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BI1E ER
11 BEFHAREFTERCLAIBMHAEMEORE

200l F 3 A 1M BICERELERBARBR LIV RREE M @EBS R T H%E
BT CHHEERAES (LT, @58 - EEFHR) "EAEAL., RFFOBEIC
T EEE T L (134Cs & BCs) P I UEREOBFMEME R RA K
—HoEM, FMEM., KBICKRBEL TCHERBSLO®Z0 LEXFLRINE
(Kinoshita et al., 2011; /N5, 2012), MHEEYVEIZE > ARETH L L TH
HEansm iy (RFAH#HHMERESR,2013), @BERORIZEEEME CTH 2 MR R
2@y s 2 F LI 2R TE2HRELE (XHBBF4,2011) (Figure 1-
Do ZNOOFRHEEBZERLEFTEOEED O BRFAEDE N RE S Lk
ez, FAOHMAMHER, MEOHKREHR, FROHMAB. H 2D WVITHLE D
MBS ITONL, HFREORFSAEETIERRRENBRLEZE -/, 20
FENORKIPICHH SN ICBEHEEEICIEZ., 30 FOME TR LS (IAEA,
1989) #H T2 s REENTWVWH LD, RUMICEEDGENHMET S 2
EBRTFRINTWVWD, ZOXLEBITIFEEAEANS 10FB &5 2020 FITBWVWT
HbRFAKESRFEIHBEECESKCRFNBLFRES IMEINL, ZHOD
BHGIROIIFEN, FRAOEMEIRMB S —HBERESNTLEE LR > TWND (E
A EAa, 2020),

WBEE—REFLEZO 2011 F 4 21X, BRKEAE»D TRFNDEETF
MAEBEA-HASFTOBRNEDEOE EFEMOFZEZFEIC OV T N@EMS
., AHOREFBLOYRRZEUEO Y VIChE SN MERICE IS Z
ENHBREIND T A (Cs) I3/ KT 300Bg/kg ¥ E (LLT, Bq/kg-
fresh) ICHIR 4v7c, 2012 2 AT, B AEEBICESS AL OB Cs i
B 2 L MEMH 23 Br 72 12 50 Bq/kg-fresh ICED bz (EAFEA, 2012) 729,
WL A= HL B B O M Cs IR E O B EFF A A 100 Ba/kg (K& A & 80%
%) LT, ¥ 5 500Bq/kg#®E (UL T, Bq/kg-dry) CHHEI N (B
MKPEAH,2012), @EBEF —REEFRUTCHRRAICHBEINTHHED BIX. £ &
LCRREIA 2.07FE 0D 34Cs & 30,1 FD PCs THhH, BT1DgAHEEELT
EHM2MEE 25 (IAEA, 1989),
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Figure 1-1 Distribution map of radiation dose by the Ministry of Education,
Culture, Sports, Science and Technology (2011).

* Revision of aircraft monitoring results based on the results of the creation of soil concentration map of radiocesium
(MEXT, 30. August. 2011).



Tsuiki and Maeda (2012a;2012b) (£, BEHIZ I T 2 B CsHE R IT R B — 12
BRI Ex2RELTEY ., MM CsBEN 500 Bg/kg-dry K il O fl £l %
mELTWThH, BEMNEFICHEHFEMEL LR BN Cs 28BN HEE
ENTLEIAMBEMEND D, £ 7. Beresford e al. (1992) 1%, #E L 7z 37Cs
DEEERN~OBRIIT, MESLCEEOEW, LEREAOFEICIVRERD Z &
EEFELTWDL, A - EHFBEEENRINO R D HHME CsDIRMEIL. [
IR T - A S A B ORI, M CsIEENRLZY . o, IR
NA~OBRBNR22MEANHHZ L 2E®RL, AENPLIL~OHBHEHME Cs B

IEETH L EZ L TWD,

TN OLHRE OB Cs BITMH SR IZ, HHSCEE MO XL E I
LG, T UM -2 U —HIC XD MM Cs st~ T EIAB L EE
LTWa, 7, 7 VEEBOHEEIZLY | WK ~OKHME Cs © W IL % )l
SHLMRAEFBICERL TWVWAER, REBPFEVWEMSREDO LD O EH# OF
DANTERVWHEOEMZ CIZIRREDOEE THY . WIIMEH FR b EhEg T
ERVKREBICR TS, b, WHKOZIZREBRETH Y, IARICEERET
HAEMIE, UMD OB Cs 25 LRERLEORARL LENKEAIC
MAT HIREIZR > TV D,

DX, HBHEHM Cs A ANAMICEREE NSO ERICHRT 22 & IR
ThdIEnb, B CsHERMRIZBIT I2BBEROZDIZIE., BHHAME Cs
ORHEEICABZL-HEABSIVCAEMHAEAEOREBELTRLIAZEZEDNIC
AETL2ZOOEMBEINRIROOLNTND, S5, WAFOHELE NI
RYAENTHHEME Cs OHEZREL TEANDL OHFIRL E/NRICT S &3
2. At ME Cs IR EE 2% 50 Bq/kg-fresh K ili O FLAEE 2 Z EBITAT 5 72D 2, & ¥
MOBI OB Cs DBATZME T 2B LEITR> TS,

1.2 BBRNOABAELILEE~ORE

2012 FOBBENMTOEBEDI IS T2 RABRBERFRE =% v /7K
T (UT, T=% Vv 7BE)TIH. BREFHLOEMSCHEEHMA N S A FE I - H
FEO B Cs VN RBHETHL2EE1L595% TH Y., M Cs 25 tefd ko



AL, 50150 Bq/kg-dry O ¥ % & TIX 13.8% . 150—500 Bq/kg-dry @ & J¥
#PHTIX 6.8%.500Bq/kg-dry DIREAZBET 5 DI 2.8% Th o7 (f&ER
2019),

BFIZ 2001 FF 7T AICRELLE T HAARBEENODEROEARTGT S 2B
T, MEHE - AIAERIM) 2 2021 £ 3 A TO 10 FH & ED . HE B~ O K%
CsBITZMH 7220 BEHORE LBEBOHETMVIZL 2 HHMECsDRRE.
VBB OBMIE, K CREBZAEMNI T LEOHE R 0T, WA
Bta 8T 20 L8 ORABLIE 72 & O S Cs 4T 10 & 3R 23 fk e 09 12 17
bhTE7, 2019 FloiFE=2V v I EEEZzZ T HEBHICBIT 5% Cs
NERBETHD2EE1L75.6% & 720D 50— 150Bq/kg-dry O 8 E & TiX 24.2%
150—500 Bq/kg-dry OEBE&E CTIX 02% EWEBEOE AN KIBITE D L.
500 Bq/kg-dry # 8B 7 2 FHIZTHES e o7 (WEBR,2019), LrL., %D
BRAREIN TRV KRBEHB-CHERE N BAR CERVWEMIB X O E
DI WTIZ, BEHAKREOB EREICE W THHEME Cs BE N EF
AEx BT 2HEBINHRECHLHRENCERBINL TV D (BBR, RAK),

— . MEEREXE (RAEEE,2011) 2B, BERENKETE TH
STl TAEEINTZALIT, 2000 F 4 A 25 BUBED Y —F =X T —v g R
LERZICBITL2E=FY I7MRETIE, AFE CsEBRE IR TR WY (B85
B, 2019), Ll 2011 2056 2019 F IR ITHBEREOIT I BHERAE T
W, AEFHMON VA b RBOEEME (EELFSHA,2012) 2 TR S
LODOHEM CsHEFHREMICREINAL TS (BER, RAK),

MBS (1994) X AL BIEBAICMLTT 52560 P7Cs DBAITEIL 84.5%
ThrE@MELTWVD, 202 LT, BIEERED 83% DAL MIEM A % 1kg
FET -0 E, 121 kg DAL ELEARY RIEMIA 1 kgD 37Cs O BN
fE 0% 102 % (12.1X0.845=510.2) IZ2 52 %R LTW5DH, M Cs BE
2 10 Bq/kg-fresh O o ®-EINBMEMALITX. BEAHEETED L2 REHLHD
EVEM TdH 5 100 Bq/kg-fresh (JEAEFEHHE,2012) 2BET 52 L2 EW%RT 5,
ol EnD BEAALAEETMAB IO EET T, BRI L THRHEM Cs
JB %R 10 Bq/kg-fresh RGO I EFE 2R KD TV D,

AR ZFERCIWE 21T 5 BERHAMKR T, L OKHME Cs B E % 10 Bq/kg-fresh &
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WHET LD 203 FICHEEEHEFHEESRBERAGEHE2O AL O KK
M BEERMERSIENICH EFEEELE] BT, HABFIZHFER I N D KT
CsRE % 30 Bg/kg (K3 & HE 80%H#%HE) = 150 Bq/kg-dry & & E L. &EKIE
10 B &7 200 FICBVWTHEDOEELHMHEFEL TS,

IOZENDL, BEFFERBOMAHLENE T HEFSE 2 8@ L2
BB PR ERENTEE TH . B Cs IBE D 10 Bq/kg-fresh K i O FL A BE 25 7]
REL R DB LA ~DOHHFME Cs BITOY X7 ZKBE L 2ibH 4 o fHEE
HERBRELE > TV 5D,

1.3 THhETCOWE

INETOBRBEMBEBORBEANBERICES T 2B ZIT 1950 £/ 5 1960
ERIZITORIEE IRV HHIShEBRAEDEDO 70— RNV T =TT
FzFBALTITbATEL, 0%, BRBRETICEASIEHR LEEHFAEDE
B4 2. 1986 FDOF =/ TAVEFARERENFTRICEHD L b ONF L
AT BRIN O R I R S CsoFERIZH LT, BAREBE T L Ok
FHHECsomRELBITMH T IHEMELT, EA T4 M, XU M)A b, N3
X274 NREOKEEMST VYT T v— (PB) (L&MW &k~ 72 5 %
W& WA A DS E S L7z (Unsworth et al., 1989; TAEA, 2006; Howard et al., 2009a,
2009b) .

FE~OHBHFMEHEREAOEEIZ > TIE, L4+ (Johnson er al., 1968;
Arnaud et al., 1988; Giese, 1989; Unsworth er al., 1989; Voigt er al., 1989), t
Y (Phillippo er al., 1988; Kaikkonen, 2000) ., 3 X Ok F & A (Birgitta er al.,
1990; Hove, 1993) 72 & TR A S . # LI H S PBIXHILE THEELL 2 B %
Cs #We & L TR Cs ZRINME T 27201 H WL TE 7 (Arnaud et al.,
1988; Giese, 1989; Unsworth et al., 1989; Trckova ef al., 2004), Z 1 5 @ K
CsBEAEZRHWTEHEBNOZEELEED ~OBITHIC O THRE I HHME Cs
WMAER ZFEICREA LTRSS ICEE T2 LIk, HIEBEATREINLTEK
HPECsid, ELTHENMEESN, SELED ~O KK Cs OBATMH T
FRTHD EHREIN TV D (Unsworth ef al., 1989)



Bt Cs MEA LR VEBELIELF T A PR b A MEAARENIZEBNT
B HBEEREMELTWBLTEY, B4X 74 MIEERBICRE W THERM
EXREENEmS, EHLSTWREIZH D, —FH., PBIE., LWL CTREIC
AFAIEZERTHLY CsIZHEMNRBREEND D Z N RN TV D (Voigt,
1993), £72. b hiCBI 2 HHME CsOERINBEA L LTOERLIBT SN
TV % (Padiogardase; HA A V7 4 ¥V v 7 AKKEMH, E), bb¥ T, B85
BB EROFEREAKLABICOER L, BHME Cs OMBEDRNH L Z LN
EIEI N TW5D,

PAE I VEIAAL VR BEELERD, 4274 NP ELOFESDT ALY &BA
FrEBitL, Cs xR ET L ERMBINTWD (Nikolai, 1995), Lor L., €A
T4 ME, FRECERINEZBIZARDODI X TIALHAELTLEY, T XTI
BERORKEE 725 2 L BRMB I TV D (Giese, 1989; Jacob et al., 2001; Trckova
et al., 2004), —JF . PBIX. — MBI EI~xV 7/ HERE LTI, BAE
WIZBWTREBEMAEIROOATWARAVWR, E4 74 NSO LY L L
T OHHME Cs2BIRMICRET 2B NS D &EHE STV D (Giese, 1988),
ZOESIE, BEATA N PBIR, WAHFITBIT OIHMHMECsORME NS H~D
BIT2MHI L, BBEROER - BFEOL-ODOLZEMNRAELEEIZCAD TH DL Z &N
TBEINTWD,

F B B E ~DHEH M Cs DBAITIT 2 TIX. Howard er al. (2009b) 2 K -
T, WEHOMBADOE N, BRI RBBENOE N, FREEOHFEL V-
TEETOBRFME CsHBREALZANWT, KEOHALE L LEN~O KM Cs O
BENFAE I, BHMEME CsHBRIZEVERSZ Z EREIEINL T WD, Mayes
etal. (1996) L. HHE CsOEN~ORIITZDOFEEICL > TELLL, 44
CORETHREGICEZ b LT ZRbEVWEREL TS, F72, HEAR L
REFAEOKEEOEWNIZED, A ~OHHFAME Cs OBITRERERDLZ EXASE
Eh TWw5 (Stewart et al., 1965; Johnson et al., 1968), W& M Cs lZiHF R iz
HEENERSICER SN D ETITIE, a2l HE Cs iR &BETO G
MBEIN, AEPORE~OHBHFME Cs OBITHRREILEEH T2 L NRE
INTW5,

FAEE DO FH A~ O H M Cs OBATHMEE T, EER T H#BE (IAEA, 2010)
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DL B DI OB Cs OBATHRE (Fm) OFR/NE. KBS L OFEY
X, T EH 6.0x10%, 6.8x1028 KXW 4.6x103 L AXLTWD, £/, IAEA
(2010) FIBITHMBEDO — DL LT, B LI O Cs REDHK (CR)
ARAMME, BRERBLIOEHMEIZ. £ 3.6x103, 6.9x10°18 LT 1.1x10"!
ERLTWSD, LaL ., Howarderal. (2009a) 1. Fm X CR &\ o =¥ b
A~OBHE Cs OBITOFMBERFEIT. AI—{B2Z2HANTH 2 ffoEVNHEN
HZIEERELTCVD, ZOZEE, ThALOFEEIX., Wb RAEE &
REWCIEZRERENR DD LIIMZ, BEEPRLRLIBEREZRFTLTLEI 2
EEBWRL., REMITHS M Cs B E D 10 Bq/kg-fresh Kl O FAEFE 1T 5 720
ik, BATHMEEO@A - EBELZARICT S ENBELE RS TV D,
L2rL, THE TIZHHEME Cs MBFASLBATIMBEE O EIEICH WL T fHE
BtOMSHME CsIREIZ. BAOEEFAFME*REL LALZLDOTHY  @EE—
JREFHIZL VBB INTZHNE Cs OXELHAOBRELZITHORE TICB T
DR EE Cs IRECOFMBEITH L MITIE R o TR, £, ZEMNIC IS
% CsIRE N 10 Bq/kg-fresh RO EEET H7- 0O, HHE Cs TEA O FE
MIZX2BTME OFDME, HFEE Cs OA~OBITICEET 2 2R, ik
CsBITOMMBEORTTIZRIN TV RN,
BETBAMERBOMMNMECsEEORABNOBELED ~OHME Cs OBAT
EEDOERMBHIL, SHROWHF O NEHEE L &~ O Cs BAITHIH
DEZFHIEZRELFET 20 ThHY | ERETEHEFEME LE 2 HHM Cs
REOCHBPERINTLZEGEADOY 27 EH L 10 Bq/kg-fresh Kiili DL E L 72 %

EECHEEH TS HLDOTH D,

1.4 ABHEDOBH

FRFHERERESICLY ., ZEOBBGIRCFE AL O AT H IR 23 Mkt S <
WHHIIR N B Dy, BEREROMGEEE L IEHEROZDITIE, WHF OWLENIC
BMYORAENT G HE Cs OHEHEZREL TERNNS OKBREZRANRICT 24 H
WD, £, ENETEHEFSE~EB LA 2HE5LEHECL TE
ERICHEME Cs 2 BITMHSEL2ALEEORMBINALETCH D, S HIZ,H



AKIZEBWTIREAERFILORHE CsRETREMBEAEICK T 52 EEME T 50
Bq/kg-fresh ICEDO BN TWDH T b, B¥ELMAETHAAEEICIMZ., BN O
EBNRD D HE M Cs R EDN 10Bq/kg-fresh £ O E £ FET DM 28 5 0
T D20ENRD D, ZODICIE, BHME CsTERZ MW, HLE N CIlERE
% (Leggett et al., 2003) & B 2O N D MHMECs 2 REL THHEIE, R~
ODBIPLZIMEHN T2 LICEXVA~OBITZIMHSELILENARTHD &E X
bitd, L2rL, TRETOHFELNTCHREIZ, BALERRLIBE CAEINL
A CTHETAEEL2RESLS ERIZEABOKRAME Cs BRETHELNLELOH D
AAROEEFEMAEM OB CsIRE TCOMAITD 2 MMM Cs IRED 10
Bq/kg-fresh K O &2 £FE T 27O O HME Cs ZEROFE RISV Tl #&F
ST W,

IOZEND KR TR, WHAF OWEALENICTERY IAFE A Cs DB
HEzREL THENLLOmBEERARICT 2 &1, WAFBT 50~ K%
Cs BiTZ2MAl L., ESMEAEEICB T2 OB Cs REDKEEE TH S 50
Bq/kg-fresh Kiilii DFLEE 21T O 2 L 2 HBICEML 72, /. MM Cs A
FORBMELBITHMBEZEOLZHER LB LLICL, BN OILEZFE VRO D S
PE Cs IR 10 Bq/kg-fresh RGO L EFE AT I o OREBE HiE&B &0 ic
TLH5ZLEBMICERL K,

1.5 X DER

ABFRIT, B2 BBV, BEHAE Cs 2E50MBZ2EE T 20 EBRROMH
BBl 2% €T 272010, BHEME Cs ORL~0BITLE FMREICET K
WM CsREOHBAMALL, B3 ETIE., AFICBT 28BN ~DHK
B Cs BITHHIICH T 2L T FOBHRICHONWT, B 4 ETIE, LFIC
FHEEBNO A~ Cs BITHH IO TS5 PB EABEREOHRIZO N
T, BSETIH, F3FEBLIVFEI4ETCHEALLAFOMB LM L. KA
CsMEAIZLD2ADOMHAMECsREICEBELRIITEREBFF L, B 6 ET
T, BHMECs 2B DM E T L CHRAMECsZ2EERVWREBICUBEX %D
AoOBHEMECsREOHEBZHEL Z (Figure 1-2) . F 7=HETIX, B3I END



B mOMEL L LI, MBOKKFME Cs EHLDOBHME Cs DR, BH M Cs
HEH O BEEME, AL O AL ~O MM CsBITOER L&, kiE csBITM
FlAROEAT A & PBOEE X O M Cs BEMN 10 Bq/kg-fresh A i O
HAEEFETLHDILOOWHAFDOREBEFEIZODONTEREL &,



Start date

Experiment

Project/
Item

End date

Figure 1-2

2012/6/18 2012/6/18 2012/8/7 2012/9/15 2012/11/17 2012/12/26 2013/10/5
le))r(:l:rril:;l:rrj Experiment 1 Experiment 2 Experiment 4 Experiment 3 Confirmation Experiment 5

Confirmation of

Confirmation of

trapsfer.of . Finely divided Prussian blue Zeolite coated decay of Imp'r oved
radiocesium Zeolite . . . . L Prussian blue
Zeolite salt block with palm oil radiocesium in
from feed to . salt block
. milk
milk
2012/7/3 2012/8/7 2012/9/15 2012/11/17 2012/12/26 2013/1/12 2013/12/6

Order of conduct of experiments in this study.




FB2E KB TVLAOABLLA~DOBITHER
2.1 #%=S

B DI ~OHHFME Cs BITIZEH L TEZL0oRER I NLTWVWD BN, &
BE -HEFHICBOTHEBRENTHEFAEDER 7+ — AT 7 M XV EH#EK
HIZRBEL, S50 74— AT v MRS 290 CIHE - AR HEE RO
BHM Cs Db L=V E VT OEBEIFHSICHEEINLTELT ., 5% OER
T LI Db LEEZBND,

TOZEDNDL, HHMECsHEENLANEED L) BITERL ., FEIZE
TOHLETORBIZOW TR RERLSLEL 0D, KFIE TIX. M Cs D
AN ~OBITEFMRELZERL., E3BURE CEGT 2MEBRRICE
T AOBHEM Cs 2 F 0RO B ARET 2 L2 HBICTHARZEZIT-
7

22 MEBIXUOFIE

FBroREI BERBERG VY —GEWRAT (BREREBM) LBWT, &
BREBEXRAGE 2 —HMB MBS OKFE (2012-E1-5-9-3) (5T, EEXTHY
DEREBRLLOREICHET2E%E (B 62 F£10 A8 9 BRBENERE 22 5) I
EMLL TEML T,

221 L~OHEHEET Y ABITHEIBRAR

202 6 A 18 B H 7TA3ZHA® 1S HMEm L, Zh THHEMEC 25
A EZERL T2V AF 1 HEHICH L TlREME Cs 28580MEEZHBE L.
WS PE Cs DER B NS IH ~ OB R BAT &AM Cs O FMREZHERE T 5 R
BRAaA1T o 7o,
2.2.1.1 B3R A

HRARL, EBERERBERSG VY —SEWRAMOBES (BEFE KT HE
EBF S ALTEIC 68km; BET) ICHBWT, 20010F 9 A 1S HICHEEL., B85 %
—HEEEHOT A= AT T MTXY A Cs PEEZESLCLEIZREL., »
DT A= AT U NBRHEL TWAHAEGICIBWT, 2011 £ 5 A 16 BIZILTE -

MU Cs IRED 13,160 Bq/kg-dry O XL =T V7 A4 7 F 2 (Lolium
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perenneL.) A4 L —I &FH Wi, £72, 2011 F 9 A 14 HIZH B L 724 % Cs
BE D 15Bq/kg-dry ® b 7 E v 2 ¥ (ZeamaysL.) A4 L — U & & BHIC v 72,
EHlT, HMHEMECsEE WA —Y (dvena sativaL.) 8B, T LT 7 L7 7
(Medicago sative L.) H.E B L OB &2 MBStk b AL TREBRICH L
ol O E AW CTHRHEMECsIRENFANOE EHFAMERMKKES, 2012)
D12 DEE L 72D 250Bq/kg-dry (50Bq/kg (KD EH B 80%ME)) 127D k
I RAEB ARG L, ZToOM®KSEEBIZ., BE 35 kgWHDOLL O DIEKR T X
V¥ — (NEL). "L #ES#HEE (TDN) 22 b N2 N7 H (CP) DEXR =
ZMZT X OICEREEEE (TMR) IZHW B L 72 (NRC, 1988; NARO, 2006),
2.2.1.2 HERBRBLIUCRBHER

HREYLE LTI ETHHME Cs 2HFRVABTHAEILTCVEZEEL R
A4 EwH A4 180 (K8 721 kg, ER3IE, % AE 98 H) 2 Hw, &5
AF=NIZRAZ U FaryrTHRELTEHEELL, A IHEEEED 10%REE %
BRFETLOICHEL, 8:002 16: 001 1 HEOES T OBHITHE L 2,
BRITHOMBERMIC2TEIR L, MHAME Cs 28 ER VW KEvr—%—D v
TTHHICERES YL, FL BEE (AEY v 7 2P, BAES2E TEKAS H,
BE) FEHICERES YL, EREMIZ., MHEMEECsZEBRLT2»58 12 A #%
WZFH OB PE Cs iR EN b Lz &+ 2B O @4 (Takahashi etal., 2012)
BLXOtoF-hiaEMEZRESTLIoDICP<Ed 10~14 BRALETH
D, Z20%., RTH52BHOHELRBROLZDIZS~10 BONEHHE AL ETH D
L% L2 (Cochran and Galyean, 1994) BEF O REICE SV THREL £, HA
X 8:30 & 16:30ICA TV HOMKHM CsOBITL FHRELZHERT D010,
wEHEE® (0 B&), 1. 3.5, 7.9, 11, 13, IS HEBRIZCHAEZFHR L2, B,
A OERLIZALZABICH L TC—EOHAETREL T, BHHEHME Cs ST AO
REE L, PHABRAMSP I, $EEBLVEMEZEATEL., WHEN
B E RO,
2.2.1.3 RE OO

il BB KOG B BHE 60C. 2 IO BREEE CTFHEZBR I, Il mm
27 Y=ol (SM2000 XU —HF v T 4 7 IN; et L v T
=, HI) THM L., ofrictt Lz, B L2 BT 135C2 RMERECEY

12



(DM). 600C2 FffHJKfb THIK . HEEM XY = F r = —F v E (AOAC,
2000) CTHE L7z, CP &7 V& — ik (AOAC,2000) T, Ky 2 & £
72— = ik (NDFom) B X OEBMHET ¥ — 2 = » Mk (ADFom) (%
FH = = Motk (Van Soest etal., 1991) TEh Z NHE L 7=,
2.2.1.4 REBOBEEEC Y ARERNE

FegtE Cs IBERE O 7=z, F 1,000 g (X 2000C DO FK v b7 L — k TKY B
EL7RAB TR WL, £, HRFAHBS X OEFAIT0COBREZEK T, Ky
frELEbOZMAVWE, WIFRLOBERE S 100ml o USHF#H (KU e
CHELE SSmmX60mm) A AWTHIEICH LA, REEDE OB E L., @ lE
Fhovw=u APEERBKHE (GEM40-76; T A 2 — - —T =TV FUV—HA&
ft, W) #ROWEAT A7 e XA MY — 2 XD HEHE Cs Z#REL L,
H oy~ HOEREIT, PCs 1L 604 keV &, P7Cs 1T 661 keV & L. IAEA-444
(Shakhashiro and Sansone, 2010) & IAEA-372 (Martin and Shakhashiro, 2010)
AIEERR L THWE, ERABETIRILLRFEFLEFTHEE X — (FH
Bl B ) Ik Lz, BAEME CsIREIL., AR HER"FTLND LT, M
BHX 10,800 #ds L OV IX 14,400 B 0 I & % 17 W 5H 2B R & 5 (Covell, 1959)

THRELUZ, BB CsIREIX PCs & PVcs 25 HLELbD & LT,

2.3 HR

231 HL~OBHEEITYLABITHRRAR
2.3.1.1 HEREABORDT B L TILFERS
fRBEAE O A B E (L7 o % Table 2-1 128 L 72, TMR O ¥ %) 3 | TDN,
CP 3 X U NDFom & &iX. TN Z 4 73.0%. 65.4% . 16.0%F L 51.6% T&h
S 72, TMR O F O 4t PE Cs ¥ ¥ 13 202 Bq/kg-dry., KO EFH BE% 80% IZ #2
LR M Cs B E X 40 Bq/kg TH o 72,
2312 BAMEEVVLAZEOABKRECIIA~OBRFEEEY Y ADOBT
H P Cs & TMR a5 L., KS M Cs ¥ 4311 Bq/HERI ¥ 5 &
B Cs x5 1 BE CHICBITLE, AOMHMECSIREIZ, 3% TR M

® 23.5 Bq/kg-fresh & 720 . FHLIFE, 15 H#% £ T 20 Bq/kg-fresh 2 O R &

13



Table 2-1 Ingredients and chemical composition of total mixed
rations in preliminary experiment of transfer of radiocesium from
feed to milk.

Ingredients (% dry)

Concentrate mix pellet . 34.5
Oat hay 29.2
Alfalfa hay 29.1
Corn silage . 6.4
Perennial ryegrass silage . 0.8
Chemical composition
Dry matter (%) 73.0
Net energy lactation (Mcal/kg-dry) 1.48
Total digestible nutrients (% dry) 65.4
Crude protein (% dry) 16.0
NDFom® (% dry) 51.6
ADFom" (% dry) 29.2
Ether extract (% dry) 4.0
134+137065) (Bg/kg-dry) 202
BT 06 (Bg/kg in 80% moisture content) 40

Y Contained 36.5% corn grain, 20.2% soybean meal, 19.5% wheat bran, 18.0%
beet pulp, 3.2% molasses, 1.0% dicalcium phosphate, 1.0% salt, and 0.6%
calcium carbonate.

2) . . .. . . .
Radiocesium activity concentrations of corn silage and perennial ryegrass
silage were 15 Bq and 13,160 Bq/kg dry weight, respectively.

* Neutral detergent fiber not assayed with a heat stable amylase and expressed
exclusive of residual ash.

Y Acid detergent fiber expressed exclusive of residual ash.
* Radiocesium activity concentration was calculated by summing 4Cs and

137
Cs.
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TR AEL 7> 7= (Figure 2-1),

24 EE

241 AL~OHEFAEET TV ABITIRETRE

AW TIE, @EO S Cs BE D 202 Bq/kg-dry @ TMR Z# 5 L 4,311
B/ HERS VLA IEELPLAL~OBHECs OBITHR AL, 3 B E T
FEENEM U, B Cs iR EIX 20 Bq/kg-fresh Al 2 HERE L. 11 B B2 X Efk
& & 72 o7 (Figure 2-1), =& (1996) IX. # SOBq/H O fAE # B R S & 74

B HOBMHFMECsIREIT 6 BE T—E#HE THML ., & K 200 mBq/kg-fresh 2

N

L EMIC b EREL CWD, £ 7. Takahashieral. (2012) (%,
15,012 Bq/HOfE 25 S 7-H6 ., MHME CsREIX4HHEHE TCRWICHEM
L. 35 Bq/kg-fresh T2 EE & 200 | 12 HRICFEBREBIZ o222 HmEL T
% .

IhboZ b, HBHEME Cs 250MBZEIL S, A O MRS %
Cs ITHESPICH~ERBIT T DRI N, 70, AOMHME Cs IR EITMS
HECSEMBIZLISTEEZZTLIN., AOMHMECSRENZET 2 F TOH
MITHHE CSEMEOLBIZAMKRRZS ., ERN2L I1AATEET S EHES
Wi, A Cs Z#ERA LEEELRARL ERT L2566, vV ITHZ AR &K
3258603, AEHMALE LTARLEHL1I0~14ARLETHY . TOHDIH
ERBROLZODIZS~10 HDOINEHHELRLETH D L OBERM D @ (Cochran and
Galyean, 1994) L FAIRIC, MHMEE Cs 2 AW 20 ERXBR O MGHEHHI SCH M (X 14 A
BETCHSTHDEB LN,
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diocesium activity concentration in milk
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O S P
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Days after the beginning of the experiment day

Figure 2-1 Transfer of radiocesium in milk after the beginning of the
exper iment.
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EBIE PFI5A4A MNCELAWHALFITBITAL~DOHNEE T BT
3.1 ¥=

it O - THLIELTA NI, BAT OB R D by xR
DEBREEZFHFH T VI 7 A BEEFIEN % (Baerlocher eral., 2007; 1A
5,2012) (Figure 3-1), BF 74 MIA A U XML FoOLO, BESE TIX
TEHGREME LT, ., SESPH CHAEBHAOEME LT T L E=T OK
E, AEEREREICHVSLE A TWD (Mumpton, 1999), 7. O A F K%
EWELTFNH LT BMHAEEED»ORPAEDEZRET 2L AW 4L,
KR ORIE, BRESALICED REBRAODODFERAANK S LT 5D (Wakihara and
Tatami, 2013), T D5 b A T A4 M Cs ORI 2 MR L 8 EBR T
. 7y PZBWT/HIBERIBABEFME Cs ORI L OHEHICE W TR RO
HEERLLLTBY, B4 T4 DR ZO0OFRNEMHE T2 083 ®ESIHL TV
% (Majle et al., 1991), 72, RESBIZHBT DA EME OWREIZ DWW TIX,
FLAFIZBWT 10,000 Bq/H L ED R Cs BB S & 2 & T, 26 FHo~
DEITHEEBRFT L., B4 74 F2mEBIICEAEL CEET D L HHME Cs o3~
DEATVIE S5 E®mE S TWD (Unswortheral.,1989), LirL., 2456
DEFEICHWWONTEEE ORI Cs BEIXZ, BAOEEFAMZ K& < EH
20D Thotz, o, X744 POy THET—ETEHARL, EfOEN
FLFOREEDEN, ARV EREMDTOMMBOEBNREIZL > TRERDIC
AR, MEBBNE T O5HHME Cs ORESCBEE ICE > TREERIE L
THZ LB RSN TV D (Baerlocher ef al., 2007; NIMS, 2012),
EHEOLOMEII N —T7 T, vk ERRAFREBIE L CHEBL TWDEA
FA4 FPSBEBIZONT, AN Cs 28R ZERLLZY 0 FHRKRIZE R &
EMA MKEFETCHRELELLbOZERDHMELEFAME CsE2n M+ 52 & T,
M CsoRFRADOECELOBEEZMA NI LE (EB 5,2012), £/,
Prar (2012) 1%, 25,000Bq/ALLEOHEME Cs2E LMl Z2EM LZWHLFIC
HLTENDLDOELTTA FOKEDR, IR~OHME Cs OBITZMIMEH T 5 &
BELTWD,

L2l @EF -REEFRICL > CHERINTCEEFSEZ BB T 2 K5
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Structural formula

g . 1
Various structural diagrams

Figure 3-1 Structural formula and structural diagrams of various
zeol ite.

Y Baerlocher et al. (2007)

18



CsIREOHMEB ZWALFITHETHIEICE o THHME Cs BRICHRE SN S Z
CEWmEINTWVWD DN (FASG,2011; /AR S,2012). BEMHE Cs R ENEEF
KEXRWCTChHOIAEZHELESEAICBNT, B4F 74 FBEEHDOH~DHK
HECsoBITMHICAD TLLI2NE»POBRE T REN TRV, £, BT
A MREFOREEOENICEDADOKHME Cs BITHIH OBRE T2 T
W, EHIE, REZIZBTHHHAMECs DRI EEFNTHWE FRILIZOWVWT B
B O IZ7 > T,

AR TIE., BFAME Cs 0DEEHFAEMBTH D 500 Bakg-dry K @ x4t ¥ Cs
FEUDHRBAMZERTA2WAFNEELELALOKHANE Cs BITZRBIE S
W5 2B % L. 10Bq/kg-fresh RO AEEZBMIC, & 1RBRTIT, Wi
PR T DM C OMEBNLE, RELVAL~OBITECHTL2EF T A b
DHREZHRFF LI, £, FE2RBTIX, M TIT2ZLick@EofEE
HEA 74 ek L CHEMBEEY Y OREME (LREHE) %2 200 FLLEX
S LIEWMEEFELTA PRGBSO ~OMEME Cs BITIZH T 2R % M
MLliz, B3RBRCTIH, FATMEOHWVWHREN, “UHEIELE OS> S pH O &FHW
W= AL HATHESMRENTICpHO KW FTHIEILE CHOMsh 28 %EE2F A L.
NR—2MTEFTA V2B ITL2210L0, Yy AN Z@BLTTFHHAL
ETCAAT L WMEBRNVEZRBATLHEZEZONDIEF 74 F(MBEHREEAS 714 1)
BIXOB 1 RHXBRIVLVEOEALTA FMIZOoWWT, B2 ~DHME Cs B
Tliext T2 R a2mat L,

32 MEBEBILUOFE

BIBTHBEIRRLOEBEIRBRO I SOFABERBREZEBLAZS. WTFRb
BMEBEREBEREGE VY —SEMNAEFR (BEREEBTH) T, REREBER
Ay —HMBBKRFTSOAR (2012-E1-5-9-3) 2/ C, EXHPWoMEL &
CREICHET 2 &% (B 62 F 10 A 9 ARENERE 225) ICHEML TE
i L 7,

321 BAI4 FEERR (8B 1RR)
S E Cs DFRE NS A ~DOREHA2BAT L AN Cs O FBmIRELHET D
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KRB L OHHME Cs OB E, RBIXOCA~OBITIHT HDELF A b
DEBLZRBT LIAREL 202F 6 A 1I8ANG8ATAHDSORMEML 7=,
3.2.1.1 HEREAEE

Bl RRICKET MR B T, 2.2.1.1. #ERE R & E U B2 BV TR
CsIREDNRBOE EFAME (BHRKESE,2012) O 1/2 DRE L 725 250 Bq/kg-
dry (50 Bq/kg (K2 EH E 0% ME)) 2725 X HIc&F L (Table 3-1),
I Ot BT, BB 35 kgWH DO/ ® D NEL, TDN 72 5 NZ CP E R &
i3 L 912 TMRIZFHA® L7 (NRC, 1988; NARO, 2006),
3.2.1.2 #HERRB X UOREHERE

HREME L TCINETHHME Cs 2FFh0MEBTHEIN TR L R
A4 WY 3 (FHIRE 65260 kg, FHEKR 3.0x1.0 E, FHHHKE
H# 133230 ) #HWV., BRI AR —LICA X FarTHRELTHAEL 2,
R ITHEED 10 RELZREET LOICHEL, 8:00& 16:0012 1 H
BoYoTo@mickh s Lo, BEIXH OB ERTICE CRIILL -, BHE Cs &
BERVWAKEVA—FX— Ay T THERIZERIS YL, 72, EEE (FEVU v
72 Py BARAESELEKASH, @8) TBHRICERRSI S, #AIX 8:30 &
16 : 30 1247V, LEAZFAIL 72,

AmBRXE LT . MbEMLAR2VERX (CONTI), BA 74 a1 BAEZYE
)T 200 g G LXK (Zeo200g) H H WML 400 g $ 5 L 72X (Zeod00g) D 3
KZZREL., LM FHY 148, RIFRM3IANLSRD3 X377V HKIEL
FovwERBRErEmRLL, EF 74 M &KEEIZ, EFT7A4 FEEGIZELVROM
B CsIRBEDK THMBLAENT (2012) BLXOREFFTA B A —RA Y a2 —
ADRHME Cs A ZMBLIZAEES (2012) OREICE SN TREL 2, EBR
MM, #2220 23,12 MRICESERELL, "B, EFX 74 FMIAEED
(2012) ODREICEB W THHFME Cs ORFERADKbE N E I N LT H O
7V 7FaIdA N (ERKTAVI 2 FABBF MY T - BT L) TEREME
N A40m?/g THLHBWEHOEAFZ A N (74— ANy HOCHE, Ry, 7/
RTABBINIDLA) FRHVWE, ZTOEFTITA FPEEELAEZKXKTIE, 1 B
BHEEOEFI7A4 20T DOTMRICIEA L C 2RI TTHEE L RB,
AOHBMFEE CsOBITL FHREBLERET 27201, BEEHR (0 &), 1
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Table 3-1 Ingredients and chemical composition of total mixed
rations in experiment 1.

Ingredients (% dry)

Concentrate mix pellet " 34.5
Oat hay 29.2
Alfalfa hay 29.1
Corn silage 2 6.4
Perennial ryegrass silage 2 0.8

Chemical composition

Dry matter (%) 73.0
Net energy lactation (Mcal/kg-dry) 1.48
Total digestible nutrients (% dry) 65.4
Crude protein (% dry) 16.0
NDFom” (% dry) 51.6
ADFom" (% dry) 29.2
Ether extract (% dry) 4.0
134137069 (Bg/kg-dry) 202
B og) (Bg/kg in 80% moisture content) 40

Y Contained 36.5% corn grain, 20.2% soybean meal, 19.5% wheat bran, 18.0%
beet pulp, 3.2% molasses, 1.0% dicalcium phosphate, 1.0% salt, and 0.6%
calcium carbonate.

% Radiocesium activity concentrations of corn silage and perennial ryegrass
silage were 15 Bq and 13,160 Bg/kg dry weight, respectively.

%) Neutral detergent fiber not assayed with a heat stable amylase and expressed
exclusive of residual ash.

Y Acid detergent fiber expressed exclusive of residual ash.
> Radiocesium activity concentration was calculated by summing P4Cs and

137
Cs.
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5. 7.9, 11, 13, 15, 16, 17T HBICHLEZFBM LI, £/, #1Y OFBM LA
FHBICH L TC—EOHATRALT, MHEECsOTHORE L L,
AMEHMHAFRIZET GEEBLIOENE*BIFEL ZVEREL RD -,
HAEHEALFRICERL, AV OBRMHEAEICH L T —EOHETES L T, K
GAMAORE L LE EBLOROT R CESBERRL 2. £iX X BEEE,
M LT 72 WEOBBREZBE CTCTPHREBRIELLDOL, BT owhiEl R
RKolo, MEIETAMFEED 1, 3, S HH D 13:00 ICHEHFHFR L HRMm L. B
— & & 2,150XG T IS MELDHEER, MEL2NRHEDRERABE L, £
e CsIREBMERBO LD MmNy 7 (7 VE MKy 7 PCD; 7V E#H
K&, HRE) 12200 mL H M L —20C THEMRAF L,
3.2.1.3 RE O

Loy (B, 2o 78, BEERS, L, REEHE) T, 287+
A FT+500 (7 4+ A Y ¥ 80, HWIL) THM L, S REE, 3K, KB
FO#EIZ60C, 72HoBREZEBEECTPHEZBRSIE, 1mmA 2 Y —r %000
e R (SM2000 XU — D v T 4 I ALy F o, ER) THIE
L, otrict L, B Lza Bk 135°C2 e #2275 T DM, 600°C2 Kf [ K b
THIKS ., EEM XY= F v —7 Vi E (AOAC,2000) TEMH L7, &
» CP % 7V — ik (AOAC, 2000) T, NDFom 3 X " ADFom I¥7 ¥ — ¥ =
> N HTE (Van Soest et al., 1991) TENENBEIE L 72,
3.21.4 RBOBRFEES YL RERE

HeE M CsIBERIE O 7212, F 1,000 g, M #E 500 g 35 X VIR 2,000 g i% 200°C
DAEy hT L —FTKIBRELEABZH WL, £, G, Kl L O
#HIX 0COBEREBET 72 M. KoBRELLbOZHWEZ, WTFh ol E
HE D 100 ml D USAHHE (KR oL 8 £ 55 mmX64 mm) % H v CHl
W L7e, BMAMEDEORE X, mMES L~ =v 2R (GEM40-
76; A a2 — A =T =T U YK, ER) 2HWIET O ~B AT b
2 A MY —IZRY S MECsERE LR,

Ay~ OE BRI, 4Cs 1L 604 keV &, P7Cs L 661 keV & L, TAEA-444
(Shakhashiro and Sansone, 2010) & TAEA-372 (Martin and Shakhashiro, 2010)

AIRERIEE L TCHWE, DRFPEIRLERFEFEFLEFZNRE 2 — (BER
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BAl& ) kB Lc, BBEECsBEL, RorstHErEons L oic, M
EHX 10,800 B, 1% 14,400 B, ¥ X OJRIE 10,800 B, MK X 36,000 7 @ |
ExEATo T, MHM CsIREIX ¥4Cs & BCs 2B Lcb D L LT,
3.2.1.5 BMAEAEECVL20BTICETIHEX

AL EELITIROBAECSRELAE . EEELIIREPDEHLEEALE
NOBHMECsEBEEHGRAEBOBHFE CsREELEMERE»OEH LZERL
et CsEEZb LI, TRORXICKVERIATLHFAME CsD ., EE X
R~OFBEELEZHEB LI,

SER (%) = H., BEELIROMHME Cs B(Bq/H) / HER LB M Cs &

(Bq/H) (1)
EOMBPYE Cs BEBIOCEOHEHENL»OREEBE LA-E£ L L CTHEHE SN S
M CsEEERLAEKFAME CsEN DS T2 DX (Howard ef al., 2009b) & AW T

FUHPE Cs @ AT o WA E 2 5 L7z,

AT ol FFEE =1 — (EE L CHEHINE M Cs &Bq/H)/ ERL
7~ W&t Cs &(Bq/B)) (2)

HOBMHMECSEERBI OB EHRBOMHMECSEBE CGEMERENNSHEE L
TEREIROBEMYE Cs ENOBITREBIVEBERZEH LA, SE S A~
DOBATHRE (Fm) X F i ® X (Ward eral., 1966; £ 5 ,1995) I kv EHL 7=,

Fm = FL O 4t Mt Cs i E (Bq/kg-fresh) / EHL L 7= ftH % Cs E(Bq/H)  (3)

Akt AL oEEL (CR) 1T, Tt ®®R O (Howard er al., 2009a) |2 L &
L 72,

CR = % O M Cs ¥ £ (Bq/kg-fresh) / f& B @ ik & M Cs #8 £ (Bq/kg-dry) (4)
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3.2.1.6 #EEARAT

T—FIFFEHELFERERETCRLE, 7 0 AR EBCES S BT E. &
B OB E O Z X Tukey D FIEIC IV BRE LA, 2 R FHEAOMBEITE T Y
COMBESEER W EBRBEOBIEZITR oo, AT, = 7 B A HE 2010
(ft2FERY—bv 2, HR) ZHAVHRE L, BRESUHURBOSZAEICHFREEN
bDHbOE R LI, £, BRE 0% RBOHEFEM AL b & Lo,
322 MM FEALTA PRERR (8 2RAR)

MPLFALT D2 I EVBEFORMBHAES 74 PXYVEMEEL LY OXRTE
(L REME) % 200 FRERSLSLIEMBETEALZ A4 S BEHME Cs o fFAE
MOI~NDBATICH T2 2B 2HRAT O2MBREL 20128 7H”H 98 15 H
» 39 B FEMm L7,
3.2.2.1  HEREA B

# o2 RBRICE T oMM BHIE, 2.2.1.1 KM EB & A U B A2 H W TS
CsIRENBME O EFAME (BRKESE,2012) O 1/2 DRE L 725 250 Bq/kg-
dry (50 Bq/kg (K3 EH E80%ME)) 2725 X HIc&FF L7 (Table 3-2),
I oA EIL., BE 30 kgWIH O~ D NEL, TDN 72 & N Z CP E R &
o9 X 91 TMRICHA® L 72 (NRC, 1988; NARO, 2006),
3.2.2.2 HMERBR., REBHER., ANEEY V2 RERE R X O #EHT

321 BIRBRICS SRS . ANVAZ A U BWHF 3 (EFHIKE 633143 kg,
EHER 3.051.0 FE, YoM %EA 18230 H) ZHW., & Fik, fWEHG
BEHERE LA FIEEZ, 3.2 B1IRAREEKEOFETEmML 2,

AREBRX LT, MbEML 2V BX (CONT2), 3,000nm UL T2 B L 72
KFEAEIFZA M (F /7 EFTTA b, Atte T2 bo UWF%ERT, ILE) 21 0 X
O FEmT10gRaHEE LZK (NZeol.0g) & 5 Wi NZeol.0g K & [A £ @ %
KT B4 T4 F1.0g% 100ml OEBZKIZENTROKEE L7CKX(NZeol00ml)
DIRKEZRE L, WM TEAL T4 PIREEVIFABHAEL 74 o 200 FLL
EHoD70,. 321 E1RBROEALATA P REEDO 12000 &E L, 1 IR TF
WM 1L AMEHMIBENOLRD3X3ITTUHKEIZLVEERRZ £t L
oo MK TFEA 74 F2HELAEXKTIE, | BERSEOMMTES T4 & ¥
ST o2BIZHaTCRAOKE LI,
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Table 3-2 Ingredients and chemical composition of total mixed
rations in experiment 2.

Ingredients (% dry)

Concentrate mix pellet 30.6
Oat hay 30.6
Alfalfa hay 28.6
Corn silage ” 9.4
Perennial ryegrass silage ” 0.8

Chemical composition

Dry matter (%) 76.3
Net energy lactation (Mcal/kg-dry) 1.45
Total digestible nutrients (% dry) 64.1
Crude protein (% dry) 15.3
NDFom® (% dry) 53.6
ADFom" (% dry) 30.3
Ether extract (% dry) 2.9
134137069 (Bg/ke-dry) 95
13705 (Bg/kg in 80% moisture content) 19

" Contained 36.5% corn grain, 20.2% soybean meal, 19.5% wheat bran, 18.0%
beet pulp, 3.2% molasses, 1.0% dicalcium phosphate, 1.0% salt, and 0.6%
calcium carbonate.

2) . . .. . . .
Radiocesium activity concentrations of corn silage and perennial ryegrass
silage were 15 Bq and 13,160 Bg/kg dry weight, respectively.

%) Neutral detergent fiber not assayed with a heat stable amylase and expressed
exclusive of residual ash.

Y Acid detergent fiber expressed exclusive of residual ash.
> Radiocesium activity concentration was calculated by summing P4Cs and

137
Cs.
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AEHER I, KB O oHr, KB H M Cs REWER L R AT, 3.2.1
FIRABRLEFAKOFETEmBLL, B, EB X WRITATERIEY & &5 8%
L7z, Mmoo mixiTh i oic,

323 HMEHBYAIA PERERR (B 3RR)

N—A L HNZBEBEBLTTITHHLE AT CRERALZERE T L2EBZ 20015
N—2 M THBRELEZEAL T4 (LT, MBEHELES T4 ) &8 1 AR
DEBEOEA T A NG Cs OFRB»PLA~OBITICHT 2 2B H®E

HRERAZ 2012F 11 A 1725 12H 26 8D 39 AMFEML =,
3.2.3.1 #HAFHE

F 3 ARBRICBITA2HEAERIT, 221010 A EREC L O ZHW TR M
CsIREDNFRBOE EFAEME (BKKESE,2012) © 1/2 DRRE L 7225 250 Bq/kg-
dry (50 Bq/kg (K E B E 80% M HE)) I272 5 X H IR M B 2#3% 3 L /- (Table
3-3), Z ot BIIX., BE 30 kgibFH D72 D NEL, TDN 7 & VI CP K
BAWmZT L5 TMRIZHFHAR L7 (NRC, 1988; NARO, 2006),

3.23.2 HERBR. REER. ARV L2RERESL L OB

421 BA4RBRICE EHE . ANV AT A WAL 3HE (FHIKE 647162 kg,
EHER 2010 E, F¥H %% A% 289134 H) 2 HWvic,

ARBREKELT MBEML ARV BIX (CONT3), MEHRBE S Z 4 F (BPE
74~ WO ER, HOtEE, RE#H) 2R HWT 100 g/ AEE LK
(BPZeol00g) AW ix 3.2.1 FE1ARBRTCHWEELT IS4 FE 100g&E LK
(Zeol00g) O 3XAZgkEL., 1 MAFMHM 11 B, AMEMIBENS LD 3 X
37T vAKEBICIVEERBREZER L, WEKRKBEAS 74 FBLXOEAL T
A M2EGLEXTEH,. 1BREEOESTZTA4 FE2¥ 5T 2D TMRICIESG L T2
Bz TH&E LI,

AEHER I, KB o oH, REto s Cs RERER X OFEFHMTIT. 3.2.1
BIRREABEOHFETEB L, B, EBLORITATERIEY £ 85
L7z, Mo mixiT oo osic,
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Table 3-3 Ingredients and chemical composition of total mixed
rations in experiment 3.

Ingredients (% dry)

Oat hay 34.8
Concentrate mix pellet " 28.3
Alfalfa hay 26.2
Corn silage ” 9.8
Perennial ryegrass silage & 0.9

Chemical composition

Dry matter (%) 67.6
Net energy lactation (Mcal/kg-dry) 1.45
Total digestible nutrients (% dry) 63.9
Crude protein (% dry) 13.3
NDFom” (% dry) 41.6
ADFom" (% dry) 27.0
Ether extract (% dry) 2.9
134137069) (Bg/ke-dry) 215

B34 137 0gY (Bg/kg in 80% moisture content) 43

Y Contained 36.5% corn grain, 20.2% soybean meal, 19.5% wheat bran, 18.0%
beet pulp, 3.2% molasses, 1.0% dicalcium phosphate, 1.0% salt, and 0.6%
calcium carbonate.

2) . . .. . . .
Radiocesium activity concentrations of corn silage and perennial ryegrass
silage were 15 Bq and 13,160 Bq/kg dry weight, respectively.

% Neutral detergent fiber not assayed with a heat stable amylase and expressed
exclusive of residual ash.

Y Acid detergent fiber expressed exclusive of residual ash.

5 . . . . . . 134
'Radiocesium activity concentration was calculated by summing **Cs and
137CS

27



3.3 R

33,1 EA 74 PRERR (B 1RR)
3.3.1.1 BAEEEIY Y LAOBAT

¥ 4311 B/ BOMHFAM CsHZFMEBI 2B L, BHAMECsITHE 1
HECHICBEBIT L, LOKRHFEME CsIREIZ, CONTI KIZBWT 3 HETRS
® 23.5Bq/kgfresh & 720 . T LB, 15 B#% £ T 20Bq/kgfresh & FE @ - fi ik
RECHRBE L, —FH. Zeo200g X TIEL 5 H#% THh KD 18.9 Bq/kg-fresh, Zeo400g
X TIiL7H% TRAD 18.6 Bq/kgfresh & 7200 . CONTI K & lb#z L T 20% & W
BELZRY, BRRMEIZET 2T 2-4HFEL Z2->7% (Figure 3-2),
3.3.1.2 #HEBAHORLT B X TILERS

L R Bt OB & F & L ¥y % Table 3-1 128 L 72, TMR @ #2 4 2 | TDN,
CP # X " NDFom Z&1X. Zh 4 73.0, 65.4, 16.0 B LV 51.6% Th - 7=,
TMR O O 1 Cs BB EE I 202 Bg/kg-dry. KB A E % 80% ICHE L -
B g PE Cs B EE 1L 40 Bq/kg TH - 7=,
3313 BA T4 FPEEVPWALFOLEERIIRIETER

fEEtOMGMERE, B4 74 FPERE, MK CGCERE. AT oWl
R HBBLOARS % Table 3-4 IR L7c, Bt O EYWBE R EIZ, CONTI X
Ze0200g X B L U Zeod00g KIZHB W T, T FHh 21.5. 20.4 5 L W 22.0 kg/ A
LRy FXMICETEORAR o, 1l BY VOB CsEMEIT, Y
4311 Bq &2, SXRMICETIR N oTc, AT OoEWIEALE X,
0,60 L7, HEXMICETR N o7, LEIT, ¥ 315 kg HE RV
SXMICETZRON o, A oIX. LWEH. L2 v "7 E ., BEERE ».
AMMBLOAPREERZROFREICS VT, FXBICETR O o7,
3.3.1.4 A T7A MREPUAFOBRNEE IV LIBITCRETRE

(1) &, R, AT 2LV YL DOIX
Z.OR,.ABLIOMBEO B CsRE, £, JRB L O THH S L BT
Cs®, BMLEBAMECsIcHT2E, RBELXOCAL~O B R, R ) Ols
PECs DWIAR ¥, B2 S H~DHBHM Cs @ Fm, CRIB X OR & A D M4
Cs et & D Ikt % Table 3-5 2" L 7=,
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Figure 3-2 Transfer of radiocesium in milk after the beginning of the experiment.
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Table 3-4 Intake, dry matter digestibility, and milk production of the cows in experiment 1.

Dietary treatment D (n=9)

0€

Item
CONTI1 Ze0200g Zeo0400g
Intake Dry matter intake (kg/day) 21.5  + 3.6 2 20.4 + 3.4 22.0 + 1.4
Zeolite intake (g/day) 0 200 400
B4137 0 intake (Bg/day) 4,348 £ 728 4,125 + 688 4,460 £ 279
Apparent absorption coefficient of dry matter 0.604 =+ 0.055 0.596 + 0.074 0.606 + 0.063
Milk yield (kg/day) 309 + 2.9 31.8 + 2.9 32.0 + 1.8
Milk composition Fat (%) 3.82 + 0.32 3.71 + 0.30 3.85 + 0.13
Protein (%) 3.18 + 0.20 2.95 + 0.02 3.02 + 0.18
Solids-not-fat (%) 843 =+ 0.12 8.37 + 0.32 8.32 + 0.31
Lactose (%) 425 + 0.26 4.42 + 0.30 4.30 + 0.14
Urea nitrogen (mg/100ml) 891 <+ 0.80 10.37 + 2.74 9.87 + 2.97

D Dietary treatment: CONT1 = free access to the total mixed rations without zeolite; Zeo200g = free access to the total mixed rations with 200g of Zeolite;
Ze0400g = free access to the total mixed rations with 400g of zeolite.

% Standard deviation.
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Table 3-5 Radiocesium activity concentration, excretion of radiocesium, proportion of radiocesium to ingested
radiocesium, apparent absorption coefficient of radiocesium, transfer coefficient of radiocesium from feed to milk,
concentration ratio, and ratio of radiocesium in milk to radiocesium in urine of cows in experiment 1.

Dietarv treatment " (n = 9)

Item

CONT1 Ze0200g Ze0400g

Radiocesium activitv concentration 2 (Ba/ke-fresh)

Feces 67.6 + 20 9 63.3 + 13.3 46.6 + 6.9

Urine 729 & % 3.1 4.7 v £ 17.7 494 v £ 12.8

Milk 147 * + 4.0 65 b° =+ 2.0 6.7 b® <+ 0.8

Blood LT.D.(<2.1)? LT.D.(<1.8) L.T.D.(<2.0)
Excretion of radiocesium (Bqg/day)

Feces 4,347 + 1,217 3,696 + 654 2,884 + 265

Urine 1,725 a4+ 291 873 b+ 287 1,139 a % 403

Milk 460 G L 97 205 b+ 83 212 b+ 22
Proportion of radiocesium to ingested radiocesium (%)

Feces 98.8 + 13.6 91.0 + 19.4 64.6 + 2.2

Urine 40.0 & &£ 5.5 223 b 4+ 10.1 260 b  + 11.0

Milk 10.8 A £ 2.6 49 B 4 1.2 48 B 4+ 0.3
Apparent absorption coefficient of radiocesium

0.012 + 0.136 0.090 + 0.194 0.354 + 0.022

Transfer coefficient of radiocesium from feed to milk (Fm : day/kg)

Fmx 107 346 A+ 1.03 1.56 B+ 0.23 1.50 B+ 0.16
Concentration ratio (CR)

CR x 107 728 A+ 1.98 323 B+ 0.98 330 B+ 0.40
Ratio of radiocesium in milk to radiocesium in urine

Milk / Urine 0.28 + 0.09 0.29 = 0.23 0.20 = 0.08

% Means in a row with different superscript differ significantly (P < 0.05).
AB. Means in a row with different superscript differ significantly (P < 0.10).

E Dietary treatment: CONT1 = free access to the total mixed rations without zeolite; Zeo200g = free access to the total mixed rations with 200g of
Zeolite; Zeo400g = free access to the total mixed rations with 400g of zeolite.

? Radiocesium activity concentration was calculated by summing B4Cs and Cs.

¥ Standard deviation.

# Less than detectable (< detection limit).



BOMPANE CsIREB L OETHE SN HAE CsEBIX, FRBICEITRD
NI o Tz M Cs DFE A~ D4 BELE X, CONTI X ,Zeo200g XI5 KX U Zeod400g
KTZHZ4 98.8, 91.0 BL W 64.6% &V FEXMEICETR SN Do 72D,
EXICBTLO2HAMECSOEDOSERIZIEA T A FNEREE ORMICADOHEE (r
= —0.76,P<0.01) A Sh 7 (Figure 3-3), R} O RINIRE X, & KHIC
EZIFXRAbOR ol

JROBE % Cs B E X, CONTI X, Zeo200g K E L U Zeod00g K IZ B W T,
ZTINEI 72.9.44.78 L O 49.4 Bq/kgfresh & 72 U ,CONTI1 X & [b# L T Zeo200g
X3 KO Zeod00g KIZHB W TH A L7 (P<0.05), IR THEH S s Cs &
T, CONTI X, Zeo200g X I L ' Zeod00g KIZHB W T, TN Fh 1,725, 873 B
KOV 1,139Bq/H & 720 [ Zeo200g K iFfth @ 2 X & thdg L THA L7 (P<0.05),
PR~® 5B X, CONTI X, Zeo200g X B L WY Zeod00g KIZHB W T, ThZETh
40.0,22.3 B8 L1 26.0% & 720 _CONTI1 X & kbl L T Zeo200g X ¥ KX ' Zeod00g
KIZBWTH A L (P <0.05), FXICETDHHME Cs DR ERITE A
FAMTERELOMICADHEBE (r= —0.53,P<0.01) RSN (Figure 3-
3

O CsIBEIX, CONTI X, Zeo200g XK X O Zeod00g K IZ B W T,
ZTHNEA 14.7,6.5 8 X O 6.7Bq/kgfresh & 720 CONT1 X & th# L T Zeo200g
X B LW Zeod00g KIZBWTHE A L7 (P <0.05), AOMHM CsBEIL, #
BLOROKFME CsIRE & OMICIEDOHBE (r =0.37, P <0.05;r=0.50, P <
0.01) WAL, LTHHINHHME Cs EIX, CONT1 X, Zeo200g XK X
O Zeod00g KIZHB W T, £ FH 460, 2058 L W 212Bq/ B & 720 [ CONTI K
L L T Zeo200g X B XN Zeod00g X iIZHBWTH A L7 (P <0.05), #H~
Doy BL R IX . CONTI K | Zeo200g X B L Y Zeod00g X IZHB W T, ENE 1 10.8,
49 B LV 48% &L 720, CONTI K &I L T Zeo200g K & K U Zeod400g X IZ
BWTEAT2EmRAR o (P<0.10), FXICBT D2HHME Cs DA DS
RIEA T4 FERELE OMICADOHEBM (r= —0.78, P <0.01) "R LN
(Figure 3-3),
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(2) RIRSh7ZBERNEEY Y ADOHA~DBAT

Fm I, CONTI X, Zeo200g KB K U Zeod00g KIZB W T, ThEh 3.46 %
103, 1.56 X103 LV 1.50X103 & 720 CONTI X LLh#g L T Zeo200g XK B XL
O Zeod00g KIZHBWT 55—56% WP T 2mn R o/ (P<0.10) (Table 3-
5, FXICHIT D Fmix, EA 74 T EREBELAOMEBE (r= —0.77, P <0.01)
DR LN, A CHHINTEAAE CsEER THEHINTE M. Cs ED iX
PAI7AA MERBORELZ T T, ¥ 025 £ o7 (Table 3-5), ¥ X To»
kRl WT, M Cs PRBLUOATHRE S e, MEP O ME Cs
B E X, Cooper @K (Cooper 1970) I KX » TEHHE SN 1.8—2.1 Bq/kg® i
RAMEZ TR Y, BHERREKRRE 2o 70,

CR (X, CONTI X, Ze0200g X ¥ L U Zeod00g XIZEB W T, L h 7.28X
102, 3.23X 1028 KL WM 3.30X102& 729, CONTI X & H# L T Zeo200g K X
O Zeod00g KIZHBWT 3% T HrMMm2n R ohiz (P<0.10) (Table 3-5)
3.3.2 MK FELTIA PERERR (B 2RAR)
3.3.2.1 HRABAHORDT B L ILERS

AL O & E & &b ¥R o % Table 3-2 17" L 72, TMR @ .4 % | TDN,
CP B X O NDFom & &(X. ThZh 76.3, 64.1, 153 B LW 53.6% Th o 7=,
TMR O 8% Cs & E (X 95 Bq/kg-dry, K7 & HFE % 80% T HH L 7= ik 4 Cs
BEIX 19Bq/ kg ThH - 72,

3322 BMREFEAIA MNEREVWALFOEERIIRET R

fEtOYERE, MAATFEL 74 FTERE, A CSERE, LEL LV
LA 5y % Table 3-6 12k L7z, WM EIX, CONT2 X, NZeol.0g K L O
NZeol00ml KIZHB W T, ¥¥ 17.2kg/BH & 720, FEXBICEIR LR 20 o7,
1 BYS7-200oME M CcsE\REIX, ¥#¥ 1,634 Bqg e, FXMBIZEFTA LN
ehoto, WEIF, FH271kg BHERD EXBICEFTRALONR Do T0, HRK
Sk BEM, 2B BREEES, ARBLIUOCAPTRIEROFZREICLE
WT, EXMICEZTRAON 5T,
3.3.2.3 MR FELTITA I REBPAL~OKERNEEIVLABITIRETER

OB CsiE, LA THEINTCASME Cs &, BIL KBS M Cs 12X
T OO Cs DB E, Fm ¥ X OV CR % Table 3-7T 2R L 7=,
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Table 3-6 Intake and milk production of the cows in experiment 2.

Dietary treatment (n=9)

Item
CONT2 NZeol.Og NZeol00ml
Intake Dry matter (kg/day) 172 =+ 3.4 2 17.2 + 0.9 17.3 + 2.8
Finely divided zeolite intake (g/day) 0.0 1.0 1.0
13413705 intake (Bq/day) 1,633 £ 325 1,630 + 87 1,640 £ 266
Milk yield (kg/day) 27.6 * 3.7 27.0 + 4.9 26.9 + 5.0
Milk composition Fat (%) 3.96 + 0.27 3.8 + 0.26 4.00 <+ 0.39
Protein (%) 3.15 + 0.03 3.17 + 0.15 3.12 + 0.32
Solids-not-fat (%) 8.58 + 0.13 8.54 % 0.18 845 & 0.21
Lactose (%) 443 + 0.10 437 % 0.14 432 £ 0.35
Urea nitrogen (mg/100ml) 8.70 + 4.79 8.25 +£ 3.63 9.35 & 291

. Dietary treatment: CONT2 = free access to the total mixed rations without zeolite; NZeo1.0g = free access to the total mixed rations with oral
administration of 1.0g of finely divided zeolite; NZeo100ml = free access to the total mixed rations with oral administration of 100 ml of water

containing 1.0g of finely divided zeolite.

% Standard deviation.



9¢

Table 3-7 Radiocesium activity concentration in milk, excretion of radiocesium in milk,

proportion of radiocesium to ingested radiocesium in milk and transfer coefficient of
radiocesium from feed to milk, and concentration ratio of cows in experiment 2.

Dietary treatment (n=9)

Item
CONT?2 NZeol.0g NZeo100ml

Radiocesium activity concentration 2) (Bg/kg-fresh)

Milk 64 & &+ 20 9 50 b+ 1.7 6.0 * £ 0.3
Excretion of radiocesium (Bq/day)

Milk 180 At 51 143 Bt 51 174 At 19
Proportion of radiocesium to ingested radiocesium (%)

Milk 11.2 & + 3.5 87 b+ 2.9 10.7 @ =+ 0.7
Transfer coefficient of radiocesium from feed to milk (Fm : day/kg)

Fm x 107 4.04 ® + 1.59 3.0 b £ 1.04 375 * & 0.71
Concentration ratio (CR)

CR x 1072 6.73 * + 2.12 533 b+ 1.83 6.35 * & 0.29

**: Means in a row with different superscript differ significantly (P < 0.05).
8. Means in a row with different superscript differ significantly (P < 0.10).

1)Dietary treatment: CONT2 = free access to the total mixed rations without zeolite; NZeo1.0g = free access to the
total mixed rations with oral administration of 1.0g of finely divided zeolite; NZeo100ml = free access to the total
mixed rations with oral administration of 100ml of water containing 1.0g of finely divided zeolite.

2 . . .. . - 134 137
' Radiocesium activity concentration was calculated by summing **Cs and "'Cs.

3 Standard deviation.



HOKEME Cs IRBEIX, CONT2 K, NZeol.0g K H £ " NZeol00ml X (2 F \»
T, ZnZh 6.4, 5.0 8L 6.0 Bg/kg-fresh & 72D, CONT2 K & s L C
NZeol.0g KIZHB W T A L7z (P<0.05),

FLCHEH S = s Cs EiX. CONT2 K, NZeol.0g K& L W NZeol00ml K
BWT, i 180, 143 B L 174 Bq/H £ 72V | CONT2 K & fh# L C
NZeol.0g KIZEBWTHA T HMEmMA A b7 (P<0.10), FH~D5mBR 1L,
CONT2 X, NZeol.0g X I X TN NZeol00ml KiIZEB W T, N EF 4 11.2, 8.7k &
W10.7% & 72 » _CONT2 X & tt#: L T NZeol.0gRIZB W T L7=(P<0.05),
FERICBTOHHPAECSODA~DHEFIIFmBLPCR EFEWHEBEA®ZR S LK
(r=10.89, P<0.0l;r=0.93, P<001), £/, AOBHMECsRELS LT THLD
Bt E CsHEH E S mWMABEMAR OGN (r=093,P<0.01;r=0.85P<0.01),

Fm /X, CONT2 X, NZeol.0g X3 L " NZeol00ml KIZHB W T, LI E I 4.04
X103, 3.09X103 8 KXW 3.75X103 & 720, CONT2 X & th# L T NZeol.0g X
ZBWT 2% WA Lz (P<0.05) (Table 3-8), EXIZHB T D Fm T ~D %
HELIPCREGWVWHEBE™NR S (r=0.89,P<0.0l;r=0.91,P<0.01),
Flo, AoBFAECSRELEGWVWHABEARA S (r=0.91,P<0.01),

CR X, CONT2 X, NZeol.0g X £ I8 NZeol00Oml KIZHE W T, TN LN 6.73
X102, 5.33X102F8 X 6.35X102 & 7200, CONT2 X & l# L T NZeol.0g X
2B W T 28% A L7z (P<0.05 (Table 3-8), £#XIZK %5 CR X Fm B L
O ~OEREFmWNVEBENZRONZ (r=10.90,P<0.0l;r=0.93,P<0.01),
¥, AoBHME CsHFEELESVWHEREIR S (r=0.82,P<0.01),

333 HEHAELYA A FERERR (B 3HRR)
3.3.3.1 #HABROKST B X CILERS

R ORAE A L LFE Y % Table 3-312/R L 72, TMR ® ## %  TDN,
CP # X " NDFom & &(X., £ £ 4 67.6, 63.9, 13.3 B LW 41.6% ThH - =,
TMR O g4t Cs R E 1L 215 Bq/kg-dry, KO0 & H &% 80% I HE L 7= it& vk
Cs B E X 43 Bq/kg TH » 7=,

3.3.32 MEHBYAITAPELREATIA NREPWAFOLEERHICRIT
TEER
Bt O YBRE, MIEHBYA 74 bER 3L T4 FOBERE, RHH
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Table 3-8 Intake and milk production of cows in experiment 3.

Dietary treatment (n=9)

Item
CONT3 BPZeo100g Ze0100g
Intake Dry matter (kg/day) 18.8 + 1.6 2 18.2 + 1.6 18.8 + 2.7
Zeolite intake (g/day) 0 100 100
3413705 intake (Bg/day) 4,030 + 340 3,914 + 347 4,030 + 584
Milk yield (kg/day) 23.7 =+ 5.0 23.3 + 5.3 23.6 + 4.3
Milk composition Fat (%) 4.99 =+ 1.07 484 £ 0.92 476 + 0.98
Protein (%) 4.18 =+ 0.50 417 = 0.52 421 + 0.62
Solids-not-fat (%) 9.39 + 0.33 936 =+ 0.47 9.41 + 0.43
Lactose (%) 422 + 0.42 419 = 0.49 420 + 0.38
Urea nitrogen (mg/100ml) 6.88 + 2.54 721 £ 1.98 6.82 + 1.64

Y Dietary treatment: CONT3 = free access to the total mixed rations without zeolite; BPZeo100g = free access to the total mixed rations with 100g of
zeolite coated with palm oil; Zeo100g = free access to the total mixed rations with 100g of zeolite.

? Standard deviation.



CsEME AEBLIVOAKS % Table 3-8 12" L7z, W ETRE T CONT3 X,
BPZeol100g KX £ ¥ Zeol00g KIZTHB W T, TN FHh 18.8, 18.2 B L O 18.8 kg/
HeERY  EXMBICETIROALRLoTc, 1HHTLY OBHFME CsEBEREIL, F
¥] 3991 Bq £ 720, HEXMBICEITIR N o7, AEIX. ¥ 23.5kg & 72
D, EXMICEFTRON oo, AT, WEM., L2 "2 EH, EREE
o, AMBLIOATREIEZOZFREICEVW T, EXBICETRLLLR -
72

3.3.3.3 ME#HBEYLIIA MBIV ELT IS P EEPWALFO KRN ER YV
ABITCRETEE

OB CsiRE, LTHH I hHME Cs &, EHRLLKHFE Cs iTxt
TOHHANHEHME Cs DB FE, FmEB X OV CR % Table 3-9 2R L 72,

HOBHME Cs R E X, CONT3 X ,BPZeol00g XK & L O Zeol00g K IZ BT,
FNEI 154, 13.2 B8 L O 13.2 Bq/kg-fresh & 720 | £ XBICZEZITAR O e »
> 7= (Table 3-9),

FLCHEH S 72 B Cs 1d. CONT3 X, BPZeol00g X3 & OV Zeol00g X IZ
BWT, TN 362, 30l BXW310Bg/H ER o7, EXBICEITR L
ol I YE CsDEH~D B E T . CONT3 X ,BPZeol00g X ¥ X U Zeol100g
KIZBWT, ZRAZEh 9.0, 7.8 BLIV 78% & -7, #XKMIZEITR G
inole, BERICBTHHMHME CsOA~OHERITAEEHEN AL (r
=0.52, P <0.05),

Fm /X, CONT3 X, BPZeol00g X ¥ X W Zeol00g X IZHB W T, £ F 4 3.86
X103, 3.39X103 B KW 3.36X10% &Rho7en, FEXMICEITALN R No T
(Table 3-9) 2, HEXIZCHBT L2 FmTALEBLIOHEFNECSERELESVAD
HEA®AE G (r= —0.59,P<0.0l;r= —0.85, P<0.01),

CR IZ, CONT3 X, BPZeol00g K& L U Zeol00g KIZH W T, ThZEh 7.19
X102, 6.14X102 8B LW 6.16X102 &>, FERBICETARLN R -T2
(Table 3-9) 28, EXICHBITDL2 CRITFm EmWHEENAE SN (r=0.84, P<

0.01),
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Table 3-9 Radiocesium activity concentration in milk, excretion of radiocesium in milk,
proportion of radiocesium to ingested radiocesium in milk and transfer coefficient of
radiocesium from feed to milk, and concentration ratio of cows in experiment 3.

Ttem Dietary treatment') (n = 9)

0¥

CONT3 BPZeo0100g Zeo100g

Radiocesium activity concentration > (Bg/kg)

Milk 15.4 + 1.0 ¥ 13.2 + 0.9 13.2 + 1.1
Excretion of radiocesium (Bg/day)

Milk 362 + 65 301 + 49 310 + 46
Proportion of radiocesium to ingested radiocesium (%)

Milk 9.0 + 1.6 7.8 + 0.8 7.8 + 1.3
Transfer coefficient of radiocesium from feed to milk (Fm : day/kg)

Fm x 107 3.86 + 0.59 3.39 + 0.44 3.36 + 0.83
Concentration ratio (CR)

CR x 107 7.19  + 0.49 6.14 + 0.40 6.16 =+ 0.52

D Dietary treatment: CONT3 = free access to the total mixed rations without zeolite; BPZeo100g = free access to the
total mixed rations with 100g of zeolite coated with palm oil; Zeo100g = free access to the total mixed rations with
100g of zeolite.

2 g 5 o g g .
? Radiocesium activity concentration was calculated by summing ¥4Cs and "Cs.

¥ Standard deviation.



3.4 EZE

341 L~OBHEEET VLABITCRETER

FEIRBROLOEIHBROEST T A P EZH VAR WK TIE, 1,633— 4,348 Bq/A @
BH M Cs # BRI 5 &, A0 MM CsiX 6.4—15.4 Bg/kg-fresh 1272 Y | Fm IZ
3.46X103—4.04 X103 O Fi & 72 -7 (Table 3-5, Table 3-7, Table 3-9),
I OfEIE, EEEF B (IAEA,2010) O /RT3 O Fm O K /MME 6.6 X 10"
fURKIE 6.8X102 DM THY . FHE 4.6X103 ICHWVELE -, Th

WCERNOHEG THRE N TWVWD 100Bg/H RO KM CsaBRLAE L X
O ¥l (Aii et al., 1990; BHEE &, 1994; =15, 1996) O#HENThH -7, T
D D B Cs R E S EFFAM (500 Ba/kg-dry) il ok A L
TRERLESGE . FmICH T 2HHECCEREOEE I VPRV O LHES
iz,
342 BAITAMBREXHEAKE LSV LABITIRETREER
3421 BAI7A4A FPOBRNMEEI TV LORE

siFH VUL ERERLELTATYVERICBL, EREBY COERNTIERIZ, VU D
LA FEBIRERFEHICRKE I N TS (WK BH,1998), Cs B EAF T A

FNEKWICKBRPICHFET D EELTANDBELOREST ANV ERA AV %
L, BV AL A A RBIBEM A E W Cs L RBT 252 LT, FKFICFE
THHIV ALY LRI Cs 2RAET L EHEML TWVWD (Nikolai, 1995),
CORMEEFHLTES T A FEEGICL 8B O BRI Cs OKANTI 2 5
T HHMEIX. M AT B W TIE Birgitta et al. (1990), B Y VI B W TIX
Phillippo et al. (1988) 23 ZEFE L TW 5%,

B 1R TIT., MM Cs BE M 500 Bg/kg-dry A T 4,000 Bq/H O &
Cs R L7EA. MHME Cs2&T TMRIZ 200g/H 721X 400 g/HEDOE A F
A P2RELTCWAFICEHRERESEL L  ROBKFECSBENKBRL., b
T, AOBHFHME CsIREDNBD T 2Bm B354, Fm & CRIZIE T3 2 1
DR LN, MH (2012) 1Z, BAF T4 L% 400 g/ HERIFELHEIZTROK
HECSIRENMMBL, EFLOALOBMFHME CSREICERITRON N0 &
HELTWD, 202 ENH . 200g/ALEDEF T A M 2EELIESEE OKSH
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PECs LG o B RITEW & Bbhi,

B2RB I, A M Cs 2 & T TMR IZ 3,000 nm LA F I # L., bR mE A
200 (5L EHEIN LWL FEA 74 M 10g/BZ WA ITROEST DL HAO
BOHME CsIRBENEB L, Fm & CRIFIE T LA, 2o Z X, RFENDHI W
LRV KBHRPTICABTAHAET, VA CHNICIEBR L CHEE T LA
CVRWHEEBHEECTIFHBELME~MHLCELE L THEHLELD EEX DN,
L. BEREnheEA T4 POoLREEIIABRHEEASZ 4 Fo 200 FU EH
St tHEEINAN. B 1L RBRLIVIL~O KA Cs MILIHI 2 R ITED» - 72,
IOoZ L, MRTFESTA PCHT 2B EREOKIT 1 22,600 &7 25 2
EMLD W TFEATA MR AL =X U REICIEBT 203z EE &8RNV <.
Bl ST, Cs 2B 2ENCDRMICRAET D LR TE R
Sl LRI,

B3R TIT, A CsE2ET TMRIZ 100 g/HOE A Z A4 FF721% 100 g/
FOMBHBLEA 74 F2RAL TRWAFCEHARAEIELHG AT, Lo ks
HCsRESCHEEICEZETIRON LT, ZOZ &I1F, 100g/BHOEAF T A4 b
EEDNHBHEME Cs oOMRMEICHIRBL LM ERB LV Dol B 2L
i, £7. BPZeol00g KIZCBITF DA T A FDOHRICTHOWVT CONT3 X & %
WEN S Z X, THHMLE CHBEHKBEN M EFZ7 4 P& LTRHAT
EhrolmBBERLDL EEZONTL, DWW, MEREBEN DI NEALZ
A FPELTHATMETH L ELTH, =X L& TEHBEE TOWRZERMN
B0  WENBRHBHECSHEDNTCE ol B2, A6
(2018) 1% THEME Cs AR L T B RN RE B ME R kb LR BT
CsZBERVEB LEFTA PE2ERELEN, EBIOROBHME Cs O HFH
BERWEARPoRLZIEEHREL TS, 2O NG, WAFIZTEBWNTIE, T
MHELE COBBECs DWW, BRINEZ T 2 /REEIIERN EHEZ I,

Iz enb, AOKHEMNE Cs BRELALICL2EHEZRMICHD &
FHDITIE, 200/ EDOEAT A . £0F, 1.0g/BU LMK T €4
TAMNOBERENVLELRD | BEME Cs MEALRDLIEA T A4 MIZIT#EERE
EESCHREE LD 2 E RN HEEI T,

WE - MET — % ~N—2 (NIMS, 2012) Tlx, BHME CsORFICHZ RS
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TA MO FHEEIT—ETIEHRLS, EMCMHEKICE s TRBERADICEN DV
WMAEBBE T 2HHME Cs ORESCBEEIZL > TREERIELT 52 &R
REN TS, AFERICBNT, B1RBRTIZ, B4 74 b% 200 g/B £
400 g/B¥EBIC LY, AOBKHFEME CsIRE ., Fm ¥ LY CR 2% CONTI X & il L
TS55%UERDLEZ SR, FRHLAEEA T A MICTHHME Cs WAER T & HIL
BENOBMMEENEEL,. PO . 5 LEEFT7A4 FEIZH L THHEME CsERE
MWHlaholcZ &b, BT A4 MMM C 2FFRRIMAETERLLD L
Ezohilz, . B2R BT, MR TEA T4 %2 1.0 g/BEST D L&
kv, AoBFEMH CsRBEFLS XV Fm 1T CONT2 X & e L T 22% 8L R A,
CRIZOWTIT 28%LLEHA L, TP M R LIV HHEREHEITR
EL D, MAMH CsZ2RERRIMBFBLELEI ERFIBINT, o, BHME Cs

ODRMEIZITIEF A FNODFERNLRUEREBESLOCERGERNDL L ERHEEIN
e EHIC, E3RBCIIMEBEHEEL LT 4 F 100 g/B, T1T, AT A4 b
100 g/ HEEICLYD, ADOHFECsRENBDY LahoZ i, BERLEK
HFHCsEBIIHLTEELLEEAZAA VERXR DR EE LN,

B1IRBR-FB3IHABROBERL»O B 74 V2R WAREWEE ., @ oK%
CsIRED D W ITHFME Cs BEREN DA< D A0 KM Cs BEIZKT T
L0, FmIZZE Lo W ER TR I N, KPR CTHRELZEE OB ME Cs
RELLDWVWIEIHFAE CCERBOHEHBICE VW TIZ . EAX 74 FE2HVWARWEES,
o HEME Cs B E %2 10 Bg/kg-fresh RifilZ T 572 DI %, @k o KM Cs B
J£ 1% 100 Bq/kg-dry K. & 2 WX, HHME Cs BREIX 1,600 Bq/H Kili T 5
VLENbD ENHEREINTL, B1IARTIE, B4 74 FoEEIZELY Fm ITKE
TTaZemmsanclcd, OB Cs B E % 10 Bq/kg-fresh K 12§ 5 72
WAZ I, B O A E Cs B E X 200 Bg/kg-dry Rili. & 5 Wik, HBHME Cs #
MEIT 3,600 By BERECHHIMLERND D EHEINT, L, M Cs &
&N 3,600 B/ALLEOSHE, E4AT7 A4 M 2HELTCHLAOBHANE CsRE S
10 Bq/kg-fresh Rim 2 T2 L3 L W2 BRI N,
3422 BAI7A POHLLETCOBX

NS (1998) 1E. Ty MMERNIZEBIT 2D Cs iz id, EEIEMAE Tl IC R IR
Shic Cs PTHHEELEICBWTOWBSBIOBRIND BE -—BEY A2
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L] EW O REBEBEAD 2 LHEMLTWD, &5, BHHEME CsBTEAZ VI
Cs DIERNIT BT H2TUMEI D A B =X 50F, = OB CHREME Cs & H
NIGEBENS O CsHBRMEZMETL2 2 LIk, EHF~OKHEME CsDHEHZ
MEFT2bDOEHEMLTND, ZhboZ b, BF 74 MIv U EHEEN
CEWTHHME CsEZWET D52 & THHEMECsOEILEN LMK ~DRI B X
OBEENPOLOFBRIRAEME T2 LICLY ABLOR~OBITHIME S 4,
Bt Cs ZMELELEATA P ERCEIHEH T I O LRI, L
L, AFEICENTIE., F1RRBRICBWT, P4 T4 b% 200 g/H £ 7213 400
gAEELELE BEREXBOEOKHFME CsIREICEITRLONT | M Cs
DE~NOHFLHAEM S 2BmMITEA N2/, ThiT, BESNTLEEAF T A

FAAL— A FERIITFTHMBELEENICEETY, ERICHENESA Ao EZD
., WELEEA T A PP ELLICHHINDITIEFHRZEST L2 L AH#HN S
nic, e E0BHAE CshH ol oRXBNEOHEHEL LKL ThR o
e, BEEN, RELCAEBE LIV DL 2-3 0ol LI X 0, ¥ Cs
MEDLLDDORBICETHAREDIT O DENKEL D MERBKHFME Cs 2
RHETE ol AlEEENRE X LT,

BIRBR T LTI SN HEE Cs & Fm ZEA T A4 MESIC X 0 ED
ToHOMEm A Roner, RICHEEHIATLKAYE Cs At s Egolk
IHRNEBICEITIA LN T ¥ 0.25 Th 72, Arnaud et al. (1988) L. % &
JROBE M CsHEH & D T, 7 &2 92,700 Bq/H O & Cs 2 & LB 2 6
B &E#, 184 kg/ HOFHAELLLIFIZEY 025 Tholo & HEL T D, TN
SNTEHHECSORBEPIAL~OBITIZ A OBRFE CsIREICEEINT
HIEELO RN IS NTZHHE Cs 0O —EFEHEPAICBITT2EE 200, Hik
ENDOWRMIL ENT BTN Cs DA ~DOBITZMH T 22 3EELVWEZS IO
oo LT, HBIELERNTES A N2 EDHHME CsTAFA DKM Cs 2 RE
L., BMHMECsZ2RMMHl s+ 22 LT, AOBMHMECSIREZBD S ELEH
BN o R FiETodD Z ERHEEINT,

343 A IAMREDAUOEERIRETEERE

A 74 M., BOOROBA AT EMOBA 4258y ok (44

KR BLOWMMAREEICLIZoAREIY REAS T 2EB I E 20
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Wi (D T550VHE) 2852 LT, 7y T=v A4 AEME 2 HiR
T O M2 A T 5 (Mumpton, 1999), TOHRMEEZFAH LT, 474 V2 K&
ODEFEEBHICHERMLTEET 22 LICED ., HILEBRELEHEEB D EOM E, BF o R
EBLIOHEOMWOBRREDEND 5 & HE S TV D (Mumpton, 1999), #H 4
BT, ARIKRCTEALFIC 700 g/ HOBA T A b E2fAEICEHEMNT S 2 &
SMET 2 BB O EDREIIRD T 20, AE. ABEVES IO Z v X7
BERBICEEBIIRLNZRWE HE SN TW5 (Thilsing-Hansen ez al., 2002) , £ 72 |
RN £ dh 22 2288 B3 (EFSA, 2007) X, LB O UV R 7&K DO DI 500 ¢/H L E
DA TA MEREELLEEZICEMEDREIXR S 2R, 250 g/ BOEAF 7 14 &
Bix, HEDRE, MIBOIX T VIRE, AAEAEEBLIOAKDICEEL 5 2
MWEEERHLTWS, —hH, XU NTA MRS TS MR EO LW, K
CEHELEBIZAEROIXTINVEREL, IXTNAVBEORR LR D Z &N
RIB XN TWD (Giese, 1989), T DO Z &b, 500g/BRMBOYA T A4 b o fA
BE~olmiz, AFoumEDRE, AAEAEEBS IO IR ETEZEIT /NS
Wbhb o LEINT, RKFRIZCBTH EATZA FESGEITTHEZD 1.0 g—
400 g Thole Z b Y EDRE, AAEE B LA S ICRIT LR EIX
Rond, AT oOuMEILRER~OEZB LA N EB XN,
Katsoulos er al. (2005) 3. REMEGZHTIC 1.25% —2.5%DEF T A &
WLl oOWHFE~D 1 FENEGIIMERETICEELR N EEML TV
L. Flo o ERE (2002) X, WHAFIZKHLT200g/BOEA T A N % 2 4
AM#EESELTYH, AWAEEE, AROBLOMBERDPICEELERITI WV L IEH
LTW2, ZhboZl b, E4A794 M2 1 EREOWAHMICHEEL T
AFEOREMFFOCALAEAERICKRETTIEZEEI IV D EHEEINL, L L,
BMEHE -REERCHREINTCHFEZED 5 H BICs T ¥ M 2 30 F &L B
&, BEXOHHEMN Cs ICHERINTEEBM B IO ZO DD LEHEA TH D7
DICHREEEDIEMICESZEDREEESNTWD, LD - T, BHMHE Csizis
LInlcsicks T, BREAEBHICE AT OMBEHRRTIT, HHFME CsORE
AR ETL2EATA FoREHMMEIT, A0 ELAENMBEEFICR DL Z L
MNEZDLN, SBIIALFOTA TV A I NICAEDELEEAL TS VOEHEED

HRBIZOVWTOBMMNLELRD,
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Ba4BE FIATVTUITINV—EGFEBECLIWALFIBIT I ~D K
v A BT
4.1 #¥%=

1986 FDF =)V /) 7T A VIR F HREEH FHIZ BT 2 BN O K& I k5K
HHECsOFERIZH LT, BRERER DL OBRESBITMH T2 LT, €
748, XRUMFAN, XA=IFaTAMNREDK LTS T VT TV
— (PB) 72 Uik x &M A MEt Shic (Unsworthetal., 1989), & FEM O A FEIC
BONTIH, B THEML PBIIWHLEANTER I EBHHFAMECSERE L, ZFED
HALE 22 b B Cs 2 LK+ 2 72 I HW 5 71 T & 72 (Arnaud et al., 1988;
Giese, 1989; Unsworth et al., 1989; Trckova ef al., 2004), Z O W TH | {5 1E
MG nH>E=a A NThHD PBIX. A CsOFERERMNEEDRIBFB O 5L TW
% (Voigt, 1993), PB IX., —fRMIICITZ~F T > 7 /7 SWIE & X T 5 g5
+ O gtk (Figure 4-1) THV, FEAEHBOBHE L LT -—KROUICAHIATE
D, HMHMECsERBRWICME T 58285 (Giese, 1988), —FH ., B4 7 A
22O EHEWIT, £ LIE@RED PB LT 2L, FBOEREA
T EELEHEBR»S CsAFE2ZWMELE>ELTbMMOT AT ERA AV
MEICHEFELTLEW, Cs A A 0OWMFE L2 D E SN D (Parab and
Sudersanan, 2010), Z DOMHEMNDL, CsA A 2R RICTET 5 PB L ITRAR
D W EIEIT, FE RS LEBICERKOI XTI L EZRAEL, I X7 LHEK
DIRK L7222 LRI TWD (Giese, 1989, 1989; Jacob er al., 2001;
Trckovaetal.,2004), 72, FBE3IETII, X T4 PO MHME Cs B E %K
TSN, BEEINTEEF 74 NI WHAEERNICEETY ., EP 0 a2z
ST ERIN, KN TOBRMEREBE LIS T 572010 1F, W& S iz s
SIEEFICHESLPICHE I ILERN D EHE I, PB XM LML
WML THXBEOHLLBE LB W TLERRERTCHLIXTINVEREE T, K%
Cs 2 #HPICHBET2AREENSD 22 BHHE CsOBRBEA TH D &5 %
bz,

COXIWPBIXCsICHEMNDTMERZFZT ENLL, E FLRERBFIZBWTK
S Cs AR . BrREAlI (Padiogardase; HA X V7 4 ¥y 7 2AHA S, &
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General crystallographic picture D

Adsorption
or desorption
of Cs ion to
vacancy

p

H20
(HZ H20

Tonic
radius : <>

0.167nm approximate 0.5nm

Rational formula
Fe(Il)y[Fe( I )(CN)g)3] - (14-16)H,0

Structural formula

3+
N 3 [Fe ]4

Figure 4-1 The general crystallographic picture, rational formula
and structural formula of Prussian blue.

DA figure of Takahashi et al. (2016) shown with modifications.
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M) CLTCHRHENATEY (Voigt, 1993), T D I1E»., MHEMHEYE =& ©IEKR »
OO R Cs W & Al (Parb and Sudersanan, 2010) 7 v EF =7 W EHFA & L T
LR & T %, (Takahashi et al., 2016), PRI TIXH G Cs DAL HW ~ D
BT T E LT PB AEASINTEEE (Giese® salt, Honeywell specialty
chemicals seelze GmbH, Germany) W HEERT SN TW5H, Z O PBBREA I
FEEEE., EPICHREE CsHEHEZBEMEE S 2 12X, Mo~k
Bt Cs oBITEMABI T AN —r vy RTEIESHNLTWD (Arnaud et al.,
1988; Unsworth et al., 1989), L2 L. Zh b O FEIEIZH WL N7 B o b gt %
CsigEIX, AADEENFME KRS EHALZ D TH D,

JEAEFBAE (2012) DR E L2 O K ME Cs B E O L ¥EfE 1L 50 Bg/kg-fresh
ThorN, LEEITHE M CsIBEN 10 Bg/kg-fresh RO AL O H 2 L A TW
Lo BEWRAKES (2012) 1. vy oAt o s ™ Cs D8 EFAM % 500 Bg/kg-
dry ICBE L. oM Cs IBEMN 50 Ba/kg-dry R OHLDOAEE X HMHEZ L TV D,
L L. HMEFAMEA2B22BHECsEFOEBIOAEIL, EMAN TREL
8T 572 ® (Tsuiki and Maeda, 2012a, 2012b) . BT FICWHLFITH LG S
LZAEEMENDH D, S L. EBRLE PCs ORI, MAEASLEEZ L CLERA
ODHEEBRLEOBEPORFICEKFET L2 2L NEFE SN TWD (Beresford et al.,
1992), o, ERETHEFRFELZ2BAL2MENGEINTEHEBITBNT
b O Cs IBE D 10 Bq/kg-fresh R 2 MR T 27200 MA N L E L 72
> TW5h,

AFRTIE, B 4RRICBVWT, A PTOMME CsREFNTETAFMETH
% 500 Bq/kg-dry # TEIZSG A O PBEAEREE (LLT,PBEEE) NHOKH
TECsIREICHT 2R LB T2 LI AAEAE~DODEEBIZOVWTHEL 2,
FLEEBESHRIICBOW T . HMAMCSRENTETAMDO 2/ TH 5 1,000 Bq/kg-
dry DB 25 LG A LB T 28R ENEHHME CsORATOSE R bW
WH~OBITIZH T 52 PBEBEORESRZHBEFT LI,

4.2 HMBB I VG

AFRTIIEIRBRLEE SRBO2O0MEBERB Y EHWML-N., WTh @
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BRBERA Y VXA —SEMEFICBV T, BEREERA ¥ —HMBK
AEDAR (2012-E1-5-9-3) #/ T, EXBVWoMEL L OREICHET 5 K
(FBF 624 10 H O RMRENERE 22 5) ICHEML THEME L -,
421 FAVTUINV—EFEBERERR (F 4RAR)

PB [ JZ 1 @ f 4t 4 Cs (134Cs+137Cs) WU il 20 R %4 w78 9 2 B 2 2012 4F
9 H1SH2H 11 A 17H® 63 AHM FEML 7=,
4.2.1.1 HREFEHR

B4 RBRICB T 2 MEE R, 2,201 R R & F U SRR EZ H VST
CsIREMNBEOHE EFAME (BHRKESE,2012) © 1/2 DRE TH D 250 Bq/kg-
dry (50 Bq/kg (KT &H & 80%MHE)) 125 K Hcié Lz (Table 4-1),
I oA X, HE 30 kgWH D7D D NEL, TDN 72 65 (NiZ CP ERK &
W3 KOl TMR ICFHE L 72 (NRC, 1988; NARO, 2006),
4.2.1.2 HBRERRB L UOREE&RE

HERBHE LT, 322 F2RBRICHVEZ 2HICMAZ, ZhE THREM Cs %z
EFER VR TCTHEEINRTVWEFRALAY A VEWAF 2HOEEH 43 (FHIK
H 62946 kg, FHIER 2.551.3 K, ¥ okt A% 229528 H) # Hv, @5
AR—=nicAZ s FaryrTRELTEHEEBELZ, XA ITIHEEED 10%RE %
BRETIOICHEL, 8:00& 16:001IC 1 BEODESTO@FmWICKHE LT,
BT OB ERNIIC A TR Lic, MHME Cs 28 ER0WKIT Y+ —F—D v
TTHHICERS®Z, HEHLIFT-8:30& 16: 301217\, AL EAFHE L7,
ARBR XL HIRML 22 WX (CONT4), 6% D PB #BL.& L7 PB BEIE
(FERBEFTHAE S kg I 10t.120008; AAEE T E¥Kx XS4, BLH) =8
MERSE2 660SBX., PBEFBEKHRAZEAHRET D5 6%00A K. PB 2 1.6%
Bl & S 4v7- 4 AE I (Salt Lick Stone with 2.5% Giese salt, 1.6%PB i & 10
ke #1 # ; Honeywell Specialty Chemicals Seelze GmbH, Germany) % H H# X t
5 1.6%SBXD 4R EHFEL., LMATHM 16 B, AMREM S ANDLRD 4X
32 —7 v ht&iE (Clarke, 1963) I X Vi 5B a2 £ Lo, EBRBMIL, B
2ED23120MRICESERE L, 7B, CONT4 XTI PB &z & £ 2 \VEE

B (L =27 2 5kg & 10t.120618A; H AEE T Ek N1k, BILH) %
HHERI T, 6%0A XX, PBEFEHERK 25 g% 8:00 & 16: 00 D 2 [[],
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Table 4-1 Ingredients and chemical composition of total mixed
rations used in experiment 4.

Ingredients (% dry)

Oat hay 35.6
Concentrate mix pellet " 26.9
Alfalfa hay 26.3
Corn silage 9.8
Perennial ryegrass silage . 1.4

Chemical composition

Dry matter (%) 69.6
Net energy lactation (Mcal/kg-dry) 1.46
Total digestible nutrients, (% dry) 64.3
Crude protein (% dry) 13.2
NDFom® (% dry) 50.7
ADFom" (% dry) 27.9
Ether extract (% dry) 2.9
1344137069 (Bq/ke-dry) 175
B+13706Y Bg/kg in 80% moisture content 35

Y Contained 36.5% corn grain, 20.2% soybean meal, 19.5% wheat bran, 18.0%
beet pulp, 3.2% molasses, 1.0% dicalcium phosphate, 1.0% salt, and 0.6%
calcium carbonate.

2) . . .. . . .
Radiocesium activity concentrations of corn silage and perennial ryegrass
silage were 15 Bq and 13,160 Bg/kg dry, respectively.

%) Neutral detergent fiber not assayed with a heat stable amylase and expressed
exclusive of residual ash.

Y Acid detergent fiber expressed exclusive of residual ash.

5 L .. . . 134
* Radiocesium activity concentration was calculated by summing ~ Cs and

137
Cs.
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1[E Y720 500ml 2 40CORGTHEMRMLERIKREG L, 2ok, FR-BRKICHW
@B Oy X Table 4-2 (2 L7z,

HBHE R IO, REBRBIVEAEZBARE L, EVERELZ RO,
F,. AREIEIFELEBREEERE: PBEREL RO, L EHEARKIC
BB L, S5 O0RMDELBICH LT -EOHATRAL T, Koo OoR
Brelle, EBIOROTXTEaoBERLE, £ LII@BRE, By LT 172
M oBEREZRECTRZBIELOL, BT OEYWHEILEL KD -, MK
EAMZEM O 1, 3, SHE® 13:00 ICHFHARLI VHEML L, ABO—#H% 2,150X
GTISHMEL BES., MIEZNHHEDRERR & Ui, 70, MM Cs i
EHERBOZD, ffl Ay 7 (FAEME Y 2 PCD; T L EHAS M, &
) 2200 mL 1 L —20C CHEBRTFE LT,
4.2.1.3 REDOTH

oo, MAEHEE, RMEE, KM L OEoLY., HIEW, HIKXS ., R
Bt > CP, ADFom, NDFom ® #lE X, 3.2.1.3 RE O ot & AERIZIT - 72,
4.2.1.4 REOBFREEI TV LARENE

FUSEYE Cs DB EFS L O MM CsIRE O R H 1T, 3.2.1.4 3B O S M Cs B
BRI E & A AR AT o T2
4.2.1.5 HBEEEC TV L0BITCETIHER

AR N LE, RELOL~OBHEHME Cs OSEE (%), R okiiigik.,
Fm B X O CRIE., 3.2.1.5 AHME CsOBITICHE T 23 AKX L RFKICIT - 2,
4.2.1.6 MmMEKRE

g M R Ay 1. AMmERE., FiLEkHKE, ~Er/eb B ~~v 27U v ME
P& O A EE o R R R 4y 1S o v T, B B i BB R 35 B (MEK-6358; H R
B (KK, RR) X viTo/, BITHB XA MK, ALK, ~F o
vE, ~~v M2V v MMEBXXOMmM/ME L LT,

migKEmit., ElbF a8 iFiEE (BECKMAN COULTERAU480; X v 7 <
vea— g — (), BR) Tk viTok, BIEHEB X, MiER#HH THHH
BRI B, TATIV, By, REREZE, 7 LT7F=2, T ANRT

FTUVBBTI )N T AR T 2T, T I =TI )N T AT 2T —F, T
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Table 4-2. Ingredients of the salt blocks used in experiment 4 and 5.

Salt block Ingredients Quantity in kg
Salt block (KOEN® SELENICS)" Sodium chloride 971,000 mg
(Experiment 4) Yello iron oxide 1,742 mg
Ferric oxide 196 mg
Manganese carbonate 1,046 mg
Zinc sulfate 1,235 mg
Copper sulfate 377 mg
Cobalt sulfate 66 mg
Calcium iodate 77 mg
Sodium selenite 33 mg
Others 24,228 mg
Salt block or powder with prussian blue 2 Sodium chloride 877,000 mg
(Experiment 4) Prussian blue 60,000 mg
Manganese carbonate 1,046 mg
Zinc sulfate 1,235 mg
Copper sulfate 377 mg
Cobalt sulfate 66 mg
Sodium selenite 33 mg
Others 60,243 mg
Giese® salt > Sodium chloride 984,000 mg
(Experiment 4) Prussian blue 16,000 mg
Salt block (KOEN® SELENICS 60TZ) ¥  Sodium chloride 971,000 mg
(Experiment 5) Yello iron oxide 1,742 mg
Ferric oxide 196 mg
Manganese carbonate 1,046 mg
Zinc sulfate 1,235 mg
Copper sulfate 377 mg
Cobalt sulfate 66 mg
Calcium iodate 77 mg
Sodium selenite 132 mg
Others 24,129 mg
Salt block or powder with prussian blue Sodium chloride 347,300 mg
(Experiment 5) Prussian blue 60,000 mg
Manganese carbonate 1,163 mg
Zinc sulfate 145 mg
Cobalt sulfate 76 mg
Sodium selenite 132 mg
Others 591,184 mg

DKOEN® SELENICS, 5kg standard, lot.120618A; Nippon Zenyaku Kogyo Co., LTD, Japan.

) Trial made, 5kg standard, lot.120908; Nippon Zenyaku Kogyo Co., LTD, Japan.

¥ Salt Lick Stone with 2.5% Giese Salt 1.6% prussian blue, 10kg standard; Honeywell Specialty

Chemicals Seelze GmbH, Germany.

Y KOEN® SELENICS TZ, 5kg standard, lot.130708A; Nippon Zenyaku Kogyo Co., LTD, Japan.
> Trial made, Skg standard, lot.120908; Nippon Zenyaku Kogyo Co., LTD, Japan.
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HY T4 AT 72 —FTBIRy - TV EINNTARTFEXE—FL LI,
EREL., EMELONMEE (EX-Z, (k) ®X, %) Lk viTo7k, BIEHR
BiIxF MUV oA, YU TABIWNESRE L, 2k, MKMWk #H
MEBIOEMREORMEIL, AALETEKRIASE P RIFEMICKBE L 2,
4.2.1.7 #EERAT

T A PHELFEERETCRLEL, 2TV HREBEICES S B IT&,
BMEM OFEYEO ZEIL Tukey D FIEICEVBRELE, 2 AFREOMBEERYE T
Vo OMBAREERA W EBHEBORE 21778 o £, MK 7212 2V TIiX ., Bartlett
METCKEEDOT - DODELHOEORELIT-LE, —TBEEICLDDESIT %
TTore., MEHMT T, =27 A Fd 2000 (HEFERY -2, HE) Z2HVHK
E Lz, ERE SHRRWBOBEICHEFEEN LI O AR L, £, falE
10% K O HEIXEmM A H2 b0 & Lk,

422 HBRIANVTUITNVN—EBFERBERSERR (B 5RR)

BB OWME L ELGME %2R L7 PBEEE O S Cs W I H 4 R % iR
THRBRA 20134F10A sAH 12 A 17D 62 AWM EMLA, 2. H 5K
BROBIIC, PBEBEOEGMEZM EIE 22010, MEBHSCEE~ 7 2D A
MEDOEGFHEDORVWESEEREEZRO L, 7L 2AFRA o067 I L EFAT
B 42 b S 28EHIEICERE Lz (Lehmkuhler et al., 2014),
4.2.2.1 HAMAE

FBSsRRITI, BEREBREREG LY —SEMNEFTOME 2BV T, 2011 F 6
H30RICINERE LA CsPEERZEIC 7+ — LT 7 FLTWVRY 5580
Bq/kg-dry ® 4 —F ¥ — K 7 7 A (Dactylis glomerata L.) % A L — ¥ & 2012 4
8H 20 ALV —VHABLEKAE Cs R RBHO MYV TR I AL =V
ZRBHICHWE, F . B CSEZEER VT AL T 7 VT T HRLEEB L OE G A
Bttt L v BALTCRHRRICHELEZ, 2o of@B 2 H T, s Cs i
ENEEEOE EFRME (BARAKES, 2012) @ 2 D 1,000 Bq/kg-dry (200 Bq/kg
(KD EBHEBEBO%RME)) I 2D K HIc&d Lz (Table 4-3), Zh b o ffER
kX, HE 30 kgWH D7D D NEL, TDN 26 NIZ CP BREA M2 T XL 9

\Z TMR I[C 7% L 7= (NRC, 1988; NARO, 2006),
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Table 4-3 Ingredients and chemical composition of total mixed
ration used in experiment 5.

Ingredients (% dry)

Concentrate mix pellet" 53.6
Corn silage 18.2
Orchard grass silage” 17.2
Alfalfa hay 11.0
Chemical composition

Dry matter (%) 60.0
Net energy lactation (Mcal/’kg-dry) 1.69
Total digestible nutrients (% dry) 73.7
Crude protein (% dry) 15.9
NDFom” (% dry) 42.2
ADFom" (% dry) 21.8
Ether extract (% dry) 4.1
BERTeSY) Bg/kg in 80% moisture content 185

Y Contained 36.5% corn grain, 20.2% soybean meal, 19.5% wheat bran, 18.0%
beet pulp, 3.2% molasses, 1.0% dicalcium phosphate, 1.0% salt, and 0.6% calcium
carbonate.

% Radiocesium activity concentration of orchard grass silage was 5,580 Bqg/kg dry.

%) Neutral detergent fiber not assayed with a heat stable amylase and expressed
exclusive of residual ash.

Y Acid detergent fiber expressed exclusive of residual ash.

5) S 2k : 134 137
'Radiocesium activity concentration was calculated by summing **Cs and ~'Cs.
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4.2.2.2 HBERBRB LI URBHER

M E LT INETHHANE Cs Z28FE VA THREINL TN EA LR
A4 WG 3 (FEHIKE 538+49 kg, EWEK 1.7E1.2 E, E¥ 5kt
B# 7911 A) ZHWw, 4212 F4RREFAKO HFIETHEER L2,
AREBRXIEMLIRM L WARKX (CONTS), MEEZBEHEREE 5 6%SB2
KBELIOBEEZHR L 6% PBAEAG L PBEAKBE (FTRFFEFARE S
kg M 10t.130930; AA R T ¥ XS4, BILH) BEREZEOBET H2UR
6%0A2 XD 3XaExEL, 1LHMATMM 16 A, KMEM S ANSRD 3X3 T
TURKRBICLVEERBREER L, 2B, CONTS KIZPBZ#& £ \VEE
B O =2 TZ 5 kg # 10t.130708A; A A& T ¥k X &, B LH)
rEHHERIEL, B, FRBRXKICHWEBRIE O KD I1X Table 4-2 127 L
72

RBREHEPICE, WEEBLUOEKAEZBAIFE L, ZVEDELRD -,
Fo,. AREIBRAFELERARBEERES PBERREL RO, AL HEARKIC
BEHRL, fiIYOoRMMEALBEICH LT -EOEATIRAELT, KaotiHoR
BrE L, M EARMAEH O 1. 3, S HHO 13:00 ICEHEFREL 0 &M L. 3B
D~ Ak 2,150XG T 1Sy MELBEE. MIEFE2 B ELRERAEE L,
4.2.2.3 REOTH

Loy, fAERE, ftREE, BRI OCEOEY . M. HIK 4o,
Et @ CP. ADFom, NDFom ® #lE X, 3.2.1.3 & B O 5 & RAHKICIT - 12,
4.2.24 RBOBNEEIVLIRENES &

1% 2,000 ml, B L RO KM CsBEBEIZIEL 700 ml D~ U 3V K&

rﬁ;\_\

FRHW, Fio, BHREAR S LKA T 100 ml © US AR EHWTHE L,
. E R BEBARABBLOERIED 2R EICH L, BREEDE OBEIX.
Wbt A a—- A=V =T U R —KKASH (HE) [Tk, 134Cs & 137Cs
DR G EERIF (MX035; BART7 A Y b—7Ha, ER) 2V TREShTE®
Mg 7L~ =0 A ERBRHEE (GEM20-70; B4 23—« f =V —7 v RV —
K&, HE) 2HW, o ~@AX7 e XA b =2k BEHME CsZREL
7o EEHIE 1,500 # . FLIE 1,200 B, E L OURIT 1,500 BB M E 2 ATV Hg
PECsiIREZ B L7,
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4.2.2.5 BV LAOBITICETIHERX

RN E, REXOPIL~O M Cs OOEE (%), R ORI E,
Fm 8 X OV CR X, 3.2.1.5 M Cs OBATICE T 23 B X L R ITIT - 72,
4.2.2.6 MEKRE

MiEAHEYE L OEMREOWPEIL., 4.2.1.6 MiRHKRE L FEDHTIETIT- 2,
4.2.2.7 HEEHARAT

TR VPHELRERETCRLE, 77 UV FRIBEICE S S RERBTIZ
4.2.1.7 FREHEM LR O FiE TIT - 72,

43 ®HR

431 FAVTUIAN—EBFERBERERR (B 4R R)

fRFAE OB EGH & ELFRH D% Table 4-1 1R L, B 4 ABRTHWE
TMR O ## % . TDN, CP ¥ X T" NDFom & &I, £ £ 69.6%. 64.3% .
13.2% 8B L 50.7% Td > 7, TMR @ 5ttt Cs 8 E X 175 Bg/kg-dry. Ko &
BEZ S0%ICHE L g Cs BEIX 35 Bq/kg T » 72,
4311 FAYT T N—BEPWALFOLEERCRETEE

HYERE, PBERE, MHAME CSERE., R2rUJomWiElLE, LEL X
O 5 % Table -4 TR L . W ERBEIAXBEICEITIR LN T FEH 19.6
kg/ B CTHo7o, BREOEEREIX CONT4 X, 6%SB X, 6%0A KI5 XLV 1.6%
SBRIZBWT, ZNZE 4 21.7,.4.8,50.0,4.8g/A &Y. 6%SBXILULN1.6%
SBRICEWTH AT 2@EmAB A6z (P<0.10), PBEEREIX. 6%SB X,
6%0A KB LW 1.6SBRIZEBWT,. TN TN 03.3.08K00.1g/R &RV,
6% 0A XK L HEL T6%SBRIILUNI1.6WSBRIZEBWT AN (P<0.05),
A CsHEREIXT, FRBICETEONT. ¥H T 3,425 Bg/AR Lo, A
NI oEMHEAAREIT, EEMICETROLNAT. FHTo062 o7, LAEEFSE
KEiCETRONAT ., ¥ 222 kg/B E o, HmiT, EH., L& X
7, MIEEES ., AEBIOAFPRIFERTOEM S IT. EXHBEIZEITAL L A
N T,
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Table 4-4 Intake, apparent absorption coefficient of dry matter, and milk production of cows in experiment 4.

Dietary treatment D (n=12)

Item
CONT4 6% SB 6% OA 1.6% SB
Intake Dry matter intake (kg/day) 19.6 + 14 2 20.2 + 0.8 19.3 + 2.6 19.1 + 1.7
Salt block intake (g/day) 21.7 + 20.5 48 A+ 4.6 500 B+ 0.0 48 Az 0.0
Prussian blue intake (g/day) 0 03 =+ 0.3 30 b+ 0.0 0.1 &+ 0.0
B3 Cs intake (Bg/day) 3,460 £ 760 3,540 £ 460 3,360 £ 480 3,340 £ 600
Apparent absorption coefficient of dry matter 0.631 = 0.028 0.619 = 0.025 0.596 = 0.002 0.628 + 0.018
Milk yield (kg/day) 21.9 + 3.2 22.9 + 1.8 21.2 + 5.0 22.7 + 5.0
Milk  Fat (%) 462  * 0.74 425 & 0.53 488 =+ 0.64 452 = 0.90
°°m0pr‘:s'“ Protein (%) 393 & 0.41 358 =+ 0.12 402 = 0.68 377 % 0.62
Solids-not-fat (%) 9.19 + 0.33 8.87 + 0.38 9.20 + 0.56 9.18 + 0.51
Lactose (%) 4.26 + 041 4.29 + 0.51 4.18 + 0.31 442 + 0.14
Urea nitrogen (mg/100ml) 5.46 + 2.41 6.77 + 3.72 8.06 + 2.28 7.80 + 4.35

**: Means in a row with different superscript differ significantly (P < 0.05).

AB: Means in a row with different superscript differ significantly (P < 0.10).

" Dietary treatment: CONT4 = free access to a salt block including no Prussian blue; 6% SB = free access to a salt block including 6% of Prussian blue; 6% OA =
oral administration of 50 g of a powder of the salt block including 6% of Prussian blue; 1.6% SB = free access to another salt block including 1.6% of Prussian blue.

? Standard deviation.



4.3.1.2 AT UvIANV—BELRREINTEHNERELVLOE, RELT
L~DBIT

ELOR,ABLOMIRICB T2 HBHAECsRE, £, RBEBLXOALICBIT 2 K4S
P Cs OHFH &, BIRLEHMHEME Cslodtd 5 oBE, AT oRINIAE, Fm,
CRBIXUOHEROMS M Cs HFHE D % Table 4-5 127 L 7=,

O CsiRBEIX., CONT4 X, 6%SB X, 6%0A K& LT 1.6% SB X T
BWT, ENZEH 33.4, 40.5, 53.4 B X O 33.4Bq/ kg-fesh & 72V | 6%SB X
KT 6%O0A Kitfho 2 X &g L THMLAE(P<0.05).&OMKHME Cs &1,
CONT4 X, 6%SB X, 6%0A KK XN 1.6%SBXIZEW\WT, £ ZEi 1,920,
2,460, 3,140 3 X T° 1,900 Bq/ AE 2D | 6% 0A KI5 LTV 6%SB X Tl 2 X &
L cEmy 2N A b (P <0.10), HKHME Cs OE~0 5B EIT,
CONT4 X, 6%SB X, 6%0A KB LT 1.6%SB KIZEW\WT, N ZEN 54.6,
68.7. 93.2 B XN 55.7% £ 720 . 6%SB X & 6%0A Kixfhd 2 X & i L T
ML7z (P<0.05), £B~D BRI, CONT4 XK L L T6 %OA KB LV 6 %
SBIKIZEWTHEMLEL (P <0.05), —JF. W& Cs O R»IT ORITAREKIL,
CONT4 X & h#i L T6 %OAXEB L6 %SBXICBWTH A L7 (P<0.05),
ekttt Cs DEDO B EIZIPBERE L OMICENOMEE (r=0.67, P <0.05) »
A oh7 (Figure 4-2),

ROBFEME CsIREILX, FSXMICEFTR NP>, LOMHME Cs B E
CIEDOMBE (r=10.62,P<001) DELNTZ, RO Cs EiX PBERED
et b T 2EES R LN (r= —0.51,P<0.10), R~®%HEF
[T, CONT4 K& g L CEIFTR O T, PB HEE DO MIZE VBT 5 M
(r= —0.49, P<0.10) AR B4 7 (Figure 4-2),

HOMEME CsIBEIL, TXTORXIZE W T 50Bq/ kg-fesh % F[El» | CONT4
X. 6%SBX., 6%0AXFIB LT 1.6%SBKIZHBWWT, ZNEH 16.4, 10.9, 8.6
L 11.4Bq/ kg-fesh & 7¢ D . CONT4 X &l L T 6% O0A XKIZEB W TH DT
LMEE AR SN (P<0.10), 72, AOBHM CsRE L PBHERE L DOMI
BHOMBM (r= —0.69, P<0.05) RN, AOMHM Cs &BIZ PBEREL
FNETNRAOHBE (r= —0.67, P<0.05) BRI, HHEME Cs DL HE
FIIPBEBRELOMICAOHEERA (r= —0.68,P<0.05) VA 517 (Figure 4-
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Table 4-5 Radiocesium activity concentration, excretion of radiocesium, proportion of radiocesium to ingested radiocesium, apparent
absorption coefficient of radiocesium, transfer coefficient of radiocesium from feed to milk, concentration ratio, and ratio of radiocesium
in milk to radiocesium in urine of cows in experiment 4.

Dietary treatment D (n=12)

Item

6S

CONT4 6% SB 6% OA 1.6% SB

Radiocesium activity concentration > (Ba/kg-fresh)

Feces 334 @ & 1.1 ¥ 40.5 b o+ 13.5 534 b =+ 18.8 334 * + 7.0

Urine 73.2 + 2.9 66.5 + 3.9 44.9 + 18.2 53.7 + 2.8

Milk 164 B+ 3.1 109 B = 2.2 8.6 A & 1.9 11.4 B + 3.5

Blood L.T.D.(<2.0)" L.T.D.(<1.8) L.T.D.(<2.0) L.T.D.(<2.0)
Excretion of radiocesium (Bg/day)

Feces 1,920 St 640 2,460 CE- 640 3,140 - 750 1,900 St 730

Urine 1,340 + 210 1,150 + 151 890 + 410 930 + 130

Milk 360 + 90 250 + 70 180 + 20 250 + 70
Proportion of radiocesium to ingested radiocesium (%)

Feces 546 & £ 7.0 68.7 ® & 10.3 932 b & 17.0 557 * + 11.3

Urine 39.1 + 2.9 32.7 + 4.8 26.0 + 9.6 28.1 + 1.5

Milk 10.4 + 0.9 7.1 + 1.8 5.5 + 1.3 7.4 + 0.7
Apparent absorption coefficient of radiocesium

0.454°% =+ 0.070 03132+ 0.103 0.068* + 0.170 0.443° =+ 0.113

Transfer coefficient of radiocesium from feed to milk (Fm : day/kg)

Fmx 103 477 B+ 0.30 310 B+ 0.68 2,61 A4 & 0.65 3.41 B £ 0.91
Concentration ratio

CR x 107 934 b & 0.53 627 b =+ 1.28 493 * = 0.51 6.42 b + 1.27
Ratio of radiocesium in milk to radiocesium in urine

Milk / Urine 0.27 + 0.03 0.23 + 0.09 0.25 + 0.16 0.27 + 0.04

**. Means in a row with different superscript differ significantly (P < 0.05).

AB. Means in a row with different superscript differ significantly (P < 0.10).

D Dietary treatment: CONT4 = free access to a salt block including no Prussian blue; 6% SB = free access to a salt block including 6% of Prussian blue; 6% OA = oral
administration of 50 g of a powder of the salt block including 6% of Prussian blue; 1.6% SB = free access to another salt block including 1.6% of Prussian blue.

? Radiocesium activity concentration was calculated by summing s and 'Cs.

¥ Standard deviation.

 Less than detectable (< detection limit).
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Figure 4-2 Correlation between PB intake and proportion of
radiocesium to ingested radiocesium in feces, urine, and milk.

*: Means significant difference (P < 0.05).
T: Means significant difference (P < 0.10).
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2) A~OpEERIT, B~ODEEOBMIZHEVELT MM (r= —0.55,P<
0.10) A 5Tz,
4313 BMRNEINEHEFREEI VIO BT I2BITRELBEL

Fm /¥, CONT4 X, 6%SB X, 600A KB IR 1.66SBXKIZCE VT, T Z
AU 4.77X1073, 310X 1073, 2.61 X103 3 XN 3.41x103 &7 hH [ CONT4 X & ik
LT6%O0ARIZENTAS%BAY T DM AR5 (P<0.10) (Table 4-5),
TARTCORNAXIZHE T D Fmit, PBERELAOMEEE (r= —0.64, P <0.05)
DB T,

CR %X, CONT4 X, 6%SBKX., 6%0A KB LN 1.6%SBRIZEB T, TNZ
L 9.34X10°2, 6.27 X102, 493X1023HB LW 6.42X102L 72D [ CONT4 X & Mg
LT6%O0AKIZEWNWT 2% LT 2BEmn RS (P<0.05), CRIXPBH#E
MELrAOME (r= —0.71,P<0.01) RN, RE LA O K. Cs HE
HEOHIZIPBEMEBOELEZZ T, ¥H 025 L 7o/ (Table 4-5), +
ToOBmPIZBWNT, BHEE Cs PRBLOALTHRE S mET oS
Cs IR FEE1X. Cooper ® K. (Cooper, 1970) IZ X > THE I 1.8—2.0 Bq/ kgD
RHRAME 2 TE Y mHFTRRm L 2o 7,

4.3.14 MERFOMBEET LRBED

FARBROMEBEHNME2EL T, ERBIZEFEIRBDOD L o72, E 2.
MmiEMEg s L OmMER#EAHICBE N TCERXBICEEFTR LN T (Table 4-6) .
TANTOMITEEMBEUANTH > 72 (o, 1998; NRC, 2001; JLTA, 2005),

432 BRIV TUTAN—EFERERERR (B 5RAR)

AL OB EE G LTk % Table 4-3 "L/, & S EBRTHAWVWE
TMR O ##% . TDN, CP 8 X ' NDFom & &(X., T4 60.0%. 73.7% .
159% 8 LW 42.2% Tdh 72, TMR O &M Cs B FE 1L 927 Bq/ kg-dy. K&
BEZ S0%ICHE L2 Cs IRE 1L 185 Bq/ kgT dH - 72,

4321 FAVTUvIN—BEPULFOEERCRETEE

ERE, EBREERE. PBERE. MHME CGEDRE, A& LUK
4% Table 4-T IR Lz W OREBAERERISXBMICETRAON T Y 164
kg/ B &7 o, EE OEE&IX CONTS X8 73.0g/ A, PBE B HE O H I &I

6% SB2 XIZBWT3152¢g/ H, 6%0A2 XKIZK T 50.0g/ B &2 5F 4Bk
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Table 4-6 Cellular component and metabolite in blood of cows in experiment 4.

Dietary treatment (n=12)

Item
CONT4 6% SB 6% OA 1.6% SB
Cellular component
White blood cell XIOZ/ML 95.4+ 18.82 77.2 + 8.6 843 £ 243 84.1 + 18.4
Red blood cell X104/HL 6244 + 853 609.6 £ 90.4 603.0 £ 56.4 617.1 £+ 523
Platelets X104/ML 46.5 + 6.1 41.5 + 9.5 51.7+ 11.1 46.7 + 5.8
Hemoglobin g/dL 9.7 + 0.9 9.7 + 1.4 9.9 + 1.2 9.9 + 0.4
Hematocrit % 31.0 £ 3.1 30.9 + 4.0 31.2 3.2 30.7 + 2.9
Metabolites
Total protein g/dL 7.53 + 0.32 787+ 0.72 851+ 0.86 7.84 £ 0.85
Albumin g/dL 3.62+ 0.16 3.61 £ 0.15 361+ 0.36 3.67+ 0.22
Total bilirubin mg/dL 0.12 0.04 0.11 + 0.03 0.12+ 0.04 0.11 £ 0.03
Urea nitrogen mg/dL 821+ 1.05 9.69 + 2.59 994+ 1.81 948 + 1.55
Creatinine mg/dL 0.73 + 0.06 0.76 £ 0.09 0.69 £ 0.03 0.70 £ 0.06
Aspartate aminotransferase IU/L 68.67 =+ 15.93 60.78 +  8.39 70.89 £ 13.97 69.11 + 8.98
Alanine aminotransferase IU/L 28.11 +  2.62 26.56 +  4.30 27.67 + 4.30 2744+ 133
Alkaline phosphatase IU/L 197.00 £ 21.40 160.33 £ 60.89 155.00 £ 48.25 144.11 £ 50.15
v-glutamyl transferase IU/L 3122+ 7.12 26.89 + 2.98 33.11 +  5.44 32.00 £+ 5.59
Sodium mmol/L.  140.04 + 1.10 141.53 £ 1.20 140.57 £ 1.46 140.73 £  1.02
Potassium mmol/L 377+ 0.37 335+ 0.34 3.54+  0.32 3.69 £ 0.37
Chlorine mmol/L.  100.76 +  0.77 101.68 £ 1.08 101.02 =+ 1.05 101.23 = 1.20

Y Dietary treatment: CONT4 = free access to a salt block including no Prussian blue; 6% SB = free access to a salt block including 6% of
Prussian blue; 6% OA = oral administration of 50 g of a powder of the salt block including 6% of Prussian blue; 1.6% SB = free access
to another salt block including 1.6% of Prussian blue.

% Standard deviation.



Table 4-7 Intake and milk production of cows in experiment 5.

Dietary treatment’ (n=9)

€9

Item
CONTS5 6%SB2 6%0A2
Intake Dry matter intake (kg/day) 164 =+ 21 2 16.4 + 1.5 16.3 + 3.2
Salt block intake (g/day) 73.0 =+ 15.0 315.2 + 225.5 50.0 + 0.0
Prussian blue intake (g/day) 0 189 ° =+ 13.5 3.0 * £ 0.0
B3¢ intake (Bg/day) 15,220 + 1,940 15,300 + 1,380 15,070 + 2,960
Milk yield (kg/day) 27.6 =+ 2.7 28.2 + 2.5 27.4 + 4.2
Milk composition Fat (%) 3.74 + 0.07 3.78 + 0.12 3.57 & 0.24
Protein (%) 296 + 0.23 3.09 + 0.32 3.00 + 0.20
Solids-not-fat (%) 8.32 + 0.33 857 + 0.29 850 + 0.17
Lactose (%) 436 =+ 0.11 448 =+ 0.07 4.50 + 0.03
Urea nitrogen (mg/100ml) 12.38 + 1.76 11.59 =+ 3.13 12.06 =+ 3.91

**: Means in a row with different superscrint differ sienificantlv(P < 0.05)
& Dietary treatment: CONTS5 = free access to a salt block including no Prussian blue; 6% SB2 = free access to a salt block including 6% of Prussian blue;
6% OA2 = oral administration of 50 g of a powder of the salt block including 6% of Prussian blue.

% Standard deviation.



D 6%SBX &L T6%SB2XTIX60FLU EOERES XL OPBOEREL
72y BREOBEAEEZRETVAFANLL S IIANVFRNICERE L, EBRE
Dy xHRETHEICLVBEEESM ELAE, PBEREIZ, 6%SB2 XIZH
WT 189 g/ H.6%O0A2 KIZHBWT 3.0g/ AL 6%0A2K &L T 6%
SB2 KIZHBWTEL oo/ (P <0.05), BHEMECsEHERBIIAXHEIZEITRDL
T FEHT15,196Bq) HTh o, A BIIEXMICETR LT, FEH T 27.7
kg/ Aoz WM, AX "7 BEERES., ARSI UOCLTRAZRE O
FHBEZIT, FXEICEITR N2 o T2,

4322 AV TUIN—BRELBRRINTZBENEES Y LD ~DBAT

IS T D HE Cs IR, HM Cs O &, BERLZEHME Cs iIoxt T
B %, Fm B L CR % Table 4-8 127 L7z,

OB Cs IEIL, CONT5 X, 6%SB2XEB LTV 6%0A2 KIZBW T, %
nNZEi 243, 428 X 15.1 Bq/ kg-fesh & 72D . CONTS X & th# L T 6% PB2
KEBL®6%O0OA2KIZHBWTHA L (P <0.05)., AOMHMECsIREIX. PB
HEREBEOEMICHEWVED T 2M68Mm (r= —0.63,P<0.10) A5, 1 B4k
VOB CsERREIZ, FXMICEITR LN N -T2,

AOBKHYE CsEIXZ, PBERERNRKRKERD 6%SB2KICB W THR/NERDY

(P<0.05), PBEREOCHMIZHEVE LT MM (r= —0.61,P<0.10) » KA
b5z,
H~DOSBERIZ.PBEREOHMICHEVED T A2MEM (r= —0.63, P<0.10)

MAEB, FAKRIZ, Fmid, PBEREOHEMIZHEWEAD T 58m (r = —0.63,
P <0.10) "R/, FmiL, CONTS X, 6%SB2 X H LT 6% 0A2 XIZH W
T, TN ZH 1.68X103, 0.28X103 38 L W 0.98x103 L 721 | CONTS K & &
LT, 6%PB2XIZEBWVT 83%., 6%0A2 KIZEB W T41%WA L (P<0.05),
CR X, CONT5 X, 6% SB2 X LT 6%0A2 KIZEBW T, T £ 2.83X10°2,
0.50X1023% X" 1.87X102 L7210 CONTS X & bt L T, 6% PB2 XIZHB W T
82% . 6% O0A2 KIZEBWT 34% B/ L7z (P<0.05), & 5RARICBIT D KHH®
CsEMBEIFE4IRBLEBEL CE»>72Z08, Fm B LV CRITH 4 B L
LTCE SHRICBOWTHEWHE L2 o7 (P<0.01), # 4R B LEHE 5 KB O R
FELOTHNTHE.PBERELE FRICAOEWHE (r= —0.55,P<0.01)
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Table 4-8 Radiocesium activity concentration in milk, excretion of radiocesium in milk,
proportion of radiocesium to ingested radiocesium in milk and transfer coefficient of
radiocesium from feed to milk, and concentration ratio of cows in experiment 5.

Dietary treatment”’ (n=9)

Item
CONTS 6% SB2 6% OA2

Radiocesium activity concentation & (Bq/kg-fresh)

Milk 243 °© = 93 ¥ 42 * « 24 151 ° = 10.3
Excretion of radiocesiuin (Bg/day)

Milk 669 ¢ x 246 120 o+ 69 442 L 366
Proporttion of radiocesium to ingested radiocesium (%)

Milk 44 ° = 1.7 08 *° = 0.4 27 b=« 1.8
Transfer coefficient of radiocesium #rom feed to milk (Fm : day/kg)

Fm x 1¢° 1.68 ° + 0.75 028 ® + 0.15 098 ° + 0.48
Concentration ratio

CR x 10~ 283 b 4 1.61 050 ° 038 1.87 ° + 1.69

**. Means in a row with different superscript differ significantly (P < 0.05).

1)Die‘[a]y treatment: CONTS = free access to a salt block including no Prussian blue; 6% SB2 = #ree access to a salt
block including 6% of Prussian blue; 6% OA2 = oral administration of 5@ g of a powder of the salt block including
6% of Prussian blue.

2 . . e . . 134 137
) Radiocesium activity concentration was calculated by summing =~ Cs and ~ Cs.

2 Standard deviation.



—0.54, P < 0.05) »NHE5

MAE BN, £/, PBEREL CRIZADHBKE (r

i,

4.3.23 MBRPORBED
BSsHBROMEHMZBL T, BERKEBICEF IO o, 12,

MERHFHEDBLOEREOWMEICBWTERMIZEZITR 5T (Table 4-9)

TRXRCOMEFEEMBEUANTH 7= (tH, 1998; NRC, 2001; JLTA, 2005),
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Table 4-9 Blood metabolites of cows in experiment 5.

Dietary treatment " (n=9)

Item

L9

CONTS5 6% SB2 6% OA2
Total protein g/dL 762+  0.56 ° 742+ 0.98 7.84 %+  0.57
Albumin g/dL 497+ 2.19 3.7+  0.19 530 £ 2.37
Total bilirubin mg/dL 0.14 + 0.05 0.14+ 0.05 0.13 £ 0.06
Urea nitrogen mg/dL 17.00 £  2.10 1591 + 5.68 16.70 £  4.72
Creatinine mg/dL 0.89 + 0.10 0.83 + 0.06 0.88+ 0.10
Aspartate aminotransferase IU/L 76.67 £  2.89 67.56 +  4.83 76.00 + 1.73
Alanine aminotransferase IU/L 30.78 +  3.20 28.11 +  2.46 29.67 +  0.88
Alkaline phosphatase [U/L 158.56 £ 71.00 107.67 £ 28.34 126.44 + 37.05
v-glutamyl transferase IU/L 2644 + 530 23.22 + 1.84 2578 +  4.55
Sodium mmol/L 140.17 £ 1.32 138.81 £ 2.51 139.07 £+  2.52
Potassium mmol/L 3. 72« 0.51 3.7« 0.09 3.69 +  0.09
Chlorine mmol/L 101.03 + 1.08 99.80 + 1.13 99.64 + 3.51

) Dietary treatment: CONTS = free access to a salt block including no Prussian blue; 6% SB2 = free access to a salt
block including 6% of Prussian blue; 6% OA2 = oral administration of 50 g of a powder of the salt block including 6%
of Prussian blue.

? Standard deviation.



4.4 E£

4.4.1 BRINEBEFEET T L OHEHER

AT, WHFERIEBIR LA Cs D 50% L E2FICHEH L (Table 4-
5) BB LZMHMECs I T 2EA~AOHEROBHMITHE WV I~ D 5B FIT
YIHEmMAER L (r= —0.55, P<0.10), 24 F TOHI (Johnson et al.,
1968; Arnaudet al., 1988; Unsworth et al., 1989) Tix, #HH L 72 4% Cs ® 50%
UERECHHEINEZZEPARESNARTEBY, EA T4 M2 BELEEIET
bEBRARZENEO BN, Unsworth et al. (1989) L. WL FITHB VTR
A PEEZT =TT Mo THRSAM Cs PEELELLLHEY A L
—VEKES LESAE. BERLZ RS Cs Bicx L CEICHEH SRS M Cs
BOEAEN 15— 112%DO#HE THLZ L E2MEL TS, WALFIT X > TER
SN Cs 0FIC XD P IX., BHE Cs R TEREERETH Y |
HE~DOHFHOREIZ, L~OKHME Cs OBITZME T 27200 R FiE
EEZ DL,
4.4.2 HEMEES T ADORIT L HEH

INHR D (1998) 1E. B MERNICE T 5 CsiZix, LEHHE(LE TEHSMNICRKIR &
iz Cs "TEHHLEE W T oWBLUOHBRINEND TIEFMEE] (Entero-
fREAb L EHEMHLTND, S5, PBEAHW
7= Cs OENIZBIT2RNMHEDOA I =X2T, CORBFRBETCHERE»D O
CsHRINAZMEFTL22LICLY, BEF~OBFRECs DHFHEZRET 56 D &
BRL W5,

PBEEGIZK2HMEL S DS M Cs IR MElzx+ 208 1T, v Pic

hepatic circulation) & W 5 X

¥\ T Phillippo et al. (1988). L A4 IZF " TIL Arnaud er al. (1988). Giese
(1989). Unsworth et al. (1989). Voigt et al. (1989), KT I A2\ TIX
Birgitta e al.(1990) = Hove (1993) 2 L W #1& & T\ 5, Arnaud er al. (1988)
IX. 3,000 Bq/ kgdry D Cs # & Mt 2 H 5 LG &, PBREENEDK
B CsofEHA2REL LAFOERNBEE~ORREZMEI LA & 2@E L,
L22L, T o RISz d oS Cs BE X, 500 Bq/ kg-dy
ZEE s TWe, EBERNTIZHICB T 2 HHME Cs DEEME TH S 50 Bq/ k-fresh
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KBOHLERET D701, AT O M. Cs O EFAEMIT 500 Bq/ kg-dy
(MK FESR,2012) LhhoTWd, FARBROMBEELY, EFOKHM Cs D
PRI E X, PBEREOWMEIELICHEMLZ (r = 0.67, P <0.05), ZOfEN

5. PB# G, AEF OKE M CsIBEDN 500Bq/ kedry Kif TH > TH ., A~
DS CsHFHZRET 2 LR FRBINT,

X Cs #BIRMWICHEART H EMEIN TV D (Giese, 1988; Voigt, 1993)
e, PBEREBEOBMIZEZ MHME CsODRNTOBRINAEOB DT, U
CHIELEHNTPB A MHAMECsZM A LLEMRTHIEEZ DN, ETHHS
WA Cs X, A BEESIO—-BHELELE»ORINEI N THEA OIS S
ALIEBICHEHLELEICHPW I NI ANEEDOKEFNME CsO @G Th D Z & (Mayes
etal.,1996) H H LTV 252, Mayesetal. (1996) (X, HH M Cs © B DRI
BREPK B OKEFE CsDANTORIFEE LY bEWVWI LEERLTW D,
PB NfABIH KO Cs DPFHEZRET 202 RIET 22D 1X, £F oW
HEBRRECsOEHEBE L2 TR W, RFRTIT, £F 0 NK MK
W CsOFHEBEITIHEL TRV, RPOKEME Cs OB 1T PBIZfit4a
SR FETIEHEENICEL o2, FIIS (2018) LFE (2012) T K2
B CsZ#EBRLTWEY Iz L THM LI PBEHRE LB, LR
DBFE CsDHHBIBEA Rt HRELTWVWD, ZOZ &6, PBEE
CEOVRNEMDOKBHE CsOHERNEMT 2 MM ITEVw R,

FBsHBTIE B EEOBRSME CsBEN 500Bq/ kedry 2 EBl > TW 7223,
A~DOHMHME CsBITIEIPB 2RSS THZ LI THA L, & 5 B TIX
LHEBARDNL TCEOHMAECSREORUETIEBL R >, PBEEE T
L2 LIV HA~DOHKFE CsOBITMHI AR TDIT., B 4 KBROBEMO
#H & (Arnaud et al., 1988; Unsworth ez al., 1989; Fesenko et al., 2007) & [A £k (2
B~DOHHM Cs OBMMIZIL2bDTHEEEZLRTE, TNHEDOI NG,
PB O ¥ 5 X, B oM Cs BEDN 500 Bq/ kedry LL E F 72 1% 500 Bq/ kg
dry Rii T Z b, M BHKOMNECsOHHEZRETE S L
ZZ2bhi,

443 REXRBIBOIXRITIN~DREER
RYBMFPFA MR EBALTA e lohLimix, BREhZEHEME Cs 2#iH1t
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ENTRATHZLIZEY, EF~0Ha2REFT LI ZEPBESNATWVDS

(Arnaud ef al., 1988; Unsworth er al., 1989; Voigt er al., 1989), L2 L., ZHh b
DRI O TG, M Cs 2@ RMWICBLAET 52T R, AV TLR
TRV LREDERA A2 bHEICKAELTCLE), MLEHEHICTL 2 HIL
BHOAINT T L, 77X T A VrOREIT, METEMEZBERLEZZ&D
SEATANRTUACEEEYS 252 LN FRENTWD (Thilsing -Hansen et al.,
2002; Trckova et al., 2004), Trckova et al. (2004) X, AT 4 FDO & 52

D, LAFEOMBEFOY vEBLO~ 7RV AREORADBIIEESND Z &
FHREL TS, PBIE, —BBICEA~AFH T 8k () Bk (1) 7
T oAbk (M) &EMETE Y., Fe(ll)s[Fe( )(CN)s]s » (14— 16)H.0 TR &
N RBEMD 7 a7 b Thbd (Figure 4-1) . Giese (1988) 1% . PB (~
XYV T OEBEBRBEOIDATY T VHEBET €=U A8 (Ammonium ferric
hexacyanoferrate :AFCF) O 7 LU U &R A A ORI A 4 ¥ BCEK
L. CsA A (0.167pm) </ EY T L (Rb) £ 4> (0.144pm) < BV U LA
(K) £ A (0.133pm) <F FVU T L (Na) £ A4 (0.097pm) &¥EDOKZX
WIEICHifE SN T e ®E L Twvd (Figure 4-1), £ 7= . Watari et al.,(1968)
. 0 IMEBBERFOT ALY &RA A OHEMAEEK (kd) TF Y U AALF
YLK LT CsAA 210,000 THY ., CsAF BT v ) &Eett
NRTHSMH Cs ZBRMICBRETL2BHE L2 EL TS, B 4 R
BLOE SHEBE (Table 4-5 B KXW 4-9) Tix, MEFOF FI T LABIOA
VU AREIT PBRECLI - TEEZZT T, RESALFOBEENREMEOH
<& o7z (nH, 1988; NRC, 2001; JLTA, 2005), 7=, F 4R RO MR+
MRS, BA4BLOBE sHABROMBTABEDL O SHTEIZ, L FOELER
72 EL AN (JtHF, 1988; NRC, 2001; JLTA, 2005) bV, AEREFTRA LT,
PBEROEEITIZLALEE N LB/ I 72, Parab and Sudersanan (2010)
X, MHMEEDBEBERFTICB T PB IRV VAL A icxT D86 D0/ E
SVHHMECsEZ#RENMIIRETLIHMER LI EEZRELTCND, 2 HDZ
EMDHL L HHECSEEFD LA VBERFTCL PBIES NI VAL AR A Y T
AT ORE~ORBETVRLS, MEFOILFRDICENLR RN LE R
b,
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Unsworth ez al. (1989) 1. 1,747 Bq/ kgdry ® Z § ¥ Cs % & o fid £ & L2 PB
1 HYE7ZD 3 gz 20 ELESGIC. FomEILT T L U BE,
TRV, R TLA, A TLEDLVRALBIRTVEFF R
XL —EBEEREEBEZ T ol b 2HEL TS, £72, Vreman et al.
(1992) 1T, HEMH Ccsz2zE et Eic 1 BY7=V 5g?D PB # 4 @& S
Lz, AF0ABLIOESEFOF P VALY v ARENE DL
Mol Z E2W|EL T WD, & HIZ, Giese (1989) &, WA F L FH4 2 HW
RBROWTAICEBW TS PBITREREBEALEELEICTLTREELEZ RV
METbhDEHRELTWD, ZoZtnb, PBESITENTOMHAE Cs RE
25 500 Bq/ kg-dy Kii CTho7mt L TH, AFOHEELENLLOREORER &
LTOFT PV TLABROA I VLORVICKEEZR TS TICEDMIMHE Cs @
BEHEzRELEZ EEZZ DT,
444 L~OEHEET Y LABITHHCHTHI AL T T Ar—LL
HHLDOEND

AFFETIE, ESHBRICBWTPBZEEL TWRWERRF OO BMHME Cs
RETZE 4ARXRBIV a7, MEABREBICHOHBHIMH Cs REITRMEE
ECEDLIEANOREM TH D 50Bg/ k-fresh (EEFEE, 2012) L& 72
S, AOoMFAMECsEEIZ, F4H BRI NT3.0g/HOPBAEHRE LL X
\Z 16.4 Bq/ k-fresh 2> 5 8.6 Bq/ k-fresh (2B T 2 m%Z =L (P<0.10; Table
4-5), F£7-. F S HBIZEWT 189 g/H® PB i L7z & 12 24.3 Bq/ kg
fresh 7> & 4.2 Bq/ k-fresh (24 L7z (P <0.05;Table 4-8), ¥ O M4 Cs IR
EORDVIIHEEDOEEICE > THRINTWD (Unsworth et al., 1989) 7%,
K LI mIE  PB & L THOMHME Cs BEAZB D I H 572012 10— 100 {F
DPHEBEBZVLBEE LI, EAXAT7 A4 F2&E5ELELE 3 ETIE, 200 g/HOEA T A
e E5ET 520k, oMM CsBEIX 1472000 6.5 Bq/ k-fresh |2 8
B LD L &R LI, Unswortheral. (1989) (X, 300g/HDOEAZ A M & #&
EF Ll oS Cs B EIX 28.0 Bq/ g-fresh 7» & 18.2 Bq/ kg-fresh
A Ll 2®mEL T WD, —FH., Arnauderal. (1988) 1%, 3.0g/H ® PB
FEhUvERIaTHAL L —VICHRMLTEET S22 LKD) B7Cs DE~OHH
PRES, A~ FHImElEhiz tBEL VD, FA4RKRTIE. PBEE
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CHEEE OBHENEKS, PBEREN 1.0g/B R TH o772 (Table 4-4), L
ML, BSHRBRTII.PBEFBEORSMEMRO —HER L ZoREFEOKRIC
FVERBEOEYMEREE o2 LKV, 6%PB 25 DEKEE NS O PB &
BEIX 189g/A &7 »7- (Table 4-7), Z N b O RS K5 fE O k& M
CsIRENENOE EHFAMME 500 Bq/ kgdry (BHRKESE, 2012) % FE->TWD
HAaETH, PBIIMESEHMEIV LR VWHECTHOMAE CsBELZMK S5
NEDR DB RBINT, . PBZERBEICESE T2 I2L0 ., 55
WWIWHAFITBERIELZENAIBTHDL Z ERREBINT,
4.4.5 WHAEBELPLRRShEHRFEEI Y LA DOHEH

B 4RBRTE, HEELPOBRIN I TZRICHEB SN TZHHME Cs > B, R
DHBHECsHFHELADOBHECsHHEDILIT, ¥ 024 THoT72, F 3 E
TlE., A2 H VT 203 Bq/ kgdry O S Cs # e fd k24 5 L 31.9 kg/ B
DI ZEEELLLE, ROBKFMECsHHEICH T 2HDOMEE Cs BDHITFE
BT 025 ThHhHZ MR SN, £7. Arnaud et al. (1988) &, A4 1
HY% 729 92,700 Bq Dt Cs #5245 L 184 kg/ RCH 2 EFE L7
EE ROBMHMECsEFHBLADO MM Cs FHEDHIZTFEH T 025 TH D
LxBRELTWVWD, ZoZ b, HEE XV MERZ&E RIS BHME Cs
DHILER~OBITOLRT FAEOEE PBOKEEHOARICEEL Z T T
—EOHEGNIALCBITTLIAEELILDL EEX N, £, HILE»O I~
DBAT LIS Cs 13, WH T A2 LU ToOHEHEREI T L Z &0 R
ThDLIENTFRIN.HILELPOOBHME CsORINZME+ 22 LT, Ao
BEHME CSIREZRBO TEEDICEHMM» RN FETHLIEEZE X DL,
4.4.6 FARP»PLAL~OHEHEEY vV ABIT

EEE T 8% (IAEA, 2010) X, ZhEFTicwE s FoRLITBT S
Fm O /ME, RRMBEB X OCEHMHEL ., T F4 6.0x104, 6.8x10235 L 4.6
X103 EAFLTWVWDE, AREOFE 4RXBTIZ, PBEES LAR2VEHAFITEL
T, Mt CsBE 2 175Bq/ kedry (35Bq/ kg( /KD & H B 80%H#HE)) @ TMR
HBREREIE., 3,456 Bq/ BO S Cs #BHB T 2 & 025 16.4 Bq/ kg-fresh
DOREMYE Cs BB &, Fm it 4.77X103 £ 72 o7 (Table 4-5), £7. % 5

RBRTIT., M E M Cs BEE N 927 Bq/ kegdry (185Bq/ kg(/K 0 & A & 80% # 5 ))
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» TMR # HHER I, 15,220 Bq/ BOKHMECs 28BHERT 25 A5 243
Bq/ k-fresh @ Bt Cs A S 4L, Fm 1X 1.68X103 & 72 > 7= (Table 4-8),
FARBRBLUOE SARICIBW T PB2EELRZVWHKAFITEIT D Fm i, Fm
DK/ —FRKEBEHN TH -7~ (IAEA,2010), 72, ERNO EH THRE SN T
W5 100 Bq/ BRI O MM Cs Z2BHB L 0@ (FEL, 1994, =1,
1996; Aii et al., 1990) D H AN TH - 7=,

¥ 72, IAEA (2010) O T IHFEDO CRIZ, H/ME. R RXKMEB X OEHYMTE
AWEI 3.6x1073, 6.9x10"F KXW 1.1x10"' Td o 7=, Howard et al. (2009a) 1%,
16.1kg/ BO TR E 245 L&D CRM 13102 Thom bt E L TV D,
BARBRBILOE sHARBRICBIT 284S D CRIT. TAEA (2010) @ CR D 40
N CTHotz, H4RBRDO Fm L. CONT4 X (Table 4-5) 2T 6% 0A X
TES.ESHABRODO Fm T .CONTS X LKV b 6%SB2 XK THEIZIEK2 -7 (Table
4-8), BEARBRLEESHABROBME TFm & CROMIZHWHME (P<0.01) b
W, Fm & CRIZ, MR TPBEEICL- THEICH D L7z (Table 4-5 % &
W 4-8), PBORMIZ Fm 727 TR CRVMBI T2 2 & BRI,
447 BHEMEEC UV LAEZEOHERLBITHREOBRK

AMRIZEV GO Fmix, MABRICBEWNT, PBEEICL > THEIZHED
L7 (Table 4-5 38 K10 4-8), b OfHRIT. BEmMoOMEIZK T 5 PB &5
RV ADOHEHME Cs BENRBT 2L LB EFABETH - (Leitgeb and
Ratheiser, 1990; Unsworth er al., 1989; Voigt et al., 1989), L2>L . AMREIZE
T2 FmiZ. FA4RB IV LE SHBICBL THEHE G EZZERLEZIICH D
MmbbT ., HSHBR (Table 4-5 B8 L1 4-8) LV v FE4HRIZB VW TKE 2o
7=, Stewart et al. (1965). Johnson et al. (1968) B X =4 (1996) I1F. ¥ &
ERBRMDOIGEBRDEBNVIZED, DB HM Cs OBITHNRLRDL 2L 2HERHL
TW%, IAEA (2010) T, Fm O&%/PMEEHRREICFIREIQREVEZRTLTND
B, ZlE, EEFOBRFE CSIREBMES THLAOHBFAHE CsREIGS 2D
EEDRDHY . FElo, FEFTOMME CsIRENE S THIH OB Cs I E 2P IK
K RDTeENHLHZE2ERLTNDEEZONNTL, MHME Cs D7+ —17T
b LT EICR T D A CsiE BRGETIC K o TRKRELSE#HT S (Tsuiki

and Maeda, 2012a,2012b) Z & 25 2 5 &, AL O S % Cs B E A 50 Bq/ k-fresh
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BT 55U A7 HHER/ARICMZ D702 1X, PB2REORMS M Cs WAEH % W
P BEEGET LD EVPMNEIIRD EEZ LN,
4.4.8 FBOBHAMEEL VLB LRBEREBITHREOBEKK

BARBRIIBITILOIRV=2T LI A7 T AOKBENE Cs RINEKIZ, 7+ — 1V
TUOMIXAIEBEELZOERBBRNBSLIORBBEM LY . FSHBRIZE T
HFA—F X —FI77RFTECRBBENTH 72 &EF X6, Fm O &0 WL
BIZL-oTEEZZTL2VEERLIEEZ LN, L2L., Z0RIX
Beresford et al. (2000) <° Howard eral. (2009b) D #HE LI TR > T/, Fm
X, 74— A7 U Ml THEERICHELZGAE LY LRBRIBTRILES 7 H
BrTmhrole 2 &R HmE S TW5S (Beresford er al., 2000; Howard er al.,
2009b), Beresford eral. (2000) (X, Y VN T+ —A 7 7 Lo THEHBELSE
L7z E LB L TRRRIN L ELRGE L L&z, RLAE ¥Cs oIl
BAOBITAEVEREL VD, CRLOLORRICESICE, B4R-RBRLEE 5
HER O Fm OE W Z R EHEHME Cs ORINERBEOEWNICER S 250 14T
T nweEE X bhi,

Howard et al. (2009b) (X, BEHOMEEDOE N, FEREKE OE VN, 154 15
DHFEEEVSTEREFTOZ O ME Cs iR H T, HIEEL»SBEERR
~OREEE Cs O BAT A S M Cs SRR IRICIKFE T 2 2 & & EFE L 72, Mayes et
al. (1996) 1%, MM Cs D ED MINEEIZTZ ORREIZ L » TEAT 528, i
M Cs ODEORINBEIT, 1A OoRETEYVICEZXZbORIZ EE TR &N
Sl EBRELTWND, 2OZ b FMEFICHEET D MHME Cs DIRiEX, M
Bro g st tE Cs OMIEK LV b, A2 LA ~OMHMECsOBITICEEEL2 5
ZHLMERENT, AFEOER T, Fm IXFEEO BEICEE L., & WVE M Cs
ERELYVBENVEHME CSERETSH Fm TR RD2ARBELRND D Z & &R
LT, L2L, BA4RBRLEE SHBREO Fm OEWIZ O W TIXER O 5
EEXTERP o722 &b, OB ME Cs REN B A ELEMZ i EICT H
LZEOICT 0, MENOHA SO, Cs OBITIZEEZ 52 5 2RI
DNWT, SOLRIMAEPMLETHL EEX LN, LD CsIBAB LD 72
WIZ, PBOEBOBEEICONWTHERBLZILICEDILEN DD,
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BSE BEMEEBEIVLRBFROL~DOHEFE LT v A DOBITMH
5.1 #%=

2012 FUBMINECTCICBERIERM T 2BRKENOE =4V v 7 HBRAEIC
BWCTEBED O MEME Cs BB SN2 0E ST 70%fE ., 150 Bq/ kg-dy 2L
TORETHEHIALIEGIT30%REELR>TWVD (BER, 2019),

SO XD M RSB~ O RS Cs B AT M kR xS AR R o
FLHES, 770 -2 ) —HIC L2 BHE Cso T ERrAAOEN. W VE
BBt BN EEAEELIT) ECERBSIA TS, L2L, TENMLHE~D
A Cs BITZZRCMBEIIEITETRLT., &0, WE~DO S Cs BAT
Mmoo H VEEIZ, MEOT Y T AREN 5% LI LEHAERES
NNTWs (BER,2014) . MEOHI VU ARED EH X, AVAFX A i
FOGBAZORMBERICE T, KERBOIXTANT U 2AOFHE L N
RARWIZL TV D, B Cs WImE LIz W TiT, 7Y v A RENKS
B Cs & R WVWHEAB AERTOBENRI KD LA TV 5D,

— ., AWFRBEEERCIE, WEEIZB VW T, BI3IEOKRITE DS S M Cs
WMEHME L TEF T A MR M T A MNREOM T EZWAFITEES L TH
B0~ Cs oBITIMmHIdRAK A TWD, 7 —F =T — 3

CRBTLOHAOHHME CsIREIX . BEE CTHRETRMERBZ ML L TV D2,
MBI S B I O § M Cs 2 10 Bq/ kg-fresh R IC T 2 MBI KD &
LTV D

IO XD FA4FETIT 175Bq/ kegdry O H M CsIBEORAE 2 Hv., ik
WY Cs ZBBIRMWICBRET L2BE R H L PBABEMEICHEML T PB & LT 3.0
— 189 g/HEHETHL, wWBWE, AAEEMN., ks, AT oE®miEit
RPBLOME—MRMERICERELZEZ D2 L2, BEHE Cs O ~OBAT I
LE~DHHRBREICA THLDL LA EHELE, 20 PB I, 20k E&ET
L~DBHM Cs BITE2MEIL, ZOHERBLOPIRIFVEZ XN, PB
T e EEEMm E LT DO CsOBITMHI G RICHND Z LR T
TLHEZB b,

IHECHAEEICKST 2 HHME Cs BiTMilict L TEZomERREINT
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WDN, OB HME CsBE % 10Bq/ k-fresh R IZIE T 5720 0 WF 51T 72
W, Fo. MHEME Cs REAOBBEOEWVICLZ2BITMH SR LBEICH DY
T, BB DA ~DREME Cs BATIMHIIZ D W T, fFEHAl O ZER & WA 4 O R E
ERAOERZ & L2RE ITD R0,

TOZENDL EHEHECs BB LZERIcEB T, ENETHEHFAEE £
B 25 HHME Cs zate@mB R IcEBERIAZEGESZMEE L. Fft T2 i
FPECs MINMBI A RB L OMHECs ZE TR VWAL EELAIREE T2 g E R
iz o220, E3E20F1RR. F 2 B, E3-BRBLOE 4
EOF4R-B. FSHRBROBEELMIT L, AL CsREATHLEAT A b
BEXOPBOEGSIZLD2EENLA~OMHMECsBEICEELY RITTERZ I
BRE L

52 MEBIUOHE

201246 H 18 A2 5 20134 12 A 6 HETHO 253 AMICEREhZH 3=
DE1, B2, BF3RBRBIVOEI4EOE4, FSHBRLLHEONLLEWAF DN
48 BH (KK E 62051 kg, FHFEWR 2.4+0.6 E, FH k% B $ 18282 H)
DiEFRERH W, EBLVROKHMECsBE X, 1R RIS 4 KB IT
CEHWLEbOLLHEOREHERL, B2RABR, B3R-BRBILUOE sHARBRT
TRRERZBIVERTCEEZ OO BGONE/EREZEA L, Z 6 O/ BIT.
BHMECsxFUOMEORrZHE LWHAY (AR 158H), M ME Csza T
AR BICEIRBRICBWVWTEA T A P E2RABRICBWWTHMEFES T 14 b,
FEI3IRBRIIBVWTEF IS PBIXPMERBEAZ A 2R ELEZWAS (B
BI8HH), BIUOBEI4RBICBVWTCPBEAME., F5RABICBWVWTHER PB A
2w E5 LicWwHAd (CHE : 158) & L7z (Table 5-1),

T AT FEHECREERECTCTLE, B, A CSEREBICH T 2H~D
SEE, FmB LR CR O =D T — X X, IAEA (2010) 1272 5 W FE ¥ E £ %[
EEmEZH VW, 2 ARTHOMEMEEY 7Y oMEBERHLEZH ., BEMORK
ExITR o1, £, BARERXoOMEUEOBREDZDICEIE O E2IT -2,

REMEMTIZ, = 7 B siEt 2010 (A2 EHY - X, ER) 2HVBRELEL, @
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Table 5-1 Experimental period, treatments, and number of cows.

Experiment Treatments Number of tested cows
CONT1 3
Experiment 1 (50 days
P ( ¥s) Zeolite " 6
CONT?2 3
Experiment 2 (39 days
WEWWLJBWWNZGQIHGDM L R
CONT3 3
Experiment 3 (39 days
wwfm,,,,(wZeolte” ____________________ 6
CONT4 3
Experiment 4 (63 days
wwj)w(Y)Prussmlb1ue4) _______ S A
CONT5 3
Experiment 5 (62 days
b ( ¥s) Prussian blue 6
Control (Group A) 15
Experiment 1 - 5 (253 days) Zeolite (Group B) 18
Prussian blue (Group C) 15

! Adsorbents were fed zeolite 200 g/day or 400 g/day.
% Adsorbent was oral administered finely divided zeolite 1 g/day.
%) Adsorbents were fed zeolite 100 g/day or palm oil coated zeolite 100 g/day.

Y Adsorbent were fed salt block including 6% of PB, oral administration of 50
g/day of a powder of the ground salt block including 6 % of PB, and salt block
including 1.6 % of PB.

%) Adsorbent were fed salt block including 6% of PB, oral administration of 50
g/day of a powder of the ground salt block including 6 % of PB.
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R SURGOBAICAEEERNLA LD LR LE, $7-. BEBHEE10% KGO
LeaixEmrsbsrs b0l Lz,

53 MR

FEIABRPOE SHBRTEMEAEICKHE LB O MRS M Cs IR EIX 95— 1,047
Bq/kg-fresh ® & . MM Cs EE B X 1,393 — 18,149 Bq/H O & . F o &
E Cs % 11.9—32.0 Bq/kg-fresh O &l TdH - 7=,

FRBROVHOLZHERE, M OKHPME CsRES L UCERE, 3L o KIH
CsiglE, ARBLOUAM Y O FEH X, Table 5-2 IC/" L7z, Bt O M4 M Cs
IR EEIX . 95 Bq/kg-fresh (&5 2 A BR) 7 5 927 Bq/kg-fresh (5 5 3 BR) OFH T
bote, 1HHED O CsBIMEIL, 1,634Bq/H (2R B) »5 15,195
Bq/H (% s#B) o cho7, AOKHM CsRBEIL, 5.8 Bq/kg-fresh (F
2 BR) 5 14.6 Bq/kg-fresh (5 S RABR) OFHE TH » 7= (Table 5-2),

ERERS X O EIX, NARO (2006) O TIEENREOFEHE ThH - 72,
LR, xR E, BEEESBSXOATREEBEREOAK S 1T, HEr T
LI ELTEROHEHE TH - 1o,

531 HHEAHEEYVARERAEZAVRZVEROAL~OKERNEET VLB
T

FEIRABRBOIOLESHBRETCOBHNMECsZEOREBOALZHEE LT ABICE
TLREOHBHECsREBIVCERE, LAOKFMECsREBLVE, L~D
B, Fm B L OV CR (X Table 5-3 12" L 7=,

fRAEE O B S Cs IR E 1L, 95 Bq/kg-dry (25 2 #BR) 75 927 Bq/kg-dry (% 5
RE) OFHETH oo, BHM CsEBRMEIL, 1,633 Bq/H (F 2# BK) » 5 15,220
Bq/A (F s&AB) o0&l Toh o 7z,

oS Cs B E X, 6.4 Bq/kg-fresh (25 2 %) 2> 5 24.3 Bq/kg-fresh (%
SHBR) O ThoNe, MHM CsOA~DOHEEIL, 11.2% (F 2 ® ) 7
5 4.4% (B s5sHBR) ofETh o7, Fmit, 1.68X103 (F S & BKR) 25 4.77
X103 (5 4BR) OFHATH -7, FKIC, CRIT, 2.83X102 (F 5 HAK) »

5 9.34X1020 (8B 4RB) & b - 7o,
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Table 5-2 Intake and milk production of cows in experiment 1 to 5.

Experiment 1

Experiment 2

Experiment 3

Experiment 4

Experiment 5

Item SEM
n=9) n=9) n=9) (n=12) n=9)
Intake Dry matter intake (kg/day) 21.3 g 17.2 e 18.6 g 19.6 E 16.4 b 03
Radiocesium activity concentration (Bq/kg-dry) 202 b 95 a 215 b 175 b 927 ¢ 10
Radiocesium intake (Bg/day) 4,311 b 1,634 a 3991 b 3,419 b 15,195 ¢ 131
Milk Radiocesium activity concentration (Bq/kg:fresh) 9.3 ab 5.8 a 14.0 b 11.8 ab 14.6 b 0.8
Milk yield (kg/day) 31.6 ¢ 27.2 ¢ 23.5 b 22.2 a 27.7 ¢ 0.5
Mik composition Fat (%) 3.79 a 3.95 a 4.86 b 4.57 ¢ 3.71 a 0.08
Protein (%) 3.05 @ 315 @ 419 b 383 ¢ 3.02 ° 0.05
Solids-not-fat (%) 8.37 a 8.52 a 9.39 e 9.11 ¢ 8.46 a 0.04
Lactose (%) 4.32 a 4.38 4.20 4.29 4.45 0.04
Urea nitrogen (mg/100ml) 9.72 ab 8.76 ab 6.97 a 7.02 a 12.01 b 0.39

**. Means in a row with different superscript differ significantly (P < 0.05).

Y Standard error of mean.
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Table 5-3 Rasiocesium intake, radiocesium activity concentration, excretion of radiocesium, proportion of radiocesium to
ingested radiocesium, transfer coefficient of radiocesium from feed to milk of cows, and concentration ratio in experiment
1 to 5.

Experiment 1 Experiment 2 Experiment 3 Experiment 4 Experiment 5
Item CONT1 CONT2 CONT3 CONTH4 CONTS5 SEM
(n=3) (n=3) (n=3) (n=3) (n=3)
Radiocesium activity concentration (Bq/kg-dry)
Diet 202 & 95 a 215 e 175 & 927 ¢ 22
Intake
13471375 intake (Bq/day) 4348 b 1,633 @ 4,030 b 3,460 b 15220 ¢ 260
Radiocesium activity concentration (Bq/kg-fresh)
Milk 14.7 AB 6.4 A 15.4 AB 16.4 AB 243 B 1.3
Excretion of radiocesium (Bg/day)
Milk 460  AB 180 A 362 AB 360 AB 669 B 34
Proportion of radiocesium to ingested radiocesium (%)
Milk 10.8 B 112 B 9.0 AB 10.4 AB 4.4 A 0.6
Transfer coefficient of radiocesium from feed to milk (Fm : day/kg)
Fmx 10> 3.46 ¢ 4.04 B 3.86 AB 4778 1.68 A 0.25
Concentration ratio (CR)
CR x 1072 7.28 ° 6.73 ® 7.19° 934" 2.832 0.39

**: Means in a row with different superscript differ significantly (P < 0.05).
AB: Means in a row with different superscript differ significantly (P < 0.10).

Y Standard error of mean.



5.3.1.1 HHEECYUACETSHEBE

B Cs 2 ERRABOAERE L ABICEBW T, EO MM Cs I E T,
ROBEEHME CsBE (r=080) BIOAOKKRMCsE (r=0.68) EEmNIED
MBE (P<0.01) PEOBHIN, Fm (r= —0.77), CR (r= —0.80). B X (r= —
0.80) 5 KLU LA kD NDFom Ml E (r= —0.67) LEVAOHBARAEDL
iz (P<0.01) (Table 5-4), 7=, AL OMHEM CsIRE (r=10.61) & EDIHA
. A®E (r= —0.56). ADFom#MRE (r= —0.63) 3 XU NDFom 2 (r =
—0.61) LADOHBENMNA SN (P<0.05) (Table 5-4),

ROBE Y Cs EIX, LOKHM CsIBE (r = 0.80) BXOALDEME Cs
B (r=079) &CHWIEDOHE (P<0.01) RO, KE (r= —0.71). HA
Et ik © NDFom £t & (r= —0.72) 3 X " ADFom #H&E (r= —0.72) & &
WEOBBENBE O (P<0.01) (Table 5-4), £ 7. Fm, CR, % B % . NDFom
EMERX L NDFomRE L BAOMHBEM A b7 (P<0.05) (Table 5-4),

HOMPHMECsIREIT, AOHBHECsELEGWHABES A O (r = 094, P
<0.01) (Table 5-4), MH M CsEMEZLAOKHME CsRBRE L OBIC FEREOE
JmANHE S (Figure 5-1),

y=0.0011x + 8.4166 R2=10.49, P <0.01 (5)
y: Lo H M Cs B E, Bq/kg-fresh
x: BH M Cs #EHUE, Bq/H

KN O I DA M Cs BEZ 10 Bg/kg-fresh R I T D72 01X, HH ¥ Cs
EREN 1,400 B/BEU T ThHLZZ EnEHEINE, LOMHME Cs &1, Ak
DBRHECsIREBIOBAECsEMEBLGEWVWEOCHEBEN R O, MHERKI
ThEN 0.67. 0.77 & 72 o7 (P<0.01) (Table 5-4),

Fm /%, B OB CsIBE, MAECSEMRELRVWAOHERE (r= —0.76,
P<0.01), AELEBOHEBEAMALNZ (r= —0.53, P<0.05), CRIEL, O
B CsBE (r= —0.79,P<0.01) BXOHHM CsEME (r= —0.76, P <
0.01) L mVWEBOMHEMEMNE LN (Table 5-4), £ 7= A E  H ¥ H ¥ ® NDFom
HERER IO ADFom ERE L EEDOHBENR O (P < 0.05). HEBRKITIZA
FH0.62, 0.59 B LW 0.52 &7 ~7= (Table 5-4),
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Table 5-4 Correlation test of items related to radiocesium in control (Group A: n = 15).

Above the diagonal : correlation coefficients (1) /
Below the diagonal : **:p<0.01, *:p<0.05

© @ & ® & ®

©® ® © ® © @ ® ® ® ® @

Radiocesium activit tration i :. 'E

dog A CRETEONT pgkgay @D 1 099 099 079 060 067 -076 -0.79 -080; -0.59 -030 -0.07 -0.51 -0.67 -0.65 -0.63} 0.18
Radiocesium intake Bq/day @ ** 1 098 085 070 077 -076 -0.76 -0.79} -0.58 -023 0.00 -046 -0.63 -0.60 -0.64} 0.20
Radiocesium activi cation : _
feiefcesmm activily concentrationin - g jofresh @ ¢ w1 080 0.61 0.68!_ 2077 -0.80 -0.80i -0.56 -028 -0.02 -0.49 -0.67 -0.63 -0.61: 0.19
Radiocesium activity concentration in A i

. Bokgfiesh @[ * w1 (80 0.79E 056 -0.60 -0.62i -0.71 -0.44 -0.23 -0.60 -0.72 -0.72 -0.60} 0.05
Radiocesium activity concentration in . {

o Bokgdfish  ®| * v x w1004 025 <017 037 038 -0.10 007 034 -044 042 -0.59} -0.13
Radiocesium in milk Ba/day ®| = = wx s w1 | 042 2031 -036) -037 001 016 -022 -0.39 -0.32 -0.51 021
Fmx10° day/kg @[ = o w x |1 093 086 046 -0.03 030 018 036 026 045 -0.53
CR x10? L D1 083 062 030 -001 044 059 052 047 -043
Proportion of radiocesium to ingested @[+ ow e x L e 1L 054 013 002 039 050 046 0.63 -0.05
radiocesium in milk } i

Body weight ke e % L1 063 043 063 069 075 036 -0.03
Dry matter intake ke @ * 1 086 088 082 090 024 036
CP intake ke ® 4 1 0.82 0.65 076 032 0.68
NDFom intake ke ®| * * } R Rk 1 0096 095 0.68 038
Forage NDFom intake kg ot & o okl ¥ X Lo »h e | 0.95 070; 0.20
ADFom intake ke @ = = x = E + #omx s m w0560 030
NDFom % y . . . . § * i LA 1 i 019
Milk yield ke @ P *x .




Bqg/kg
Control (Group A : n=15)

35
[ |

30
2 y=0.0011x + 8.4166
g r=0.70%* —n
B 25 4
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(@]
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=
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Radiocesium intake Bq/day

Figure 5-1 Relationship between radiocesium activity concentration in milk and
radiocesium intake in the control of experiment 1-5.
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532 HMHABEEBECVLARERAREROL~DOBNMEET Y L OB
532,10 EBAIA PEEROKNEEY Y AICET SHEE

B Cs BB LICEL T A FE2EELE BHEIZEBWT, oS
ECsiEEIX, LonBERLmVAOMHE (r= —0.59, P <0.01). @O
PECsiRE (r=0288) BLUMBOKAME CsE (r =0.79) LEDOHE (P <
0.05) R /= (Table 5-5),

ROBEYE CsBEIL., LOKHM CsIBE (r = 0.86) B X OHDHHEME Cs
B (r=0.72) L MWVWIEOHHER (P<0.01) A 54, NDFom R =& (r= —0.57),
ML f6 BL ok © NDFom & (r= —0.56) B XOKE (r= —0.54) CEOMEE (P
<0.05) ARSI (Table 5-5),

OB Cs WEIT, B OBHM CsIBE (r=0.65) B X OH OB ME Cs
B (r=0.87) EEmWIEDOHE (P<0.01) RO, B CsEBEME (r=0.49,
P < 0.05) L EDOHHE., NDFom MR E (r = —0.55). MK H kKD NDFom &
(r= —0.56) BLUIE(r= —0.51) L EDOHEE (P<0.05) AL (Table
5-5), WA CSsERELAOHHAMECSRBEELORIZ FTREROEBFKANF L L
(Figure 5-2),

y=0.0014x + 3.8188 R2 =0.24, P < 0.05 (6)
y: Lo H M Cs B E, Bq/kg-fresh
x: BCH M Cs EHUE, Bq/H

(6 S I D E M Cs #FE % 10 Bg/kg-fresh Rl IZ T D 72021, Mt
CsHERMEMN 4400Bq/HU FTTHLZ ENEHINT,

Fm . HERE (r= —0.69). CPERE (r= —0.78)., NDFom £t & (r
= —0.71). HE&IE AHNKD NDFomZERE (r= —0.60)., ADFom N & (r= —
0.71) . NDFom /# (r= —0.72). L& (r= —0.65) BLXUOEATA FEIE

(r= —0.73) tEVWEBOHBERA LN (P<0.01),

CRIZ, Fm (r=0.94) BLXUOHA~DOHEFR (r=085) &mWVWEOHEBENRH
n., Ly R EE (r= —0.62), NDFom #E (r= —0.67) BLTEAT A
FERE (r= —0.70) EEVWAOHMESR O (P<0.01), £7 . NDFom &
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Table 5-5 Correlation test of items related to radiocesium in zeolite (Group B: n = 18).

Above the diagonal : correlation coefficients( r )/ :
. O @ ®& ® ® ® | ® O W @ ® ® @

Below the diagonal : **:p<0.01,*:p<0.05 H
R d. . . . t . . i
di:t‘oce“”m activity concentrationn - p o gy (D] 1 094 088 056 065 0.68] -0.37 -0.28 -0.63; 0.05 044 020 -0.05 -0.19 0.6 0.84i 0.00 0.63
Radiocesium intake Ba/day @] ** 1 079 043 049 065 -0.55 -0.39 -0.68i 0.4 072 050 027 0.4 049 089 024 0.75
feace‘;’ces“‘m activity concentrationin - o fresh (3)] **  ** 1 042 048 0.54] -039 -0.35 -0.59; -0.16 030 0.3 -0.09 -023 0.07 0.77; 0.08 0.50
Radi . .. tration i
ur’;:’ces“'m activity concentration i fresh (@)|  * I 086 072 032 042 002 017 -0.03 -041 -0.57 -0.5 -0.33 008 -0.54 -0.13
Radi i tivit tration i
m?lklocesmmac W CONCENITHON I pokgdresh B #* ¢ e 1 087 041 053 010; 0.6 000 -0.37 -0.55 -0.56 030 0.16; -0.51 -0.05
Radiocesium in milk Byiday (B ** ¢ x e e 1 | 015 036 006 007 036 -001 -0.19 020 0.08 0.0 -0.08 0.12
Fmx 107 daykg @) x 1 094 085 001 -0.69 -0.78 -0.71 -0.60 -0.71 -0.72i -0.65 -0.73
CR 107 * #1085 019 -043 -0.62 -0.57 -043 -0.50 -0.67: -0.59 -0.70
Proportion of radiocesium to ingested @ *  wx wx w1006 -051 -0.53 -0.39 -0.23 -0.43 -0.84 -0.26 -0.77
radloces_l_qg‘n_ in milk i
Body weight ke 1030 016 015 021 025 -0.03i -0.26 -0.04
Dry matter intake kg @ ek ok . 1 091 0.81 0.77 094 0.63: 0.60 0.66
CP intake ke @ * B #1097 091 098 059 075 0.70
NDFom intake ke ® * x ' #1098 095 0400 0.77 0.56
Forage NDFom intake ke * % *ox w6 mk w1 003 0220 072 040
ADFom intake ke ® . L # o ka1 0490 072 061
Mik yield - @ o« PP W Rk owk e Rk L1 047
Zeolite intake g/day sk sk * ok ok ok ok ok * sk ok * 1




By/kg Control (n=15), Zeolite (n = 18), and Prussian blue (n = 15)

35
" [ ]
g 30
= »=0.0011x + 8.4166
£ r = 0.70%* °
g 25 -
o
[}
2
8 r
‘é\ 20 -
=
g :
g 15 - B Zeolite (Group B)
% y=0.0014x + 3.8188 =
2 r = 0.49%
E 10 g
(=4 ® []
. Prussian blue (Group C) ¢
y=0.0000x + 9.5386 ®
r=0.07 °
OE i T T ;
0 5000 10000 15000 20000
Radiocesium intake Bq/day
8 Control ® Prussian blue A Zeolite

Figure 5-2 Relationship between radiocesium activity concentration in milk and
radiocesium intake in control (Group A), zeolite (Group B), and Prussian blue
(Group C).
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L&, ADFom R ER LA B LAOHBAN AL (P <0.05),
ABHBILUOB#BTIE, TN ZENHHMECSEHRE (x) LHADOKHME Cs R E
(y) TKXG)B X OXK(6) ORIFXNGE S 72h (Figure 5-2), AB L BH O

FhZEhnoRFEERICEIESESINICB T 2B IR N2 o7 (P <

0.01),

5322 ANV TUIN—BEROBERNEEI YV LAICETSHEE
Mt Cs # G efapt L ICPB AR E LI CHICKEBW T, 0 MK Cs iR

EiX, Fm (r= —0.89), CR (r= —0.92), &= (r= —0.89), f&HE (r= —

0.85). B E (r = —0.73). NDFom I & (r = —0.90). #HEEHEKD

NDFom #H & (r= —0.94). ADFom £l & (r= —0.92) ¥ X O NDFom % &
(r= —0.96) EmWEAOHEMNAOLI (P<0.01), 7. PBENE (r=0.68,

P<0.01) BLOHAE (r=0.53,P<0.05) L EDOMHENP RGN (Table 5-6),
ROBHME CsIREIZ, LM Cs & (r=0.78, P<0.01), NDFom & E (r

= —0.65,P<0.01) BLUPHALE (r=0.60,P<0.05) LHENALOLINL (Table

5-6) .

ALoMEME CsBEIX., LAOBHME CsE& (r=0.95,P<0.01) & &H\WIEOHME
DR B (Table 5-6), FMS M CsHEBIE (x) EADOHBHME CsREE (y) I
MEBEEXR OS2 »o>72 (Figure 5-2),

Fm ¥, CR (r=0.98). 7= (r=0.95). A& (r=0.67). NDFom X & (r
=0.71). H &8 B HK O NDFom # it & (r=0.77). ADFom # & (r=0.74) &
X" NDFom R E (r=10.89) tmWIEOHBMENRA LA (P<0.01), LELA
OMER RN (r= —0.63, P <0.05),

CRIZF. A ~DOHBER (r=0.95), FE (r=0.75). NDFom # & (r=10.80).
ML L Sk © NDFom # Bt & (r=0.85) B X" ADFom & (r=0.82) & &
WIEOHEBER AN (P<0.01), £72, & (r= —0.54) BXL UV PBERE
(r= —0.63) LADOHBBRELNAZ (P<0.05),

B BL D HH P Cs IR =AY 500 Bq/kg-dry K OBt 25 L7cH &0 AR X
OHHFHME CsREAZELETLI2BHECHOBRZADELAERIIB VT, &
HHCSHERBLAOHMHFMECSREL ORI TROBREALEL T,
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Table 5-6 Correlation test of items related to radiocesium in Prussian blue (Group C: n = 15).

Above the diagonal : correlation coefficients( r )/ = i _ .
. WD 00 06 0 @ D @ @ @ ® ® ® ® ®

Below the diagonal : **:p<0.01*p<0.05 i
Radiocesium activity concentration n
P Bagdy (@) 1 091 0.98 054 -0.19 -0.01} -0.88 -0.91 -0.88; -0.84 -0.73 -0.07 -0.90 -0.94 -0.92 -0.97. 055 0.54
Radiocesium intake Bq/day (D) ** 1 091 074 0.07 028 -0.85 -0.84 -0.81i -0.73 -0.52 023 -0.78 -0.87 -0.82 -0.98 0.70 0.50
e - g
o egces“‘mac“‘t"m’m" aONM - b orgfresh 3| * .« 1 051 -021 -0.020 -0.89 -0.92 -0.89 -0.85 -0.73 -0.08 -0.90 -0.94 -0.92 -0.96! 0.53 0.68
ce !
Rackooe siunl activity coficeipsoR 8 oo o @l W g 1 063 078 -042 -0.37 -0.33( -0.37 -0.14 045 -040 -0.50 -0.44 -0.65 060 -0.05
wme H
Radiocesium activity concentration in .
= Bq/kgfresh (B) * 1 095 037 043 044 012 026 034 017 013 015 006 0.11 -049
Radiocesium in milk Bqiday (6 Aok ok 1 012 021 026 -001 025 050 007 -001 004 -0.15 039 -0.34
Finx10~ daylkg (D ok oax 1 098 095 067 050 -0.14 071 077 074 0.89; -0.63 -0.63
CR x10~ Aok ok ook Aok 1 097, 075 064 003 080 085 082 089 -054 -0.63
EggpationiofimdoceSammolmgested i, @ ** e W k1 L 068 063 004 078 082 080 086 -039 -0.66
radiocesium in milk
Body weight okk Rk ok 1 0.90 042 095 093 094 082 -0.38 -0.56
Dry matter ntake kg @ R % gt * % et 1 071 094 088 092 066 -0.01 -0.48
CP intake kg ® o 1 042 028 036 -0.07 058 -0.13
NDFom intake ke @] +x ok ek ok ok ok 1 099 100 0.87 -029 -0.55
Forage NDFom intake kg 1| Gt W bt i W i e ot 1 100 0.93: -0.41 -0.56
ADFom intake ke @P| Hx ke I Aok ok 1 0.90! -0.34 -0.56
NDFom % @ ook ook ook ook ook ok ook ok ek ek ok ek 1 | -064 -0.55
Mik yield o x * * 11 026
Prussianblue intake g/day @ * ok * * ok * * * * * 1




A B
y=0.0037x + 0.6863 R2=10.84, P <0.01 (7)
y: FLOHH M Cs B &, Bq/kg-fresh
x: HH M Cs #HEUE, Bq/H

B # +C # :
y=20.0021x + 1.8560 R2 =0.49, P < 0.01 (8)
y: O KM Cs B E, Bq/kg-fresh
x: M Cs EHEL &, Bq/H

BHEACHOXBG)OHEEIZTAFHFOXN(MELBELT/hEL Y AHEORRFRL
MUEITR s >72 (P<0.01) (Figure 5-3), Z O 6 H O HKH M Cs
B % 10 Bq/kg-fresh RG22 720101, MM Cs EHEE A 3,900 Bq/H LL
TCThrtHEHINT,

533 LOBMAREIVLARELBITRE,. BELRIUCHER

Table 5-7T 1 Z A#. BHEB LU CHTHEONTLA DO HBHFEME CsRE . Fm, CR
BLOBFME CsEHEREZH T LA ~OMHEME Cs DB REZ R L,

Lo E M Cs BEIX, A B TY¥H 154 Bqlkg-fresh & 720 | f&/EIEX 5.1
Bq/kg-fresh, # KM 1L 32.0 Bq/kg-fresh & 72 > 7=, B # T 8.4 Bq/kg-fresh,
C# CY1# 10.0 Bq/kg-fresh 720 ENZETHN AL EPAbNTL (P<0.05),
ABEELHBLTBHTIZ45% . CHTIE3IS%E A LA (P<0.05),

Fm (. A BICEB W TEH 3.56X103 & 780 F/AEIX 0.96 X103, F KfE X
5.79X103, Tholc, BHETIIFEH 2.77X103, C #H TITFEH 2.07x103 &7
D, ABEEBELTCHTO6SXMD L (P<0.05), ABNDL CH#HEKD Fm
TFHE 2.80x103 L0 EEREIT 49% & o T,

CRIZT. ABMICB W TFEY 6.67X102 %70 HFK/AMEIE 1.34Xx102, f KEIX
9.95X102Td o7, BE TIXFH 5.08X102, CH TIXFEH 4.00xX102 & 70 |
ABLEBRLTCHT40% D L (P<0.05), ABENLL CHEHEE2E O Fm (TF
¥ 5.24X102 870 BRI 47% & o T,

SECRIT, ABICBWTEH 9 2% &0 B/EIXZ2.7% . R KMEIX 15.2%
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Thole, BETIIVEY 7.4%. CHTIEIFEH 47% 720, ALK LTB
HETI19%., CEHETA49% B Lz (P<0.05), ABEND CHEE2EOSE FIX T
TA11% &0 . EEAREKIT 46% & 78 o T2,

ABO FmBILUPCRMNL, AOKHME CsEE % 10 Bg/kg-fresh Kl lc T 5
T iE . A Cs BEEUE X 2,800 Bq/H Rilf TdH v, B O KM Cs R EIX
150 Bq/kg-dry Kiii ThH o Z R EHEIN, 72, BEHETIT., Lo KM Cs B
FE % 10 Bq/kg-fresh R IZ T D 72 o121, KM Cs HBEE 2 3,600 Bq/H Kl
Th., fFEAEO KRS Cs BEIX 200 Bg/kg-dry Rii ThH D Z &, &6, C#¥
TIX. Lo HBE M CsBE % 10 Bq/kg-fresh Rl & T 2 72 0 2%, KM Cs &
HU B A 4,800 Bq/H Kii TdH 0, B O KK ME Cs R E A 250 Bq/kg-dry £iili Td
L EPNEB I,
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Ba/ke Control (Group A : n= 13), Absorbents (Group B+ C : n =27)

25

=

E 20 = .

§= Control

5 y = 0.0037x + 0.6863 /

= r=0.92%* n

8 A

2 . °o

> A

2 o e -

e - N

b s ®

5 ‘ A

bS]

< 5 A

(7 Adsorbents

A y =0.0021x + 1.8560
r=0.70%%*
V
om . . . :
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Radiocesium intake Bg/day

A Absorbent(Zeolite) ® Absorbents(PB) B Control

Figure 5-3 Relationship between radiocesium activity concentration in milk and
radiocesium intake in control (Group A), Zeolite (Group B), and Prussian blue
(Group ©).
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6

Table 5-7 Comparison between radiocesium activity concentration in milk, transfer coefficients, concentration ratio of

radiocesium, and proportion of radiocesium in milk to ingested radiocesium from the feed to cow s milk fed radiocesium
contained total mixed rations with or without adsorbents.

Radiocesium activity

Proportion of radiocesium to
R Transfer coefticient (Fmx 10'3)
concentration in milk

. . . . 1
( day/kg) Concentration ratio (CRx 10'2) ingested radiocesium in milk )
Treatment (Bq/kg-fresh) ay/ke (%)
Mean SEM ? Minimum Maximum  Mean GSD 3) Minimum Maximum Mean GSD 3 Minimum Maximum Mean GSD 3 Minimum Maximum
Control

15.4° 1.9 5.1 320 356 ° 1.62 096 579 6.67 ° 1.72 134 9095 92 ¢ 1.6 26 152
(Group A :n=15)

Zeolite

842 0.9 3.1 145 277 ® 153 1.34 455 508 ° 1.42 249 6.75 74 ° 1.4 42 115
(Group B :n=18)

Prussian blue

_ 10.0° 1.5 1.7 270 2.07 * 294 0.13 439 400 * 335 0.17 17.59 4.7 & 2.7 0.3 8.8
(Group C :n=15)

** Means in a bar with different superscript differ significantly (P < 0.05).

1) Radiocesium was calculated by summing P4Cs and "V Cs.
2) Standard error of mean.

3) Geometric standard deviation.



5.4 E£8

541 HHEEECTVLARFRAZAVRZVWEGOKFHEEI Y LADE, R
BLUOCA~DOBIT

KRR TIE, BMHME Cs 28 0METT2HESE2 ABICBLT, #, R
BLXOALOKHME CsIREIZ, MBOBNMECIRESIVEREDZAE L L
MEMSAELL, EOMERES KR b E >, 2T £ TOHPE (Johnson ef al.,
1968; Arnaud e al., 1988; Unsworth et al., 1989) ®F 3 EOMRICB W TH, &
BL72HE M Cs D 50% L ERERFICHEHIALLILEARINLTWVWD, 205
DZENG, BIIEBBRLULZAHE CsOFEERBEHRE TH O, KM Cs 0w
~OBITICRKRELSELELTWDL EEZ LT,

—H ABLORICE 2HHHM Cs DBEH T Wo 7o A Mk E 72 13 M WY
ST HEME Cs EfICHEHEALI b DO THY, EIZTHIT HHEM & MBS Cs
ODFEBITRDEEZ LN, Leggetteral. (2003) X, & N DKRNO HKE M Cs
HHIZOWTIT, BlEABRTRELTHET2EBRS X KRN OMEMEITHM L
HRICHESW L. EE L THHTI 2o0KNESHE2 T L{EL TV 5, Sasaki
et al. (2012) 1%, MHAME Cs 2 G LM 2ERLEZBETMBEOMS & OF KB
gD 5> b, BlROBHPME CsRENZbFH NI EE2HEL TW5DH, Mokudai
et al. (2016) OHEIC LD &, BA=KR LI OKRNO KM Cs BEIX.
WiV s, REFESTERD R E 2B HFELTI28EE CHLIBR A VWEEZ TR
L. RELTHEAICHET 22 2B0 BT CHEBICHARME Cs PEMET
5 LR L TW5, Fukudaeral. (2013) 13, @B % - HEEHLEZR LIV O
CAEOEMEBICB O THARIBREROBENR X0 MHME Cs REME VW L2 ®E

LTWd, 2ol s, RRPAICBT A2 HHEME CsoBERIT, BB 5
BE M Cs DHEH SRR F2 RICBTAHEHITIALICBT A HEL L RA
D, EHETCICRAIATERERRICBITIHIENBEO,., BREOR S, WHEM., &

MERNEZLEZLEEL W 2bo0 LRI, RPOACEBT 2 HHM Cs O
EOS~OPH T, FEREEHBRB IRV DOEE R LT,

93



542 BAMEEBEVVLIRBRABREROBKFNEEIVLOE, RB XU
~DBAT

ARFFE CTIX. Fedt Mt Cs IBE 2 250 Bq/kg-dry L FTOfE 2 ¥ AT 4 F & i
mELEBRBICBW T, MEOKNME CsRER X O KHME s BRE X, #.
RBEBLIOCALOHAE CsIRE L ENZENHEEN AN, —FH ., BHHE Cs RE
28 1,000 Bq/kg-dry L F o fakt % PB L Hicih 5 Lz CBEICB W TIX, Aok
HHECCRBEBIVEREBIXI. AL WOROBHME CsIBE & MHEN RO 7,
AOHBHEHMNE CsIRELOMBIIROALLRN 7T, 2TOZ LT, B4 EIZEBNT
PBIZAOHFME CsREZMHB LR EZEZD, PBIZEF T A M &HEL T,
MR CsBEAR L L CHHMECSRBESCEICH T HHFAMMBPL L, 2 KL<
Hst M Cs WAL, LAOMHAHMECSIREZMBI T 52 LR REBINT,

CHTEHEOHAMECSREL Fu BLX P CRIZEWVADOHBE RN AL L,
BHICEWTEHMAMEP AL o/, BIETIE, hH SN2 £ OB ME Cs
BECEATA MEEOAR|ICED B3RO, BHEME Cs ZRELZEAS
ZA POERBEN RSN, —FH. BL4ETIE, PBEEICLY EO KM
CsIRENGELIZLDPERINLE, Z0Z &b, 474 K& PBIX. MH
ECsHERE L TOBELTEROBENICEY, MHAMECsZ2EEL L THEHET S
MBIZEVWVA DD EEZ ORI,

BHEBIOCHIZBITAIROKFE CsBEIXZ, ABBER2Z Y, Fm, CR B &

SEELAEOMBIIAON RN T, 202 EIE, M CsWEFA DL — X
VERLIEITHEAENICE VT, @B S HE N OKE RSB L - R
P Cs ZRAEL CHILENCHERE EZI3EL L COFRIPEHZMEEL ., MK E
PR ~ORIZME Lz stk RELTOHEHIMBI SR DL
W2,

B#IZCBITS Fm, CREIUOSDERILZ, CPELEVAOHBLN AL R,
FELEOMBIZALN RN/, —H . CH#IZEIT % Fm, CR B L U4 B R IX
FEELEWVWEOHBARELONTEN . CPELOMHBEIIAOALRN >, BHD Fm
T, NDFom B & . ML Ak ® NDFom R & L " ADFom #HIE L & D
MEBLOCZTOEmMMA AN, —FH . C#IZIIS S Fm L, NDFom X° ADFom
HEREBICHLTEDHEATHY , BHELHEMAORHAKMELN Y THoT, 2N DD
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ZEE, BATANEPBIEEOR TORE S, MHME CsTAERE, HILEN
TOFBESLEBBREEDEWVWICL2WILENTOBERELETNRERDL Z N
HEL Wk EHRERINTL, EAT7 4 NI, BEBERIHEBLYSTWVWEEZ XL
o, BHEBEBERENZS DIk, L— X2 OIUHMEES NIERICR
D, V—A L HNDOEFTA IBHER LIS, E~DEBF T4 FEHED
Z ol R, Fm B/h S oo b EE ST, —FH . PBIX. #hiEEHEMW
BENZL 52 LX) HBAECsEGTLHEHILENEY OB RFER2 #MmL .,
BT Cs D#EL L TOHEHEENES 2D FmBPKREL ol bEEINT,
Fm Z /Db S E57-01C1F, MAME CsOBEELERNOBBFMZE T 254 EN
D ERTFIBINT,

FBE D O A~DHEHYE CsIRE~DODBITIZ., WWEIREDE L (Beresford et
al., 2007) . REGE & MHE L OFERE DOEV (Ward er al., 1967) . H ki D £
BB @&\ (Stewart ef al., 1965; Hecht, 1992) . fA#% H i ® &\ (Voigt, 1993)
Lo THEBSNDIZENRESN T WD, 26 IE, MEME CsRERNHE
E N7 A2 NDFom X ADFom MR EN ~ O M Cs Itmal izl 5 Lz & &
Ao, WMAHEEICLLIHEZOEM, KM CsTAER OEMHR., BHIFME Cs 25
HILENEDOBERMAOEVWHSEEL TWVWD EHEREINTE,

INHDZ END, OB Cs RE X, BB OB M Cs RESHRS M Cs
BERE, E474 FPRBXUOPBOHMHPEMNCsREAOEREE., MEIC T DA
HEoEREBXRECIEEINIZ EXN R I, B4 74 FBILW PB %MK
HHECHRERME L CEETLIHA T WHAFrORKELZEBE T L &, iR
ODEMBLRE, HEENOBBRMZBZELLRERIEZITHI>IZLITLY,
BB DDA ~DOHBHFME Cs OBITZRHRRE MBI TE 2 WEED RE I N,
S BRSSO Cs OBITMEIXHR L L T, NDFom ® ADFom &
ErxFEE LEBRERABFTORKEDELSIPREZZEL TV LERD DL L
Zx bz,

543 HAHEECVLOREBPOAL~DBIT

AW TIE, 62 B —191 A KEHMN Cs 2 &5 fAE% 1,633 Bq/H — 15,220 Bq/

Ak Ic BRI T2 L1k A CSBREAEZES LW ABHO Fm (X

3.56X103, CRIZ 6.67X102 ¢ o=, Z0OZ 0o, WOME M CsBE % 10
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Bq/kg-fresh RG22 72D I2id, e Cs BEREDN 2,800 Bqg/H Kl TH V|
fAEL O E Cs IRE 2 150 Ba/kg-dry Rili THLOIMERN DL DH EE 2 b,

—FH., B4 EHEE L BHED Fm X 2.77X103, CR I 5.08X102, PB
ZEEH5 L7 CHO Fm X 2.07X103, CR X 4.00X102 & 722 o 7=, O KM
Cs B 2 200 Bq/kg-dry Al MM Cs BEE 2 3,600 Bq/H Kiilf Tb L,
A T4 %200 g/BULEEETDZZLICEDVAOKFMN CsIBE X 10 Bq/kg-
fresh RiGICMEl C= 2 ENWEEI N, £72. PB% 3.0g/BLL EHEE LIz
AL EEO S Cs B E 2 250 Bq/kg-dry. BB PE Cs L HUE 2 4,800 Bq/H R
WoehhiX, Lo KM Cs BE % 10 Bq/kg-fresh R bl T 5 2 & 28 HEE
3 4V

A TH LN Fm B L O CRIE, EHERE B (1AEA, 2010) 23757 74K
B, RANBELEERECHMATHSTZR, KFEOTXTOFHERNGE
BN FmB LU CRIZEBIRED S0%REDHY . PBE2HRELLELGEOEHIR
BrRERbBbREWZIEDN RSN, 202 LT, BB HE B O RS Cs &
IR OE W, T bbb, MR CsPHEORBIZEZTMNEZ LN, £
EHRININFSA L b0, SO LEEROKFME Cs DRBRIN I
b OPDENIZEY HIEE»PSORINICEEL RITL, Fm OLEH %2 K = <
LicEExbNlc, bbo® T, IWHERY, 1L —URHRBFE HEOEEL
KX OB BAEOCEINBECREDEWVWIZL Y, HILENTORNME Cs OWRILIZ
RENboT LRI, HEEHIT, B, INERYH, UEIZLYE O
LRI N2V DOENHDHZ LR RSN THBY (NRC, 1988), Z D D iH 1k
FROHILEEDOLEBHELNAL~OBFM. Cs BITOLBIE LBHEL Wb Z &0
MEINT,

IHHDIZ LB 10Bq/kg-fresh Kl D F A FE Z M He 12T > T 29I
X, HETOHEB A WANMEBLC—EOHRETHD Z LTI
TS P CsRER DMK R ERLEICR DL EHBEINT, 5%,
e EEEtOBEWIZED Fm OZLEEEZ /NS T 2RO HBFMHE Cs "WEA O
BHEFEZOVWTHERFLTWSLERLL EEZ b,
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FBOE HMEMHEIVLAZEOCHEENLEELRVWEHBCOEZZEESGOWL
DHEFNEESVLBEOHD

6.1 &

WHFICBTL2HLOHBHME Cs OBBICEHLTOoOREEFTRINTWDEIN, @&
BHE-REEFRICEBWTIH I N M Cs I2X 0 iFER I ME R IR
LA CsOBEOERBICEAL T+ @REIT RIS T,

gt PE Cs JB E 2% 10 Bq/ kgfresh Rim O ILAEFE 2 M HICIT O 201X, BX
TFHHMECsEZEFOREBZERL TALOHHE CsHARLINTEE., W
Floxt L THSAMN Cs 23 ER0ABICUEX TERSE, 060D A
FELTHOBFAME Cs BB EL TW 220 L TCRRTILENRD 5,

TOZENDL, TNETHHME Cs 2E DA ZERL TWAERALFITH L
T, MAME Cs 25 ER VR ICUBEIXEBRIELLEGICB T 52 O MM Cs
REODHBZHAE L, b T, LOHTM. CsoEMFH LRI B X O HH
ECszahB ol Cs2aERVEACUEIZED ., Lo HKEME Cs
BEEN 10 Bq/ kgfresh RiglC 22 EFTICEBET HHEICOWVTHEF LI,

6.2 MEBIO®FIE

BoEI . MEREBERGE VY —SEMAFT (BERESTH) KB W, &
BREBEEREEC Y —HEMAMBEFTSOAR (2012-E1-5-9-3) #/5 T, EXHY
OfERLLORECETLIEE (B 624 107 9 BRERERE 22 5) I
ML CTEM L,

6.2.1 LOoOBEHEL VLB ERRBAR

2012 4 6 A 18 A v 2012 4 12 A 26 A £ CoOMIZ, 102—191 A M. Mk
BICHHME CsZ a0 ZERL TWAEWAF 3FHICHL T, BHM Cs 25
ERVEAICOUBERATEGAEOALDOHHMN Cs REOHBIZOWTHERT 2HR
20124 12 A 26 B2 5 2013 F 1 A 12 BETO 17 BMERL -,
6.2.1.1 {3k

R T B REERAG LY —FEMNEFROMMBIZHE VT 2012 4 8 A
20 HICINHERB LA E Cs 2B ERh VWb vEravd gL —2 W&t

97



MOBEALIZHSEME Cs 28FERWVWA—VYEE, TLT7 707 7EEB LUK
AfELE L. b0fBLE AW CTHAGE 235 L7 (Table 6-1), Z o fit &K
fAEHIX., AE 25 kgWHAH DD D NEL, TDN 256 NIZ CP BEREX /- T X 9
IZ TMR IZFR L L 72 (NRC, 1988; NARO, 2006) ,

6.2.1.2 HRERR. RHEER., BKAE BV ABRERNER X O AR

INET321 F1RABRLL 421 F 4RI VT 20124 6 A 18 A D
12 4 26 AL To 191 AMEHME Cs # G fAp 2 Mk IcBE LWL
2B RIW, 323 F3ABKRE 42,1 F4RABRICBWVWT 20124 9 H 15 A»
512 H 26 HETO 102 A, HEFEMAMO KM Cs 25 0MHERAEE Z
MEREBIICHE R LW A4S 1O 38 (FHARE 631123 kg, FHFEIKR 2.0E1.0
FE, FH ottt Q¥ 32834 H) AW, kB, ARBRBBEM (3.2.3 F 3
REBRE THO 3 M) OLEITEYH T229+49kg/ B, IO KE M Cs B EIXFE
¥ 14.4%+2.0 Bq/ kgfresh, HHME Cs HEEE X F ¥ T 4,059+344 Bq/ HT H -
72, 2012 4 12 A 26 AURBICHHAME Cs 25 WA H X 2013 4 1 A
1I2HBE T 16 A, 22,1 BITHBARARBRLEFAKOFIETHELL, @O IH X
E% (0 H&)., 2. 4, 6, 8, 10, 13, ISARICAEZFAMLL, 2B, HYOD
BRLEAZABICH LT -EOEHAETIRAEL T, MHME Cs A ORE &
L7, AOKHEHME CsBEOHEIL 2.2.1.4 AEBOKHMECSREMED & BV
1T o 7=,

OB T, 2 KTFHMoEBRIY 7 Y roMBERE2H L, £, Lok
M CsRBEORM VIS (y) OXFEEBEMNZER (logy )& L, ABHE# (1) %
A AKICERFESN 2TV ITRORRNOMYZEE Lz, 2oRBEREER L
CTTFRomMBEIIFRRXQNZEH L, LOKFME CsBENREOTDEZHO 1/2
ETCETI28M2zrdT AT RBE2HE L, B ITIX, =7 i
2010 (EEF@®RY—E X, KE) 2HVWHBEL L,

Logy=a — bT 9)

y = (10%) ¢~ (bl / logloe) (10)

y HHTYE Cs %aifﬁb‘@ﬂ%fu B Al OF O BE M Cs & E
Z100 L LeHZEa0oRB AR LOMHEME CsREEE, %

T: MM CsE2FERVnREIcO®E2%ZDOR %, R

a: EXHHOREIFEMAE, b: T OR EHG R K
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Table 6-1 Ingredients and chemical composition of total mixed
rations in confirmation of decay of radiocesium in milk.

Ingredients (%o dry)

Oat hay 35.1
Concentrate mix pellet " 28.5
Alfalfa hay 26.5
Corn silage 9.9
Chemical composition

Dry matter (%) 69.5
Net energy lactation (Mcal/kg-dry) 1.45
Total digestible nutrients (% dry) 63.9
Crude protein (% dry) 13.5
NDFom® (% dry) 43.4
ADFom® (% dry) 28.3
Ether extract (% dry) 2.9
134413706 (Bg/kg-dry) N.D.”

Y Contained 36.5% corn grain, 20.2% soybean meal, 19.5% wheat bran, 18.0%
beet pulp, 3.2% molasses, 1.0% dicalcium phosphate, 1.0% salt, and 0.6%
calcium carbonate.

% Neutral detergent fiber not assayed with a heat stable amylase and expressed
exclusive of residual ash.

¥ Acid detergent fiber expressed exclusive of residual ash.
* Radiocesium was not detected in all diets.

' Not detectable.
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6.3 #EH

6.3.1 HREEORT B L CILFERS

LR A B O A EE L FR S % Table 6-1 12778 L 72, TMR @ § %) % | TDN,
CP ¥ X " NDFom F &1, Zh £ 4 69.5, 63.9, 13.5 BL W 43.4% Th o 7=,
TMR IS Cs T a2 0o 72,

6.3.2 HMHAMEETUVLAEZEFERVHABKEECLILOBERNEEY Y2 D

B =

AREBRBRAGEL AT (3.23 FEI3IRBRK TROIAEM) IBWT, A Cs 2 &
f B2 R ICE R L WA 3EOAE, LAOBHM CsIRE., MM, Cs &
MEBICETR AR L2,

HEE Cs ZEERVWEABICOEX ThE T2 &, X 4 BRICH O KH
T CsIREDOR VAR S 10Bq/ kgfresh LT & 7220 (6 H#%IZIX 4.6 Bq/ kgfresh
EUIBEXAETLD 68% D Lz (P<0.01) (Figure 6-1), 8 A& IZ XM MR ME
(1.6— 1.7 Bq/ kgfresh) K& 720 U 1S BRITT XTofAS THRE TR
R E o, AOKHME CsoBPbREIZCHEZITIR O, O 2
%8 BETICE, MAMECsEZE TR VABICUBEIHOB KL AL OKHM Cs
BELtOMICTROBIRBANE SN (Figure 6-1),

y= —1.97x + 16.36 R2=0.94, P <0.01 (11)
y FLoOME M Cs R, Bq/ kgfresh
x: MHAME CszBERVWEBICUERZO B %, A

Flo, BHHECsZFER VB OB I HZO B EBHME Cs 25 720
B2 EEMOLOKHMNE CsBEZ 100 L LG E0oRBRKT & oK
Cs BREFHGLOBMITROAY T FEB LM ETLIBARLXNE S L 7
(Figure 6-1),

y = 123.43¢ 0-218T R2=10.74, P < 0.01 (12)
y HHMECsZFER VWA ZHEGSEROALDOKHME CsIBRE % 100 &
LE-SAORBAKTEOHBHME CsEEEES, %
T: MM Csz2zEEhvmplicBEx %o B %, A

KA2)6, AOBHFAME CsoEMFHNEEB T 428 LEH I L,
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Figure 6-1 Decay of radiocesium activity concentration (above) and
percentage of radiocesium activity concentrations at the end of the test in
cow' s milk (below).
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6.4 E£

6.4.1 LOBHMEELYYL2OER

P Cs # &bt 2B L THLO KM Cs B E N 14.4 Bq/ kgfresh TH
STWHFIZIH LT, MK CsEZEE R VAU EX CHRET 5 & 15 B#
A OHBHME Cs B TcE2< 7Y (Figure 6-1), ¥ 5% © B ¥ & [kl 4]
BEXREOLOHKHME CsIRBE A 100 & L W HH L OB Cs iR E

BIEMFH LB 2 HET 28035507 (Figure 6-1),

=& (1996) 1L, M 50Bq/H OBt ZEHE L . F O F & Cs I & 2% 0.2 Bq/ kg-
fresh DG, AOBMPME CsREOAEMFHELEMZ 49 B L HREL TEBY
Takahashi ez al. (2012) %, 15,012Bq/H O Lt Z EH L .2 O & Cs B E »
36 Bq/ kgfresh O &, EWF ¥R %2 6 H, 14 BZICIIHHESE Cs 2 & £ 7
WEIE 2R E L TWVWALRALETETFTT 22 2®RELTWVWD, 2, ITH
(2012) 1X., 26,700 Bq/B O fA Rt ZEHE L. L O &% Cs B FE 2% 49 Bq/ kgfresh
DA, EMFHERB A 52 H, 78 HBIZIX 13 Bq/ kgfresh I K& < i L,
33 A 21X 4 Bq/ kgfresh 12722 Z L 2 H/EL TW 5,

INHDZ D, LOME M Cs OAEMFHERBICRKE ARAE VTR VD
DEREI N, Fho, HHEHME CsEMEIT., LK Cs 4P 5k
W L TRBIILEY RIT S22V, AOBHME Cs PRIETERIRDET
DORFMIZH L TEEST LI ENHEEINT, 612, M Cs 25 £ 220 B
OB XEMOALOMHME CsIREN, AOMHME CsREDBDIZET 5 B
BT HZ RN TRIBEINT,
ARBRTHEONTLAOHSFME Cs oM FHFBB A H#H T+ 5 AR 1L, 17
F02)0RET 2T B A ET 2N EEFAFEOBEmMEZRL TEHY
SO EEERERT LD EICIVBEERMET b0 EEx N, KRR
ALY, A Cs 2RO RERINIZICHANE Cs 25 £ 72k
WU x -5 6. O™ CsBE D 50Bq/ kegfresh Th - 72 &, IO S
P Cs & % 10 Bq/ kgfresh RiGIZT 27201213, SBUEOBRB#ENLE LD
ZEnRE INT,

IR0z s, LOKEME Cs BE D 14 Bq/ kgfresh TH 2356 1%, HBH
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ECsxZzBFERVWEEBZHEL THLHADOHHME Cs BN 225 £ TITIE
1S HFREOBEPMLBIIRDZEDN B INT, L7ZL, OB Cs B E
2 14 Bq/ kgfreshZ ERISZ G AL, BHHAME CsEMENEE L, L OMHME Cs
2% 10 Bq/ kgfresh K, £721F. KBMHBICR2ETICETLINBEIIELS b Z
CICHBETOLERND Y LMY CsIBE % 10Bq/ kgfresh R I T 5720
WIE. S AU EDOHAMECsZFERVHEBOKEEZITOLEND L LHEIN
7
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B1TE REEZE

BIETIE., CNETOMBRED LIC, WEOKHM Cs LADOHHME Cs &
DR, E~OBHNME Cs el EZEM, B4 714 F& PB O~ HE M Cs
BAITMAI R RO L BE, Fm O E# 2K B LV 10 Bq/ kgfresh K i D F A&
OO OREFRFIEICONWTEE L,

71 BEEOBREMEECVLARELAOKNMEEI Y ARE L OBK

AT, BHFAE CsEZELRABAZERLZWAFITB VT, 200g/HD ¥
FITA4AFPBIR3.0gBUEDOPBEEE T D LICKY, B CsRAER %
AW WE A L& L TREDLHA~OKHME CsOoOBITIIMHEI S, Fm B X
O CRIFHEA L . AOMHAM.E CsIREIZ.EA T4 & 52XV 6.5Bq/ kgfresh,
PB # 512 K ¥ 8.6—4.2 Bq/ kgfresh & 72 o 7=,

fa G- Akt O F S % Cs B E 2 500 Bq/ kgdry Ris CHNIE. ¥4 T4 K< PB %
BHET L TCHOBAMECSREIL. BAMOEEME (EAFHAE,2012) Th
% 50 Bq/ kgfresh RiIZ2 2 Z ERHERIN . IDHICHLEHEORD LA O KK
PE CsRE TdH % 10Bq/ kgfresh Rimlc#dl s s & nmeshnic, KB T
DOHBEE CsHERMZHAVZRWVWEAEO Fm (X, &K 4.77x107° (% 4 & ). &K/
1.68X 1073 (% S#ABR) ThHV ., Fm OL @R EL L OK KM & K/ HE O LS IE
EIRELS.CROLFEKOMBEM TH o 72, B O S M Cs B E D 500Bq/ kgdry K
HThHhoThH, HMHMCSERENEZ L2 LICXY ., LAOKKHM CsBEN 10
Bq/ kgfresh Z B34 5 Z & BNH#HE I iz,

IO ENL, MEOBRNME CsOREOHRICOLE T, BN Cs 2 &
Bt oG REFET L2 L1080 BHME Cs EREOBIRZ Mk L TEME
LTWSMER’XDH D EERZ LN,

72 E~OHAEE UV LEHOEEM

AMETIZ. PBE2HEETIHZLIZLY ., MM CsOE~OHEHEIE D 90%
LbhdZoi, 72, REAOKEM CsHHEED L ITHE M Cs WEA O F
RFABRFHIZODPOLT —ETHo 72, ZOfERIT. Arnaud er al. (1988) . Giese
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(1989). Unsworth er al. (1989). Voigtetal. (1989) N/R L72fER L FAE TH
D, WHFIZL > TERINTEHHE CsOE~DPH 1T, HHME CsD R E
EARPEHRKE THY . H~OHHORE X, L~DKFHME CsOBITZ2ME T+ 5
ODOMRHRFELEEZONT,

—H . BFTA b EHEELTH, HAMK CsOE~DOHH NN T 2@ m xR
bhZaholb DD, REALDOHKFME CsHEHBO M IT MM Cs AR O F HE
RABEBFEIC L PDLTE -ETho, ZOMBEIT. M (2012) DR L
FETHY, BRINTEELTA PR AL —AFERITFHELELENIIHEED |
RS o B2, WBLEEL A4 PR E LK IZHE S
DICEFHMAZEL ZO0MAICIIREMANLAENLEL RS LR SN,
F KNI I NTCHHECsODALLER~DHEHE G L2 LT D LT,
BEMBMTIHELW. ERFRBINTE, 20602 b ERLE KHME Cs D
HA~OBITZIH T 5720 I11T, B, Cs zmficE~FHIEL0PPER
R0 MAE Cs AR ORI A IL, KA Cs & Do ML RO A RE S kR L T
WD ISR I B D T, BB E Cs IR E Y 10 Bq/ kgfresh RSO I EEICHE D TH
HEHEEINT,

7.3 PEFSFANEIATYT VTN —DH~DOHEFNEE T LABITHHIDR

D H B

731 B¥AEIFA4 PETIANTT T NV—DHE

AR TIE, AOKEE CsBEIEX, 200 g/ HOEA T A4 FEEIZLY Fm iT
2.77x103, PB O # 5 T 2.07x103, CRIZEAZ7 A4 FD#EE T 5.08x102, PB D
B 5T 4.00x102 o lc, 2RHOZ X, ARIERALEEAS T A X, ALO
FL At Cs JR £ % 10 Bq/ kgfresh K (2 3 5 72 DI X, B O KHME Cs B E I
200 Bq/ kgdry  fi 5t ¥ Cs B & (X 3,600Bq/ AN LR T, 2 % kRS L&A DMK
PP CsIRE % 10Bq/ kg-de RWGIZMB +2 2 LT LW EHERINTZ, — F.
ASEIEHLZ PB T, AOKHM CsIBE % 10 Bq/ kegfresh KiGIZ T 272 D1
X, fA kRO B EME Cs B E 1% 250 Bq/ kgdry., HeH M Cs EHUE X 4,800 Bq/ B
ERIZZ2 D EHEEINTZ, ZHbDZ &iE, PB X, AOKHM Cs BEZEZ 10
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Bq/ kgfresh KRG IZHH T 21, 5@ OKHME Cs BE O BRI X OHKH
PECsHERED ERIT, BEFT7 A4 XV E 20%0 0 EmneEEBEXONTL, £,
PBIZ. B4 T4 PEHBELTAORVHET, @B »OHL~OHBHFME Cs DBAT
FRHILTCRBY A ECSOMBDIRIBVBRERATH L ERMER I,
A I7A4 M2 FLLT 1.0 g/BHEESETS5E. Fm i 3.09x103 & B4 T A
FaEGELRVWESEEERL TRV T2 2P ERENTE, PEODERETH
SThH, BAT74 bOEEBEELZ KRS T L2 LICK0 PB AERICHFEHITHK
M Cs zMaET L2 s ahlc, YEOEA I A 2R AKRET 2 Hik
TIEHZRL PBOEERKRICERBEICES T2 8L Tl ICERISE 5 Fik
AL TWMERILL EEEX N, £, B T4 (TN I A8
W) XA A RZBEICEIY CsAF L ZMAET LIV, ZOBRRBEIND A 4
X, TRV TAELEIANTTATHD EHEIN DS, NIMS (2012) B3R
EBY, AT PO FEEIT -ETCERLS, EHOE W, -0 RKE IO
EW, AWM ERAYMTCOHRBOBNVICLY, WALFOMEBRRICEEL R
THV O ALNERBTLHREERS DG, BHME Cs WERE L THAT
DGO TA POMBIZOVWTHLAERMBMH L TWIRLERNH DL EEZILN
7=
732 AT rIA—FAORE

PAE T4 bRy ofpt: L Ti@dL TWDZ ikl T, PB L, ik
BERm e 2 WILEMAERBE L TORBARRZINTELT, BEMTES
CEET L EFITERY, BN ~OMHEHM Cs BITMHI OO0 2, PB
DB EEIZOVWTHRAERELZIDICEDLIZILERNL D EE X LN,
AHFZETIE, PBZERBEICEAL TEET 285612, PB L @ERIE OB L%
WXV BEERED PBORAERTERWVWI ERERINE, 43.1 F 4 B O PB
BEER KX Giese MIZ L 2 PBEREBIVIFALLBAEL TCWAEERETH S
30g/REHBELTOPEBETDH- T, B, BEMEB LU LZUR T 2 DIC
AREOBICFEZRKET L AFANLLZFI T AL FRIT LT IR T AR
VEBROWMEELKR T A LT, PBEFEERE T 320g/H 20 AEL T
W72 50g/HD 65U EOBERBEERES X OPBERE L 2o/, ERERR
EOHMMIZ. PBOFST I /& ((NHy) ICX 27 =7 ROIMGI LM F1E %
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BTS20 @BHEOLLI~Y IR TVAPRBEEILR- T EDNERTH D & HEA
S, LnrL, RO RES2HELLSA,. BEEPIR T EL 2 81%., &
tF PV T ARPBOEMENBRICR DI ENPHERE I, Hove (1993) 1%,
PB NEFOMEAE LA E L TCOMEIZLY, PBRED 5% —10% %28z 5 & [H
W OREEZMET HEBELVW EAEHRLTCVWS, 202 b, @
RO LWEFEZ R L -EEREEEZFOBERBEOLL O H KN S
LITHEIIRDEBZILNT,

WAL TOFAICHL > TIE, BAERNEO LEFHEGRESLCKEG B L
HBIZBWT, PBIZYT b4 4 (CN) /e 7 LTHDODIRD
o, WU RN ELE D, Arnaud et al. (1988) 1L, PB A{AANT bk L
—ATEL LI HBFMERE “CEMZAZPBZAVE FL—2RBRICE W T,
WEES 7 X BB LA 2 REL TS, PBIT, A CsAEA &
LTOFRMENSG, 1986 FDOF =/ T4 VR HDEEHTEKE., KMNIZEWN
THEEGEORBRMHE L TARBINTEY, ALBRNF O KA Cs B E KR
DI=HIZHEHICIER ST WD (IAEA,1997), 4. HANTO PBFIAH % ®
b, AXAREDAAMBMLBLOEFD PBROVT VILEHOBEF
EOomFICHE B LR ELZCHEINDI PBOBRRE FTO PBIZRE
LS Cs OIBMIZOWVWTHRFATL TWSHERL DL LR INT, KM
Cs ZEBMLIEGAOHA~OBITIH OO, PB OfRMERMM E - IXE Y H
EHELEELTOMARBELILICEDINERDDLI EEZ XN,

7.4 FABRPLAL~DOBERAEEVVLOBITREAOCEHER

FmX° CRICEZEZRETTEHEMOERNZEX S 6. MHE CsBEA % H
WRWEAIX, OB AMECSRBRESIUOKRHNE CsEME L EOHBENAL
A, CR (X, ML B H Kk D NDFom Bt &% L " ADFom Mt & & ED B 2 R
b, —H. BEF 74 P ERHWEEAEO Fmiz, M L7 CP &, NDFom &
R EE . HL AR BE B R © NDFom &8 £ " ADFom E O EMEBE LA OMHEBETH -
TR PBEHWESARIZ, ENONEOHBEERYVEARENE TH-7, Zh
b Z &, MAOREICEBWTHRE SN TV 5 HMAMEE R E (Stewart ef al.,
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1965; Johnson et al., 1968; = 1§, 1996) . A B O . Wi 5 & O E\ (Stewart
et al., 1965; Ward et al., 1967; Hecht, 1992; Voigt, 1993; Beresford et al., 2007) 73
Bt CsMERZHE LLEHEGOKME CsOABNLA~OBITICX T 54
AMARERE L TEELTWWD I EA RSN, BN Cs DHILERN D@
WREMRICEET IBMEE L., P4 T4 L PB OHILEATOEFHEDE VD
LRI NTZ, FmZ D S E57201001F, KM Cs DHELENRN @R
MR AZES T2 ENEETHLIEBEIOLNDZ END, BHMH Cs 0oL ~d
BiTmsl oo, WEA LR ICHEBBMEL EL T OIRAKMEMDPLEROE W &
B MEt U 2SI~ Cs 2 F I RE T 5 HIEIC DWW TH B g Ly
Bt Cs MABEAOEBENIC L 2@ 5B ORDSICOWVWTHEP L TWnL
VLEPNH DL EB XN,

FARBREESHARBRICAVWEHHFAME CsAZFORBOERELE Y A L — 2 DI
HREMCOREFIBEIERZ->TWVWEILDOTH-, Fm & CR VR KME & 725723
LT VT4 77 A0, Cs RINERIZ, 7+ — AT v MNIXDEHEILSE
WCEDHERICEEST, EmBRINICL 280 LORBBRNCTH Y . FK/E
EROTZESRBRICBITIAA—TF ¥ — N7 T RAFTFIHRIRBINTH-TEE %
b, EHIERNL =T VT4 277X 2010 FHROFHFLEHEMTH Y . 2011 F
3 HDBEBETREV IRV bOD S RAEAFELZEMR/RL WL, —F., £ —F
¥Y— R 7 RAERFEMTHY ., 3 AOEBCTCHOoREREER L TV,
HEETRERA TP, 2O LN, FmOEFHER T, BE, BE#O
ERHER, EFAT —VRPRNEROEVWICHIARELEZRILONTL, 2O
X Beresford er al. (2000) X Howard et al. (2009b) OW®E L ITE 72> T
WL ARBRIIEFESLAEEF AT — VI LD NDFom & &35 X OV ADFom & & O & W\
EHEBET L5 00ORFTERL-L I ENDL, FmB LV CR O L&) EE O E
T TE ol

SECEEBNOHLA~DOBHE CsBITMA 21T > T < 5 2T RRBIR F
DHMEHM»OEEINTZEEBORBANFLERDIED, MEAEZITO 2OIC
X, MR OB Cs MINMGI R oMk N me s, £, MM CsIER
NEBOEAILOWTHLRADLETHDL BN, & b1, KM Cs B
J£ 78 10 Bq/ kg-frsh RGO I O AEFEDO D, Fm B L O CRICEE 2 5 2 % [
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oo EREELENOGUBE~DOBHMNE Cs BRRMHIZOWTHAERILETH D &
Ezx b,

—H . Fm X CRICEBZRETEEMOER 2B X H4E . AFR TIE., Fm
X Cs REABESOAFBICLOTAELEAOHMBENR O, £72. CR
T CsHERZA VRV EABIOPBERET AT, AELED
HENEONTED, EF T4 V2 RELEGARIT. AELOMEBIIXA RN
Sk, CHERELOMBIZ, MHE CSREABREOREL L OEETT T
BV FmBLOCRICEETLIFSEMNOERIT, MO ER & LEL T
MWAER L o T,

LEL Fm BXOCROMEFRIT, AEAWMZ A2 LI, EMLE—E&
DB, CsHFRI D EHEINDI N, CHEMEL FmB X PCR D
BIfR L. Mt Cs MBAESOFEE LI ZOBBEIC LY B o LRRKEITA
METIHERFET L LT TEhrrol,

Ol FZERBICBT AL ~OKHME CsBITMH O IC, FAEH
OB TG T 2MBOKHAE Cs REAZAEL CWLERD D
ENHRI N, F . B ERABORERFICL D BN Cs RILI K O %
EPRRBIC2D2 LR E5ERABEAEEZMRFL TV RLERDL D B2 BT,
HHPE Cs & & T ML BE A2 FE 2% e < Ik (2 35 W T 10 Bq/ kg-fresh & iif§ @ $L 4 FE @
EOIIX EHEEDO KA CsHEAZHEECWALFCERI ST HEE 1T
Y2 EThrEEBERXAOLNT,

7.5 HLOBMHEHMEEY Y ABE% 10 Bg/kg-fresh KRG I T B0 0fREFHIE

IAEA (2010) ¥, Fm DR /MELEREICIFIRELREBLZRL TN, 2DE D,
B OB CSIRENBS TOLADOKFEMLE CsREINGS KD LENHY | £
o, AR OKFAE CSBENES THLAOBHME CsBENKS 2D Z 3L
TW5, s Cs #IE 2 250 Bq/ kg-dry O Al £t %2 20 kg/ BEH L. 5,000 Bq/H
DBRFHE CsZEMLELGRCHAOKAME CsIREZRAR T 2 L. TIAEA (2010)
WL TRENTEHKR /DD FmfE 6.0X104 TILH O P Cs ¥ % 1% 3 Bq/ kg-fresh

LD KO Fm f 6.8X10°2 TIlX 340 Bq/kg-fresh & 72 5, fal Bl o &t Cs
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&N 500 Bq/kg-dy Rii TH > TH Fm A mEWEH AL, Lo KEMHE Cs B E X
50 Bq/kg-fresh # @3 2 AN H D L EZRBE L TWD,

ARBFZE TSN CsEAZRH V2R WEHEIC 1,633— 15,220 Bq/B ® &
Cs ZEMT 2 &, FmIEHK KT 5.76 X103, F¥ T 3.56X10° & 72> 7= (Table
5-7). ZOZ 3. BEROFmZHAVWTHOKNE CSIREZRET 2L, 2o
AHEMBTH D 50Bq/ kg-fresh(EAETBE,2012) DI L AEET 2720 I21%. 8,680
Bq/H OB H % CsEBREN LR EZ2 V| fEO KBS % Cs B E 2 500 Bq/ kg-dry
UFThiniE, fAktE LT 17.3 kg-dry/ BOEBRMBAIGETH H Z R RINT,
T, FHO FmZEZRAWVWTHET 5L, 14,000 Bq/BH O W4 Cs B E A LR &
720, fABLE LT 28 kg-dry/ HOEBMMAIRETH DL Z ENRRINT,

IO X, WREREOKHME CsRE D 500 Bq/kg-dry BL T T H AL iE, fA B
PEREBEZRET H2 L1080, LOKHME Cs B E % 50 Bq/ kg-fresh & i (2
Froxplifegank, Lol MK CSHEAZA VR VHE T, Lo kit
P Cs B EIXEY 15.4 Bq/kg-fresh (Table 5-7) 720, LEEHEORD D 10
Bq/kgdresh R O HLAEEITH LS R L. AMETHELNTZ FmB LR CR B
i B O BB P Cs 8 B A 150 Bq/ kg-dry R . ST Cs B HLE& 2 2,800 Bq/H R
WCThIE, BMHEHME CsMEAMEREET 2282, LOKHME CsRBREEL 10
Bq/kg-fresh Rim I TE 25 LB 2 6o,

FBIETIEH, BAT7A4 FMEREZ 200-400g/BES LEELAIC, Ao KM
CsIREB XV Fm ZM& S Lo KA Cs BT 6.5 Bq/ kg-fresh & 72 5 72,
L22rL., 100 g/ HEE LESGEOKANE Cs BITMHODRITE N o T2,
DO DB, 500 Bq/kg-dy RO HME Cs 25 M NEEINTZEHAD
P4 74 P EGEIZ200g/BREETHD EE X 5L, 10Bq/ kg-fresh £ iifi © F
AEDRARRTHDL ZENRMEINTZ, AMMETHELNL Fm 838XV CR 6,
il B o f 5t PE Cs B 1L 200 Bq/ kg-dry K . M Cs B EE A 3,600 Bq/H K
WThHbniX, BAT7A4 M2 20g/BU E&EET 2Lk, LoKHMHE Cs B
J£ % 10 Bq/ kg-fresh R IC#Hl T2 2 LB RME T,

—FH., FA4ETIT, PBEREL 3.0 g/BUELLAEEEHOKHME CsBE
BEOFmixmél s, Lo Cs BIEIX 8.6 Bq/ kg-fresh & 72V | Fm I3 &%

AN0.21 X103, FRR 2.61X103 727, £/, PBEREOHEMIZLD AL~
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B CsOBITMHEI D RRNEL DI ERERINTZ, 2O b, 7R
PBEZHHBHICEMTEL2HRMFICEBNT, AOKH M CsBE % 10 Bq/ kg-fresh K
W 270X A EEO KR E CsEBREDN 3,500Bq/BOH AT 1.7g/8 .
8,000 Bq/H OH AL 5.0 g/ HOPBEENMLBEBICRDIZENRARE N, £72.
AKFRTHEOLNTZ Fm B L CR 26, B O K% Cs B E D 250 Bq/ kg-dry
. BH M Cs BEEUE A 4,800 Bq/H R ThH i, PB % 3.0 g/H L L#EET
HZ L THDOME M CsBE % 10 Bq/ kg-frsh RIGICME TE 2 Z L BN R Eh
77

Iz ENDL, EAFTA ML LI PBOELSICEY AOKHME Cs BE
Z 10 Bq/kg-frsh Ki#IC T B LWz, 7. Fm OZEHHE T K X <
B Cs DAL ~OBITICH T I2EBBIIRELS 2L Enb, AOTHEFHF
A fE 500 Bq/kg-dy Riti O I Cs REOEB ThH > TH ., MM Cs 2 a0
B ZRELTWDIEAIE. VA2 KRNDRICIR, EHIC. LOKETHE Cs B
FE % 10 Bq/kg-fresh Ri (T 272012, WHF T L THEICHHE Cs BEH %
BETLHZIENREE LW EHB SN, EF 74 NIFEEBOKHEME Cs BEMN
500 Bq/ kg-dry K2 PRI N 2% & ICHEH L., PB XA E O MG Cs B E DK
L HMHEBEREN D RS E~OKHE CsHHEER L ZVRRIZBW T, BN
LAWK HME Cs OB ~ORACHIETED XIICKABILENRT 585461
AT L2 L BAE CSREBERNOBENGITIRNAHTHL Z LR FIBI T,
BICs T WM A 30 F L RS, RKBRBEOBHMABEILHY, HEBIVFEED
BEE Cs MINME R IIEMICR S ERBEINDI LD, BEXE T K4
Cs M LB AE OFfE ATRE 22 I~ O S CsBAT I Kl O 72 0 12 A BF 521,
T BUDRILAEEFTOENL O —Bichoc b Bz b, 4%, 4
DRE M Cs XTI H O 7= 012, AR LD I ~O KM Cs BT ER & 4T,
MM CsERODEFHFEBL LR RELZRFTIL. bbb THSM Cs
DIERIFEFRES X OB 2 2 M CsRBROBEREZIT W, PN Csx & F R
WHAEDOTZDOMBEZB TV VLERL L Z ER RS LI,
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7.6 &

AMROMBR . AP OHBAE CsRERBKKELEOED 28 E
FARME (500Bq/kg-dry) K Thbnix, €474 X PBAEHK G LA
CTOHLYEAFBEOED 523 O K H¥E (50 Bq/kg-fresh) R © 3 4
FEN TE 50, Aol Cs BEZELZ 10 Bg/kg R IZIEH F 512
A CsERELZRMRT 242N @B O KM CsBED 150
Bq/kg-dry 2L £, WM Cs R E N 2,800Bq/B UL EH DL A X, K
WM CsHREAOEERNLETH D Z EMNFENT, BHME Cs RE
Alazfkb5b 52k FRSNDIERO KM CsIBER LV K
HHECHEHEMENIERT L2 DRI T,

A CsWEBAZHEES T 256, AOHBHSHME CsBE A 10Bq/kg-
fresh RiMIZT 272D, FEI L2 OMHFEME Cs BEB LV
e CsEBRE T, A0 KM Cs BEND 200Bq/kg-dry K i . &
M CsoOEmMEN 3,600 Bq/H R THIIXT. AT A4 F% 200 ¢g/H
UEHBEBESTDI2HENLY ., £/, B OKSMHE Cs BEN 250 Bq/ kg-
dry K im . BHME Cs BER E 72 4,800 Bg/H K@i Thbhn (X, PB % 3 g/
AU EEEETIVLEND L Z LR RFINTL,

A7 A4 & PBOBEFEECsREFEORMELRITRRLY  PBITE
7 A4 FEV LR EEERECTCERLZKEM.E Cs 2 # L ITHEBRL
TH~OHHFE CsOBITZMHEH L, PBEZEBHRERICKEAS L CH AT
52 LRV ARG PBEWMAFICERIE L LN TE LN
IR 4V

BRI HEME CcsTEA~RLEZIHEH I, L LR~ HH X
BHLIL0VD R, Z0o0HIT—ETHLDLLD, HMHME CsHEHNOEEIC
L E~OHEE CsOPFEHRET, KARA»DL OHBRERNRICT S
bl OB HEMECsREZRBRIE2D RN FETHL 5 2 &
AN AV

B NSO ~DOHBFE CsOBITHETH S5 Fm © % & = K I A £
DG Cs iR E., MM CsEDRE, MMAEBERRE & O BK D ER
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SN, ARBRICEK > T 0.96X103—5.79X10° OB TRELIEH
T L EBRIREINT, Lo KM CsBE A2 MFEIZ 10 Bq/ kg-fresh K
HICT 22D . FmOLEHERLZILICHEH L TN 2 &84 K
DHRBEELR DL EBRFRINT,
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it FE

K Z EDELHDICHTD, WILEERTFHEAEZOLBERE L ICITE
BHELL KK, BRTELRIREELIREELZBY., CCHEALUTEHNOE
FRLET, WEASEXRFHEIER L ICHIAESHFTL LT, MERARES
ODHlSEEZTWilEE, @R IHE2BY, EHoBELRLET, LEK
FHEHRRILRRIE LI IREEEE LT, BRYRL Y ABRRITO JHFE
LT EEZBY . KB oOREEERL X T,

AR EEMT DICHIY ., HFARBEFEOIEE, ZXELVWZEVWE
RIERFEFAREFZHEE L ¥ —0 RBEHER., HKkEFMAEZR IO D EH
ERLET, 7, EBEORE, SN, BEFEO T ZXELS I OD
S22kl AA2RTERASHERER v — Yy —WBREL, B A
MEAGRZRFHERFEEE L ICOPOR#FOELZEL T,

AMRICEBTLHDEALT A PR, RELKOTXEB L OCEHEERZIERZ R
Wi E LaoHtREORME —_ME -, AR EK, XZ®8EORD
K. £72, Giesesalt BLXUOAFHAREREZ RV EESELELLYr I v
AHAEEBBEFREERRE, "F oo P N UKRKREEBERZT V7 b
TARA—TV ¥ —, IHIC, BATA b ERBEVWEZTVWEKKSS e X o U
RAMATHELRERMECEHBFOELRL £ 7,

A BERBRICOVWTEHEERIEEZ W& F L& ES AR INA
AR S OBFER L, MEHFREL, SHERLICE, BEHOBEEL2ERLE
e

Ao Cs MIMBI X RABRICR Y BALEEREEREGE ¥ —&
FEMFREFTERER, BHERE, REFHBOERICEHIH 2 LET,

RFRO—FIT, BHERERETHELSBAS TEmBL, Z<DOITBHFE
NEZTLIEICES#H#HEEZRLET,

R, AMEZITOIICHEZY, MEMICIEEL TS EZE, BEb, B
EBHBICHBEL I NERBRIZELSEHOEZEL £7,
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Study on suppression of radiocesium transfer from feed to milk in

lactating dairy cows by administration of adsorbents

Summary

Soils, crops, forages, livestock and their products were contaminated with
radiocesium ('3*Cs + '37Cs) spread by the Fukushima Daiichi nuclear accident in
Japan in 2011. The Ministry of Health, Labor and Welfare in Japan regulates that the
radiocesium activity concentration of milk to be shipped must be less than 50 Bq/kg-
fresh, and The Ministry of Agriculture, Forestry and Fisheries in Japan regulates that
the radiocesium activity concentration in feed for dairy cows must be less than 500
Bq/kg-dry. However, dairy industries require the milk with radiocesium activity
concentration of less than 10 Bq/kg-fresh to ensure the safety and security of dairy
products. It has been reported that suppression of the transfer of radiocesium to milk
by administration adsorbents, but the administration of the adsorbents to produce
milk with radiocesium activity concentration of less than 10 Bq/kg-fresh has not
been performed. In order to suppress the radiocesium activity concentration in milk
below 10 Bq/kg-fresh, the inhibitory effect of zeolite and Prussian blue (PB), which
are radiocesium adsorbents, on the migration of radiocesium from feed to milk was
investigated using 48 lactating dairy cows.

In chapter 2, a total mixed ration (TMR) with a radioactive activity
concentration of 202 Bq/kg-dry was fed to a lactating cow, and the radiocesium
activity concentration in milk was monitored to set the adaptation period for feed
containing radiocesium in the following feeding trials. As the radiocesium activity
concentration in milk reached equilibrium 11 days after the administration of feed
containing radiocesium, it was judged that 14 days was sufficient for the adaptation
period in feeding trials of this study.

In chapter 3, three feeding trials were carried out in order to examine the
effect of zeolite on the suppression of the transfer of radiocesium from feed to milk.
In the first trial, a TMR with a radiocesium activity concentration of 202 Bq/kg-dry

were fed to lactating dairy cows with zeolite at 0, 200 and 400 g/day. As a result,
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the radiocesium activity concentration in milk was reduced from 14.7 to 6.5 Bq/kg-
fresh, and the transfer coefficient of radiocesium from feed to milk (Fm) was also
suppressed from 3.46x1073 to 1.50x107% by administration of zeolite. In the second
trial, 1.0 g/day of finely divided and expanded surface area zeolite was administered
to lactating dairy cows fed a TMR with a radioactive Cs concentration of 95 Bq/kg-
dry. The radiocesium activity concentration in milk was reduced from 6.4 to 5.0
Bq/kg-fresh, and Fm was suppressed from 4.04x10-3 to 3.09x10-3 by feeding finely
divided zeolite. In the third trial, zeolite coated with palm oil for promoting
radiocesium absorption of the digestive tracts after rumen, or the zeolite used in the
first trial was administered at 100 g/day to lactating dairy cows fed a TMR with a
radiocesium activity concentration of 215 Bq/kg-dry. However, the radiocesium
activity concentration in milk and Fm were not suppressed by either administration
of zeolite. The average radiocesium activity concentration in milk and Fm were 13.9
Bq/kg-fresh and 3.54x1073, respectively.

In chapter 4, two feeding trials were conducted to investigate the effect of
PB on the suppression of radiocesium transfer from feed to milk. In the first trial,
solid salt including PB was administered by free licking or oral dosing to lactating
dairy cows fed a TMR with a radiocesium activity concentration of 175 Bq/kg-dry.
PB intake ranged from 0.0 to 3.0 g/day. The radiocesium activity concentration in
milk reduced from 16.4 to 8.6 Bq/kg-fresh, and Fm suppressed from 4.77x10°3 to
2.61x10°3 as the PB intake increased. In the second trial, solid salt including PB with
improved palatability was administered by free trial or oral dosing to lactating dairy
cows fed a TMR with the radiocesium activity concentration of 927 Bq/kg-dry. PB
intake was increased by improving the palatability of the solid salt containing PB,
and the amount ranged from 0 to 18.9 g/day. Radiocesium activity concentration in
milk reduced from 24.3 to 4.2 Bq/kg-fresh, and Fm suppressed from 1.68x103 to
0.28x10°% with increasing PB intake.

In chapter 5, the results obtained from chapters 3 and 4 were combined to
examine the factors that influence the radiocesium activity concentration in milk.

Radiocesium activity concentrations in the feed used in this study ranged from 95 to
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1,047 Bq/kg-dry, and mean and maximum values of radiocesium activity
concentrations were 15.4 and 32.0 Bq/kg-fresh, respectively. It was suggested that
the radiocesium activity concentration in milk was reduced with the decreases of the
radiocesium activity concentration in feed and the intake of radiocesium, the dose
of zeolite or PB, and the increase of the neutral detergent fiber concentration in the
feed. The Fm was decreased by the administration of zeolite or PB, but the
fluctuation range of Fm was large (mean: 2.80x10°3, coefficient of variation: 49%).

In chapter 6, the transition of the radiocesium activity concentration in milk
was investigated after the feed was switched from a feed with radiocesium to another
feed containing no radiocesium. An exponential equation was derived between the
number of days after switching the feed and the radiocesium activity concentration
in milk. Radiocesium activity concentration in milk was halved in 4.2 days after the
feed was changed, and it took 15 days until radiocesium could not be detected in the
milk. It was suggested that feed containing no radiocesium must be fed for at least
8 days to reduce the radiocesium activity concentration below 10 Bq/kg-fresh when
initial radiocesium activity concentration in milk exceeded 50 Bq/kg-fresh.

This study confirms that if the radiocesium activity concentration of the feed
is less than 500 Bq/kg-dry, the radiocesium activity concentration in milk will be 50
Bq/kg-fresh or less and demonstrates that administration of zeolite or PB could
reduce the radiocesium activity concentration of milk below 10 Bq/kg-fresh when
the radiocesium activity concentration of the feed is less than 500 Bq/kg-dry. This
study recommends administration of the adsorbent at all times even if the content of
radioactive Cs is less than 500 Bq/kg-dry, because the fluctuation range of the

transfer coefficient of radiocesium from feed to milk is large.

Key words:

cow, Fukushima, milk, zeolite, Prussian blue, radiocesium, transfer coefficient
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A POHREBRBRFT T L2 AT A4 FPOEEEXLEEELZZE X T 3 H
DR ERBEEmRBLL, F 1ILRABR T, MHME Cs B E D 202Bq/kg-
dry ® TMR Zf 5 LcwHA 4y ic., B4 74 F & 0, 200, 400 g/H & &

e

L7, TOMR., BT A4 POBEESIZEDAOKHFNE CsiREIT 14.7
™5 6.5Bq/kg-freshiZ , fA B 2> 5 L~ D H M Cs ® B 4T % % (Fm)
T, 3.46X103 205 1.50x103 @A L., & 28 T, ML
CTErmEEsI K LEZEALZ 4 b 1.0 g/ BE, BHEME Cs BEMN 95
Bq/ kg-dry ® TMR ## 5 LR FlcEE L, MMiLL =¥ A F
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A POEEEBIZEIDA O KM Cs BEIX 6.4005 5.0 Bq/ kg-fresh ~ 3
AL Fm b 4.04X10320 5 3.09X103 bl &, ®H 3B TIL
BB E Cs B E A 215 Bq/kg-dry @ TMR 2 # 5 L7z 4o, L — X
YURBRTOBRAEM. Cs oA ERET LS HH T E KRB QLR LY
TA4A M, BIRARBRTCHWEEA T A FE2E2x100g/ BHES L, A
ODBRHFE CSREBIVT FmIWVw o474 F&EESETHME S
AN /NN
BAECTEHAAE CsORABPLA~OBITHME IZX T 5 PB O
ReBmad T 2-0 PBoERERRKREL 28 E Lz, 4B TIT. K
M Cs B E N 175 Bq/kg-dry ® TMR 2 # 5 L - w3 i, PB @A E
wHEEBHBEKAEL LLEF&DEELELAZ, PB ERR&EIX 0—-3.0 g/ A & 72
W PBEDREOHMIZMHE VAL O KHM CsIBEIX 16,4205 8.6 Bq/ kg-
fresh {2, Fm (X 4.77X103 225 2.61X103 WP L, & 5 K T
B EME Cs B E S 927 Bq/ kg-dry® TMR % # 5 L 72 W 4 12 "8 4F
MrzdELLZ PBERREZAEBATAREL LT E S L, PBE
BlX 0—-18.9 g/B& 2V, PBEARBEOEFMHLEEIZ LY PB EM
@ LN TE, PBEREBEOHEMICHAVI O LM Cs
X 24.3 205 4.2 Bq/kg-freshiZ . Fm X 1.68X 103 70 5 0.28X 103 (Z
B L,
SETCHEIEBLOFE 4T THEMRLRLZ O 4838 O R & AT
L.HAHomHEME CsBELCERLZIRITEREIBFT LI, £MFETH
B L7 B o % Cs B EIX 95— 1,047 Bq/ kg-dry D & [l TH v |

&

LomE M CcsBEOEHEB LUK KIE 15.4, 32.0 Bq/ kg-fresh T
ol oMM Cs IREIXEHB OB ME Cs IRESKSME Cs 8
BEOWL, EAT7 A4 P BLO®PBOEEESH S MEE O NDF B E o
Mz WET IR s I, —FHF ., FmiZEA 74 8B X
OB PBOHEEICL > TETLED, ZEHIENKRE o7 (FH : 2.80
X103, KK : 49%),

BowETCHBHAME CsEEFORMBOKE 2R L TCHHME Cs 28E
FRVEAEHMICUYVEBERILZEOALOBRHME CsREOHER 2 ~7, £
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DR, Lo KM Cs X 4.2 B THERB L., BHHM Cs B RBEICR
LHFEFTICISBEELREZ, 25 50 Bq/ kg-fresh @ fa & % Cs 23 B H
SNl AE. BB ME CsiBE %2 10 Bq/kg-fresh R i27T 2 72 2 1%,
M CsE2E R A EZSHULERS T 2O2LERD D LRI

IhooZ kBB OBRSM CsiEEN 500 Bq/ kg-dry K i
ThHhhIE., Lo CsBE A 50 Bq/ kg-fresh R i 2 £ T, ¥
74 b LI PBOEELEICL VAL KMME CsBES 10Bq/ kgH
Wl TEr e, £ P ME CsOAL~DBITROZEHH T
RKEwnwZ o, i Cszao@mBtasiEsEL TWD5HE
B CsHERMZEELS T 252N EFELWEHKINL,

(=N e

F—U— K.
VY. EeE.HL,.BEATA N, AT T A— BEEETT AN BITHRK
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