pacTeHusix (Bk/kr Ha Bk/m?), T.e.
3HaueHuit T, . PesynbtaTel pacyeTos ®H npuBeneHbl B Ta6-
nmue 3. 3HauveHus OH Ha cBexuii BEC MOJioka 1 pacTeHuin
OaHbl B KOJIOHKe 4 Tabnuubl 3, a B KOMOHKE 5 AaHbl pe3ysib-
TaTbl pacyeTa Ha CBEXMIA BEC MOJIOKA U CYXOi BEC PACTEHWIA.
Cexuii Bec nepeBoaunn B Cyxol Bec, npeanonaras 75%
cofiepxaHve Boapl B CBexel Tpase [22]. YCpeaHEHHbIe 3Ha-
yeHust ®H gnsa celporo Beca pacTteHuii Bapbmposanu ot 0,11
0o 0,43. Oxupaemblii pazdbpoc 3HaveHnii ®H ans otaenbHbIX
KOPOB 1 cny4yaeB npobooTtbopa MOXeT ObiTb 3HAYUTESILHO
6onee LWMPOKUM 13-3a 60MbLLMX KOIDDULMEHTOB BapuaLLmm
(o 170%) 3HaueHui Tag KaK nns Mosioka, Tak u ansa
pactutesnibHocTh (cM. Tabn. 3). YcpenHeHHble 3HaveHuss OH
XOPOLLIO COrnacyTes co cpeaHuM 3HadeHvem 0,30, koTopoe
MOXET ObITb BEIYUCIIEHO C UCMONb30BaHNEM HOPMUPOBAHHbIX
BEJIMYMH YAENbHON akTUBHOCTM '¥’Cs B TpaBax U B KOPOBLEM
MOJIOKe, 3aPErMCTPUPOBAHHbLIX Ha TeppuTOopUKN Poccum B OT-
HoLeHun rnobanbHbiX BeinaaeHuii B 1960-x rr. [9]. Pasmax
3HaveHuin OH, Nony4yeHHbIX B HalLeM UCCNeaoBaHUN, Takxke
conocTtaBMMm ¢ auanasoHom 0,064-0,189, o koTopom co-
obLlanock No pesynstataMm u3ydyeHus nepeHoca ''Cs u3
nacTouLHbLIX TpaB B KOPOBbE MOSOKO B Benapycu nocne
aBapuu Ha YepHobbinbekoli ASC [34]. nanasoH naMeHeHui
COOTHOLLEHUSt KOHUeHTpaumii '¥’Cs ons napbl  (cBexee
MOJI0K0)/(cyxas Tpasa), paBHbii 0,028-0,11 (cm. Tabn. 3),
HaxoamMTCs BHYTPU AmanasoHa konebaxuii 0,0036-0,9 (cpen-
Hee apudmeTtunyeckoe = 0,11, n = 289), KOTOPbLIA NPUBOAAT
Howard et al. [35] B HepaBHEM 0630pe Ony6IMKOBaHHbIX 3Ha-
YyeHuin ®H gna kopoBbero Mosioka (Ha CBeXMIA BEC) U KOPMOB
(Ha cyxol Bec), noTpebnsieMbix XUBOTHLIMU.

NMoMMO TpaBsiHOWM JlyroBOM PaCTUTESNILHOCTU (NepeyeHb
HEKOTOPbLIX BWOOB pacTeHnin pnna nyroB CaxanuHcKom
obnactn npencrtaeneH B [14, 36]), apyrue npupoaHbie
KopMa, Takme kak 06ambyk, MOPCKME MakpOBOAOPOCM
N CcbefobHble AuKopacTywme rpubbl, MOryT BXOAUTb B
paLMoH NUTaHns KOpPoBbl Ha KOXHbIX KyprnbCkyx 0CTpOBax.
BknioyeHve 6Gambyka B OMETY KOPOBbI BPSL NN MOXET
M3MEHUTb COAEPXaHne paamoue3nss B MOJIOKE, MOTOMY
YTO 3Ha4YeHWs yOENbHOW aKTUBHOCTU (YKYCUMCKOro 1
pooykycumckoro '¥’Cs B CTC conocTaBvMbl C TakOBbIMU
B 6ambyke [14, 18]. YacTnyHas 3ameHa nNacTOMLIHbLIX TpaB
MOPCKMMW BOLOPOCASMU (Hanpumep, Laminaria sp.) npu-
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Tag_t is the aggregated transfer coefficient for Fukushima-
derived radiocaesium as of the day t (m? kg~'); m is the mass
of milk consumed per day (0.55 kg).

The total effective dose, D (Sv), due to the intake of
Fukushima-derived '®"Cs and '**Cs during the first year after

the accident was calculated using the following equation:

=365 t=365

D=( th—Csl37) Xd g7+ ( ZII—CSI34) Xdegsy (2)
t=1 t=1

where |, .. is the intake of '¥’Cs during the day t (Bq); /..
cs134 1 the intake of **Cs during the day t (Bq); d._,;,and d,,,
are the effective dose coefficients per unit intake (0.019 uSv
per Bq for '**Cs and 0.013 uSv per Bq for '*’Cs [38]).

The calculated effective dose for adults in the first post-
accidental year of 0.0027 mSv is a negligible value compared
to the permissible level of 1 mSv per year due to technogenic
sources of ionizing radiation [39]. Further, the dose from
the Fukushima-derived radiocaesium associated with milk
consumption is lower by a factor of about 60 compared to the
average worldwide effective internal dose (0.17 mSv per year)
from the natural radionuclide “°K [31].

Itisinteresting to estimate the impact of the environmental
contamination by '**Cs and '*’Cs on the cow’s milk exposure
pathway in Kuril Islands in the case of a hypothetical accidental
release of the radionuclides into the atmosphere in the future.
In particular, it is important to predict the minimum level of
the initial '*"Cs deposition density at which the radiocaesium
("**Cs+'3"Cs) content in milk can reach a permissible level of
100 Bg kg™". The conservative value of T, of 20 x 10° m? kg™
has been applied. For the same source term (the '**Cs/'3’Cs
activities ratio = 1.0) and the same conditions of environmental
contamination (the end of winter — early spring) as those were
in the case of the Fukushima accident, the critical value of
soil contamination by '¥’Cs in the initial period is estimated
as 2.5 kBg m2. For the Chernobyl-similar isotopic ratio (the
134Cs/"¥7Cs activities ratio = 0.5), the critical value is 3.3 kBq
m~2. Evenwhen '¥’Csis the only caesium radionuclide in fallout,
the estimated critical value of 5.0 kBg m~2 will be far below the
threshold value of the criterion of referring the territory to the
radioactive contamination zone (37 kBq m2) which is present
in the Russian legislation after the Chernobyl accident [40].
These estimates indicate that the cow’s milk production on
Kuril Islands is vulnerable to radiocaesium contamination of
terrestrial ecosystems. The radiological monitoring of fresh
milk and milk products must be prioritized in the initial stage
of a large-scale radiation accident.

Conclusions

The Fukushima accident had a negligible impact on
radiocaesium contamination of cow’s milk in the southern
Kuril Islands: Shikotan, Kunashir and lturup. In 2011-2012,
the total activity concentrations of **Cs+'¥Cs in milk were well
below the permissible level of 100 Bq kg~'.

In the autumns of 2011 and 2012, the calculated values
of the soil-to—milk aggregated transfer coefficient, Tag, for
Fukushima-derived radiocaesium were on average 17 times
higher than the ones for pre-Fukushima ’Cs. The higher
transfer of Fukushima-derived '¥’Cs (compared to pre-
Fukushima '¥"Cs) to milk reflected the difference between

Bena Obl K YMEHbLUEHWIO COAEPXAHUS pagmoLesns B
MOJNIOKE, TMOCKOJIbKY CyMMapHasi YyAenbHasi akTMBHOCTb
187Cs+'34Cs (makcumyM 0,7 Bk/kr Ha ¢B.B. [21]) B Cbeo6HbIX
MakpoBOAOpOCHsAX Obina 3Ha4nTENbHO Huxe, Yyem B CTC
(makcumym 23 Bk/kr Ha cB.B. [14]). HanpoTue, noTpebnexve
rpuboB KopoBamu MOrNo Obl MPUBECTM K YBENMYEHMIO
pafMoaKkTUBHOIO 3arpsi3HEHNS MOoKa 13-3a 601ee BbICOKOM
YOENbHOW aKkTMBHOCTM paamoLe3nst B CbefobHbIx rpubax
(makcumym = 110 Bk/kr Ha cB.B. [8]), yem B CTC. Mocne
aBapum Ha YepHobbinbckon ASC Karlén et al. [37] coobwanm o
3aMe[NIEHNM CKOPOCTY CHUXEHUS coaepxaHus ¥’Cs B Moso-
Ke Ha Tex depmax B LLiBeunu, roe nactouiLa pacnonaranmcb
B MOJIYECTECTBEHHON cpefe obuTaHus, BKoYas Nec, u y
KOPOB Obl1 4OCTYN K AUKOPACTYLLMM pacTeHUsIM 1 rpubam.
Bo Bpems npoBeneHns Halmx o6cnenoBaHuii Ha Kypunbekmnx
OCTPOBax Mbl OTMETWUAN, YTO Y KOPOB MMeNCs CBOOOAHbLIN
[OCTyn K J0O60MYy M3 BbILLENEPEYNCNEHHBIX UCTOYHUKOB
NUTaHNS, HO BCECTOPOHHSS OLLleHKa X GpakTU4ecKoro Bknaaa
B PaLMOH KOPOBbI BbIXOAMT 32 PaMKM JAHHOI 0 MCCNef0BaHus.

BbluncnenHble 3HaqeHnst T, 1 akonorieckux nepuosios
noJslyouunLLLEHNS AN1s PYKYCMMCKOro pagmnoLLesns B KOPOBLEM
Monoke B CaxannHcko o6nactu no3BOASIOT HAM cAenaTb
rpybyto oueHKy apdEKTUBHON [03bl 4J19 B3POCbIX XUTENen
IOxHbIX Kypun oT noTpebneHuss mMosioka B MEPBbIA rof
nocne aBapuu (15 mapta 2011 r. — 14 mapta 2012 r.). Bbin
MCMOoJb30BaHbI CleayloLme AOoNyLEeHNS:

— HayanbHasa NMJIOTHOCTb 3arpPA3HEHUs MOYBbI (MO COCTO-
anuo Ha 15 mapTta 2011 r.) coctaBnsana 100 Bk/m? gna *'Cs
n 100 Bk/m? gna '**Cs, 4To COOTBETCTBOBANIO YCPEAHEHHbLIM
3anacam pagmMoHYKMAOB B MO4YBE HA OCTpoBax KyHawwmp u
LLInkoTaH 1 Ha BOCTO4HOW CTOpPOHE ocTpoBa Ntypyn [17];

—Bneproa N2 1 (15 mapta - 14 mast 2011 r.) 3HaueHune Tag
NMHenHo yBenmumeanock ¢ 0 0o 12 x 1073 m?/kr;

—Bneproa N2 2 (15 mas — 30 ceHTabpsa 2011 o) 3HaueHne Tag
9KCMOHEHLMANbHO CHXANOCh C NEPUOAOM MOY-yMEHbLLIEHNS
0,15 roga (CM. COOTBETCTBYIOLLIEE YPABHEHME HA PUC. 2);

— B nepmog N2 3 (01 okts6ps 2011 . — 14 mapTta 2012 1))
3HaueHne T, 9KCMOHEHUMANbHO CHUXANoCh C Mepuoaom
nonyymeHbLueHns 10 neT (CM. COOTBETCTBYIOLLEE YPABHEHME
Ha puc. 2);

— notpebneHne MEeCTHOro MoJsioka MpencTaBUTeNsMu
KPUTMYECKOW rPpynibl HACENEHNS B TEYEHME rofa PaBHSNIOCh
200 kr Ha yenoBeka [19].

ExepnHeBHOe MNOCTynneHve paavoHyknupa uesus, |
(Bk) paccunTbiBann ¢ UCNOL30BAHNEM YPABHEHUS:

Cs-t

0.693x ¢t

IC.\-ft:AOXexp(_ )XTug—mel (1)

1/2

rae A, — HadasibHas N0THOCTb BbiNaAeHW PaaMoHyKaa
(100 Bk/Mm?); t — Bpems, npolleaLiee Nocne BoinafeHui (OeHb);
T, />~ NEPVOL nosypacnaja pagnoHykinaa (754 nHs ona **Cs
n 10960 gHein ansa '¥’Cs); T, 44+~ @rPErnpoBaHHbIi KOadpuLK-
€HT nepeHoca s GyKyCMMCKOro paanoLesns Ha aeHb t (m?/
Kr); m — macca Mosioka, notpebnsiemoro B aeHb (0,55 kr).

O6was addektnBHas nosa, D (3B), obycnosneHHas
noctynnexnnem dykycumckux ¥’Cs n **Cs B TeueHne nepso-
ro roga nocne asapuu, 6bina paccymMTaHa ¢ Cnosb30BaHNEM
cnenyoLwero ypaBHeEHUS:
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“new” and “aged” radiocaesium in the intensity of the
radionuclides transfer from soil to grassland plants which
were the major component of the cow’s diet in the region of
our study.

The values of the soil-to—milk Tag and the (cow’s milk)/
(meadow vegetation) concentration ratio for Fukushima
and pre-Fukushima radiocaesium in Sakhalin Region were
generally comparable with those obtained earlier by other
authors for global and Chernobyl fallout of radiocaesium in
other regions of the world.

The effective dose from intake of radiocaesium with locally
produced cow’s milk for critical group of adults on the southern
Kuril Islands in the first year after the accident was estimated
as 0.0027 mSv. It was lower by a factor of 60 compared to the
representative worldwide average of annual effective internal
dose (0.17 mSv) from the natural radionuclide “°K.

For the southern Kuril Islands, the minimum level of the
initial '*’Cs area deposition density, at which the radiocaesium
content in milk might exceed the permissible level of 100
Bqg kg', is estimated as 5 kBqg m=. The study indicates that
the cow milk production on Kuril Islands is very vulnerable to
radiocaesium contamination of terrestrial ecosystems.
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1=365 =365

D= (th—Csl37) X dCs137 +( th—Cxl34) x dCx134 ) (2)
t=1 t=1

rae I, .4, — noctynnenne '¥'Cs B TeveHne aHa t (Bk);
/ - noctynnenve *Cs B TedeHue aHa t (Bk); dgg .. 1
dpgy50 — £O30BbIE KOIDDULWEHTBI HA €AMHULY NOCTYMIEHUS
(0,019 mk3B Ha 1 Bk ong **Cs n 0,013 mk3B Ha 1 Bk ang '¥’Cs
[38]).

BbluncnernHas BenuumHa (0,0027 m3B) addeKTMBHOM
[03bl AJ19 B3POC/IbIX B MEPBbIA NOC/IeaBapuinHbli rog, ABNgeT-
CSl HE3HAYUTENBHOM MO CPABHEHMIO C JOMYCTUMbIM YPOBHEM
06nyyeHuns (1 M3B) B YCNOBMSX HOPMasbHOM 3KcnayaTaumm
TEXHOMEHHbIX MCTOYHUKOB MOHU3MPYIOLWEro nanyyeHus [39].
Kpome TOro, BenmumHa [o3bl 0651y4eHust oT GykKycUMCKOro
pagunoLeaunsi, NoCTynMBLLIEro Npu noTpebiieHn KOPOBLENO
MOM0Ka, NpuMepHO B 60 pa3 HuXe, Yem penpe3eHTaTMBHOe
cpeaHeMnpoBoe 3HaYeHne adbEKTUBHOM A03bl BHYTPEHHETO
06ny4eHuns (0,17 M3BB o) OT eCTECTBEHHOr 0 PaANOHYKINAA
40K [31].

MNHTEpPECHO  OUEeHWTb  BO3MENCTBME  3arpsi3HeHust
okpyxatouien cpeabl **Cs n ¥’Cs Ha MOJIOHYHYIO LIemnouKy
Ha Kypunbckmx oOCTpoBax B cry4yae rUNOTETUYECKOro
aBapuinHoro BbIOpPOCA pPaaVMOHYKNIMAOB B aTtmMocdepy B
6yanywem. B yacTHOCTW, NpakTUYeCKn BaxHO NpefckasaTb TO
MUHVMMaJIbHOE 3Ha4YeHVe HavyanbHOM MIOTHOCTU BbiNaLEHWN
¥7Cs, npu  KOTOPOM  paaMoOaKkTMBHOE  3arpsasHeHue
(**Cs+'¥’Cs) Monoka MOXeT [0CTUraTh A0MYyCTMMOro ypOB-
Ha 100 bk/kr. B pacyeTe Mbl MICMONb30BaNN KOHCEPBATMBHOE
3Ha4YeHne Tag, paBHoe 20 x 1073 M?/kr. [1ns TOro e MCXOAHOro
COOTHOLLEHUS akTMBHOCTen '¥*Cs /"¥"Cs = 1,0, a Takxe ans
TEX Xe YCNOBWIA 3arpsiBHEHNS OKPYXaloLLe cpefbl (KOHeL,
31Mbl — Ha4as10 BECHbI), Kak 3T0 ObIN0 B cydae aBapum Ha ASC
«Pykycuma-1», KpUTUYECKOE 3HAYEHME 3arpsi3HEHUS MOYBbI
87Cs B HavasbHbIi NEPUOL, aBapun OLLEHMBAETCS BENNYMHON
2,5 kbk/M?. Ona 4epHOObLIIbCKOr0 COOTHOLLEHUSI aKTUBHO-
cteit '¥Cs /"Cs = 0,5, KpuTMYeckoe 3HayeHne OyOeT paBHO
3,3 kbk/M?. [laxxe B ToM cny4ae, korga '¥’Cs aBnseTcs eayH-
CTBEHHbIM PaAMOM30TONOM LIe3Ns B BbiNaOeHWsIX, OLEHKa
KPUTUYECKOIN BENNYMHBI, paBHas 5,0 kbk/m?, ByaeT HaMHOro
HVXEe MOPOroBOr0 3HA4YeHUs KPUTEPUS OTHECEHUS Teppu-
TOpYM K 30HE PaaMOaKTUBHOrO 3arpsisHeHus (37 kbk/m?),
KOTOPbIA NPUCYTCTBYET B POCCUIACKOM 3aKOHOOATENbCTBE
nocne aBapum Ha YepHoObinbckonn ASC [40]. STn oueHKM
nokasblBaloT, YTO MPOM3BOACTBO KOPOBLErO MOJIOKA Ha
Kypunbckux oOCTpoBax Yysi8BMMO [OJ19  PafAMOaKTMBHOMO
3arpsi3HEHNST  HAa3EMHbIX 3KOCUCTEM, U  pPaauauMOHHO-
TUrMEHNYECKMIA MOHUTOPUHI CBEXEr0 MOJIOKa Y MOMOYHbIX
NPOAYKTOB [0NMXEH OblTb MPUOPUTETHLIM Ha HayvanbHOMN
cTaamm WvpokoMacluTabHOM paanaumoHHO aBapun.

t-Cs134

3akno4eHue

Asapusi Ha ASC «Dykycnma-1» okasana npeHebpexrnmo
MaJsioe BAVSHME Ha PaAMoaKTUBHOE 3arpsi3HEHNE KOPOBLErO
Monoka Ha KOxHbix Kypunbckimx octpoax LUnkoTaH, KyHawwmp
n Utypyn. B 2011-2012 rr. obuwias yaenbHasi akTMBHOCTb
pagnoHyknuaoB '¥’Cs 1 '**Cs B Monoke 6bina 3Ha4YMTENbHO
HUXe gonyctumoro yposHsa 100 Bk/kr.

PacyeTHble 3Ha4YeHWs1 arperMpoBaHHOro KoadpduumeHTa

nepeHoca (Tag) 13 No4YBbl B MOJIOKO Anst pykycumckoro ¥’Cs
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6binn oceHbto 2011 1 2012 . B cpenHem B 17 pas 6ornblue,
yeM TakoBble Ana podykycumckoro '¥’Cs. Bonee BblCOkuiA
kKoadbpuumeHT nepeHoca dykycumckoro ’Cs (no cpas-
HeHuto ¢ podykycumckuM ¥7Cs) 13 okpyxatollein cpenbl
B KOPOBbE MOJIOKO OTPaxaeT PasHuLy Mexay «HOBbIM» U
«CTapbiM» PagMoOLEe3MemM B OTHOLUEHUN WHTEHCUMBHOCTU
nepeHoca PagnoHyKNInMOo0B M3 MOYBbl B JIYrOBble PacTeHus,
KOTOpbIe SABNSOTCS OCHOBHbIM KOMMOHEHTOM paLOHa KOPOB
B 00CnenoBaHHOM PErmoHe.

3HayeHMsa arpernpoBaHHOro koadduumeHTa nepeHoca
(Tag) B Mape «Mo4YBa—MoJioko» 1 dakTopa HakornneHus (PH)
B Mape «MOJIOKO — JlyroBasi PacTUTENbHOCTb>» Anst GyKyCUM-
CKoro n nodykycumckoro pagmouesust B CaxanmHckoin obna-
CTV B LLE/IOM COOTBETCTBYIOT 3HAYEHUSIM, NMOJTy4EHHBIM paHee
OpyruMn aBTOpaMy B OTHOLUEHUM YEPHOOBLUILCKUX U TN0-
GanbHbIX BbINAAEHWI PaanoLLe3ns B APYrnX permoHax Mupa.

OddekTvBHAas [o03a  BHYTPEHHEro  06syd4eHus  OT
NOCTYMNEHNS pPaguouesnss C  MECTHbIM  MOJIOKOM  Ajis
KPUTUYECKONM rpynnbl B3pOCbiX xutenen HOxHbix Kypun
B MEepBbIi rog Mocne aBapuu OLLEeHWBAETCs BeMHMHON
0,0027 m3B. 310 NpmepHoO B 60 pa3 HuxXe, 4eM cpenHe-
MupoBasi 3dbdekTMBHas [03a BHYTPEHHEro o06sydeHus
B3pocnoro yenoseka (0,17 m3B B roa) OT €CTECTBEHHOIO
paanoHyknunaa K.

Ona  KOxHbIXx  KypuabCKnx OCTPOBOB  MUHUMANbHbIN
YPOBEHb HavaNbHOW MAOTHOCTM BbinaaeHuii '¥’Cs, npu Ko-
TOPOM PaAVOAKTUBHOE 3arpsi3HEHMEe MOJIOKa MOXET npe-
BbICUTb A0MyCcTUMBIA ypoBeHb 100 Bk/kr, oueHnBaeTcs Be-
nuuanHon 5 kbk/m>2. [laHHOE nccnenoBaHme NnokasbiBaeT, YTo
NpPOM3BOACTBO KOPOBBLErO MOMOKA Ha KypnnbCkrx 0CTpOBax
BECbMa YS3BMMO )15 PaAMOAKTUBHOMO 3arpsi3HEHUS Ha3eM-
HbIX 3KOCUCTEM.

ABTOpbI BbipaxatoT 067aroapHOCTb GepmepaM, y4qa-
CTBOBABLLUVM B UCC/1IeA0BaHnn. ABTOPbI Takxe 6saroaapHsl
T.B. PomaHoBoui, J1.10. TkaneHko, I.H. PomagaHosovi n M.B.
ly3aHoBy (®benepanbHas cnyxba rno Haa3opy B cepe 3a-
WNTbI NpaB noTpebutesneri n 61aronosayyns 4esa0Beka o
CaxanunHckoi obnactu) 3a rnomolLb B noJiyd4eHnn rnpob mo-
noka. Ocobasi 6narogapHOCTb coTpyaHnkam PEY3 «LleHTp
rurvieHbl v anugemuonoriy B CaxaanHcKor obnacty» 3a rno-
MOLLb B npeaBapuTesibHow obpaboTke rnpoo.
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