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Study on suppression of radiocesium transfer from feed to milk
in lactating dairy cows by administration of adsorbents
Hideyuki OINUMA

Abstract

Soils, crops, forages, livestock and their products were contaminated with radiocesium (**Cs+3’Cs) spread by the Fukushima Daiichi nuclear power
plant 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 Bg/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 Bg/kg-dry. However, dairy industries require the milk with radiocesium activity concentration
of less than 10 Bg/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 Bg/kg-
fresh has not been performed. In order to suppress the radiocesium activity concentration in milk below 10 Bg/kg-fresh, the inhibitory effect of zeolite
and Prussian blue, 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 Bg/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 Bg/kg-dry were fed to lactating dairy cows with zeolite at 0, 200 and
400 g/day. As a result, the radiocesium activity concentration in milk was reduced from 14.7 to 6.5 Bg/kg-fresh, and the transfer coefficient of radiocesium
from feed to milk (Fm) was also suppressed from 3.46x107 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 Bg/kg-dry. The radiocesium
activity concentration in milk was reduced from 6.4 to 5.0 Bg/kg-fresh, and Fim was suppressed from 4.04x107 to 3.09x107 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 Bg/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 Fim were 13.9 Bg/kg-fresh and 3.54x107, respectively.

In chapter 4, two feeding trials were conducted to investigate the effect of Prussian blue (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 Bg/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 Fim suppressed from 4.77x107 to 2.61x107 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 Bg/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 Bg/kg-fresh, and Fm suppressed from 1.68x107 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 1,047 Bg/kg-dry, and mean and maximum values of
radiocesium activity concentrations were 15.4 and 32.0 Bg/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 Fin was decreased by the administration of zeolite or PB, but the fluctuation range of Fm was
large (mean: 2.80%107, 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 Bg/kg-fresh when initial radiocesium activity concentration in milk exceeded 50 Bg/kg-fresh.

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

Key words: cow, Fukuslljma, milk, zqolite, Prussian blue, radioce§ium, transfer coefficient

F—U—F: UL e H. BAIA4 b, AT U7 —, BT T A BATRRE

ZAFE 20204F9 A 15 H SZEEH 20204F12 A 7 H
* AGRL, BT REREEAAGR L TR - EE L= bDTH D, 7B, AREDO Y, AABESSR,. mEREERE
A —iFFEHRE . The 18" Asian-Australian Animal Production Congress, Joumal of Environmental Radioactivity TS LT,

= EEIREER St & —EEIT, BT | RS R EMOK RS R




R REER G Y — i

F1E fm 2
L1 R PSEITENIC X D e D22
12 BERNOEMEVERE L AL EFE~DOREE ... 4
13 ZHETOHZE 4
14 AWBEOHR 5
1.5 FRSCOMERK, 5

F2 M T T AOEED S FHA~DOA THER... 6

21 S 6
22 MRS XU 6
221 DR > T A THEERER ..o 6
23 fESR 7
231 HADHEEE T D THERABA. ... 7
24 B 7

241 HA DM M ITT T
FIE VA TA ML DWHAAATBT DHA~D i
Pt S 7 AT 8

3.1 k&S 8

32 MRS KON
321 BATA MehRiR GF 1) |
322 PEEATA MebAER GE23R) .10
323 JHIERFEY AT A4 MEEGRER GE3FER .1

33 fEH 12
331 BATA MR GE 1)
332 kB4 T A MR GE2 R ) ...
333 JHIEEFEY AT A MEEER (535 .

34 BER 16
341 FHADEM LT A RITT R
342 BATA MEEDEEE T AT L/Sé

EL;?EI% 16

343 Jzsz’ MEGDFLOAFEM T I T TR 18
AT TNUT T NG AEEIC L DWW
B 23 A~D e > 2T ....... 18

N = 18

42 MRS LOHIE
421 TIAVT I N—aaEER SRR (B4

RBR) 20
422 WEINYT TN —EA R 5 ER
575 21

43 fER 2
431 Zt%;)ﬁ/wv—Aﬁlﬁ e 5aER <%4

432 WEINLT T N—EHEY im&i%‘t%ﬁ
25

(& 535
44 HBER 27
441 BIRENHGHEE S Y AOBERE ... .
442 TR ST SOOI EHE o 27
443 FERBREDIRTNANDZEE . 27
444 FOREHER > LTI iﬁ“éwv
VT VT N—E R E DFE ...

445 THEIDIRIN SNt /M@Etm
446 FRAEDSIHAOBEMEEZ T DT 9

EHS

HsOH125
447 étVWAMﬁﬁH&Wﬂ@?&@E%
448 FAEIOREMEE > 7 LOTHYRE & %’Aﬂ%&
DBF%
HSE M T ARGERIOFHA~DREEE T
IR TR 30
RT0 B = 30
52 MEHBE U e 30
53 fEE 31
531 JidEt /w%ﬁ.ﬁﬁl 7 VRV \f@/\mzh
DR > ™7 A
532 RS T LIREF] #QEJLH%@;LA@%%T
Y AOBAT
533 %@Mz&f %E/WA/;;%F&? SATHRER, /;;%}#tt
54 B2 35
541 HGHEE T T ARAERE VR \bﬁ/\@fi@f
P 7 WD, RB L O A~DOBHT ...
542 b‘éc%f s NGERIBE SR O /f?
DF R LA T o 36
543 75&% Mo 7 AN D HADBAT 37
FBOE HEE T T A EETEENN DG E 2R
WOV Z T3 B DAL S w7 LD
1572 2 37
6.1 &S 37
6.2 MEHS K UTT e, 37
62.1 ?‘L@ﬁ&%it/?Aﬁzﬁ AR oo 37
63 fES 38
63.1 HEREREIORE LSO oo
632 Y T L EEE I ERERG ST oté?L
DT A@Yﬂiﬁ
64 B 39
64.1 HAOBEMEE S DO e, 39
FTE RAEEE 39
7.1 BRI S SRR & AL
U LR & DBR .39
72 ORI ST APEHOEENE . 40
73 BATA NI T T N—DHA~DIL
FEE oD DA TR RO ................. 40
731 BAIA RTINS T VT N—DHMG.........
732 TN T T NI FHORE oo 40
74 AW DIA~ORE M o AOBATIREL
DZENEIR] 41
75 HLOWEME ST LR A 10 Bg/kg-fresh A
oA R Y i O YD) i Fah e 42
A i A 43
R 43
B SRR oo eeeeeeeemeeesssssessseeeeeeeeesssesmmessssssssseeseeeeees 44

E2Y 49




WE A DI 5T X D WFAT I T 2 S 0 A DD b A~ OBATHIHNIC B S A58

F1E &

11 JFFHREFTERIC L DG E DR

2011 43 H 11 BIZRE L RAARERICL VIR
SRS IR T T RERA LS (LUF,
fEESS—FRER) NREL., FHFOBRIC I 0k
S (MCs & YCs), fdtEa vFER ol
S H AR OEH, fRERE, AKEIZHRHE L
THIfEEHS J O o83 FY« & 72 (Kinoshita et al.,
2011; /MR, 2012), FERHMEYE IS AR T &
LTl S dufel ) URFIEHIZE B2, 2013) &R
DRE G EPERE T & 2 P PR L & 3@ 0 Hiy
BN AR T 2759 LT COHRMEE,2011) (Figure
1-1), EI S OTGYAREE AR U 7= 54 OAFEY) )
O R DR ST 72018, JEFLO R,
Ve ORI AR, AFROHITHRIIR, & 5\ IHERROHE
WHEBI TR, (YO KRGS AT HR s
R AR STz, Z OFEH B RGP S iz fik
SRR, 30 FEOPERFERRIY (IAEA, 1989)
ZHTD BICs WEENTWDHT26, BRI EEY
THYkE 5 Z ERTRENTND, TOFENTHE
WA D 10 4EH & 725 2020 £EI2BWT b JFEF 1715
E R B VRIS < R B AR E S 13k

P Lugre, N
A Bie
fanm, Ly
i ( (=3
AN S i 3
b\ 2
ian

w

.

S
b

-

-
-
P

5

Cs - 134 RUCs - 1370

AHOBME (Bq/ m*)

[ 7A2BREOMICAN |

I 3000 <
1000K - 3000K

* I 600K - 1000K
300K

Eann Las y Amm
e ) o L X, Ly

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).
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M Cs IREOHER Zi& L=, & 3 = Cid, FLUARCE
T DEEN D FLA~ORE T Cs BATHIRNCK 5B A4
FTA RORIZONWT, 4 EwETIE, AFITBT 5
B DA Cs BATHIICx9% PB &4l
FAEONRIZOWT, H5FETIE, FI3IEBIOE4
A LA ORERAfRYT L, R Cs WasH|
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(& DILOMEE Cs BRI 2 MIF BN A Wt
L7, %6 BTk, fdE Cs Z2atefiihz i L <
T Cs 28 E 722 BN O 2 7= 1% OFLO T
Cs IREEDOHER A& L7= (Figure 1-2),

H7ETIE B3ENDLE 6 EOMREL L LI, i

BB Cs & FLOKE M Cs DBR, HerE Cs HE
OB AR HFLA~DEME Cs BATOZIA &
RHEL OHME Cs BATHIIZIROEAZ 1 k& PB Dt
ks OV Cs JREEAY 10 Bg/kg-fresh A0 FL %4
PET D T2 O DOWHA DRI IR ONTELE LT,

Start date 2012/6/18 2012/6/18 2012/8/7 2012/9/15 2012/11/17 2012/12/26 2013/10/5
Experiment Prelm}mary Experiment 1 Experiment 2 Experiment 4 Experiment 3 Confirmation Experiment 5
experiment
Cotnfmr:?atlor; of Confirmation of I d
Project/ ra'ns er'o . Finely divided Prussian blue Zeolite coated decay of mp.r ove
radiocesium [~ Zeolite - . - - . N . .. || Prussian blue
Item Zeolite salt block with palm oil radiocesium in
from feed to . salt block
R milk
milk
End date 2012/7/3 2012/8/7 2012/9/15 2012/11/17 2012/12/26 2013/1/12 2013/12/6
Figure -2 Order of conduct of experiments in this study.

F2E R T LD LIA~DOBITHER

2.1 %8

B S FLA~DOFEME Cs BATICEA L TiE% < D
WENRIINTNVDN, BEE RSN T
TSN E N 7 +— T 7 M & 0 EE
POIZIEE L, E6I27 +— 7 7 ROk T 5
CUHE - TR S AU HAEFO RN M Cs D h L—1F
VT OEREII IR S TE LT, 5%D

TEEL S Db D EEBEZBND,

ZDZENG, BEE Cs MERINGIHA~E ED
o BATE R L, NI ET D £ TORIC oW
TR ERRS LT & 70 D, ABFIECIE, HHE
Cs DEAEIN DFHA~OBAT & VR R L, 23
FLRECHET A BRI B DG Cs 28
Tefal BOBIEIM A2 E T 5 Z & % B Tk
ITo77,

22 MR L OHE

2 BT AR REERA Y v ¥ —E TR (8
BRAEEST) 2B\ T, mEREEREGE ¥ —F
PRI OAFR (2012-E1-5-9-3) %45 C, FEHE)
MO LOBREICRET 5 (BF1 62 4210 A
9 HRHUFEREE 22 75) (CHEHLL CHEME L7,

221 HA~OFEME T T 2B THERABR

201246 H 18 H225H 7 H 3 H 15 B L
7o ZIVE THURME Cs St 28 H L TV e
VIELAE 1 BEISRE U CHGE Cs 2 Etefidkl 245 5-
L. HGHE Cs DR D HLA~DRREF 21T & ik
SHE Cs Ok RE A B 23R 21T o 1o,

2.2.1.1 HEEEE

HERfARHT, R REERE ' ¥ —SENIET
DY (& 55— /138 BT HALPEIZ 68km; &
) 2BV, 201049 A 15 HICHERL ., &5
B FRE D T =T 7 M X0 Cs 28
EHEEIECTEEIZIRAE L, o7 +—L 7 7 RSk

fE LT D HGIZI T, 2011 425 A 16 HIITIFE -
FHEL U 7 ORE Cs JFE DS 13,160 B/kg-dry DXL =
TINT AT Z A (Loliumperennel.) A L— %
W, 770 2011 4E 9 F 14 BIZEEEL U 7= it Cs
FEEEDN 15 Bg/kg-dry O b 7Ew® 2 (Zea mays L.)
YA L— DB BN -, & BT, M Cs 25
FrpWA— (dvenasatival.) ¥i&, T IVT7 7L 7
7 (Medicago sativa L.) HzELE L OBLA R 2 fi kb
MBI L TRERICHE LT, 2 b ofiklz v
THEHE Cs JREENEIRI OB ETFRE (BMKFES,
2012) D 1/2 DFEE L 725 250 Bg/kg-dry (50 B/kg
ORI EA R 80%HLR)) 12722 K 5 ICiafikt 4
At LTz, ZofEREENT, B & 35 kg WO
DIERT /¥ — (NEL), rlVH{LIE/#aE (TDN)
R WNNTHLY 378 (CP) DEREAT-1 X9
WZEARAEE (TMR) (ZFR% L7 (NRC, 1988;
NARO, 2006) ,
2212 HBEFEBRB L OBEHRE
HEEE) & U C ZAVE THURTME: Cs 23 £ 720 v
BHCRZE STV VA X A VRRIELA 158 (K
& 721kg, FEIR 3 FE, moiftc HEL98 H) MW, i
BIA R — U AZ o F g TR L gL, it
REVEHIA G BED 10%FEE 2 /5% L 5 IZiFE
L. 8:00&16:00(Z1 HEDOY T S8
U7z, FREAZEAOR GRNC TR Uiz, Hdk Cs
BEFERVIKITT A —F— D v 7 THRICERES®
7oo £, B (REY v 7 2P, HASIKT K
Xt 85 138 BB S, BRI, ik
FHE Cs ZBEL T8 12 BIZICIHLO U Cs
TRED L Uiz & T 2BE O (Takahashi et
al., 2012) BX OO /ekt GaE 2R3 572
DIV EH 10~14 BRKETH Y, TDE%, X
59 B O LERBR O 72012 5~10 B OUUELIRA
W THDH LER LT (Cochran and Galyean, 1994)
BERI OB FEDWTRE L7, PEFLIZ 8:30 & 16:
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30 IZATV, LM Cs DRAT & EHPIRRE A HER
T 57T, a5ER% (0 Hi%) . 1,3, 5, 7, 9, 11,
13, 15 HRICHEZFHAI L7z, 7l ¥4 ORI
-3 AAEIZH L T EDEIETREA LT, Mt
Cs AT OFELE LTz, PlRaBRiif L, 55
BILOBGFELZEIMRE L, PWEIEZ RO,

2213 FHEIOHHT

fAEHEERS K OMG GENT 60°C, 72 KEfE OB
WS C TR S, 1lmm A2 U —r &l
P (SM2000 /XU —H v 7 v 7 )b, RSt
Uy F =, FR) THREL., oATicfi Uiz, L7z
FEHT 135°C2 RFHRZEE TRz (DM), 600°C2 f
WAL CHIR Sy, HUEIE Y = F Lo —F uhiik

(AOAC, 2000) THIH L7z, CP &/ /V&—/Lik

(AOAC,2000) T, MUK/ ZEERWHRMT & —
=V Mt (NDFom) 38 X OWEMET % — = o Mk
#e (ADFom) 137 #—> = Fo#mE (Van Soest et
al., 1991) TZENZHHIE L7z,

22.14 FHEIOBSHEE LU ARERIE

FEHE Cs JEERIE D=2, %L 1,000 g 1% 200°C
DRy N7 L— N CAKRGbRE LTslB 2 v, &
7=, kel X OVEARL 60°C il R FL AL T, K
DRELIZLDOEHANWE, WIRoORIERES 100
ml D U8 Hea (R 7 v’ Ll £ 55mm X 60 mm)
ZHAOCTHEICHE LT, BER B ORIEX, @b
BTN~ =0 NEERR A (GEM40-76, &A1 =
— A —U—=T PSS, W) WS
URRRANRY v A R U =80 YE Cs 2 [RE
L7

H <O ERIL, BCs 1% 604 keV %, PCs 1L
661 keV & L. IAEA-444 (Shakhashiro and Sansone,
2010) & IAEA-372 (Martin and Shakhashiro, 2010) %
FEAERIR & U C Wz, i AL R 7
PEEEE 2 — (EIRRALET) IR L7, A
SHE Cs JREEIT, RO RFHEMENSE LD K512, B
£HE 10,800 Fo3s L OVFLIE 14,400 FPOHE 21T,
FHEMERERYE (Covell, 1959) TR U7z, HbHE Cs
BREIXINCs EYCs #RHE LB L Lz,

23 FER

231 HAOFEHMEE T LB THERARR

2.3.1.1 BRI ORS B L OMLER S

ERAAR OB A EIE &L Fak ) % Table 2-1 127~ L
72, TMR OF)%, TDN, CP 3 XU NDFom & &
T, ZIEI 73.0%., 65.4%., 16.0%F3 L TN51.6% T
&> 72, TMR O O Cs R EEIE 202 Bg/kg-
dry, K EA B 80% \THASL LU 7= e Cs 1A 1T
40 Bgkg Th -7,

2312 FHtEEL U AR ELEEHEEIC X AT

~DEH M 7 AOBLT

TEEHE Cs 2 & T TMR Z465- L, ik Cs 23

¥J 4311 B/ HEEE S ® 2 & Cs 1345 5-1 HE

THLUITAT LTz, OB Cs JREER, 3 H#% Thx

O 23.5Bg/kg-fresh & 720 . ZHLIFE, 15 HZE T

20 Bq/kg-fresh 2 FE DL CTIHMERAE & 7e o 72
(Figure 2-1) ,

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 K 34.5
Oat hay 29.2
Alfalfa hay 29.1
Corn silage 2 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+137CSS) (Bq/kg—dry) 202
P13706Y (Bg/kg in 80% moisture content) 40

1 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.

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

9 Acid detergent fiber expressed exclusive of residual ash.

3 Radiocesium activity concentration was calculated by
summing '34Cs and '¥Cs.

Bq/kg
50 r

(3] (9%} S
[ S S
T T

—_—
(=]

Radiocesium activity concentration in milk

0 1 3 5 7 9 11 13 15
Days after the beginning of the experiment day

Figure 2-1 Transfer of radiocesium in milk after the
beginning of the experiment.
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24 E&

241 HA~OEHEE T ABITIC RIS T RE

AT, BTELO B Cs IREEDY 202 Bg/kg-
dry ® TMR %Z#45-L 4311 B/ HEERSE7-546, 1
HENBIA~DREE Cs OBITHR AL, 3 BET
TREEDHEAN U, B Cs #2120 Bg/kg-fresh fiif%
AR L, 11 B IR & 2o 7 (Figure 2-
D, =& (1996) (%, 50 Bq/H Ofaz 8 <&
eSa. FLOBURE Cs IREIX 6 HE C—ElET
BN L . K 200 mBg/kg-fresh FREE & 722 0 . SEAfTIC
705 Z L EWE LT\ A, £7-, Takahashietal. (2012)
I, 15,012 B/ H O 4G 5 S 72558 BUE Cs
REEIX 4 B H E TR L, 35Bg/kg-fresh F2
L7200 | 12 BRIHEEIRIBIZ e o7 2 &2 E LT
W5,

INHDOZ Enb, HEHE Cs 8okl 4 EH
L7256, SRR OREHE Cs 1HOMITH A~
1795 LRS-, F7-. AOKEE Cs IEE I3k
SHE Cs BRI L - THBEZ 2T 508, Lok
P Cs JRFE N TET % £ COBRNTHEE Cs FBHUER:
DOFBERR BB D 11 HEH TLRET S L
BNz, FE Cs A A U7 kit SEhE 3
DAY, UUATHT AR R R 5T %A,
B E LTh7e< D 10~14 BRRETH D,
ZDHDOWLRERD 712 5~10 H OUNERIRI A4
FCTh 5 & OBEAOHE (Cochran and Galyean, 1994)
EIRBRIT, B Cs % F 2 s sl BR o falsHBI B
HRIE 14 BRRECTHOTHD EB 2 b,

BIE EFTA MTIBWIFITBT HHA~DHK
St v 2B THIM

31 S
MtFMO—FETHLIE AT A NI, s Aotk
DEENOIRD N RAROZEREE R H T L
J ir A gtE S WX A (Baerlocher ef al., 2007; (LA
5,2012) (Figure3-1), BA T A bIA AL 55 HkE
B BT CIIHESR EEM & LT E 2,
GPETE CIIERH OEM & LTT =T OBRE,
T R 7R EIZHW BTV S (Mumpton, 1999) .
Flo. FOA FUWAEBEZFIF LC, HdEREsE
W & I EE A bR 5T A AR S IV B, R
BEOHIE, FERESEIZ L0 . BB O
HIUTUW5  (Wakihara and Tatami, 2013), =D 9 5,
VAT A SAHEE Cs ORI A R L 7= B 38k
TiX. 7 v MTBWTNE & B BT Cs Dk
s LOHEHIZR W TIRRDEEIZ R L TR |
BATA FRZEOFPINZIHIT 5 Z & AwRiE S
TW% (Majleetal, 1991), F7-, KESIZHIT Dk
SHEE O EIZ OV TiE, FLARIZEV T 10,000 B/
UL EOREME Cs BRI EH5EM4TC, flknD

HADOBATHEERFIL, B4 T4 MEERHTREAS L
TG4 25 & HEE Cs DILA~DOBATHHIHI SN 5
LE SN TS (Unsworth et al., 1989), L1,
I B DOFEFEZHW SRR O Cs IR T,
AROEEHTREEREL RS D TH-7-, &
7on BATA O TAEEIT—ETIER L ERO
EV, RFORE SOEV, SR & RKRM TR
JROENR 1T J > THRAERINZERHY . WER
H & DR Cs OIRERCEEMEREIC & o T
RENZE LT B Z EDVRSILTUV S (Baerlocher et al.,
2007; NIMS, 2012),

FH O OWIGET V—TTlE. 7 ATKE G ATRE 7R B
BHE LTHBLTWA AT A k5 HHIZONT,
HEHE Cs BTtk A L7 D > O BIRIc 55
EnE A, HERSRME T CRE L= b O & [ 0B L
T Cs 290325 2 & T, i Cs D aEHE
DOEWREOFRIEZ I S Le (RS, 2012),
F7-. 7 (2012) 1%, 25,000 Bg/ H LA E DM Cs
T R A B L 72X L CER S OB A
TA NOEED, JR~OHEHE Cs OBAT A i3
L EHELTND,

L, BEH R ERI L > TER SN
TERFAE & B9 2 HEHE Cs JREE Ok 2 LA
W35 Z LI Ko THETME Cs LIRS
HZEITRESNTWVAEN (BAG, 2011; /MDD,
2012) , FCHE Cs JEEDNETEFFAEAT S C & 5 finlf}
G LIZGAIZRB W T, B4 T A MR G HL
~OTGEE Cs OBATIIHICA 2 T 2 M EDDH
B ESnTnRy, e, B 74 MRTFORX
XDFEWNZ L D HLOREIE Cs BTl oS IL722
STV, S BT, RFESITEIT DHU: Cs D
WU & ARINCois & FFRRIUZ DWW T BB BT 72 -
TUZRUY,

AHFFETIE, fdtE Cs OB EFFRETH D 500

Structural formula

Figure 3-1 Structural formula and structural diagrams

of various zeolite.
! Baerlocher et al. (2007).
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Bg/kg-dry AT DFERM: Cs 25T Bfafaft 2883
BHUWFLAINAPE LTS LOHUTE Cs BATZ IR S+
DHAEG-HT 2 BR%E L. 10 B/kg-fresh A O FLEpE %
HIZ, 5 1 BRI, WALcIsiT D HHE Cs @
RN B, JREB X OHADOBITIZNT 54T A
FORhEAEARER LT, £7o. 52 WBR T, Bk
T2 ik vmEofEHEA T A L
THAEEYTZ Y oRmfE (FREfE) % 200 520
EREL LRI B4 T A R GED B H~Dfk
SHE Cs BATICH T DR a2 et Lz, & 3 AR T
I, AEIFIEE O @RS, U BB D 9 B pH O
BV L— A TR S A2 pH O FHEBTH
L& TR SNDREEFRIA L, /S—AlTELS
A NEWFETHZ LICED, —RA U NEEE LT
TEWHILE A A VWA BT LB 20N
HEAETA N (WEWREEAS T4 b)) BLOFE 1R
BREIVDEOVATA MZHOWT, BB A~D
HEE Cs BATICH T 28R A it LTz,

32 BB X UOHE

£33 FCIIER 1 R B3 3 BBRO 3 DO
Bra g L=, Wi bEEREERS T Z—
SN REREET) 2BV T, mEREE
WAt v & —HPRIREE O&GR (2012-E1-5-9-3)
1 CLPEEBY O L OMRE 2B 2 HavE (1
162410 A 9 AFBUFE/REE 22 5) (ITHEHLL T
FEhe L7,

321 BATA MEEHEBR E 135

T Cs DfAERD B HLA~DFRERO 72T & i
T Cs DRI 2 fER8 7 2 3 BREs J OV Cs
RN B, RS KO A~OBATICHT DA T A
N DB AR T 5B 2012 426 H 18 H D 8
A7 H®S50 HESEM L7 (B, 2013),

3.2.1.1  HEEE

%1 RBRIC T A HIERETEN T, 2.2.1.1. (kAR
&R Uk O TR TE Cs JREE MR OB EFF
M (EMKPER, 2012) D 172 DIEEEL 2D 250
Bg/kg-dry (50Bg/kg KA & 80%HA%H) ) 12725
X OIZEET L7z (Table 3-1), Z AU 5 ORI T,
H & 35 kg WFLD7=® @ NEL, TDN 72 5 NI CP #
REZZT X 912 TMR IZFEBRLL 7= (NRC, 1988;
NARO, 2006) ,

3212 HBEFERE L OBUEHRE

ERE) & L C i E THURME Cs 28 720 i
B CRZ SN TRV A X A U FEWELA 388 (OF
YIAREE 652160 kg, “FHIFER 3.0E1.0 P&, 500
% HEH 133130 H) ZAv, 3 A h—Lic Az v
Fa R L CEE L, fEEEHIREED
10%FRE 2 RB~F%T L HIZHREEL, 8:00 & 16: 00
12 1 HEDYSF GG Uiz, BTk
HRNCATEIL L7z, BUtE Cs 28 £y vkixy
F—H—7y I TCHRICEBREE, £, BEFE

(REV v 7 2 P; HARSITIHEMRASH, B85 1X
H RSS2, BEALIE 8 130 & 16 : 30 1247\,
HEZFHIIL7,

FERX L LT TSN L 22O RHRIX (CONT1) |
BAT7A4 M2 1 BETDEYT 200 g 5 L2
(Zeo200g) & HUNE 400 g $&5-L 72X (Zeod400g)
DIXREHEL, 1N T 14 B, A58 3 H
MH7e5H 3 X 37T U HIEIC L e g 52
fi L7z, BATA MEEREIX, BAT 4 MESICK
0 RO G Cs JEEE DK T 2 Medd L7277 (2012)
BIOEALTA FPN—RA ¥ a—ADEHE Cs
W5 a2 MeEd L2 D (2012) OISO TR
LT, ERMIEIL, #2330 2312 fERICE S
BIE LTz, 0B, BATA4 MIEARL (2012) O
HZBWTHENTE Cs OWAEREN R bRV E S
¥tV ) TFFaTA N (KT T
AWEFT FY UL T T L) TREFED 40m’/g T
HLEFEHOEAZA b (74— ARV R; He8l
PE, B, TN ) AT Y L) RV,
ZOBATA MG LXK T, 1 HRGEOY
FT A4 FEELTO TMR ITIES LT 2 BN T
Be5- Uiz, 728, FLOTGHE Cs OBAT & kg%
R T 27-0lc, B&EEEZ (0 AR, 1. 3. 5, 7.
9,11, 13, 15, 16, 17 HZRIZHEZFHHIL 72, 7.
§14 DEEL U T- A2 HEI Tkt L C—EDEIE TRE
LC, HGHE Cs AT ok LTz,

Table 3-1 Ingredients and chemical composition of
total mixed rations used in experiment 1.

Ingredients (% dry)

Concentrate mix pellet b 34.5
Oat hay 29.2
Alfalfa hay 29.1
Corn silage 2 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
1344137, 3) (Bq/kg-dry) 202
134+137 , 5) 40

Cs™ (Bg/kg in 80% moisture content)

1) 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.

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

9 Acid detergent fiber expressed exclusive of residual ash.

3 Radiocesium activity concentration was calculated by summing
134Cs and ¥"Cs.
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ABFZEHARI I, ARG L OYRE B2 f H AR
/L, EIEZ RO, FLAPEARHICERIL

G DB ZF R LT EDOEIE TIRG LT,

o T OB Lz, BB IOROT TS
BIEERE U 7o, 313 L < R Moy LT 72 REfE] oD
R TR S B0 B, BT ozmibik
FrROT, MPEITAZEHIO 1, 3. 5 HHD 13:00
WZHFRIR L D £ L, BBt O— % 2,150 XG T 15
oyRihE OBt . G A ETEMRE R LT,
F S Cs BREERIEREI O 729, /iy 7 (T
JVEHE/S v 27 PCD; T /VERER A, HUT) 12 200
mL £RI L —20°C CHHiiRTE L=,

3213 BEOSHT

SLopksy (BWE, 2 v 308, BASETE 5y, FLbE,
JRFEEFR) 1X, 2 E T+ A FT+500 (7 4 AT v /%
v, W) THMT LTz, faBHRUEE BLakfakt, 7k
FOEIT 60°C, 72 MRS oD LA C Pl izt <
. 1mm A7 U —2 %00 T2 (SM2000 /3
—H T 4TI ASH Ly T =, W) T
ot Ly o it Uiz, Fofe U 7= 3BT 135°C2 g
WM C DM, 600°C2 BEHIKAL THUK >, HLARRA I
YT —7 UilHE (AOAC, 2000) TR L7,
#ELD CP % 7 /v 2 — 11k (AOAC, 2000) G, NDFom
BIOADFom 137 % — = > Fo#rE (Van Soest
etal., 1991) TZNEIHIE LT,

32.14 FHEOBSHEE S U ARERIE

T Cs JEEERIE D721, 7L 1,000 g, L% 500
g BI UK 2,000 g 17 2000CHDF » b7 L— K TKIy
bR U7k 2 iz, F7o. fElfakh, &bk X
OHET 60°C il mELEEE T 72 BT, AKobRE LT
HDOEHW, WTNORERES 100 ml O U 45
Zx Ry 7are L ol £ 55 mmX64 mm) %V
THIEIZHE U, BGEE ORIEL, mipiE 7L
~ = MR HEE (GEM40-76; A 22— A —
=T v RS, BR) AW <R
ARy b A Y =2 X0 EHE Cs ZRIE LT,

H o~ ROEEIL, Cs 1% 604 keV %, PCs 1T
661 keV & L. IAEA-444 (Shakhashiro and Sansone,
2010) & IAEA-372 (Martin and Shakhashiro, 2010) %
FEAERRIR & LTz, 2 bR Bt
A v 2 — (ERALET) IR L7, ik
S Cs JREEIT, SO RFHEN G 6D K 51T,
FHZ 10,800 . FLIE 14,400 £, I L OYRIT 10,800
o, Mmikix 36,000 OMEZIT -T2, HGHE Cs IR
JEXCs L YCs ZAFE LT-b DL LT,

32.15 FtEE S v AOBITICET A EHER

FL, FEE IR OIEE Cs JBE L L&, #EEE-
WIREDDEME LI=ZNENORETE Cs mE a5
FABFORUEE Cs W & HoiEIE» D E M L8
B U7t Cs | b &z, TRt X v
ST Cs DL, FETZIFIR~OEIREEF
H L7,

IBLER(%) = FL. B E IR OB Cs #(Bq/H)
/ TR 72 Cs #(Bg/H) (1)

FOJEHE Cs IBEB X OEOPEHENSRH L
7ol U ST e Cs & &L 72 il
Pk Cs =06 TRtz (Howard et al., 2009b) % V>
T Cs D BT OIS &2 R LT,

AT OIS =1 — @& LT s
TS Cs B(Bq/H) / FBHLL 72 il Cs #(Bg/H))
2

FLOFEIE Cs IR X UG 5T it Cs 12
JE & B DR U7 R O BHE Cs &
ORI L OMRE 2RI U, ek Bl
~DOBATIREL (Fm) 13 FicO (Ward e al., 1966; 1=
1H5,1995) IZXVWEH LT,

Fm = FLOKGE Cs JREEBq/ke-fresh) / R L 72
JEHE Cs #(Bg/H) 3)

ikl & FLOBEH (CR) 1%, Facdkd = (Howard
etal.,2009a) 2LV HEH L,

CR = FLOKGHHE Cs A (Bg/kg-fresh) / faktD ik
4 Cs R (Bg/kg-dry) “4)

3.2.1.6 #ERHENT

T2 AR A CR LT, 77 VI
EIZEDE8UTR. SLBEF O D71
Tukey OHFEICE WHE LTz, 2 KFEOMBEITE
7Y o OFEBMREE V. BB ORME 21T o T,
FERHEATIZ, =7 B8R 2010 GESEH D —E A,
B ZHVRGE Lo, fElRg S%REOSAICh
BENDHD LD LR LTz, £, fERER 10% K0
OEEIMEBNRH L DL L,

322 BRITEATA VERERB (F 237

ki b9 % Z Lk vy oOfEHEAZ A b
KV HArEEY -0 oREFE (HLERERE) % 200 1%
FRERE S LRI P4 T A FHSEE Cs f
BED B HA~DOBATICRN T DB L iR T 23R %
201298 H7 H»MH9 A 15 HD 39 HESEM L7,

3221 HEEER

55 2 SURIC I T D HERATEN S, 2.2.1.1 BEakfak) &
7] UERpEH 2 FO TRURE Cs IREEDSERPEI OB 7R
il (GEAMOKEER, 2012) D 1/2 OFEFE & 72 % 250 Bg/kg-
dry (50 Bgkg UK EA R 80%HH)) 12725 X9
\ZE%EF L7 (Table3-2), o OBEEEHT, B &
30 kg WeFLDO7= 8@ NEL, TDN 72 5 TNZ CP ER &
2729 X 912 TMR IZFEE L 72 (NRC, 1988; NARO,
2006)
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3222 #R5RABR. REHREL. BUEET U LR
ERIER X USEEHENT

32.1 1 RABRICHE X BV AKX A FRWHAF
3 5H CEIRE 63343 kg, FIPER 3.01.0 FE, 1
Yotk B4R 18230 H) AW, faldg ik, ikt
a5 1ER LOWEIL AR 3.2, 5 1Bk L RO
HECHER Lz,

BRI & L C AT B IR L2V BRI (CONT2) .
3,000nm LA FITH#E L7ophi -84 24 & (/&
F74 by XSthbe 22 b v URFgERT, 11D &1
Y70 FW)T 1.0g B AES L7=X (NZeol.0g) &
H\UNE NZeol.0g X & [FIREORIFEA T A F 1.0 g
Z 100 ml OAEFKICHENWTRAOEEG LK

(NZeol00ml) @ 3 X&FXE LT, ki -EA4T7 A
MIFmEENEFEEHEAZ A4 S0 200 5L EH DT
O, 321 F1#EROL AT A4 MEED 1200 D&E
E LT THIR T 11 B, AR 3 HvD 7%
3X 3T T VB X 0GR A S Lo, B4
K BAT7A FEHEGLEXTIE 1| BREEOHK
W EBATA MY d 02 BT TROKS L
77

PUEHRERL, BB T, SUEO B Cs REEHIE
B L ORI, 3.2.1 55 1 3Bk & [k D 1L THE
i L7z, 723, 3R L OYRITFTREZRIR © s BEeR
B U7z, Mg oM 7780 o7,

Table 3-2 Ingredients and chemical composition of
total mixed rations used in experiment 2.

323 JHIEEEY A T4 FREHBR (F 3 HB)

Jb— A N L C N EHILE A 4 A e
NEFETDHEEZZLND/— L CTHFELE L 7=
BAZ7A4 & QCUF, MiEREEASZ 4 ) L&H 1R
BROY-BEDOC AT A R Cs O HFLA~
DOBATIZN T D 5B 2 fifggd 4 55l 2 2012 42 11 H
17 BA 6 12 H 26 Ho 39 HEZE L7-,

3.2.3.1 HEEER

55 3 BRI 1T DU, 2.2.1.1 fHEETEL &
FICHDOZHWTHENE Cs IBENERIOE EHR
il (EFOKPER, 2012) D 1/2 DFESE & 72 % 250 Bg/kg-
dry (50 Bg/kg OKZr&A R 80%HH)) 12725 KD
(U SRR 2 35 L7 (Table 3-3) . = OfLERAREH .
H & 30 kg WFLDO 7= NEL, TDN 72 5 ONZ CP
REAWT-T X 912 TMR ICHHELL 72 (NRC, 1988;
NARO, 2006) ,

Table 3-3 Ingredients and chemical composition of
total mixed rations used in experiment 3.

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
1344137, ) (Bqkg-dry) 95

T egY (Bg/kg in 80% moisture content) 19

Ingredients (% dry)

Oat hay 34.8
Concentrate mix pellet 283
Alfalfa hay 26.2
Corn silage 2 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
1344137, 9) (Bg/ke-dry) 215
B13706% (Bg/kg in 80% moisture content) 43

! 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.

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

9 Acid detergent fiber expressed exclusive of residual ash.

3 Radiocesium activity concentration was calculated by summing
134Cs and '¥"Cs.

! 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.

3 Neutral detergent fiber not assayed with a heat stable amylase and

expressed exclusive of residual ash.

4 Acid detergent fiber expressed exclusive of residual ash.
3 Radiocesium activity concentration was calculated by summing

134Cs and ¥"Cs.
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3232 #EERER, FEHEEL BNMEET U AR
ERIER K USeEH T

42.1 55 4 RBRICF| EFEx, BRIV AHX A TR
4 3HH ¥R 647+E62kg, THIFER 2.0£1.0 FE,
S 5 28934 H) & v iz,

FERX & LT B EIN L2V s FRIX (CONT3) |
HIEHEY 474 F BP AT A b HDOGEERE,
HCELPE, HURER) 2R T 100 g/ H#&5- L7z IX

(BPZeol00g) D\ ML 3.2.1 % 1 B CHW=E
FT74 M 100 g #5-L72X (Zeol00g) @ 3 X%
BEL., 1IN 11 B, AUFEH 3 b7
% 3% 3 TT VITHIEIC X 0 e 5B A I L7,
HWEWREY A 74 PB4 T4 Fa&kE Lz
X Tk, 1 HRGEDOYA T A M 2457 > TMR
WZIRES LT 2 IS TG LT,

ABHERIR, BB 3T, RO BUE Cs R EEH
TER X OWEEHIRITIEZ. 3.2.1 56 1 B & RRED ik
THEM LT, 72k, B I ORITTRE/R R Y 28y
BIEERER U 7=, RO TR0~ T,

Bq/kg

fresh 40

Radiocesium activity concentration in milk

30

20

15
day

0 1 3 5 7 9 11 13
Days after the beginning of the experiment
=0—CONTI

@~ Ze0200g A~Ze0400g

Figure 3-2 Transfer of radiocesium in milk after the
beginning of the experiment.

72 TMR D#Ez#)H O Jid M Cs SR EEIE 202 Bg/kg-dry .,
Koy EA TR 80%ITHAR L7 it Cs REEIE 40

33 R Bgkg ThH o7z,
331 PASA MEERBR (51258) 3313 ¥ATA M EREBRWHFOEERICKRIT
33.0.1 Kty T ADBAT TR

P4 4,311 Bg/ H OHEHE Cs & Tefilsh 2 8 H <
DL, HGHE Cs 13465 1 HE CHICBAT LT,
FLOEE Cs JEEEIZ. CONTI KIZBWT 3 HET
e 23.5 Bg/kg-fresh & 720 ZHLIBE, 15 A E
T 20 Bg/kg-fresh FREE D PHRRRE CTHERS L 7=, — 5.
Zeo200g XTI 5 HETHRAD 18.9 Bgkg-fresh,
Zeo400g XTI 7 H1%& THR®D 18.6 Bg/kg-fresh & 72
V. CONTI [X &l LT 20% IRV VRS & 72 0 | £
KAEIZET 5 BET 2—4 HiEL 72> 7= (Figure 3-2)

33.1.2 HEEEIORD B L OMLER S

HERATE ORI A EIE & LR % Table 3-1 12~ L
72o TMR O, TDN, CP ¥ L' NDFom & &
I, FNEH 73.0, 654, 160 BLV51.6% Th-

fABtO TR, B4 T A MERUE, i Cs
B, T owmibes, ek LU &
Table 3-4 (27~ L7z, filft Oz EEIL, CONT1 X,
Ze0200g XF LT Zeod00g XIZHBWNT, £NZE U
21.5, 204 BEU220kg/H £720 | HXEICEITR
bIanotz, 1 H Y720 Ot Cs EREIL,
%) 4311 Bq &720  HREICET RO o7,
ST ORREEERIZ, 44 0.60 & 720 | A XHIZ
RSN o T, FLEE ) 31.5kg/ H 720 |
FXENCET R BTz, LS. UM,
L oI EIRE . bR L ORLTIRFEE
FOBPREIZB N T A XM ET R N2 0o,

Table 3-4 Intake, dry matter digestibility, and milk production of the cows in experiment 1.

Dietary treatment b m=9)

Item
CONT1 Ze0200g Zeo400g
Intake Dry matter intake (kg/day) 215+ 36 2 20.4 + 34 22.0 + 1.4
Zeolite intake (g/day) 0 200 400
B4 137 g 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; Zeo400g = free access to the total mixed rations with 400g of zeolite.
2 Standard deviation.
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33.14 A T4 MNEERWHLFOBSEET Y
LBATICRITTRE L U ABITICRIET
-2
(1) #. R. HLITBTDHREET T LDOIEK

R, I K OUMIE O BT Cs IREE, 3. R,
FLIs LMK D FGHE Cs JREE, 3, RIS LU THE
ST HERE Cs &, BEL L 72 Cs 12k 35
. JREB LOHADOLEEE, BT OREE Cs D%
IWAREL, BB D ILA~DOHERE Cs @ Fm, CR B&
OYR & FLOFEHE Cs PEH RO % Table 3-5 1R L
77

FEORGHE Cs #REER L O CHEH S 7= i ik
Cs ElX. FXRIZEFR N0 -T2, B Cs
DHE~DFEEIL, CONTI X, Zeo200g XF LW
Zeo400g X TZNZH 98.8, 91.0 BL N 64.6% & 72
D H XN TR D72 oTom, BRIZEBT Dk
SHE Cs DEDSBLRITY AT A MERUE L OMIC
BOB (= —0.76, P<0.01) 2SR5 (Figure
3-3). ETOWRIEREE., FRMICETR LR
Nl

PROJEEHE Cs JIEIL. CONTI X, Zeo200g X35
F O Zeod00g KIZHW T, ZNEIL 729, 447 B X
N 49.4 Bg/kg-fresh & 720 CONT1 [X & Hig LT
Ze0200g X35 LU Zeo400g XIZHBW TR L7z (P<
0.05), JRCHEH ST Cs &%, CONT1 X,
Ze0200g X3 LN Zeod00g XITIHWNT, LA
1,725, 873 BL O 1L,139 Bg/H & 721 | Zeo200g Xi%
fthod 2 (X & bl LTl Lz (P<0.05), JR~Dy

Bl=RiZ, CONTI X, Zeo200g X353 & TN Zeo400g X2
BT, ZNEN 400, 223 BLN260% L7210,
CONTI1 [X & bhifg L C Ze0200g X35 L TN Zeo400g [X
ICBWTHED Lz (P<0.05), &XICHIT 2
Cs DROZEFITEA T A MERE L OMICAD
FABE (= —0.53,P<0.01) 23 6472 (Figure3-3),
FLOMEFHE Cs I, CONTI X, Zeo200g XI5 &
O Zeod00g [XIZHEWNT, ZNEH 147, 6.5 BEW
6.7 Bg/kg-fresh & 720  CONTI [X & Hifis L C Zeo200g
X J3 £ O Zeod00g KIZIRBWCIE L= (P<0.05),
FLOFGE Cs JREEIE, 336 L OYRD G Cs JREE
EORNTIEOFEE (r=0.37,P<0.05;r=0.50, P<0.01)
DL BT, FUCHEH SV Cs &1, CONTI1
X, Zeo200g XI5 TN Zeo400g KIZHBWT, ZZE
1460, 205 3L TN212Bg/H £ 721D CONTI X & bk
i L C Ze0200g X35 L O Zeod400g X2\ T L
72 (P<0.05), FL~D5HELEI%, CONTI X, Zeo200g
XF5 L T Zeod00g [XIZIHWT, THZH 108, 49 B
X N48% L7210 CONTI X & bl L C Zeo200g [X.
B LU Zeod00g XIZBW TR B\ 23 7 S 7=
(P <0.10), FXIZET D MM Cs DO /TELERIE
AT A MEIE L OMIZAOFB = —0.78,P<
0.01) .57z (Figure 3-3),
(2) WIS EEE S 7 ADILA~DBAT

Fm %, CONTI [X, Zeo200g X33 L TN Zeo400g [X.
IZBWT, T2 3.46%10°, 1.56x10° 3 L0 1.50
X107 & 720 CONTI [X & b LT Zeo200g X35 &
Y Zeo400g [XIZFNT 55—56%I80 4 D AE 1128 i

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.

Item

Dietary treatment v n=9)

CONT1 Zeo200g Zeo400g

Radiocesium activity concentration ? (Bg/kg-fresh)

Feces 67.6 + 20 ¥ 633 + 13.3 46.6 + 6.9

Urine 729 % 3.1 447 * = 17.7 494 ° 128

Milk 147 * = 4.0 65 * = 2.0 67 ® = 0.8

Blood LTD.(<2.1)"” L.T.D.(<1.8) L.T.D.(<2.0)
Excretion of radiocesium (Bq/day)

Feces 4,347 + 1.217 3.696 + 654 2.884 + 265

Urine 1,725 @ + 291 873 b + 287 1.139 2 + 403

Milk 460 *  x 97 205 b 83 212 % % 22
Proportion of radiocesium to ingested radiocesium (%)

Feces 98.8 + 13.6 91.0 + 19.4 64.6 + 22

Urine 400 * = 5.5 223 ° = 10.1 260 ° = 110

Milk 108 * =+ 2.6 49 B+ 1.2 48 B 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 10° 3.46 &+ 1.03 156 B+ 0.23 150 B+ 0.16
Concentration ratio (CR)

CR x 102 728 & % 1.98 323 B o+ 0.98 330 B o+ 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

ab: 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: CONT1 = free access to the total mixed rations without zeolite; Ze0200g = free access to the total mixed
rations with 200g of Zeolite; Zeo400g = free access to the total mixed rations with 400g of zeolite.

2 Radiocesium activity concentration was calculated by summing '**Cs and '*’Cs.
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Figure 3-3
radiocesium to ingested radiocesium in feces,
urine, and milk.

Relationship of proportion of

HAL7z (P<0.10) (Table3-5), KXIZFIT 5 Fm i,
AT A MEIE L ADHE (= —0.77, P<0.01)
DHERONT, L CHE SN HURTE Cs &L JRTHE
H ST HEHE Cs BOITEA T4 MEIEOE
Bhz 9, 025 L7po7- (Table3-5), )T
OGN T, HdHE Cs ARIB LU Tt
SITEH, MR DR TE Cs #REEIE, Cooper D
(Cooper 1970) 12X - TEHR S 72 1.8—2.1 Bgkg
OREHHBRFMEZ FIE10 | FHBRFARN & 72> 72, CR
L. CONTI X, Ze0200g X35 L T Zeo400g XTI\

T, FNEI7.28X1072, 323X 1028 L N3.30X 100
2 L7201, CONTI X &l LT Zeo200g XA LN
Zeo400g X230 VT 43%3 D m s /i b iz (P
<0.10) (Table 3-5),

332 PRI EATA MERERBR B2 R

3321 HERFEORSE X UMLERS

HERATEL OB AEIS & bR r % Table 3-2 1R L
72 TMR O, TDN, CP £ X " NDFom & &
I, ENEIL 763, 64.1, 153 BL53.6% ThH-
72o TMR O Cs JEFEIT 95 Ba/kg-dry, K&
A% 80% ZHAF U 7= ik Cs SR 19 Bg/kg T
HoT,

3322 PRITEFTA MEBWIDOAENE

ICRIE TR

fABt DR, R4 T A MEREE, ik
B Cs R, FLER X OFLE) % Table 3-6 [ O7R
L7-, WiEHURIX, CONT2 X, NZeol.0g X3k
' NZeol00ml XIZFEW T, FH 172 kg/H 720 |
BN R ooz, 1 BY72 0 Ok
Cs EHCEIL, P4 1,634Bq & 720 . FXICEITA
LR o T, FEE, 270 kg/ A &2 | AKX
AR O o7, FURGE, R, & o
78, EARE . bR L OSLHIREERORR
FEIZBNWT, FRMICEITR NIRRT,

3323 MBI TFEA T A MEERILA~DOBHN MY

VU ABITICRIE TR

SFLOBEE Cs 2T FLCHEH S U7 B Cs L
L 7 M Cs 1233 2 F~D iR Cs D43
#_ Fm B LU CR % Table 3-7 IZ~ L7z,

FLOBEHE Cs J2EEIX, CONT2 [X, NZeol.0g X35
JTOYNZeol00ml XIZEWT, £1LE1164, 5.0 B X
Y 6.0 Bg/kg-fresh & 720, CONT2 [X & bz LT
NZeol.0g KIZHRW T Lz (P<0.05),

FLCHEH S Cs &EiX, CONT2 X,
NZeol.0g X35 LY NZeol00ml KIZEWVT, 2
3180, 143 B LN 174Bg/H &72 0 . CONT2 X & b
1 L C NZeol.0g KIZHBW TR T DA R HH

Table 3-6 Intake and milk production of the cows in experiment 2.

Item

Dietary treatm eml)(n =9)

CONT2 NZeol.Og NZeol00ml
Intake Dry matter (kg/day) 172 = 34 2 17.2 + 0.9 17.3 + 2.8
Finely divided zeolite intake (g/day) 0.0 1.0 1.0
P05 intake (Bq/day) 1,633 £ 325 1,630 =+ 87 1,640 = 266
Milk yield (kg/day) 276 = 3.7 27.0 + 49 26.9 + 5.0
Milk composition Fat (%) 396 = 0.27 389 = 0.26 4.00 = 0.39
Protein (%) 3.15 = 0.03 317 = 0.15 312 = 0.32
Solids-not-fat (%) 8.58 = 0.13 854 = 0.18 845 = 0.21
Lactose (%) 443 = 0.10 437 = 0.14 432 = 0.35
Urea nitrogen (mg/100ml) 8.70 = 4.79 825 = 3.63 935 =+ 2.91

! 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.

2 Standard deviation.
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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
CONT2 NZeol.Og NZeol00ml

Radiocesium activity concentration ? (B/kg-fresh)

Milk 64 ?* =+ 2.0 50 ° % 1.7 6.0 * £ 0.3
Excretion of radiocesium (Bq/day)

Milk 180 A 51 143 B+ 51 174 A 19
Proportion of radiocesium to ingested radiocesium (%)

Milk 112 * % 35 87 & 2.9 10.7 * % 0.7
Transfer coefficient of radiocesium from feed to milk (Fm : day/kg)

Fm x 10~ 4.04 2 + 1.59 3.09 b+ 1.04 375 ® & 0.71
Concentration ratio (CR)

CR x 1072 6.73 * % 2.12 533 ° & 1.83 635 2 + 0.29

ab: 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: 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; NZeol00ml = free access to the total mixed rations with oral
administration of 100ml of water containing 1.0g of finely divided zeolite.

2 Radiocesium activity concentration was calculated by summing '**Cs and *’Cs.

3 Standard deviation.

72 (P<0.10), FA~D5HELZEIX, CONT2 X, NZeol.Og
X3 LU NZeol00ml KIiZBWT, £31F 11.2, 8.7
BLO10.7% & 720D [ CONT2 X & Lhigi L C NZeol .0g
KIZBWTHAD LT (P<0.05), &XIZHIT 5
M Cs DHLA~DLEHIL Fm B L OVCR & &V AN
Boh7- ¢=0.89,P<0.01;r=093,P<0.01), £7-.
FLOFEME Cs JRFER X OFLOF M Cs HEHHE L &
WFEREZN L S 0072 (1=0.93,P<0.01;r=0.85,P<0.01),
Fm [Z, CONT2 [X, NZeol.0g X35 X U NZeol100ml [X.
IZBWT, TR 4.04x107, 3.09x10° B L O
3.75x10°% &£ 720 . CONT2 [X & [z L C NZeol.0g X
(2B T 2% L= (P<0.05) (Table3-7), 45X
IZ31F 5 Fm ITFHA~DO 5B LTV CR & EVHES
NR.LNZ (=089, P<0.01;r=091,P<0.01), =
7o, FLOBEE Cs IREE & mWHBAN RO (k=
0.91,P<0.01), CR %, CONT2 [X, NZeol.0g XI5 &
Y NZeol00ml XIZFHBW\W T, FNFH 6.73x102,
533102 B L 6.35x10% L 720 . CONT2 [X & Ll
L T NZeol.0g XIZHWT 28%J8 L= (P <0.05)
(Table 3-7), &XIZE1F% CR 1L Fm B L OHA~D
EEER EEVHBI N R 572 (r=0.90, P<0.01;1 =
093, P<0.01), F7=. ALOMEE Cs P& & Emu
FEAM A b7z (r=0.82,P<0.01),
333 MWEHEEY AT A MEERER (B 3 ®HE)
3331 AR ORS B L OMLER S
AR OB A EIE & LFk ) % Table 3-3 127~ L
72o TMR OFE:#)Z, TDN, CP ¥ JU'NDFom & &
I, FEH 67.6, 639, 133 BLV41.6% Th -
72o TMR DJihE Cs 1T 215 B/kg-dry, K35
A% 80%ITHUR U7 iU Cs 13 43 Bg/kg T
BT,

HWIEBEBEA 7 A VERIIEL T A MR
WA DA EMIC RIS

FA B ORI, MIEEE A7 4 MEITE
*T A S OBEE:, i Cs HBEE, FLEB LU
Ji%/7 % Table 3-8 |27~ L 72, B RUERIL CONT3 [X.,
BPZeo100g X35 L TN Zeol00g KIZIWNT, FILEHL
18.8, 182 B XL TN188kg/H & 7210 | F XML
ST, 1 H 4720 Ol Cs {EEEI,
¥) 3,991 Bq &7 0, FXMIZEITA LR T,
FLEIE, Y 23.5kg L0 | A XEICEITR G
molz, U, FUIERA, $L& X0 -, R
TE5r. bR LOAHIRBEFEOFIREITBNT,
BXMNCETIR BN -T2,

3333 MIEHBEYAIA PRBEXOEAT A MR

EPWHFOBSEE VU ABITICRIE
TR

FLOFHHE Cs PR FLCHEH S A7 BHE Cs &,
BHCL 72 HGE Cs 1Zxb T DA Cs D53
K Fm BLONCR % Table 3-9 (= L=, FLOKEH
£ Cs JREIX, CONT3 [X, BPZeol00g XI5 LN
Zeol100g KIZIHBWT, ZNZH 154,132 B L V1322
Ba/kg-fresh & 720 AXMICETR OGN

(Table 3-9),

FLCHEH S 7 st Cs 13, CONT3 [X,
BPZeo100g X35 L TN Zeol00g KIZIWNT, FILEHL
362, 301 BXU310 Bg/H & 72 o7z, KXz
TR BN e o Tz, B Cs OFLA~OSEERIE,
CONT3 [X, BPZeol00g X LT Zeol00g XIZF\>
T, ZNZEI9.0, 18 BI O T8% L 72 oT2h3, £ X

3.33.2



16

SRR A v Z — e

128

Table 3-8 Intake and milk production of cows in experiment 3.

Item

Dietary treatment” n=9)

CONT3 BPZeol00g Zeol00g
Intake Dry matter (kg/day) 188 = 16 ? 18.2 + 1.6 18.8 + 2.7
Zeolite intake (g/day) 0 100 100
BP0 intake (Bo/day) 4,030 = 340 3,914 £ 347 4,030 £ 584
Milk yield (kg/day) 237 =+ 5.0 233 + 5.3 23.6 + 4.3
Milk composition Fat (%) 499 = 1.07 484 = 0.92 476 = 0.98
Protein (%) 418 = 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 1.98 682 = 1.64

D Dietary treatment: CONT3 = free access to the total mixed rations without zeolite; BPZeo100g =

rations with 100g of zeolite coated with palm oil; Zeo100g =
2 Standard deviation.

free access to the total mixed

free access to the total mixed rations with 100g of zeolite.

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.

Item

Dietary treatment” n=9)

CONT3 BPZeol00g Zeol00g

Radiocesium activity concentration 2 Bakg)

Milk 15.4 + 10 ? 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 10~ 3.86 = 0.59 339 = 0.44 336 = 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 Radiocesium activity concentration was calculated by summing '34Cs and *’Cs.

3 Standard deviation.

RN ZET R SN2 0o 7o, A BRI D HHE Cs @
HADOGEFRITHE L FHBAN R 6N (=052, P<
0.05),

Fm %, CONT3 X, BPZeol00g X35 TN Zeo100g
KIZBWT, £ 3.86x107, 3.39x10° B L O
3.36x10° Lo 7oy, FRMICET RO -7

(Table 3-9) 23, &XIZHITH Fm (FHLEL L OYK
BHE Cs BEE EHWADOHBENR RO = —
0.59, P<0.01;r= —0.85,P<0.01), CRIZ, CONT3
X, BPZeol00g X35 & X Zeol00g XIZIWNT, E4
Zh 7.19%1072, 6.14x102 B L 6.16x102 L 72 o7=
2, A XTI R SR> 72 (Table3-9) 23, %
XIZH1F 5 CRIEFm & @B R S 07= (1=0.84,
P<0.01),

34 E%

341 HAOREHEE T U ABITICRITTEE

B1REBRNOEIRBROL AT A FEHAWRWX
TIE.1,633—4,348 Bq/ H D JitH: Cs ZEH 5 & |
FLOWEE Cs 1% 6.4—15.4 Bg/kg-fresh (2720 . Fm

1% 3.46x10°—4.04x10° O & 72 >7=  (Table 3-5,
Table 3-7, Table 3-9) , Z 15 DAL, [EIFEF 1/ 1H%RE

(IAEA, 2010) O7R3H.0 Fm Of/IME 6.6x107, %
KAE 6.8x102 OFPFHANTH V. FIE 4.6x10° 12T E
VML 2o T2y ZHIVE TICERNOFE THRE ST
V% 100 Bg/ H A O BETE Cs 48R L7 & D%
il (Aiietal,1990; (FE D, 1994; =A%, 1996) DHiFH
NTohoTz, ZNHD I END ., U Cs BREEAE
EFFAE (500 Ba/kg-dry) A Ol 2 LA D3
L 72856 . Fm 2k B Cs EHE O 280X
it o EHEE ST,

342 BATA MEERBEEE T Y LABITIC

xRz

3421 BA I FOREMEE S T ADORE

CsiZH VY ULLERIUT VA VARBIZEL., ErE
M CORNENREIZ, BV v L ELFRE L OV R
ICAER & S TWD (KR 5,1998), Cs EAT
A N EHKERPIEET D EEAT A FBED
DEFOTNH ) El@A A Z L, BV UAKY
A F U HNEN DN ENY Cs & AZHAT 5 2 & ¢, [Alig
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WA OBEGT K 2 WHL T T D BETEE & 0 LD b HA~OBATIHNIC B3 2078

\AFAET D H U 7 L E 0 BRI Cs ZWAET D
LHE LT (Nikolai, 1995), Z %2 FIH L
TEATA MEGIZ L D EEIOIGHE Cs DR
UL A3 B 2h3RIE. N T A 128V Tl Birgitta et
al. (1990), E {2\ Tid Phillippo etal. (1988)
MIEFEL TV B,

51 SRBRCIL, HORE Cs HEEEAY 500 Bq/kg-dry
litiC 4,000 Bg/ H D Cs ZHBH L7=85A, Hor
P Cs Z&Te TMR 12200 g/H £7213 400 g/ HOE A
T4 FERA L TWAFICHERESESL L, RO
G Cs IREDMEIR L, ST, FLOKE M Cs
RS T DA A5, Fm & CRITE T2
AR S, 7 (2012) 1E, B4 T A b % 400
o/ BB SB35 BT RO MU Cs FREEDMEDR L .
FHEB L OAOKEHE Cs JREIZZEITR B0
TFEHEL TS, ZOZENnD, 2008 L EoE
T T4 NG UIESE O E Cs WU %)
R & BT,

o5 2 RBRCIE, M Cs 2 & T TMR (2 3,000 nm
LUK e L, e EmEss 200 £ 0L 80 U 7-fok:
FEATA N 1.0g B EZWAFITRNEET 5 & 5
DO Cs JEEIMER L, Fm & CR KT L7,
NN = S Vi 2 9/0 VA <Y ANl fal ) (723 22 21
SR HZ LT, — AP LT T 5 2
L7 < R IEIE R C R LA A~ LT
LCHH L7220 EE 2 b7, L, Blsh
YA T A FORERBEIIEEHEAZ A ho 200
EU EH o= L HEE SR, B 1RBREL D IL~Dlk
SFHE Cs BB B KD~ 72, 2D Z LI, ks
FEBA T A Mt 2D EEHEREOHIT 1 1 22,600
ERDEND, WRIEA T A FDL— A AR
ZIERT 2 7= DI I &0 07 < B —ITPEf S
AVTHGE Cs A BEFRARD DIRANCRAE T2 2
LINTERN-T- L HE ST,

%3 HBRCIE, g Cs 25T TMR 12 100 g/ H
DEF T A bEIT 100 g/ HOMMIHEE AT A b
ZIRA LTI B R A S 5A51F. ok
FHE Cs IRESCHEHEIEIIA N oTz, 20D
Z LI 100y HDOEAT A MG TE Cs D%
NN S D EE L 0 D ignoT-T-d L&
Z iz, F72. BPZeol00g XIZBIFHEAZ A b
DEHFIZDOUNT CONT3 K L 2NN T= 2 LI,
TFENHILE CHIBEEDS R S EA T4 R E LT
FIHC& 7o lo R Hb EE 2 bz, 5D
WL THIEBFEN MRS EA T A b & L CRIAA]
BETH-o7-L LThH, L—RA L & FEHILE CTOMlF
BN R D Z D RN Cs WaE
WCTEolzEZ 2 b, A)lls (2018) 1%,
WEI S Cs A2 fEE L QU AR et
WX L CHEE Cs 28 E 720 Attt B4 714 &
Fe b U778, 3B LOYROBEE Cs OHEH &I
2RO T L BWE LTS, ZDZ NG, W

FLARIZEBWTIL, TEELE T OB Cs D436,
BN A9 5 Al etEi RV S ST,

IRHDZ END, HOMEHE Cs BESCIHICE
LY A SR /5 72 9DI21E, 200 g/ H B
FOBATA b, F72E 1.0g/HEL LMK B A
TA NOEERVEL 720 B Cs WaEH & 72
HEAT A ML EREGERhEmEISH S 2
R ST,

WY MRS — 2 _X— 2 (NIMS, 2012) T, ikt
M Cs OWHEITHN R AT A S OhyFHEEIT—E
TlE7a < EHSORARIZ K » THERENCENH D |
e B &35 i Cs OFRECIRMEREIZ L - T
WEMERENZ LT D Z E A RS TW D, ARFZEIC
BWT, B 1RBRTIE. 4T 4 F&2 200 g/HE7-
13400 g/ HEHAIZ XY | OB Cs IR, Fm 35
L TOVCR 28 CONT1 [X & beifs LT 55%LL B L7z
ZEiE, EHLZBAT A MTHGE Cs WAERED)
EVHLENORBYEES A L, 2o, &5 LicES
TA MRS LT Cs BREN Do T- 2
Emb, BT A S Cs 23RS WA T
b0 EZLN, £, F2EBR T, kI
FEATA M2 1.0gBRGTHZ LI2L 0 Hojlk
FHE Cs 2R L OVFm 13X CONT2 X & Erilie L€ 22%
PLERZ . CRAZOUWTIE 28% LA Bigib Lz, kit
DN 72D Z LI K W ERAERIIRE L 20| Ik
SHE Cs 2R RWE L2 EvRg sz, £
7oy EHE Cs OWEITITE AT A b ORI
KB L OREENH D Z LR sNZ, &6
2, 3 RBRCIIMmIEEE A T4 100 g/H, &
72, BAT A b 100 g BERGIZ LD ORI
Cs IEEENBD Lo 72 2 LI B H L - Cs
B LTHRE LB T4 RN )220
LEZ N,

%1 RBR—5 3 BB RO EAT A FEH
WRWEE RO BEE Cs SRS 2V i
Cs EREN D72 < 72D LILOREHE Cs JEEITIKT
T BN, Fm 138D 57202 & DR STz, AfFge
TIRIE UT-EEI O i Cs 2B 3 2 WU Cs
BEREOHRPHICBN L, B4 T4 &AW
A FLOKEE Cs J21E % 10 Bg/kg-fresh A2 75
ToOIiE, FARIO B Cs REE 1 100 Bo/kg-dry
. HDHVEL G Cs FEEEE 1,600 Bg/ H A
ThHVENRDD RSN, F138TE, £
F I A4 FOFEEIZLY Fm MR T4 52 LaVREN
TeTo8, FLOHURE Cs JREE % 10 Bg/kg-fresh A3 1C
T A0, FE OB Cs IS 200 Bg/ke-
dry A5, &2 UNE, B Cs BRI 3,600 B/ H
K CHLHVMEND D EHEIN, 72720, W
PE Cs BEUEDS 3,600 Bg/ HLAEDOSGA, €4 T4 k
Z P U CHILOREE Cs #EE % 10 Bg/kg-fresh A
IS 2 Z XLV LAV ST,
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fmEREERS B X —fEWE 125

3422 BFTA FOWMLETOEIX

RS (1998) 1X, 7 > MERIZIIT 5 Cs 121,
EEHAEE TESCONIRI S Tz Cs A FHEE B
IZBWTHOWE LORRIN D THE —E A
] DO R S D LR LTV, &5
(2, i Cs WA Al % V= Cs DIRNIZESIT 5%
ILHTHI D A F7 = 2 2%, T OFRHHRRER THURH ! Cs Wk
ERIDHFEREND D Cs BRI AIETHZ LTk
V. FHAOREE Cs DPEHZIEET 2 L D L 15
LTS, ThHDZ Enb, B4AT74 MIvy
HEEPIZB W TR Cs 2545 2 & Clid
P Cs OWEE D S IR ~DOWRIL IS L O EEED 5
ORI ZHHT 5 Z 212XV, ABLOR~DOB
1IN S 4v, JHE Cs 2B L= B4 74 bR
HICEPEHT D LD LM SN, L, AR
ZRITBNTIL F 1 R BRICBW T, B4 T4 M4 200
g/HE721T 400 g/ B G LT-35E . SUEX RO #
DG Cs JREIC T BT, M Cs D#E~
OPEHNEINT 2T R b e d > 7z, T,
BEINT-EAT A RV —RA U E T FEELE
WICE £V, ERICHEH SN o728 E 2 b,
W LT B AT A ROEE & ST SN D IR
ZETLH L HER ST, £, EORBEE Cs 4y
Broo 7= OFREDFOPEH & & ik LT 2o T
TR, EEN, RESCHEI VL 23207
Rz, Bt Cs PIEDTZDOFENZRIT S
BEOIXLSENREL R, BERSE Cs 23
R T E 2o T2 mIREMENE 2 BTz,

51 BRI, FLICHEH S Bl Cs & Fm i
AT A MEGIZL DT DA S8,
JRIZHE S U2 0 Cs &= & FUCHE S &0
RIS AL ZI T A BT 025 Th o7z,
Arnaud ef al. (1988) 1%, L& IROBEE Cs PEHH &
DL, 708 92,700 Bq/ H DRt Cs & & T efil kst
ZHah- i, 18.4kg/ H DFLERE LT IRFIZ ) 025 T
HoTEHE LTS, WIS E Cs DR
BLOHAA~DOBATIE, FIEIOHBGYE Cs IREEIZE
ST, THILE D DRI ST BHE Cs o—EE
ENFUTBATT D LB 26, HIEENLRIN S
TR Cs OFHA~OBATEMHIT 5 Z I3 LW
EEZBNZ, ELT, HILENTEL T4 Mk
DU Cs WA FID G Cs W L, B Cs
ZWRINANHI S5 Z L IE, HLOBEHE Cs IREEA T
D B FERBID ORI ITE T D 2 L hMEER
iz,

343 BA T4 MRENHLOEERICRIETE

&

YATA NI, BHODOROBA A2 EMDGA A
HERHT DRERE (A A U ATHERE) 3 X OVRHIAL
PEEIC L AZ ORI Y RE 2y famB I
UVEEE (075 DWVHERE) 2RO LT, TUES
AL TR EME IR T oM EE TS

(Mumpton, 1999), ZOFHEZFIHA LT, B4 T A
F AFEOEFBHIEIN L TR 52 L2k v, H
{EASRECERIBISh=R D) |, 58E Ofeittls L OHEE>
MOBENEDR o 5 & A TS (Mumpton,
1999), FLAHZIWTIE, FLEKIR THZFLARIC 700 g/
HOBA T A NEFGEHZEIRINT 5 2 & Tt 2 #
OB REII 9223, L, JURMER X
UL VBRI R O n EliE SN T
% (Thilsing-Hansen ef al., 2002), F7=. BRINEMG
ZkERE (EFSA, 2007) 1%, FLEAD U 27 KD 7=
DIZ 500 g HLLEDEB AT A Mafeh Lz & &2
WMERUERITI D 23, 250/ H DB AT A M5, #
WEEGE, MO IR T VIREE, HAEFEMER KO
RN B2 BRI LTS, — T, XY
A FROBA T A e LRI, Fb
HLEBICARD I 2T 025 L, 2 17485k
DIFR E 72D Z EPRBR I TS (Giese, 1989)
IO END 500 HARIEOEAT A S OfE~D
WL, FLAOHEEE, FLAEMERS KOG
WCRIETHEIT NS W O L HEER SNz, AHFFEIC
BILZEATA MEEGEIZT HYS7D 1.0g—400 g
Thol=Z &t HBIE, FLAEMER LU
BN RKIE LT BT R o, AT owist
BAOEEL ROl EFE 2 BTz,

Katsoulos et al. (2005) 1%, REEIEHEZZ I 1.25%
—25%DEAT A N ETIN LT OWHA~D 1
W XM LW EFEfE L T 5,
Fio, B E RER (2002) 1, WAELAHITRE LT 200 g/
AOEATA a2 » HRBSG L TH, FLAEFEN,
FLAGT 36 K ORI Z 5B A BT S 70 EFEHE L
TWb, INHDOZ Enn, BATA M | FFEE
OWHIAMIZEE S L T H IO RERHERCFLEEN
RTINSV H O LRS-, Ll
fE S — R R T SN OO 5 b
BICs [ TN 30 FE L RN 2 & 36 LUV Cs
\ZIEY S T RS X OV O EI )N REEF CTH D
T2 DITRYMEENERIC R S Z ENEES N TV D,
L7223 T HHE Cs 12VBY: S - sl 2 B ¢
BHAGETEHT L 2 A OEERAR T, B Cs @
WEE BRIETHEA T4 FoFKEHIMIL. HLFo
AEVEAEPEHIM L RISEIC 7 D Z E B2 b, Akl
HADTA 7 A 7 MEDEREEF T4 FOEH
BG-DOEBIZONWTORGRMEE L 725,

BAE TAUT U7 N—EBREEIC X 54
BT BIA~DGEHE Y v T AT

41 W=

1986 F=DF =)V /) 7 A V R+ JIFEBEITFHICE
VT BRI D JEERPH I Fe S Cs B % LT,
HIRERBE 7 5 OFRECBATIINI T 2 8l & L C,
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B4 HHHoE

BFTA N, XA, N=IF2TA ML
OREHFECT N T T — (PB) 7o EREix &
MRt &7 (Unsworthetal., 1989), F&EEM) DA
PEICHRWTIEL, M B8 PB IJHLEN THEIS
AU EGE Cs WG L, B O EE D G
Cs ZWl3 2 7= DIZHW BT E 72 (Amaud et
al., 1988; Giese, 1989; Unsworth et al., 1989; Trckova et
al,2004), TOHTH, EHTERHES K= A
FCH % PBI = ﬁ&%—f l\i Cs @%ﬁé’jw%)‘j%ﬁ)mu

HAILTVD (Voigt, 1993), PB i, —MAIZiF~F
T SRR & FHEN TV D BRE T D8R (Figure
4-1) ThHY, HEFEEOBRE L LTI
WTEY ., b Cs Z2BRIICET 2= 1 b
% (Giese, 1988), —J7. BAF T A Mp E O H44)
X, &9 L7Z®IRMEDS PB & Lbigd 2 o<, KFE
DEFA A 2 E RN D Cs A A EWE L L
2L LTHMDT VI U BIEA AL DBEICE LT
LEW, Cs A F L OWFEZITH L E5H (Parab
and Sudersanan, 2010), = DMHE G, Cs A A2 & Ff
BENWAET D PB LIXRR D | R TEIE. FHE
B LTEBRICAERDO I R TV ERE L, IR TV
BROFRKRERD Z ENRBEIINL TS (Giese,
1989, 1989; Jacob et al., 2001; Trckova et al., 2004) , =
7=, 3 BT, BATA SOSILOREHE Cs #E
PR T IR, BESNTES T A MXHIEEN

;dﬂ'&»"a'
Py %

By

Adsorption
or desorption
of Cs ion to
vacancy

. {9
=0 9 2
s mr

AR GEpii approximate 0.5nm

Rational formula
Fe(II)4[Fe( I )(CN)s]s]- (14-16)H,0

Structural formula

N
N$c- (|: ,C'/'/N
\F 2+
Vi |e\c_
ol
N 3 [Fe ]
Figure 4-1 The general crystallographic picture,

rational formula and structural formula of Prussian blue.

1) A Figure of Takahashi et al. (2016) shown with modifications.

WCREED ., ERICHEH SN0 o7 2 EaR ST, K
N C ORI R A B3 5 72 D12id, WaE Sz
T Cs IZFEFITHECMNTHEE SN D BERH 5
k%ﬁéhkaﬁﬁiﬂ%&%@LT%%®%m
BIZBWTHERRBR THDL IR T NVERERTT,
HEE Cs 7200 2 FRIZHEN T 5 wIREMED & 23 )
72 U Cs 0)%2?-5%' Thd BN,
ZnkHiz L Cs (TR AEM A2 RT3
SN = l\%a _:rob\fji&%i‘ Pk Cs WAL BrEH
(Padiogardase; El KRKADT 4Ty 7 A S, |
ﬁ@&bfﬂﬁéhf%@ﬁM%w%)%®iﬁ
T % G eI > B D JE s Cs 571 (Parb
and Sudersanan, 2010) °7 V=T EFIE LTH
FIl &3 C% (Takahashietal.,2016), BN Tldlik
FE Cs DILRHA~OBATTEE LT PB LA S
AT [EEHE (Giese® salt, Honeywell specialty chemicals
seelze GmbH, Germany) 23BLEIRIE STV D, &
PB LA STz BRI, ﬁ¢_m%$@ﬁﬁ%
HINEE2 Z &2 L0 EED BFA~DHE M Cs D
BATZIHIT 2 Z L g—m o X CHEIES TV D
(Arnaud et al., 1988; Unsworth ef al., 1989), L7>L.
IS DOEFETHW BT EE O M Cs 12X
HK@ﬁmﬁﬁﬁ%k%<LE5%@f%é
FHEE (2012) HSFRE LT=FLOFUHE Cs 12
@%ﬁfﬁ I 50 Bg/kg-fresh T 5 M3, FLEEH IThHE
Cs #REEDS 10 Bg/kg-fresh A OFLO Hifif 2 A TV
Do JEMOKPEA (2012) (X, 7 > Ofakh o
Cs OEEFAEA 500 Ba/kg-dry (Z%E L. i
Cs £ 50 Ba/kg-dry ARG DFLOEFEZ MR LTV
Do LU, BIETFRIEZE 2 2 HGHE Cs % & efi
BrOAPENL, BEHIN TR E < LB 5729 (Tsuiki
and Maeda, 2012a, 2012b) . EPIEFITWILFITHE S
ENDHREMERH D, &I, BELLT= YCs DI
X, EASCEREE L CHERADOH R E o+
DRAHEATFTT D Z EDRFEFES LTV D (Beresford
etal,1992), =M= \flﬁf%mﬁ@ﬁ%ﬁz
HEEIRE G- SN TEAICBW T, SLOEHE Cs
%F#lO&ﬁymmiﬁ%ﬁ%ﬁéhw@ﬁﬁ#
WL Tp o TUNVD,
AMFFETIE(Oinuma et al., 2020), %5 4 RBERIZFB W
T, FARHF OB Cs IREDNE EFFAE Cd 5 500
Bg/kg-dry % Flal 53540 PB &AHEFH (LT, PB
[EEH) ﬁ)?L@ﬁ&%ﬂL M Cs JREEIZKIT DA 2 /et
75 LT, FAEE~ORBIZOWTGHE L, £
7oy S BIRIZBW T, S Cs IBEE DS ETA
ﬁwz%fﬁéhmmwgmywﬁﬂéﬁﬁbk%
B DEREINTGEE Cs DR TOLL

Eo_ﬂuwﬁﬁ:ﬁﬁéPBl% OGNSR %
Rt Lz,

42 MEBIOHE
ABFFECTILE 4 388 & 55 5 FRBRD 2 SOl
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fEmEREERS B X —FEWE Bl 25

EEMLUED, WInbEEREERAE ¥ —&
PEWFZERTIC VT, R R EER AT v & — RT3
a2 &R (2012-E1-5-9-3) #15C, FEEIMD
RS L OMRE TR 20 (IBf62 4210 A 9 H
FEBURFS/RER 22 5 ICHEIL L C3EhE L 7=,

421 INTTUTIN—ERERERERBR (G

4 ABR)

PB [EJEHE O Cs (34Cs+137Cs) U0 5
s HelRA 201229 H 15 H 6 11 H 17 H
D 63 HIW%EE L7,

42.1.1 HEEE

55 4 FRERICI T AHEETEN L, 2.2.1.1 fEkARR &
A Uk 2 FOD Tl Cs IREE DRI O B ERFR
il (EAROKFER, 2012) D 172 DIEFETH 5 250 Bg/kg-
dry (50 Bgkg UKD EA R 80%HHE)) (2725 K9
\Zi%5H L7z (Table4-1), Zh b ftEkfass, HE&
30 kg WeFLD7= 8@ NEL, TDN 72 5 TNZ CP ER &
Zii7= 3 K 912 TMRIZHRHL L 7= (NRC, 1988; NARO,
2006) .,

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 263
Corn silage 9.8
Perennial ryegrass silage ” 1.4
Chemical composition
Dry matter (%) 69.6
Net energy lactation (Mcalkg-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
134—137CSS) (Bq/kg-dl'y) 175

PP05” By/kg in 80% moisture content 35

! 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.

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

9 Acid detergent fiber expressed exclusive of residual ash.

% Radiocesium activity concentration was calculated by summing
134Cs and 1¥"Cs.

4212 5B L OBUEHEEL

@ & LT, 3.2.2 5 2 BBRICHVE 2 BAIZ
Mz, ZHETHEEME Cs 28 F 2 ek Cfis s
TRV AL A AFEWELA 2 BADOAFH 4 80 (OF
VIREE 629+46 kg, “VFHIPEIR 2.5+1.3 PE, V-H)0iht%

H45229+28 H) ZHW, ERIA h—/UZAZ o F =
> CHREE LTS Lz, ERERH I 52D 10%F2
EERAET I OICHHEL, 8:00£16:00(21H
BOESTOMMICKRG LT, FEEIIFIOR5-R1IC
ATEIN Lz, Bt Cs 28 £k +—%
—h v 7 CTHHICER S, #EFIE8:30 & 16
30 12TV, FHEZEFHI LT,

FRBR 3] I L 72V R IX (CONT4) . 6% D
PB Zfil& L7z PB [EEHE (P foeimdil 5 kg
K 10t.120908; HAAHR T 3epkalatt, AL 2 H
HIEER S E % 6%SB X, PB [EEHM AR AR O #S:
3% 6%0A X, PB 7% 1.6%A0A SH7- M A

(Salt Lick Stone with 2.5% Giese salt, 1.6%PB A&
10 kg #1 #% ; Honeywell Specialty Chemicals Seelze
GmbH, Germany) % HHEREHE2 1.6%SB XD 4
XaaE L, 1T 16 B, AWFZEH S A D
725 4x3 —F & (Clarke, 1963) (2L Vi#65-
B2 5 L7, FEBRMIRIE, 562 o 2.3.1.2 Ok
RITHEESEIRE LT, 7285, CONT4 XILPB 25 %
IRWETEHL BEEE L =27 2 5 kg Bk 1ot.120618A;
ARSI T¥MASH, BRLT) %2 B BERSE,
6%O0A X%, PB EHEMIAR25g %4 8:00 & 16 : 00
D2 [E, 1[EY729 500ml % 40°COIREL TR Lk
AfeE Lie, e, SR W B DR
X Table 4-2 |2~ LT,

B ICE, BEEB IO ELE A E
L. WWBEE A RO T, Fio, EREITEH R
LEPHEERE & PB B EZ R, HLAHEFLRr
WZEREL L, §18 OB & Lk L C—EDEIE
TIRAG LT, OO OREE Lz, 3k L OUR
DTN TERBERI LT, #IT I <HHE, Mo L
T 72 WS ORI TR S0 b, R
DT ORI bR Z KD T, MIKIIARFFE O 1,
3. S HH® 13:00 (Z5HFRE 0 BRif. L, 3B O—H
% 2,150xG T 15 sy Bitg, g 2 GHPEY
BERRLE UTe, E72, B Cs JRERIER RO 72
O, BNy 7 (FAEMRE N>y 7 PCD; 7 /VERE
K&, HAED 12 200 mL £RIfL L —20°C THEERTE L
77

4.2.1.3 RAELOHHT

FLoOpSy. EIENEE fEEkfaRl, FRfE R L OO
w, WG, MUKy, 5Bk CP, ADFom, NDFom
OWPEIL, 3.2.1.3 FHEOSHT & FRRIZA T 72,

4214 FEOBSHEE ST AREERIE

G Cs ORIER L OBEE Cs IBEOR I,
3.2.1.4 FEFORUERME Cs IREEHIE & [FERITAT > 72,

4215 HtEE S Y AOBATICET B EER

ARk S, JREB X OFLA~DEHE Cs DoflE

(%) . BT ORUREL, Fm B8 XL UVCR I, 3.2.1.5
TEHE Cs OBATICRE T 2R L [FERIC T o 72,

42.1.6 IMEHRE

MR R, BImEREL, RiERE, ~F 7 m
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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)"
(Experiment 4)

Salt block or powder with prussian blue 2

(Experiment 4)

Giese® salt >
(Experiment 4)

Salt block (KOEN® SELENICS 60TZ) »
(Experiment 5)

Salt block or powder with prussian blue >

(Experiment 5)

Sodium chloride

971,000 mg

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
Sodium chloride 877,000 mg
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

Sodium chloride
Prussian blue

Sodium chloride

984,000 mg
16,000 mg

971,000 mg

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
Sodium chloride 347,300 mg
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.
2 Trial made, 5kg standard, lot.120908; Nippon Zenyaku Kogyo Co., LTD, Japan.

9 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.
3 Trial made, 5kg standard, lot.120908; Nippon Zenyaku Kogyo Co., LTD, Japan.

U, ~v b7 Uy MEE KON IMEEL O i
Fapforic oW T, HEERGREEE (MEK-6358; H
AN BF) , BR) 2K 0iT-o7-, MIEHEE XA
Bt ARmERER, ~E/ vl B A~ hZ U v b
fiEids LN MRS & LTz,

MR, A7 A HrEE (BECKMAN
COULTERAU480; Xy 7~ - a—L&Z— (#R), |
) ALV To7, MIEEEIL, MRREm TH D
E LRI B TILVT I, REULE L, JREE
FIVLTTF = TARTGXUET I ) R TR
TxT—K, TI=VT ) T UARAT 2T,
TN THAT 7 Z—BRBIRy-Z NIV KT
VARTFH—E L LT,

AR, B OITEE (EX-Z, (BR) %O,
) &0t WEERIZT NI A, VY
AR IOMEFEE Uiz, 7eb, MLy, mikft
BB X OEMEOWIEIL, AASIRT RS
HR LA ZERT A L 72,

4.2.1.7 GEEHENT

T AP ERE TR LT, =2 —T U
FRIEIZEE D E 3 HTR . B AL OB D22

Tukey OHFEIC L VHE LTz, 2 KTFHOMBITE
7 OB E AV, BB OMIE 21T o 7,
MIFR STV T, Bartlett BiE CHEEDT — X D
X DOEDRELAT o T2t%, —JThEIC L D08y
WraiToT-, Watfirid, =27 Bufst 2010 (fb
fFEMr—E X, a0 #HVRE LTz, fERE 5% K
WOGARICHEEEND DL LD EARR LT, 2, f&
R 10%ARmOGEIHEHARHDH b D L& Lz,

422 BBRINTT oI N—EBERERER

B (Bs5#EB

EEE YN & gt 2 B L7z PB [BEE DK
SHE Cs WU R 2 el 23 A 2013 4F 10
HAS5HAM5 12 317 HD 62 AZERK LT-, 28,
%5 WBRORNC, PB EREOEH A M ST D
T2DIT, FRERECER L~ 7 % o 7 T E DOREGFPED
BB EREREEZRS L, 7LV AFADLNL 7R
TV CRETEHE 2 L S 2 B G VRIC Ao L

(Lehmkuhler ez al., 2014) ,

4221 HREE

05 RBT. REREERA X —B ST
DOEHZIBNT, 2011 4F 6 H 30 HIZINHEGRRL L /-
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fEmEREERS B X —FEWE Bl 25

HE Cs ANEHERIEIZ 7 +—A T 7 F LTV
5,580 Bg/kg-dry DA —F ¥ — N7 T X (Dactylis
glomerataL.) A L—& 2012 4-8 A 20 BiZHA
L— U U Cs 2RO b 'n oy
YA L—V B BN AW, E72, B Cs 25 %
TRNT VT 7 VT 7 LS O A R & f kst
L VEEA L CGREBRICHEE L 7=, 20D ofikl & v
T Cs IREDNEIEI OB EFFAME (BAMKFES,
2012) @ 2 {7 1,000 Bg/kg-dry (200 Bq/kg UK53&
A5 80% ) ) 1272 D X 9 1ZEkEH L7 (Table4-3),
I OMEETEHE, H & 30kg WFLD 7= D NEL,
TDN 72 5 TNZ CP ER &4 i/ 9° & 512 TMR 123
HL 7= (NRC, 1988; NARO, 2006) ,

Table 4-3 Ingredients and chemical composition of
total mixed ration used in experiment 5.

Ingredients (% dry)

Concentrate mix pellet” 53.6
Co silage 18.2
Orchard grass silage” 172
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) 422
ADFom” (% dry) 218
Ether extract (% dry) 4.1
134-137CSS) (Bq/kg-dly) 927

P05 Bo/ke in 80% moisture content 185

D 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.

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

9 Acid detergent fiber expressed exclusive of residual ash.

3 Radiocesium activity concentration was calculated by summing
134Cs and ¥7Cs.

4222 #EERERI L UBEHEEL

B & U C 2 AVE THURME Cs 25 £/
BHCRAEE S QWAL A X A VR 388 (7
VIREE 538+49 kg, “VFHIPEIR 1.7+1.2 PE, V-H)0iht4
A¥ 7911 H) 2R, 42.12 5 4 388k & [R5
ECHEEHE L,

AR B R0 L 722V e BRIX (CONTS) | A
ZWE LT 6%? PB ZilG LB (st
ARkl 5 kg BiA% 10t.130930; HAASR T k04
AR A HAERSE D 6%SB2 Xk LUk
ZWE L7 PB EEMARZROEEGT 5 6%0A2
X3 RKaERE L, 1N 16 B, AF5EH 5
HnB725 3x3 77 » HREIZ L 0 a5 R 2 S
L7z, 723, CONTS X% PB & & £ 72V EEHE (8L
L =2 TZ5kg Hik% 10t.130708A; HASIKT

MRS, BRLT) 2 B BB, ok, £3R
AZ Nz [EFEHEL O 571 Table 4-2 127~ LTz,

AR, BEREB LU ELH B E
L. WBEE A RO, Fio, EREITEH R
LEPHEETE & PB B EZ R, BRIy
\ZCEREL L, §15 OB & FL BTk L C—EDEIS
TIRAG LT, OO OREE Uz, MiRITANT
Ze#io> 1, 3. 5 H A 13:00 (ZSHHFR X 0 £ L.
FELO—E % 2,150xG T 15 4yfElm Doyt . Ik
ZREPEYEREL & LTz,

4223 REOLHT

Loy, fAEHEEL fEfAEl, AR X0
sz, ARG, K7, 5Bk CP, ADFom, NDFom
OWEIL, 3.2.1.3 REOHT & R T T2,

4224 FREOBSHEE VU ABERIE L

FLIE 2,000 ml, #EF L OYRO I Cs JREHIEIZ
IX700ml O~V 3 EaRE W, £, ek
B L OFERIE 100 ml @ U8 ez W THIE LT,
L, #, R, HEGCEHS L OREITFY) &2 JIE ik
L7z, BEMwEOBIEIE, WIhbtA a— - A
— V=7 v RS GERD) 12k v, Bcs &
37Cs DOIRATEUERIR (MX035; HAT A Y b—71
2, BTR) FHOWTIKRIE SN @iE sy v~ = A
AE R R (GEM20-70; B A o—« f ——T
R O—EAEAE, ) 2V B ~fA~s o
A MU= XV B Cs ZRE Uiz, &bk 1,500
T, FLIE 1,200 7, 3B L OURIT 1,500 FOREHIE 217
VN, R Cs IREEFH LT,

4225 BURHEE S T AOBITICETAHER

BN S, JRB L O A~OFE Cs D4R

(%) . AT ORIEREL, Fm B8 L CRIZ, 3.2.1.5
HEE Cs OBATICRET 23R L Rk T o 72,

4226 MEHRE

MIEAGHEE L OEMEORIEIL, 42.1.6 Mk
L RO IE T T o 72,

42.2.7 HRHEMT

T AR ER A TR LT, 77 k&
RIS & WRHENTIE 4.2.1.7 #EHT & [RRED )7
ETITHo 7,

43 FER
431 NV TUITN—EHEERERR (B
4 #BR)

HERAARI ORI A EIS &ALy % Table 4-1 1R L
720 5 4 ABRCTHUZ TMR O, TDN, CP 3
L UYNDFom & &%, #4121 69.6%. 64.3%. 13.2%
BL50.7% Td > 72 TMR D HE Cs BT 175
Bo/kg-dry., KA EHE% 80% ZHE L 7= i Cs

TEFEIT 35 Bg/kg T -T2,
4311 INTT oI N—E 5N IEL DA PEN
RIS

RO, PBEICR, U Cs B, R
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T ORITEER, HLER L OFLAY % Table 4-4 [0
U7z, W B BRI I XN L A S 09, T 19.6
kg/H Th -7z, BEHEOEBIEIX CONT4 X, 6%SB
X, 6%0A XE XU 1.6%SB XKIZBW\T, TNEh
21.7,4.8,50.0,48g/H 720 6%SB X3 L1V 1.6%
SB XIZEBW TR 2N b7z (P<0.10),
PB I EIE, 6%SB X, 6%0A X35 L 1.6%SB X
IZBWT, 2N 03, 3.0 BLU0.1 g/H LD,
6%O0A [X & Ll LT 6%SB X3 LT 1.6%SB XiZ
BWCTD 72 o7z (P<0.05), Kb Cs fEEUEIT,
BN AT ST A T3,425Bg/H & 72 o7z,
AT OwiE bR, FXEIEZER LT, F
YT 062 E7poTn, AREIIEAXKMICEIRONT,
W5 22.2kg/ H & 72 o7z, FLAGYIE, HHENG, FLE v
Ry ENRE Sy, FUbER L O RBER OB
. BRI R SR -T2,

4312 TNV T U TIN—EE LIRS kst

MU ADE, REIUCH~DOBIT

R AP T ORI I D e Cs 2, 3,
PRI LOFLICEBIT 2 K Cs ofEtiE, BEL=
HEGHE Cs 12x 32 43 E0=E, LT OWRIAREL, Fm,
CR 1 L O & RO HE Cs BEHED L% Table 4-
51 LT,

FDOJEME Cs LI, CONT4 X, 6%SB X, 6%
OA KB L 1.6%SB XIZHBWT, ZNF1 334,
40.5, 53.4 33111334 Bg/keg-fresh 720, 6%SB X
BLO6%O0A XiFfho 2 X L g LTHEMmL (P
<0.05) , FEDREHE Cs Bi%, CONT4 X, 6%SB X,
6%0A X35 L O 1.6%SB XIZEBW T, EIEH 1,920,
2,460, 3,140 3LV 1,900Bg/H L7210 . 6%0A XE
FTV6%SB KIEfhod 2 [X & bk LTINS 2 E 53
Rl (P<0.10), FdE Cs OFEA~DIELHRIT,

CONT4 [X, 6%SB [X, 6%0A X35 X 1.6%SB [X.
IZBWT, EEI 546, 687, 932 BLTN557%
L7210 6%SB X & 6%0A Koo 2 [X & Hifis LT
L7z (P<0.05), FE~DSELERIE, CONT4 X &
Ll LT 6 %0A KB L TV6 %SB [XIZRW TN L
7= (P<0.05), —J7. WUHME Cs D RLANT OWIREL
IZ. CONT4 [X & iz LT 6 %0A KB L6 %SB
KIZBWTHD LT (P<0.05), U Cs DSy
BRI PB 2R & ORNCIEDFER (r=0.67, P<0.05)
DB (Figure 4-2)

PROBEME Cs JREETX, A XENZAIT R B2
ST, OB Cs BB & EOMR (r=0.62, P
<0.01) NASNTZ, FROFERYE Cs #iT PB {EHE
OHINZ & bW 2R R o7 = —
0.51, P <0.10), JR~D5EEFIL, CONTS [X & bhig
L CEITA LT, PB EBEEOHEII L BT 5
gl (r= —0.49,P<0.10) 3. H#17- (Figure4-2)

FLOKGHE Cs BEEIX, T X TOXIZEBWT 50
Bg/kg-fresh 2 F[EID . CONT4 X, 6%SB X, 6%0A
X3 XN 1.6%SB KIZHW T, EALEI 164, 109,
8.6 B3 X UV 11.4Bg/kg-fresh & 721 . CONT4 [X & LLifig
LT 6%0A KIZBW T T 2R o (P
<0.10), F7o. FLOKGHE Cs JEE & PB EHE L D
MICAEOHE = —0.69,P<0.05) 2SE.HZ, F
DORHE Cs #iT PB Bl L T2 A OB
= —0.67, P <005 MNEOLIZ, [ Cs DFHO
Bl PB EHE & ORIICA OB = —0.68,P
<0.05) BHE.SN7= (Figure 4-2), FL~DECHIT,
FAOEEEOHNNAENE DT B8 = —0.55,
P<0.10) 2ZA.Hn7=,

Table 4-4 Intake, apparent absorption coefficient of dry matter, and milk production of cows in experiment 4.

Dietary treatment K (n=12)

Item

CONT4 6% SB 6% OA 1.6% SB
Intake Dry matter intake (kg/day) 19.6 + 14 2 202 + 0.8 19.3 + 2.6 19.1 + 1.7
Salt block intake (g/day) 217 A+ 20.5 48 A+ 4.6 500 B+ 0.0 48 A+ 0.0
Prussian blue intake (g/day) 0 ¢ 03 = 0.3 30 "+ 0.0 0.1 "+ 0.0
413705 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 0619 =+ 0.025 0.596 =+ 0.002 0.628 =+ 0.018
Milk yield (kg/day) 21.9 + 32 229 + 1.8 212 + 5.0 22.7 + 5.0
Milk o Fat(%) 462+ 0.74 425 =+ 0.53 488 0.64 452+ 0.90
COMpOSION tein (%) 393+ 041 358 =+ 0.12 402 £ 068 377+ 0.62
Solids-not-fat (%) 9.19 + 0.33 8.87 + 0.38 920 = 0.56 9.18 £ 0.51
Lactose (%) 426 + 041 429 + 0.51 418 +£ 0.31 442 + 0.14
Urea nitrogen (mg/100ml) 546  + 241 677 £ 3.72 8.06 =+ 228 780 + 435

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

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

1) 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.

2) Standard deviation.



24

EEREERA v 7 — s

128

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 v (n=12)

Item

CONT4 6% SB 6% OA 1.6% SB

Radiocesium activity concentration > (Ba/ke-fresh)

Feces 334 2 & 11 ¥ 405 *  x 13.5 534 % o+ 18.8 334 % % 7.0

Urine 73.2 + 2.9 66.5 + 3.9 449 + 18.2 53.7 + 2.8

Milk 164 B =+ 3.1 109 ® =+ 2.2 86 * x 1.9 14 Bz 3.5

Blood L.TD.(< 2,0)4) LTD.(<1.8) L.TD.(<2.0) LTD.(<2.0)
Excretion of radiocesium (Bq/day)

Feces 1.920 A s 640 2.460 Boos 640 3.140 Boox 750 1.900 A s 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 * o« 7.0 687 * 10.3 932 * % 17.0 557 % 11.3

Urine 39.1 + 2.9 327 + 4.8 26.0 + 9.6 28.1 + 1.5

Milk 10.4 + 0.9 7.1 + 1.8 55 + 13 7.4 + 0.7
Apparent absorption coefficient of radiocesium

0.454° 0.070 0313% = 0.103 0.068* 0.170 0.443° = 0.113

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

Fmx 10° 471 B & 0.30 310 B« 0.68 261 A & 0.65 341 B & 0.91
Concentration ratio

CR x 1072 934 * = 0.53 627 * = 1.28 493 * = 0.51 642 ° = 127
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

b: 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.

2 Radiocesium activity concentration was calculated by summing '**Cs and '¥’Cs.

3 Standard deviation.
4 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).
+: Means significant difference (P < 0.10).

RN SN 7 ADOILICEIT B
BATRRE L BB

Fm (%, CONT4 X, 6%SB [X. 6%0A XL
1.6%SB [XIZHWVT, EIEN 4.77x1073, 3.10x107,
2.61x10° B LT 3.41x10° £ 720, CONT4 X & Ehifie
LT 6%0A KIZEW\T 45%3 2R RS0
72 (P<0.10) (Table4-5), T~ TOMLPXIZIIT S
Fm (X, PBBEEEAOHE = —0.64, P<0.05)
NRBNT,

CR %, CONT4 X, 6%SB X, 6%0A XI LW
1.6%SB X123 VT, EALEH 9.34x107, 6.27x107,
4.93x102 B L1 6.42x10% £ 720 . CONT4 [X & bl
LT 6%0A XTI T 2% 3 2N RS
72 (P<0.05), CRIZPBHEIEEADOHE = —
0.71,P<0.01) NABNT=, JRE I OFHOMEE Cs
P EOIT PB EREORE L Z 1T, 1 025
L7po7- (Table4-5), T XTOECIBNT, Fkt
Pk Cs DIRFB L OFL TR S 7203, iR Ok
Pk Cs 1L, Cooper D= (Cooper, 1970) 12X > T
FHE S 72 1.8—2.0 Bokg ORHRAMEZE AV |
R T RRA & 72 o 72,

43.1.4 M¥EF OIS & REEY

54 R RBR ORI 2 U<, @RI BRI
D BN T, Fo, Mgy F L Ok
REM BN THEXMNZETZR BT (Table 4-6)
T RTOEITFEEELNTH - 7= GoH:, 1998; NRC,
2001; JLTA, 2005),

43.1.3
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Table 4-6  Cellular component and metabolite in blood of cows in experiment 4.

Item

Dietary treatment” n=12)
y

CONT4 6% SB 6% OA 1.6% SB
Cellular component
White blood cell *10°/pL 954+ 1887 772 86 843+ 243 84.1 = 184
Red blood cell x10*/uL 6244 = 853 609.6 = 90.4 603.0 = 56.4 617.1 = 523
Platelets ><104/uL 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 = 3.1 309 = 4.0 31.2 = 32 30.7 = 2.9
Metabolites
Total protein g/dL 7.53 = 0.32 7.87 = 0.72 8.51 = 0.86 7.84 = 0.85
Albumin g/dL 3.62 = 0.16 3.61 = 0.15 3.61 = 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 8.21 = 1.05 9.69 = 2.59 9.94 = 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 1U/L 28.11 = 2.62 26.56 = 4.30 27.67 = 4.30 27.44 = 1.33
Alkaline phosphatase IU/L 197.00 = 21.40 160.33 = 60.89 155.00 = 48.25 14411 = 50.15
v-glutamyl transferase 1U/L 31.22 = 7.12 26.89 = 298 33.11 = 544 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 3.77 = 0.37 335+ 0.34 354 032 3.69 = 0.37
Chlorine mmol/L 100.76 = 0.77 101.68 = 1.08 101.02 = 1.05 101.23 = 1.20

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.

2 Standard deviation.
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B R, SRR, PB B HUR, B E Cs
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W OEEHEREIIA XN AT R b, P 164
kg/H &7 o7z, [BEZHEOEEEIX CONTS X728 73.0
g/H PB [EZHEOEBEEIL 6%SB2 X231 T 315.2
g/H. 6%0A2 XIZHW\ T 500g/H L7220 | 4 4 548
D 6%SB X & bt LT 6%SB2 X Tl 60 LA LD

4.3.2

EEHd L O PB OFBEGE L 220 | B OREE S
EERARE T VAN D7 I hVFRICER L,
TEHE DRy ZeE T 5 2 Sl L0 REMEA A LT,
PB fEHUE X, 6%SB2 KIZHW\ T 189g/H. 6%0A2
KIZIHWT 3.0 g/H &0 6%0A2 X &l LT
6%SB2 XIZBWTEL 7 o7z (P<0.05), HHHE Cs
EIEIIAXENCET AT, T 15,196 By/
HThoTo, ARITHKMIETRONT, T
27.7kg/A L Te o7z, FUENI, $2 s HENRRETE
57, FUHER O IRBEFR O, AKX H

ICEIT AN o T,
4322 TINALT I N—EE L RIN S
Mtz o7 AOHL~DOBAT

FLITIUT DI Cs JREE, T Cs OHEH &,
B U 72 B Cs 1Tk 5 53A03, Fm 35 XUV CR
% Table 4-8 127" L7~

FLO B Cs JBEE 1L, CONTS X, 6%SB2 X3 &

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

Dietary treatment” (n=9)

Item

CONTS5 6%SB2 6%0A2

Intake Dry matter intake (kg/day) 16.4 =+ 21 % 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 b+ 135 3.0 * + 0.0
B0 intake (Bg/day) 15220  + 1,940 15.300 + 1,380 15.070 £ 2960

Milk yield (kg/day) 276 + 2.7 282 & 25 274+ 4.2

Milk composition Fat (%) 3.74 £ 0.07 3.78 =+ 0.12 3.7 + 0.24
Protein (%) 296 = 0.23 3.09 = 0.32 3.00 =+ 0.20
Solids-not-fat (%) 832 = 0.33 8.57 + 0.29 8.50 + 0.17
Lactose (%) 436 + 0.11 4.48 + 0.07 4.50 + 0.03
Urea nitrogen (mg/100ml) 12.38 =+ 1.76 11.59 + 3.13 12.06 =+ 3.91

ab: Means in a row with different superscript differ significantly(P < 0.05)
D 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.
2 Standard deviation.
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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.

Item

Dietary treatment (n=9)

CONTS5 6% SB2 6% OA2

Radiocesium activity concentration ? (Bg/kg-fresh)

Milk 243 © x 9.3 ¥ 42 * =+ 2.4 151 ° = 10.3
Excretion of radiocesium (Bg/day)

Milk 669 ¢+ 246 120 == 69 442 by 366
Proportion of radiocesium to ingested radiocesium (%)

Milk 44 ° =+ 1.7 0.8 * =+ 0.4 27 b+ 1.8
Transfer coefficient of radiocesium from feed to milk (Fm : day/kg)

Fm x 10~ 1.68 ° = 0.75 028 @ =+ 0.15 098 b =+ 0.48
Concentration ratio

CR x 107 2.83 ® + 1.61 0.50 * + 0.38 1.87 * + 1.69

abe; Means in a row with different superscript differ significantly(P < 0.05)

D Dietary treatment: CONT5 = 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.

2 Radiocesium activity concentration was calculated by summing 3*Cs and *Cs.

3 Standard deviation.

W 6%0A2 KIZEWT, ZINZE4 243, 42 BIW
15.1 Bg/kg-fresh & 720, CONTS X &L LT 6%
PB2 X35 L TN6%0A2 KIZFHW T L7= (P<0.05),
FLOFESME Cs J2FEIL, PB EBUE O AL B
THMHE = —0.63,P<0.10) RSN, 1 HY
720 O Cs BREIT, FRMEICEITR LR
ol

FLOBEHE Cs &1, PB ERENRKE 2D 6%
SB2 KIZEWThH/NE7e b (P<0.05), PB EBIED
HEIMZ A BT 248 1= —0.61,P<0.10) 235,
Sy g

HA~D3ELEIT, PB fBEEOH N 32
M (= —0.63,P<0.10) 23 i 540, [EERIZ, Fm 1%
PB #EEE O WA T 2 M (r= —0.63,
P<0.10) BNES>N7=, FmlX, CONTS X, 6%SB2
KB LW 6%0A2 KIZBWT, T 1.68x1073,
0.28x107 3 L 10 0.98x1073 & 720, CONTS [X & Lhiig
LT, 6%PB2 [XIZEV T 83%. 6%0A2 X{ZH\ T

Table 4-9 Blood metabolites of cows in exneriment 5.

4% L= (P<0.05), CR X, CONTS X, 6%
SB2 X5 L TN6%0A2 [XIZHU VT, Z 42741 2.83%10°
2. 0.50x102 B LN 1.87x102 £ 72 . CONTS X & b
i L C. 6%PB2 [XIZ3W T 82%. 6%0A2 XIZF\
T 34% Lz (P<0.05), %5 %ﬁ%ﬁi:%ﬁéﬁ&%ﬁ
P Cs BEEITEE 4 BB & ik L CRado 7273,
F L OV CR I 4 50k & bl UCE 5 3RIC b\’C
RWMEE 72 o7 (P<0.01), 564 30k &5 5 5Bro
FERAEF L OTOWT S &, PBEREE Fm IZAED
BV (= —0.55,P<0.01) BNEOHNZ, £z,
PB f8HE & CRIZEADMRE (r= —0.54, P <0.05)
NRBNT,

4323 IMEFORFAED

o5 5 RBROSEIIM 208 U<, fEHEIRREIC S
utu&b Y ARAY IS 7o F7-. Jfll{ﬁd—tngj'}izq:@ki@%ﬁ*
BOREIZBWTHEXMIZZEIT A 5107 (Table 4-9) |
TR COETIEEMLN TH > 7= (G, 1998;NRC,
2001; JLTA, 2005) ,

Dietary treatmentl) (n=9)

ltem CONTS5 6% SB2 6% OA2
Total protein g/dL 7.62%+ 056 > 742+ 098 7.84 %  0.57
Albumin g/dL 4.97 = 2.19 3.78 £ 0.19 5.30 £ 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 TU/L 30.78 = 3.20 28.11 = 2.46 29.67 + 0.88
Alkaline phosphatase IU/L 158.56 = 71.00 107.67 = 28.34 126.44 = 37.05
v-glutamyl transferase IU/L 26.44 + 5.30 23.22 + 1.84 25.78 + 4.55
Sodium mmol/L 140.17 = 1.32 138.81 = 2.51 139.07 = 2.52
Potassium mmol/L 3.72 + 0.51 3.75 + 0.09 3.69 + 0.09
Chlorine mmol/L 101.03 + 1.08 99.80 + 1.13 99.64 + 3.51

D Dietary treatment: CONT5 = 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.

2) Standard deviation.
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44 E&
441 BERISWBSHEE Vv AOPEHRRR
AMFFETIE, WFLADER L 72 U Cs @ 50%
PLEZFECHEH L (Table4-5) . EHR L 7= il Cs (12
KD FEADOFBECREOEANIA LN, H~D Bl
WO B AR LTz (= —0.55,P<0.10), Zi
F TOMZE  (Johnson et al., 1968; Arnaudet al., 1988;
Unsworth et al., 1989) Ti&, L7 HE Cs @
50% LI ENFEIZHEH SN2 EREHE S TERY,
‘)Zj‘7/|) ]\%&5‘ Lf_%:; EVC%)I_H‘%@ &75’:1&4
577, Unswortheral. (1989) 1%, WFAICHB T
Ry hFA BRI T =TT ML o ThEHE
Cs MERLE LIZB0E A L—U %00 h LTca,
R E Cs Bloxh U CEICHEE S 2 i
P Cs BDOEIGNT5—112%DFEPATH 5 = & Wik
LTV, WHLAIC &> TERE N EE Cs @
I X DT, B Cs Db EE PR
TH Y, EA~OYEHOIEHE, IL~D gL Cs D
ITEIEIT 22O DR FEE B 2 BT,
442 Bt T AOWRIR & HEH
RS (1998) 1%, B MARNIZEIT D Csi2id, |k
HHLE THCONIRIN 47z Cs 2 FEHIBE IS
BOWTHUWE LOFRILE D TETFIEER) (Entero-
hepatic circulation) &9 fREHRREKD B 5 & FaH L T
W5, &BIZ, PB & V2 Cs DIRNIZEIT 5 I
IO A T = X B0E, Z ORI T ERENH D
Cs ﬁwﬂ%ﬁﬂia“é LI LY FEFAOHUE Cs
OPEHZEET 2 LD LfRfRL T D,
PB #5512 X DB DS O Cs IR OH)
x4 22 58i%, B 2T Phillippo et al.
(1988) . 2BV TIE Amaud eral. (1988) . Giese
(1989) . Unsworthetal. (1989) ., Voigtetal. (1989).
k5 A 128V T id Birgitta et al. (1990) <° Hove (1993)
WXV SN TWD, Amaud ef al.  (1988) 1%
3,000 Ba/kg-dry O Cs & Ttz 465 L7z
e, PB G- DHEDRE M Cs OBEHZRE L, $L
EOERNERE ~OWI 2 L= Z & 2wiE L,
L2cL, 235 ORFZE T S L7z ek o fild 4
Cs /;Ef” 1%, 500 Bg/kg-dry % L[Al> T e, [ENTIE
FLIZIUT DU Cs OFEHEECTd % 50 Bg/kg-fresh
HIE DI AT D701, B ORBEE Cs
HE AL 500 Ba/kg-dry (EAMIKEER,2012) & 72
STND, FAFRBROFER LY | TR O Cs
PEH &L, PB BEE O & LITHIN L7z (r=0.67,
P<0.05), ZOFEFENS, PB FH13, SR Okt
P Cs FREEADS 500 Bg/kg-dry Kt ChHh->TH, FE~D
HESHE Cs PEH A RtES 5 2 LRI STz,
PB (X Cs ZEIRMICHEST 2 EMESNLTVD
(Giese, 1988; Voigt, 1993) = & 775, PB fEEEDH
(2 X DI Cs O RN OWIREE DO X
7 IAHEAENT PB DSURTE Cs W& L7oRERT
bDHEBZ BT, FTHE AL D HEE Cs 1, fidl

Bk E L O BIHEE 2> BRI & U CTRN O#5R
V2 LTSI B S0 S 5 NIRIPE D Jisht
M Cs O THDHZ & (Mayes et al., 1996) 3505
LTV D25, Mayeseral. (1996) (3, FtE Cs OE

DOWRNHRES BB DS Cs D R ORI
BEX Y bRV AR LTS, PB 75>ﬁ7ﬂ»£ﬂ;¥€@
g Cs OPEHARET 2 D EMET 5728
FHONRMEREE Cs OPEH BB L7 7% i‘rtﬁ
%m\ ARFFETIL, R ONRMERE M Cs DBEH

EITHE L WO, JRP O Cs OPEHE
% PB IZfidE S 4 IR IR o 72,
FNS (2018) CUHE (2012) 1TBEITHEE Cs %
EEL TV T Ak LTRSS PB 285 L
7oy, FECIRADIEEHE Cs OPEHEITIE Z 720>
TEEHEL WD, ZOZ b, PBREICEDN
RIEDHHE Cs OHEHEDEEINT 2 ATREME TR
CHEE I N,

%5 R TIX, fa GAPEFO RS Cs JREEDY 500
Bg/kg-dry % _E[R]> TV, SO RS Cs AT
IXPB 2% 53252 LICL> T L=, 65 #lbr
TlE, BRI CTEOBGHE Cs BEDOHIE
35N L7 o723 PB 2% 5325 Z L2 L 0 Fl~
DOEE Cs ORBATINHIN R S -0k, # 4 38
SCEEAI O (Amaud ef al., 1988; Unsworth et al.,
1989; Fesenko et al.,2007) & [FRRIZ, FE~D L Cs
DI LD DO THL EEZ LN, ZNHDZ
LD PB O HIL, B OB Cs DY 500
Bq/kg-dry LAk % 721% 500 Bg/kg-dry Kiii T 5 Z &

I B, B SROEE Cs DOHEH Atk
TX5HEEZBNT,

443 FERBEDIRTN~DFE

Ry b A FREBATA M Lok L. #
ST Cs ZIMEENTRET S Z LTk
D, ERA~OHHZEET D Z ERAHESNLTND

(Arnaud et al., 1988; Unsworth et al., 1989; Voigt et al.,
1989), LirL., ZAVH OO H1%, ik
Cs ZBEIRNANCHAET D Z 137 B Y T AT

N LR EDEJRA F % bIRFHCE LT LE
5o%iﬂ%mié%m%¢@ﬁwyﬁA\77*
UL, UV rORAEIL, KT EERL 5SS
NES VAN IS -7 V2N o kﬁréﬂfn
% (Thilsing -Hansen et al., 2002; Trckova et al., 2004) ,
Trckovaetal. (2004) 1%, B4 T A4 o5l LY,
FLADIMIET DV B LU~ 7% 7 LEREE DD
Do|ERIIND T EaHE L TWD, PBIE, —
NI~V 7 28 (D) gk () L7 zm 7
Mgk (D) EFEEITEY | Fe(llDs[Fe(IT)(CN)gls *
(14—16)H,0 TRENDRNEMED 7 = o> 7 L)
To 5 (Figured-1) , Giese (1988) %, PB (-
VT ERBEERD D HAF YT R T =T A
# (Ammonium ferric hexacyanoferrate: AFCF) D7 /L
71V &R A A DRFEMEREITA A L PRRICEIfR L,
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Cs A 742> (0.167pm) </LE L7 1 (Rb) A 72 (0.144
pm) <HZ YA (K) A4 (0.133pm) <F ~U
2 (Na) A4 (0097 pm) & FFROKE WIEIZHH
EnTVnEHE LTS (Figure 4-1), F7-.
Watarietal., (1968) 1%, 0.IM HEEIRIEFOT VA U
EIEA A ONEARE kd) 1T R U T AL AN
1 1ZxF LT Cs A A 73 10,000 TH Y, Cs A AL
T A U A & He T Cs A B IRAIC,
ETDHWMENDHDHZ L ERELTWD, 5§43 6
O 5 3B (Table 4-5 BL N 4-9) TiE, IiFH
OF M) T LEBIUH Y 7 AREIT PB &EI2L-
TWELEZTT, BEITILA OMERER 72 BB O &
Td 7= G, 1988; NRC,2001; JLTA, 2005) , E7=.
55 4 SR O MR ORREE 0, 54 BLOEE 5
RO ME PG EED DAL, FLAFOREHER) 704
PHN (T, 1988; NRC,2001; JLTA, 2005) (260 . A
BTN PBEIOZEIIT L A SN
L DRI X7, Paraband Sudersanan (2010) 1. &
PRI TN T PB 1T Y 7 Ao AT
KT DHREENDVNE L B Cs ZRERAICNE
TOWEDRH L Z L Z2WELTND, ZNHLDOZ &
D0 | M Cs Z2 & T — A VIR T PB T
MU T EA TR T IA T DWFE~DFEET
DI MIEF AN DS IR T 8B
Sy g

Unsworth et al. (1989) 1%, 1,747 Bg/kg-dry D
P Cs g ieflt & 2 PB &2 1 HY4729 3 g % 20
ARG LI-3dc, Aol a, U g
W, 7RI DA i, ~7FxT UL HUTLEDOL
SUVB IOV NE FF IV 2 —PIEMNE
BrZ I holzZ b RELTWD, Fi,
Vreman et al. (1992) 1%, fhh: Cs & okl & 4t
(21 BY%720 50 PB % 4 HE#&E L= L X2,
AL I WO T N DALY 7 A
BENRD Lol Z 2 MiE LT, 51T,
Giese (1989) 1%, WA & 452 HW=RABROWT
FUZIBN T PB I HEFRIRAE & FLAEFENEIC ST LT
BEBZIRVWETHD EREL TS, 2O L&
725 PB G EH O HURE Cs 73 500 Bg/kg-
dry R CThH-o72L LTH, IAFOHILENDDFE
BORBREELTOT NI TLABLION Y 7 LAOK
5% MIE SPICEOBEHE Cs OFEH A
L& 2 bz,

444 FA~OHHMEE T T ABITIHICKT S

TN T T — LR & D&

ARFTETIE, 3 S RBRIZIBWT PB &5 LT
7RVMIERAE DL O Cs JREEIXES 4 R KV &
oo, WERER & BIZHLOSHE Cs LR
BELECTED DENOEMEETH 5 50 Bg/kg-fresh

(JEAEF874,2012) L VIKL Ze o7, FLOTGHE Cs
BT, 5 4RBRICBWTC3.0gHOPB 25 LT
& &2 16.4 Bg/kg-fresh 725 8.6 Bq/kg-fresh (24

LI ZR L (P<0.10; Table4-5) . £7=. % 5 kbR
IZBWT 189 ggHD PB Zfff L7 & X2 243
Bg/kg-fresh 725 4.2 Bg/kg-fresh (21> L 7= (P<0.05;
Table 4-8), FLOEH: Cs JFE OW 1LkE 8 D
BHIZX > TRENTWS (Unsworth ef al., 1989)
D3, R EEEIE, PB & bl U CHLOBURE Cs JRIE
D S D7D 10— 100 fED HEELE L L=,
AT A FE&E L8 3 =T, 200 g/HOEA
FA FeETHZ IR, HLOBUE Cs 1R
1% 14.7 75 6.5 Ba/kg-fresh |[ZJD LD Z & R L
72. Unsworthetal. (1989) 1%, 300g/HDEA T A b
ERHTHZ LT OB Cs BT 28.0
Bg/kg-fresh 7> 18.2 Bg/kg-fresh (/) L7e 2 & &3
HELTCWD, —F. Amauderal. (1988) 1%, 3.0g/H
D PB % hUyERITHA L—IZRINL THREG3
5HZ L2k YCs OFEA~OPEHDMEES L, F~
DOPHAIH S 47 & #iE LT 5, 56 4 3 BRI,
PB % & T [EE OREAFPEAMEL | PB EHEY 1.0 g/
HAGH T o 7= (Table4-4), L L, 5 5 3 BR Tl
PB [EZHL DR FARR O —HRA T & 2 ORE kD
WRIC LY B OB ENE E -T2 EI2X D,
6%PB Z & Te[EIEH A5 D PB fEHEIL 189 ¢/H &
7257z (Tabled-7), ZILHDOFERND, G 5EEND
HEME Cs IREEDEIN OB EFF2E 500 Bg/kg-dry (2
MIAKFER, 2012) Z FlEl> TWAEATEH, PBILkS
L0 B IR ECILOREE Cs IREZ I
HlSEDENH D Z LRI, £7-. PB %
BEEHICIRAE T2 2 LIC X0, BOHICIWILAICER
SHDHIENARETHD Z EWVRIBRINT,

445 HEEBEL DRI NEBRERES Y AD

PEH

4R T, MEEDRIN SN BICHEH S
MTTEE Cs D 5 B, JROIEHE Cs Pt E L 5L
B Cs EHEO IR, ¥ 024 ThHoTo, 53
BCIE, AT WT 203 Bg/kg-dry O Cs %
Greflkl 2 #a5 U 31.9kg/ H OFLAERE LI L & R
DG Cs HEHI BRI D FLOJ 1 Cs B LI
ST 025 THDH I EDMER ST, 72, Amaud
etal. (1988) 1%, FL472% 1 H247-9 92,700 Bq Dt
PE Cs G Tefilkl 2455 L 18.4kg/ HICHLEZAEFE LT
& & ROBEE Cs PEH & & FLO TG Cs Pet &
DHITFHIT025 THHZ L2 HELTND, 2D
ZEMn, THIRE LD MR a2 R TR S A7
Cs OFLEJR~OBATORIL, fALtOMEE, PB X°
¥ OF AL Z T, —EOEIEHMILIC
BATT 2 REMEN S D LB bz, 7=, HLE
MNHFHAORAT LT Cs 13, W52 &L
SCOPEH ARt S5 Z ENREETH D Z LR
e A, VHLE DO ORUERTE Cs ORI i3~ 2
T LiE, OB Cs IREZM G T 72D FEHIY
DOMBERRTFETH D EEZ BN,
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4.4.6 I DILA~DOHEHMEY > U AT

EIBRIE 78R (IAEA, 2010) 1%, ZHUE TICHR
HINTFHAFOFUIZERIT D Fm Of/IMil, e KER
TSI E, ZNFN 6.0 x 104, 6.8 x102B L
4.6 x10° AR L TWD, ABFSEOH 4 HERTIX,
PB % %5 L7 EERAEIZ RO T R Cs JREEAS
175 Bg/kg-dry (35Bq/kg UK/ &4 & 80%HaH)) O
TMR % H HER S8, 3,456 Bg/H O Cs 248
B2 L3005 16.4 Bg/kg-fresh Dt Cs 235
SH. Fm (X 4.77x10° L 72 >7- (Table 4-5), F7=.
% 5 S BRCIE, B Cs JREEDS 927 Ba/kg-dry (185
Bakg UK &H & 80%#i%H)) @ TMR % H LR
S, 15,220 Bq/H OGE Cs #1BET 5 LA D
24.3 Bg/kg-fresh DfHHE Cs 23 &4, Fm X
1.68x10° L7257 (Table4-8), %54 BRI LU S
HERIZHBWT PB 255 LRWIERAICE1T D Fm
&, Fm O/ N — s KEFHN Tdh - 72 (IAEA, 2010)
F 7=, ENOFEHTHLE X4 TV D 100 Bg/ H A D
TG Cs Z#HBHL L 72 & 20 ((FRED, 1994; =
8, 1996; Aii et al., 1990) OFIFANTH -7,

F 72, IAEA (2010) O/r3FL4F0D CR I, F/IME,

BKAEE X O TN 3.6x10°, 6.9x107 33
LN 1.1x10" ThH-o7-, Howard et al. (2009a) 13,
16.1kg/ H Dizfall 45 5- L 7= & & D CR 23 13x10°
2 Tholo LTS, 4 BRSO 5 &R
BRI A HER 4D CR X, TAEA (2010) @ CRfH
OFPANTH 72, 5 4 RBERO Fm (X, CONT4 X
(Table4-5) 12T 6%0A XTI < . 4 5 7kBRD
Fm X, CONT5 XXV % 6%SB2 K CHEIZE -
7= (Table4-8), 54 iRBR &5 5 3 BROM ST Fm &
CR DORENZEVVHEEE (P<0.01) 283V . Fm & CR I,
kB C PB 512 K> CTHEIZE L7z (Table 4-
5B XN4-8), PB OFRINIE Fm 7211 CT72 < CR L)
g2 Z EAVRIBINT,

447 BORMEET U LAZETER L BITRED

Btk

ARFFRIZ L VS Fm id, WBRICBW T,
PB # G\ L > THEIZHEA L7z (Table 4-5 B8 LT
4-8), T OFERIL, BEAOMIEIZISIT S PB £ 5-
2LV HOFGHME Cs IREDMKIT 5 & LIofER &
[Ak Cd > 7= (Leitgeb and Ratheiser, 1990; Unsworth et
al.,1989; Voigtetal., 1989), L72>L. AWIFEIZEIT S
Fm i, FH435RE D &5 5 B BRICIWTHERE Cs
B LAERLIZICH 20 BT, 555 7 BR (Table4-
S5ELV48) L0 HE 4R BRICBWTRENST,
Stewartetal. (1965). Johnsonetal. (1968) LU=
& (1996) 1%, LB L BOFEHBOEWNZLY |
FHAOHEHE Cs OBITHERD Z L2 L TV
%, IAEA (2010) 1. Fm Of/ME & o RMEIZITR
TREWEZRLTNDD, ZAuk, ek Ofidk
Cs IREME L THILDOHIRM: Cs BEN L 2D &
EMH Y Tz, FEH OB Cs BENREL TH

HOKEHE Cs REMEL 252 EnbHHZ LR
LTS EBX LN, BEME Cs N7 4+—L7
7 N LT2BOEHNZ 30T B YE Cs 1533 5T &
S>TRE L EH I % (Tsuiki and Maeda, 2012a, 2012b)
L EERD L FLOBEIE Cs JREEDS 50 Bg/kg-fresh
T 5 U A7 R/ NRIZINZ 72 9DIZIXPB 72
EORGIE Cs WAERIZWFLACBEG 95 2 LY
B b EF 2 b,

448 RO EE T ADIFYRRE & BT

R DR

B ARBICBIT AR =TIV T A 7T AD N
Cs WIS 1L, 74— T U M XD EPLE &%
DIEMmWIN IS L ORI TH 0, 5 5 BRIz
HA—F v — KT AT EICRIBRIN TH-T- L%
Z B, Fm OZEPRIRIEIC X > T 2T 5
AREENH D EEZ LN, L, ZORERIT
Beresfordetal. (2000) <> Howardetal. (2009b) ¥
HEIFR STV, FmiE, 74— T U MZ ko
CHEPEEEIZAHE Uk SRR S av7-f
B CEN -T2 Z EHE SN TV S (Beresfordetal.,
2000; Howard et al., 2009b) ., Beresford ez al. (2000) 1.
LY ONT LT 7 M X o TEERE L
&P U CRABIRIN L7 A - Lz & Xz, 8
B L7z BCs D MAE~OBATH @O EHE LT\ D,
INHOREFIZHASL & 4R EE 5HERD Fm
DIENEFIBRHIETE Cs OWRIGRRER DI MK &
5 DOITHEY)TIE RN EE 2 BTz,

Howard ef al. (2009b) 1%, HEHIONEADE,
THYLRRIE DIE N, VY O L W o BB D
% < O Cs BHAIRZ FHWT, HILED ISR
O Cs OBAT O Cs ka7
%I & &IFLGELTZ, Mayes et al. (1996) 1%, itk
Cs DEDWIVREITZ DIEREIZ L » T4 523,
B Cs OEOWRINEREIE, A A DFETE Y
Iz b EE TR bEN T EHIE LTV A,
IO D, FRRICAAAET DHGHE Cs DIRAE
V%, BRI HUR M Cs DIRIEREE L0 & filfto 53
O Cs OBATICRE A H-2 5 LR I,
AMFFEOFEFIT, Fm (ZERLOFEEEIZKAT L, miVL
M Cs BHE: L 0 HARV VR Cs #EEE T Fm
ITEL RDAREMENH D Z L AR LT\ D, L
L. #5438 &5 5 3BRM O Fm O@EWIZ oW TR
BROFFEIZTE R0 o722 b Lo Cs
BN HAROEEEZMESEICTRD L2579
(2, FAEN S IO TE Cs OBATICHEE 5.2
HERNZONT, SLRDIMENRMETHL EEX
BV, FLOBGHE Cs IB AR IEDT=9DIZ, PB O%)
RHIBEGIZOW TR & S DIZHED 2 NERH
Do
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BSE T T ARERIOHLA~OBEHEE Y
7 LOBATENH

51 #E

2012 AFELIE Z v E TR B IR ST 5 FEMOK
PEM)DET =4 ) v TR\ CTREHEY O il
Cs DM S 72 WEIB 1T 7T0%FREE 150 Bg/kg-dry LA
TOWRETHRHSINDEIGIT 30%BRE L /o Tn
% (fEE5IR, 2019),

ZDXH 7, HENSHE ORI Cs BAT
PSRRI, EHCEEHHO R LRHE, 77 v
n—4 ) —HHZ X DHEHE Cs DT ZIAHDIZ),
71 V) B O HERE S R FE 24T O LTI ST
W5, Ll TEED BREA~OEME Cs BATA 5%
BITHHIITETE LT, S50, BEA~DEHE
Cs BATHIHI DO 7= 0 7 VIR, B H U 7 L
FEM 5%LLEIZ72 D 2 EniE ST D (EER,
2014), BEOH Y 7 NEEED BT RAVAX A v
FEWAFLA D53 R O E BT IV T, fa G-Aak}
D IR T NNT o ADFEE R R DU LTV A,
U Cs 2MIER L7zl W Tk, B U o AR
FEMME S BTE Cs &8 & 7V B EFER AT D BR
R KD LTV D,

—J7, HEREE TR, FAEEIZRBWT, 3
FEORERIZIEAS X HTE Cs WoEHE LTEA T4
N A R EORE I A WA G- L
TR B FLA~DFEME Cs OB THIHIRIR X &
nNTng, 7—7—A7—3 3 BT 5O
P Cs JREEIX, BIfE E R T IR 2 fikfe L C
WD D3 AT DO 5 L ZFLO FUR M Cs % 10 B/kg-
fresh AT 2 EATBHFE S RO BTN D,

ZDOX D7, 5 4 3 CIE 175 Ba/kg-dry O
Cs IRE ORI VY, F M Cs 23 RACg 4
HEENdH 5 PB #REEICHSINLTPB £ LTC3.0
—189g/H&H& G35 & wipiEuE, LAEN, L
For. T OREgRE bR KON — BRI
B G252 Liel HE Cs OFHA~OBATHIH]
EEAOHEHREICEI ThH D Z L xR L=, =
D PB 1%, D7 5B THA~OHEE Cs BATZ2 M
fil L, EOhFELLIOERITENEE X L, PB
VL BT ARSI & LT AL Cs DA T
HHIRRICHWND Z ENTE D EE BT,

TAVE THAEICBIT A Cs BATHIHNIZ 3
LT L OWENRR SN TWD D, FLOFE M Cs 1
JE% 10 Bg/kg-fresh ARl 2|9~ 25 72D OWFFEIT
72N, FE T, B Cs WEAIOFRFEDEVNZ L 5%
ITHNHRIZ B DB 3o T, Bk S FL~D B
P Cs BATHIHNZ DOUWNT, BPEHR O BR] & WbFLA=o
A S FA D BEIR % Fhilie U 7= i A 13D 72,

T EMND, FEE Cs AL L Hils B
T, BRETEEFAMEE LD HEHE Cs 25T
BN IFL AR IR SN E 2 BE L, B e
72 R Cs WIS R s L OVHEE Cs 2 & F£ 72

WHLEREZ ATRE L D B E BN 2 A 5 M2 T D
rzw, 3 EOF 1B, 2R, 53R X
OV 4 BOHS 48R, 55 5 MBRORER AT L. K
5 Cs AR THLEAT A FEBLUPB D5
(2 KD B SFIADOBEE Cs IR Z KT
N 2 bR L7,

52 HEHBXUHE

201246 H 18 H/ 5 2013412 H 6 H £ TD 253
ARICERSNZFE I FEDOS 1, F2. F3RRhB X
O 4 BEOH 4, 5 5 BB OGN0
48 5H (CFIIAE 620451 kg, HIPEIR 2.4+0.6 PE, -
BI53 0% A% 182482 H) Ofil B v =, B IO
PROBETE Cs JEEIE, 25 1 allids LU 4 3URIE
EERIM L7 ONLELNMERE . 52 7 B,
553 B LU 5 RBR CIETREZR R W BRELC & 7=
HONBELINTRERZMH Lz, ZH0H OFEFRIE,
TEHE Cs BTtk O A G5 LT ibdLAaF (A B
15 BF) | S Cs 25 ekl & LI5S 1 3Bz
TEATA b2 RBRICBN TR B4 T4 |,
FHIRBRIZBNTEAS T4 PBLIONHIE#EE AT
A NP5 L2 wE A4 BRE: 188H) . BLUE 4K
BRIZISUNT PB [ETZHE, 5 5 slBRIC IV Tk R PB
TR A /G- U2 WAL A (CHE: 1588) & L7z (Table
5-1),

T Z LR HERERA S TR LTz, 7288, HE
Cs HBEEIZRT DHAA~DONEHE, Fm BLOCR O
—HE DT —21%, IAEA (2010) (272 BV fEE5%
R A2 2, 2 RO ET Y oo

Table 5-1 Experimental period, treatments, and
number of cows.
Experiment Treatments Number of tested cows

CONT1 3

Experiment 1 (50 days
® ( ¥ Zeolite " 6
CONT2 3

Experiment 2 (39 days
® ( ¥ Zeolite ” 6
CONT3 3

Experiment 3 (39 days
P ( %) Zeolite * 6
CONT4 3

Experiment 4 (63 days
P ( %) Prussian blue * 9
CONTS5 3

Experiment 5 (62 days 5

P ( %) Prussian blue * 6
Control (Group A) 15
Experiment 1 - § (253 days) Zeolite (Group B) 18
Prussian blue (Group C) 15

1 Adsorbents were fed zeolite 200 g/day or 400 g/day.

2 Adsorbent was oral administered finely divided zeolite 1 g/day.

3 Adsorbents were fed zeolite 100 g/day or palm oil coated zeolite
100 g/day.

9 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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FEEASRE A VY, BEFEBAORME A 1T o T2, F 72,
[ 2 DFREE DR E D 7= DI e BT 21T - 72,
FEEHIENTIZ, =7 ®/UEE 2010 (HETE#RY—E X,
W) ZHVKGE LTc, fabRER 5% RN O%E 1T
BENDHLLD LB UT-, £7-. fERE 10% A0
OEEIMEARH D HED L Lz,

fresh (3% 5 #BR) OFFTH -7, 1 HY7ZV Dk
P Cs fEHUEIT, 1,634 Bg/H (55 2 38BR) 7> 5 15,195
Bg/H (G 53k O#EiHTH-7, FLOBGE Cs
IREEIL, 5.8Bg/kg-fresh (55 2 78BR) 705 14.6 Ba/kg-
fresh (55 53BR) O#HIPFH CTH 7= (Table 5-2),
HEE IR K OFLEIE, NARO (2006) D7Rg
TEYER 72 EOHPA T - 7=, JUIRMI LY v R &

53 #ER TR 7730 K OFLH IRFEREER OIS, HfiT
1RO 5 RTINS LD cx 239 LTEROHFATH-T-,

BB Cs JRIE1E 95— 1,047 Ba/kg-fresh OFGPH, fiedt
P Cs FEEUER T 1,393 —18,149 Bo/ H O#iPH, LoD il
4 Cs 1% 11.9—32.0 Bg/kg-fresh O#ifH CTH > 7=,
KRR OWHEEE, FRIOBEE Cs I
FEF K OB, FLOKEE Cs IR, L L UL
FAY DYEEEIE, Table 5-2 (2R L7z, ko it
Cs JREEIE. 95 Bg/kg-fresh (5 2 3k) 75 927 Bg/kg-

531 BEEET U ARERERVRVWSEAED
F~DHEEE T LT
W1 RS 5 AR E TOREM: Cs A G e
BloOBE GG LTz A BRI DBt Cs
FER X OB, HLOBGHE Cs IBER LU, I~
DOHEEER . Fm B L ONCR X Table 5-3 IR L7,
FRLEFD HURE Cs L TE, 95 Ba/kg-dry (55 2 35R)

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 a 17.2 b 18.6 a 19.6 a 16.4 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 13,991 b 3419 b 15,195 ° 131
Milk Radiocesium activity concentration (Bg/kg-fresh) 93 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 0 0.08
Protein (%) 3.05 a 3.15 a 4.19 b 3.83 © 3.02 T 0.05
Solids-not-fat (%) 8.37 a 8.52 a 9.39 b 9.11 © 8.46 2 0.04
Lactose (%) 4.32 a 4.38 4.20 4.29 4.45 0.04
Urea nitrogen (mg/100mI) 9.72 ab 8.76 ab 6.97 a 7.02 a 12.01 b 039

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

SEM: Standard error of mean.

Table 5-3 Radiocesium 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 CONT4 CONTS5 SEM
n=3) @0=3) @®=3) @®=3) @®=3)
Radiocesium activity concentration (Bq/kg-dry)
Diet 202 ° 95 ® 215 ° 175 ° 927 ¢ 22
Intake
BH705 intake (Bg/day) 4348 ° 1,633 * 4,030 P 3460 ° 15220 ° 260
Radiocesium activity concentration (Bq/kg-fresh)
Milk 14.7 AB 6.4 A 154 AB 16.4 *B 243 B 1.3
Excretion of radiocesium (Bq/day)
Milk 460 A8 180 A 362 4B 360 A8 669 B 34
Proportion of radiocesium to ingested radiocesium (%)
Milk 108 B 112 B 9.0 AP 10.4 A8 44 A 0.6
Transfer coefficient of radiocesium from feed to milk (Fm : day/kg)
Fmx 10° 3.46 € 4.04 A8 3.86 AP 477" 1.68% 025
Concentration ratio (CR)
CR x 107 7.28° 6.73® 7.19° 9.34° 2.83° 0.39

ab; 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).
SEM: Standard error of mean.
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735 927 Bg/kg-dry (55 5 #kBR) OFHTH -T2, ik
S Cs EEET. 1,633 Bg/H (G 2 588R) 725 15,220
Bg/H (G 53 8R) O TH -7,

FLOFEIE Cs JRFEIL, 6.4 Bg/kg-fresh (55 2 #5R)
5 24.3 Bo/kg-fresh (55 5 3%) O#iH TH 72,
M Cs DFLA~DHBEHRIL, 112% (G 2 3R) 2
5 4.4% (5 5 3 BR) ORI TH > 7=, Fm I, 1.68x10

3 SEER) 2D 4.77x10° (55 43 BR) o TH
o7, [FEEIC, CR 1L, 2.83x102% (5 5 #BR) 75

9.34x102 D (55 4 #BR) FFHTH -7,

53.1.1 et A4 AHEE8

GHE Cs Bl AZ 4G5 LTz A BEIZEB W
T, FEOREE Cs JEEIX, JROBEE Cs JE (=
0.80) BLOFLOHHMECs & (=0.68) &EVIED
FEBE (P<0.01) 2AA.54, Fm (= —0.77), CR (r
= —0.80). R (r= —0.80) &L OHAEIH kD
NDFom i (= —0.67) &EWAOMHBENRS
7z (P<0.01) (Table54), F7-. FLOBEE Cs I
& (r=0.61) L IEOFEE, AHE (r= —0.56) . ADFom
FEHUCE: (r= —0.63) 33 L O'NDFom /% (r= —0.61)
LEADOHENRHNT- (P<0.05) (Table 5-4),

PROIEE Cs FEEIX, FLOBEHME Cs B (=
0.80) B L OFLOFEHE Cs B (r=0.79) & EVWIED
FHES (P<0.01) E.H, AE (= —0.71), A
B NDFom 2R (r= —0.72) 3 XU ADFom
EiiE = —072) L@WAOHEBENELNT (P
<0.01) (Table5-4), F£7=, Fm, CR, %#id¥, NDFom
BRI LUV NDFom #2 & B OFEBIN Lo iz (P
<0.05) (Table 5-4),

FLOJEE Cs JREEIE, FLOBURE Cs B & R\
BN RSN (=094, P<0.01) (Table 5-4), fidt

P Cs U & FLOFEHE Cs JRE & ORIZ FRE oA
JRE3fF Hhe (Figure 5-1),

$=0.0011x +8.4166 R2=049, P<0.01 (5)
y: FLOKEE Cs 2L, Bg/kg-fresh
x: HURTE Cs #BHE, Bg/H

R(5)2> B FLOTGHE Cs JREE % 10 Bg/kg-fresh Aifi
(2T D720, i Cs FBEEUEEAY 1,400 Bg/ H LA
TTHDHZ ENEH SN, LOREHE Cs &I, fid
BB ME Cs B F UG Cs #E IR & mu ik
OB G, HHEIREITENEH 0,67, 0.77 &
72o7= (P<0.01) (Table5-4),

Bq/kg

35 1

30

»=0.0011x + 8.4166

r=0.70%* [ ]

Radiocesium activity concentration in milk

0 5000 10000

Radiocesium intake

15000 20000

Bq/day

Figure 5-1 Relationship between radiocesium activity
concentration in milk and radiocesium intake in the
control of experiment 1-5.

Table 5-4 Correlation test of items related to radiocesium in control (Group A: n= 15).

®© @ ®& ® ® ® @ ® O © © ® © ® © ® GO

Above the diagonal : correlation coefficients (1) /

Below the diagonal : **:p<0.01, *:p<0.05
Llizflocesmm activity concentration in Ba/ke-dry @| 099 099 0.79
Radiocesium intake Bq/day @] ** 1 0.98 0.85
Radiocesium activity concentration in Bykgfresh (| o 1 0.80
feces
Rédiocesium activity concentration in Bykgfesh @] o - |
urine
El?lgiocesium activity concentration in Bokefiesh ()| o N o
Radiocesium in milk Bq/day ® ] ** ok ok ok
Fle()’} day/kg @] ok *x *
CR ><1()'2 ok ok ok *
Proportion of radiocesium to ingested % @] o o "
radiocesium in milk
Body weight kg * * * **
Dry matter intake kg @)
CP intake ke ®
NDFom intake kg ®| = *
Forage NDFom intake kg o * b o
ADFom intake kg ® | ** * * ok
NDFom % * * * *
Milk yield kg @

0.60

0.70

0.61

0.80

ok

0.67 -0.76 -0.79 -0.80 -0.59 -0.30 -0.07 -0.51 -0.67 -0.65 -0.63 0.18
0.77 -0.76 -0.76 -0.79 -0.58 -0.23 0.00 -0.46 -0.63 -0.60 -0.64 0.20
0.68 -0.77 -0.80 -0.80 -0.56 -0.28 -0.02 -0.49 -0.67 -0.63 -0.61 0.19
0.79 -0.56 -0.60 -0.62/ -0.71 -0.44 -0.23 -0.60 -0.72 -0.72 -0.60 0.05
0.94 -0.25 -0.17 -0.37 -0.38 -0.10 -0.07 -0.34 -0.44 -0.42 -0.59 -0.13
1 -0.42 -0.31 -0.36 -0.37 0.01 0.16 -0.22 -0.39 -0.32 -0.51 0.21
1 093 0.86 046 -0.03 -030 0.18 036 026 045 -0.53
ok 1 0.83 0.62 030 -0.01 044 059 052 047 -043
ok w 1 0.54 0.13 002 039 050 046 0.63 -0.05
* * 1 0.63 043 063 0.69 075 0.36 -0.03
* 1 0.86 0.88 082 0.90 024 036
ok 1 0.82 0.65 0.76 0.32 0.68
* ok wok 1 096 095 0.68 0.38
* *k ok *k ok 1 0.95 0.70 0.20
* ek Kk ek Kk ek l 056 030
B3 ok ek k3 1 0.19

* k% 1
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Fm 1%, BB Cs JEAE, FdE Cs FERR
EEWAEORE = —0.76,P<001), ALELAD
MR A B (= —0.53,P<0.05), CR %, fikh
D Cs JE (r= —0.79, P<0.01) 33X OV
P Cs fEE (r= —0.76, P<0.01) & EWADOFHB
MNHE BT (Table5-4), F7-, (K, ML dO
NDFom fEHUEFR LY ADFom fEHUE & IEOFHBN
B3 (P<0.05) , FEBISREUEZE4 0.62, 0.59 5
X052 7257~ (Table 54),

532 YU AREREERFOA~DK
RS U AOBAT
5321 EAT7A4 MEEROBEMEEY T AICE
ERAY: L]

T Cs g ekl s B4 T4 FEREG L
72 B BEICHBWT, EOHURME: Cs J|REIX, ALOSEL
KLEENADOME (r= —0.59, P<0.01). LMK
FHE Cs B (r=0.88) B L ORI Ol Cs & (r
=0.79) LIEDOFHBE (P<0.05) 23 5H7- (Table 5-
5),

PROBUEFME Cs IREEIX, FLOKEHME: Cs IRE (r=
0.86) BLOFLOHMHIECs & =0.72) &EWVIED
FEBS (P <0.01) 23541, NDFom fH&E (r= —
0.57) . kI kD NDFom & (r= —0.56) 3L
RHE (r= —0.54) L AOHHEE (P<0.05) 2HE.HH7

(Table 5-5),

FLOKEE Cs JREEI, FRFO R Cs I (r=
0.65) BLOFLOMHMECs & =0.87) &EWIED
FEBE (P<0.01) 23 FLO AL, ik Cs FEHUE (r=0.49,
P<0.05) &IEDOFHE, NDFom fEH#& (r= —0.55) .
AL D NDFom & (r= —0.56) B3 X O%&
= —051) CADOMHB (P<0.05) NAE.HL7- (Table

5-5), HUHME Cs R & FLOBEE Cs S & D]
I FREomFAN G5/ (Figure 5-2),

$=0.0014x +3.8188 R2=024, P<0.05 (6)
y: FLOKEE Cs 2L, Bg/kg-fresh
x: HURTE Cs #BHE, Bg/H

2(6)7> B FLOTGHE Cs JREE % 10 Bg/kg-fresh Aifi
(T D700, i Cs EEUE)Y 4,400 Bg/H LA
TTHDHIENFEMENT,

Fm %, ¥WEIE = —0.69), CPEIE (=
—0.78) . NDFom & (r= —0.71) . HfaEHH kD
NDFom f£Ht& (r= —0.60) . ADFom & (= —
0.71) . NDFom 2 (r= —0.72). $L& (= —0.65)
BLOEA T A MERE = —0.73) & EWVADHH
B2 Hn7- (P<0.01),

CR IZ.Fm (r=0.94) 8 L OHA~D 5B (r=0.85)
ERWVIEOMBEN RO, A R EHR = —
0.62) . NDFom 2% (r= —0.67) BLUOEAF A b
FivE = —0.70) LEmWAOHBENRLNT (P
<0.01), F7=. NDFom i, ADFom fEHUEF &
UHLEEAOHBEN AL (P<0.05),

A BB X B BETIE, 2N HUSE Cs BHE

() EFOBEME Cs IE () 12 (5)FB LUVH(6)
DEYFAI G H 722 (Figure 5-2) . ARBEE B BED
ENENOEIFERIIIIETI BT D HEENE
TR T (P<0.01),

5322 AT UTIN—BEREOBRREES Y

LIZEET 54HE

T Cs & tefifkl & iz PB 2% 5 L7 C Bf

BT, FEORGHE Cs I, Fm (= —0.89) .

Table 5-5 Correlation test of items related to radiocesium in zeolite (Group B: n = 18).

Q@ ® @6 60O 6 O O © 6 6 ©® © ®

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

Radiocesium activity concentration in diet Bq/kg-dry @ 1 094 0.88 0.56 0.65
Radiocesium intake Bq/day @ *x 1 0.79 043 049
Radiocesium activity concentration in Bakefiosh (B)] #k ! 042 048
feces
Re?dlocesrum activity concentration in By/ke-fresh @ " 1 0.86
urine
Radiocesium activity concentration in milk Bq/kg-fresh @ *x * * *x 1
Radiocesium in milk Bo/day  (B)| *+  wx  x ax owk
me10'3 day/kg @ *

-2
CR x10 *
Proportion of radiocesium to ingested % @| - -
radiocesium in milk
Body weight kg
Dry matter intake kg @ ok
CP intake ke ®@ *
NDFom intake ke ® L
Forage NDFom intake kg * *
ADFom intake ke ® *
NDFom % ok ok ok
Mik yield kg @ o
Zeolite intake g/day ok ok *

0.68 -0.37 -0.28 -0.63 0.05 044 020 -0.05 -0.19 0.16 0.84 0.00 0.63
0.65 -0.55 -0.39 -0.68 0.14 0.72 0.50 0.27 0.14 049 089 024 075
0.54 -0.39 -0.35 -0.59 -0.16 0.30 0.13 -0.09 -0.23 0.07 0.77 0.08 0.50
0.72/ 032 042 0.02 0.17 -0.03 -0.41 -0.57 -0.56 -0.33 0.08 -0.54 -0.13
0.87 041 053 010 0.16 0.00 -0.37 -0.55 -0.56 -0.30 0.16 -0.51 -0.05
1 0.15 036 0.06 0.07 036 -0.01 -0.19 -0.20 0.08 0.30 -0.08 0.12
1 094 085 001 -0.69 -0.78 -0.71 -0.60 -0.71 -0.72| -0.65 -0.73
o 1 0.85 0.19 -043 -0.62 -0.57 -0.43 -0.50 -0.67 -0.59 -0.70
ok ok 1 -0.06 -0.51 -0.53 -0.39 -0.23 -0.43 -0.84 -0.26 -0.77
1 030 0.16 0.15 021 025 -0.03) -0.26 -0.04
o * 1 091 081 0.77 094 0.63 0.60 0.66
ok o * ok 1 0.97 091 098 059 0.75 0.70
o * o o 1 0.98 095 040 0.77 0.56
o ok ok ok 1 093 022 072 040
ok * ok ok ok ok 1 049 072 0.61
*% * *% *% *% *% *% 1 047

k% k3% *% k% *% * *% k% * 1
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Bykg

35

30 Control (Group A)
y=0.0011x + 8.4166

4
4
g r=0.70%* LK)
£ 25
g
8
g -
d . )
§ 5 - Zeolite (Group B)
% Wy 3=0.0014x + 3.8188 .
g /Y r=0.49%
g 10 C R -,
[} % A .
2 A
a4 Prussian blue (Group C) M
5 - A&
. v =0.0000x +9.5386 .
f r=0.07 o
om
0 5000 10000 15000 20000
Radiocesium intake Bq/day
= 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).

CR (r= —092), Zf#E (= —0.89), KE (= —
0.85). FHEEUE (r= —0.73). NDFom fEH&E (r
= —0.90) HLETEFH k> NDFom fEEUE: (r= —0.94) .
ADFom f#Hi&E (r= —0.92) BIXU'NDFom 2 (r
= —0.96) EEWADOHBENELI (P<001), F
7-. PBHEHE (r=0.68,P<001) BLUOHLE (=
0.53,P<0.05) & EDOFHREN R G417z (Table 5-6)

PROFEEIE Cs JREEIE, FLOBE M Cs & (r=0.78,
P<0.01), NDFom &£ (r= —0.65P<001) X
UFLE (r=0.60,P<0.05) EFHBEA R G472 (Table
5-6),

FLOFEIE Cs JEEIE, FLOKE M Cs & (r=0.95,
P<0.01) &@EWIEOMBIN R S 7= (Table 5-6), fik

S Cs B (1) EILOMEHE Cs E () (2H
BT R 5N h -7 (Figure 5-2),

Fm i, CR (r=098). 77ll= (=095, K& (¢
=0.67)., NDFom & (r=0.71), MHAEEH XD
NDFom f#Ht& (r=0.77) . ADFom £l & (r=0.74)
BIXO'NDFom 2 (=0.89) &EVWIEOFHEIN A,
btz (P<0.01), ILEEAOHBENR LN (=
—0.63, P<0.05),

CR I, A~DEHE (r=0.95), KE (r=0.75).
NDFom f#H& (r=0.80), FAf#EHH D NDFom
& (r=0.85) 3L ADFom & (r=082) &
EWVIEOFHBN R b7z (P<0.01), F7-, &
= —0.54) BLOPBHERE (= —063) LADH
B2 5= (P<0.05),

FAEFO G Cs #REEDS 500 Ba/kg-dry At O it
ZRG LTE5A O A BERS L OWEHE Cs a4l 2 %
H42% BREE CHOBXZ GO RERIZIBW T,
TR Cs FBEHUE: & FLOTGE Cs IR & ORI TR
DEIFBG ST,

AFE

y=0.0037x + 0.6863  R2>=0.84, P<0.01 (7)
v FLOBEE Cs 2, Bg/kg-fresh
x: fihE Cs #HUE:, Bg/H

B RE+HC B -

y=0.0021x + 1.8560 R?>=0.49, P<0.01
y: FLOBEHE Cs J2EE, Bg/kg-fresh
x: HURTE Cs #8HE, Bg/H

®

Table 5-6 Correlation test of items related to radiocesium in Prussian blue (Group C: n = 15).

Q @ ® ® ® ® © ® @ © © ©® ©® ® ©® G® ©® ®

Above the diagonal : correlation coefficients( r )/
Below the diagonal : **:p<0.01,*p<0.05
Radiocesium activity concentration in Bakedy (D) 1 091 098 054 -0.19
diet
Radiocesium intake Bq/day @] *= 1 091 0.74 0.07
Radiocesium activity concentration in Ba/ke-fresh @ s o | 051 021
feces
R§d100e51um activity concentration in Bq/ke-fresh @ N " | 063
urine
Rédlocesmm activity concentration in Bq/ke-fresh @ N |
milk
Radiocesium in milk Bq/day @ ok ok
Fmx10” daykg @] e e wx
CR Xl()iz sk sk sk
Proportion of radiocesium to ingested % @| . o
radiocesium in milk
Body weight kg s Kok .
Dry matter intake kg | #* * sox
CP intake kg ®@
NDFom intake kg @) #* e
Forage NDFom intake kg ok ok oo
ADFom intake kg @) = o e
NDFom % wE EE Rk bk
Milk yield kg @ = o * *
Prussianblue intake g/day * ok

-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
0.28 -0.85 -0.84 -0.81 -0.73 -0.52 023 -0.78 -0.87 -0.82 -0.98 0.70 0.50
-0.02' -0.89 -0.92 -0.89 -0.85 -0.73 -0.08 -0.90 -0.94 -0.92 -0.96/ 0.53 0.68
0.78 -0.42 -0.37 -0.33 -0.37 -0.14 045 -040 -0.50 -0.44 -0.65 0.60 -0.05
095 037 043 044 0.12 026 034 0.17 013 015 006 011 -0.49
1 0.12 021 026 -0.01 025 050 007 -0.01 0.04 -0.15 0.39 -0.34
1 098 0.95 0.67 0.50 -0.14 0.71 0.77 074 0.89 -0.63 -0.63
** 1 097 0.75 0.64 0.03 0.80 0.85 082 089 -0.54 -0.63
** ** 1 0.68 0.63 004 078 082 0.80 0.86 -0.39 -0.66
wok wok ok 1 090 042 095 093 094 0.82 -0.38 -0.56
* * ok 1 0.71 094 088 092 0.66 -0.01 -0.48
ok 1 042 0.28 0.36 -0.07 0.58 -0.13
wok Hok ok o *k 1 0.99 1.00 0.87 -0.29 -0.55
ok ok ok o *k ok 1 1.00 0.93 -0.41 -0.56
Hok Hok ok Aok Hk Hok ok 1 0.90 -034 -0.56
*k *k *ok ok w5k *% *ok ok 1 _0.64 -0.55
* * * * 1 0.26

* * ok * * * * * 1
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B #+C HEOX@®) DB XX A BEOX(7) & b L
ThE< 720 ABEOEYFE EABEMEZR S 1780
-7 (P<0.01) (Figure5-3), Z D)6 FLD KR
Cs £ % 10 Bg/kg-fresh ANl 95720121, i
M Cs FBEEN 3,900 B/ HEA R CTh 5 LR &z,

Bake Control (Group A : n= 13). Absorbents (GroupB + C : n=27)

25
% 20
a8 [ ]
g Control L
_E y=0.0037x + 0.6863
‘é 1=0.92%*
5 15 ]
8 2
2
2 | |
S 10
é A
5 A
2 .
=]
g ° *~Adsorbents

A y=0.0021x + 1.8560
r=0.70%*
om
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Radiocesium intake Bq/day
4 Absorbent(Zeolite) ® Absorbents(PB) M 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 C).

533 FLOFEEET T ABE L BITREL BE
et KOV EEER

Table 5-7 {2 A B, BHEB XN CHETHE LMD
HCHYE Cs J2EE . Fm, CR 35 X OVHHE Cs fEEUEIC
%D IO Cs DOELRE R LT,

FLOMEFHE Cs J2EE 1L, A BET) 15.4 B/kg-fresh
L7200 /ML 5.1 Bokg-fresh, e KAEIL 32.0
Bg/kg-fresh & 7272, B#E T 8.4 Bg/kg-fresh, C
HETW) 10.0 Bg/kg-fresh & 720 | ZNEL A BEL 7=
DHERONTZ (P<005), A L LT B BECIX
45%., CHETIE 5% L7z (P<0.05),

Fm (X, A BHZBWTEE 3.56x10° 720 /b
EIX 0.96x107, FKfEIE 5.79%x103, Th-7=, BEf
TILFH) 2773103, C BECTITT 2.07x10° £ 720
AREL G LT CRET65%I Lz (P<0.05), A
FEDD CBEAIRD Fm 13974 2.80x107 L 72 0 | AH)
FRE0E 49% & 7o T2,

CR 1T, ABEHTBWTHEY 6.67x10% L7220 | /b
Bl 1.34x102, FKNAEIX 9.95x102 Tdh-7-, BEET
L) 5.08x1072, C BETIZ A 4.00x102 L7200 A
B & L LT CRET 40% 8 L7z (P<0.05), AR
D CRERIRD Fm 13F#) 5.24x102 L 72 0 | KEhR
X 47% & 7p o7z,

BLERIE, A BRI W T 92% & 72 0 | i/ IME
1% 2.7%., WKEIX 152% Tho7-, B BETIEFES
74%., C BETITFH 47% 720 A BEE R LT
BHET 19%, CHET49%d L7z (P<0.05), AR
5 CEEREROSERIT T 7.11% L 720 | AEhfk
i3 46% & 7oz,

A FED Fm 3B LUV CR 225 ALOFEE Cs IR % 10
Bq/kg-fresh AJifilZ 9 D72 OITIE, Bk Cs R
1% 2,800 B/ BRI TH Y . EIEFO Fed i Cs JEFEIT
150 Bg/kg-dry Kii Th b Z EnFEH I, £/,
B HE T, FLOKEME Cs % 10 Bg/kg-fresh A
(2T D720, R Cs FEEEAS 3,600 Bg/ H AR
MWCHY ., EEORSHE Cs J2FEIT 200 Bg/kg-dry A
WChdZ L, 51T, CRETIL. HLoMEME Cs 2
J& % 10 Bg/kg-fresh Ajiii & 35 72 OIZ1E, i Cs
BEUEDY 4,800 B/ HASH TH 0, BELOHERE Cs
TREEM 250 Bo/kg-dry Kiifi T 25 Z L BRI Iz,

54 E£8
541 EEHEEY Y ARERERNRWGEED
BT ADE, RELOHA~DOBAT
AWFZETIL, R Cs Gtk 24 E &
D AFCBNT, #, R L OFLOHBEHE Cs I

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

. . P |
concentration in milk )

Transfer coefficient (Fmx 10'3)

Proportion of radiocesium to

. . g . . PR )
Concentration ratio (CRx107)  ingested radiocesium in milk

day/k
Treatment (Bg/kg-fresh) (day/kg) (%)
Mean SEM 2 Minimum Maximum  NMean GSD 3 Minimum Maximum Mean GSD 3) Minimum Maximum Mean GSD 3) Minimum Maximum
Control
ontrot - 154° 19 51 320 356 ° 1.62 096 579 667 ° 172 134 995 92 ¢ 16 2.6 152
(Group A:n=15)
Zeolite ab

a
(Group B :n = 18) 84" 0.9 3.1 145 2.77
Prussian blue

b
(Group C :n = 15) 10.0” 1.5 1.7 27.0

1.53  1.34

2,07 % 294 0.13 439 400 * 335 0.17 7.59

455 508 ° 142 249 6.75 74 ° 14 42 115

47 * 27 0.3 8.8

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

D Radiocesium was calculated by summing '34Cs and '¥Cs.
2) Standard error of mean.
% Geometric standard deviation.
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fmEREERS B X —fEWE 125

FEVL, FARLOTEHE Cs IR L OEBREOZNZE
NEFIBEIAR R B, FEOMBMRED R b -7,
ZIVE TOHFFE (Johnson ef al., 1968; Arnaud ef al.,
1988; Unsworth et al., 1989) <°% 3 FOFERIZISUNT
b, FBEL L7 Cs D 50% 8L BN CHEH &
NI EDRINTND, ZThHDZ Ehb, #iX
R U7 EE Cs OFHERPEHRE CH O L Fd
P Cs DHA~OBITICRELSLBAE LTV EEZD
iz,

—J7, FIB LOURIZ K D HME Cs OHEHIE, Vo
72 AR & 72 AR N S 7= it Cs A3MAS:
WZHEH SN D b D TH Y | FITEBT DHEH & B
Cs DZHE) IR0 5 LB 2 BTz, Leggettet al. (2003)
1%, B ORI Cs JEHIZ W T, Bz
IR & U CHE T 233 X OMRN ORER 2o Af
L7212 L, 3 e U THEH 2 2 k2
#aET /ML T D, Sasakieral. (2012) 1%, Kkt
M Cs ZaEiefialbl248E L /- B oMo
il LgRD 5 b, BIRO B Cs IE K S5
WZ EEHIE LTV D, Mokudai ef al. (2016) D
B2 X B e, BESRL D OENOREE Cs
EEIX, &0 b, REE- TEBEM &2
HT28E THLEMTEVEEZ /R L, JRELTAE
SMTHEH TS Z & 240 K 2 & TR
Cs WERT D LR LT\ 5, Fukudaeral. (2013)
I, EEE RS AL DN 2O BAEO KK
IZB W TR I B-SCIEE L 0 B Cs JREEAMK
WZEEHRELTWD, IO ENnD, ROH
B DG Cs OBEHIR, 3T D HHE Cs
OPEH & 1T | T, RIZBT 2PEHITAICE
JOHEH E B A | PEHE CITRATERRICT
DIRNERE OFr, REEORE X, MR, BHHEEN
FNEIEE L TWD LD EHERSNT-, RIS
B D Cs DEIA~OPERIT, FE /e HEHRE
2l i AN S VAR N DR S A ¥ gV e

542 SHEE T DRERIE 5RO BT

VU LDE, RBIUOIA~OBAT

ABFFETIX, HURE Cs JREE7S 250 Ba/kg-dry LA T
OfEIZ AT A b EHITHEE LT B BBV T,
FABFO FETME Cs JREEFS X OV Cs BRI, 3,
PRI L OFLOKEME Cs IREE & Z N ZHUEBIN . &
Nice —J5. JEHHE Cs IEEDS 1,000 Ba/kg-dry LR
DOfiEtz PB &K L7z CRECRB WL, g
DR Cs JRFER X UOBEEIL, B LR
SR Cs JREE LARBES B D203, FLOFEE Cs 12
FELEOFEIIR OGN hote, ZOZ LI, Fa4E
(2T PB IIFLOMEHE Cs JREE 23 L 7= 3
Zah, PBITEAT A b Ll LT, HHE Cs %
AERIE LT Cs ISR 2 FFAHRPHA
T R < i Cs 2 L. SLOE: Cs
BEZIHI 2 2 LAVRR SNz,

C BECITFEDFGHE Cs JRE & Fm B8 L OVCRIZH

WADOHHBEN R HA7225, B BEIZIBWCIIAERIZN A
LRI T, B3 ETIE, PR SR
Cs REICEATA MEGOFEBIZLSEETRON
I, B Cs ZWRE LIZE AT A b ORI,
R E N, —, FB4ETIE PBHEEIZLYED
HEE Cs IBENE 5 Z GRS, D2
Enn, BATA & PB I, EHE Cs EAIL L
TORMERIAROFEVNC L 0 g Cs 3L L
THEHT ARITEV R H D L& Z b,

B BER LU C BEICEBIT DIRD BT Cs I,
ABEE R0V . Fm, CR B X OVEE & A OB
Honehol-e 20T &%, BEHE Cs WaEHKI7s L
— AU FETL FEHEENIZB N T, SR DIk
RN DKV I8 U 7= 1 Cs 2 LTl
(LTI 72133 & LT ORI 2R L,
MR F TV TERNA~OWILZ | L7z Z &2k v R
L LTI S b o LR ST,

B #2817 5 Fm, CR BLUOVERIT, CP &&
EWE OB RS2, KE & OMHBITIR 61
7enotz, —J, CREZEIT D Fm, CR BLUVAL
LT, RE E SO IEOHBN R G723, CP&ED
MRS R B n > 7=, B EED Fm IX. NDFom 5
B, AR RO NDFom fEHUE:$ L OV ADFom #
BELAOHBBIOFOEmB RO, —H,
C BEIZB1T %5 Fm X, NDFom <> ADFom 15 &2t
L CIEOFBETHY . B BEEAHBADOBIURMEN W TH
ST, TNHDZ EiE, AT A hE PB X% DKL
FORE S, HEGHE Cs WAEHEE, WHLE N TOoHK
PRSI L DEV M L DI LN TOEREA
FHERRDH 2 EMEBE L QoSN B4
TA MIIHEERNICHE LT W EB X DD,
WHEEEEREN L D Z L2k, —A DI
HEEENDNERIZ /2D, — A NOEZT A N3
BLICK K RY, #ADOEAT A MEHENSL A2
STARER, Fm BN TpoTm EHER S IT=, — 5.
PB Id, MGEFEEREN S 70D Z L2k hHE
Cs =BT E NEY O RERFRIAEIN U, e
Cs D#FL L TOPEHEEINES 72D, Fm AREL
Tpoln LHEER ST, Fm 230 S8 5720203, ik
FHE Cs OWHLERNO@IEIE 248 < T2 BER D
B ENRBREI N,

FABED B IO Cs JRE~DOBATIX, W
FEEEOEY (Beresford et al., 2007) . JEIEfifh & KL
FAEFOIEEERDEV (Ward eral., 1967) . FHEDTE
HXEDE (Stewart et al., 1965; Hecht, 1992) | fiml#s H
HROE (Voigt, 1993) 12K » THESND Z L 1N
HINTWD, ZAILHIE, B Cs WAEAID RG-S
N 7235412 NDFom <° ADFom 2MARN~D M Cs
WRUAHICBEE- Uiz & B 2 B, HEE S XL DR
OV, FEE Cs WA AIOE, UM Cs 25
TTHILE N OWFRIRFR OE WAL TN D &
HEER S 7=,
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IINBHDZ Enb | FLOKERM: Cs I, fkto
TREE Cs JREEOTEME Cs HBH R, ¥4 T 4 FB X
O PB DJGE Cs Wb Al OFe -5, fEHZ 31T Dk
HEE OBIESREICEEIND 2 EBRIE I,
YATA FBLOPB ZbE Cs WAl s L
35581, WHAOKREEZEZET L L, )
HEE OBEESCRE, HLEN BRI 258 L
TORERGT AT ) Z LIk 0, fkh B3~ fi
P Cs OBATZ 2R T X 5 rHefErs e X
Wiz, A1k, BB BFLA~D B Cs OBATHIHI%T
% L L C.NDFom <° ADFom & % 3= & L7456
B ORI &t L OVRE 2B [E L T < LR
boEEZ LN,

543 HBEHEE T U LAOERED GIA~DOBAT

ARG TIE, 62 H—191 HEHEME Cs & T
$h% 1,633 Bq/H —15,220 Bg/ H fkfgegi B R S5
ZEITRY . B Cs BAE R Z G- Ly A BED
Fm 1% 3.56X 103, CR X 6.67X10% & 72o72, ZDZ
EDD, FLOBEE Cs JREE %A 10 Bg/kg-fresh A3 12
T HI-0OIIE, i Cs FEHUEDS 2,800 Bq/ H A
THY ., FALOGHE Cs JEEEDY 150 Bo/kg-dry Aifi
THOHVENSD EEZ LN,

—Jh. BA T4 &5 L2 BEO Fm 1£2.77X
103, CR X 5.08X 102, PB Z K5 L7= C BED Fm X
2.07X 103, CR 1% 4.00X102% & 72 o7, RO K
P Cs JEEDS 200 Ba/kg-dry A, e Cs B HUE
23 3,600 Bq/ H A ChiuE, B4 74 h% 200 ¢g/H
PLE#GS 5 Z LI KD HLOBEYE Cs BEE 10
Bq/kg-fresh A NI CTE 5 Z LML SN, £
7=. PB % 3.0g/ HLL b G- L7=8A . SR Hdr
Cs WL 250 Ba/kg-dry, KU Cs $HEDY 4,800
Bq/ H A ChiuE, FLOEM: Cs % 10 Bg/kg-
fresh A NG TE 5 2 LB HELE ST,

AHFZE T BN Fm B L OV CR 13, EERFE+7
BB (IAEA, 2010) 233 4fil & ur< . /Ml &
KIEDOFEPANTIH > 7273, AHFFED T T ORE )
513572 Fm 38 X OV CR IFZEEMREDS 50%FLE H
0 .PB 5 L2 G OEIMEE R b RE W &
PRSI, ZOZ Ed, BES VIO Fk
P Cs WINRRIE O, T 7B i Cs 23U
DOEENTZFAE LT2Dh, ZADERRIN S E
AR LT= b DDy, & B HEROREME Cs 23%
RN SN2 6 OOV LV | TEEE DS DO
B % RIEL, Fm OF#E KRE LiztEX
DAz, ST, PHERE, 1 L— VR A,
Ve OFEFS L O EHEHE ORISR DiE T
L0, MEENTOREE Cs OWIIZHEN &>
7o MRS N, RN T, B, UUHERRI. DIk
FICE 0 ZOMERIZIIN 720 OIENRH D Z & DVR
SNTEY (NRC,1988), Z OfktOIH LR b
HE DOLEMEDFLA~DO R Cs BATOZEE & B
HLTWD Z ERHERINT,

INBHDZ DG, 10 Bgkg-fresh A DFLAERE S
HEGEANTAT - T 72DITiE, #6579 D MRS
HHMZ B TEDWE TH D Z 1T
W2 LMD, B Cs WoEAIORKGEI 72245 5- 750
BT D LRI, 5%, M GRETEIOEVNT X
% Fm OEEMEZ /NS < DA B Cs W
BHRIOBEEFEZ DWW TR L TS MERH S &
Ez b,

BOE FMEE L U AEETERD L E RV
BHZEIE X T2 A OHLOBUREE Y U AR
BEDHER

6.1 #E=

WIHAZBT DHOREE Cs OFEEIZBE L To
WIS TODEN, BEE RN T
PEE S U Cs 12 X0 15 S - EHC 3
T DR Cs DGR OFRRIZE L Cid o 7eidtis
172 STV,

TR Cs JREEAY 10 Bg/kg-fresh Aii O FLAEPE Ak
FEINZAT 9 720121, B 3SE Cs &5 T
BHAER L TR S EE Cs A S84,
WFARTHRE U CTHUR M Cs &8 £ Wbl 2
TEIRSE, EoL VWO HEZETE L CHLO RS
Cs ME L T AR L TRRT D4R S
%R

ZDOZ b, TIVETHEME: Cs ZE etz
R L COEUARTe LT, i s 2 £ 7
UWERPEH B 2 B S BT3B R B AL i
Cs IREOHER A A L=, it T, LOMEM Cs
DEZRPERIR L OWE T Cs 2 &N
HEME Cs 28 ERWEIBHIOIRE 2 T2BR D, FLoKK
P Cs PRI AY 10 Bg/kg-fresh ARl 72 5 £ Tl B4
% BE W TR LTz,

6.2 BB X UHIE

6 HIT RS REER A X — ST (8
BREET) ICBWT, mEREERGE 4 —H
FABIRRRIE DGR (2012-E1-5-9-3) %15 C. PFEZEH)
MOt JOMRE IR 5 5 (Fn 62 42 10 A
9 HRBUFE/REE 22 ) (ICHEIL L T L7e,
6.2.1 ILOFEMYE L 7 ABEHERRER
201246 A 18 H/ 5 2012412 H 26 H £ TORH]
W2, 102—191 B, MEGERITHERE Cs ZEtefift
ZAEEL L OOl 3 BRICKRT LCL B Cs &
B EIROEIEHIER 2 72358 OFLOHGE Cs JREE
DOHRBZ DWW CHER T 2B % 2012 45 12 A 26 H
M5 201341 A 12 HETO 17 HEFEE L=,
6.2.1.1 fERAE

kAR T, mEREERE ' ¥ —&HEIERT
DEGFZINT 2012 4 8 H 20 HITHUHEGRSRL L 7= fik
Sk Cs B ERWRTERa YA L— ikl
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R EER O s B 25

AL DIEAN LT E Cs 28 £ 7200 A — Y REEL

TIT 7T 7B L OEAEEE L. 2 b0

it A O TR A2 5%ET L7 (Table6-1), Z D

fEfEHd, H & 25kg WAFLO7=8 D NEL, TDN 72

5N CP EREA /-9 XL 912 TMR (ZiARL L 7=
(NRC, 1988; NARO, 2006) ,

Table 6-1 Ingredients and chemical composition of
total mixed rations in confirmation of decay of
radiocesium in milk.

Ingredients (% dry)

Oat hay 35.1
Concentrate mix pellet ) 285
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) 434
ADFom” (% dry) 283
Ether extract (% dry) 2.9
13441370, 4 (Bq/kg dry) ND”

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

3 Acid detergent fiber expressed exclusive of residual ash.

4 Radiocesium was not detected in all diets.

3 Not detectable.

6.2.1.2 FHERBR, BEHEEE. BAtEET U AR
ERIER X ONeEH

INFET321 F 1R BN 421 F 4 B BRIk
WTCT20124E6 A 18 H D 12 A 26 HET?D 191 H
MR Cs Z & Tefialfapk 2 kol B L 7= s
A2 8B LN, 323 FH3FBRE 421 54 5 BRI
FBUWT201249 H 15 A5 12 H 26 HETD 102
AR, BEFTRMEAR OB Cs 2 & TeflaEet
Z MR T HBE R U 72 We L 2F 1 BHOOGT 3 8H (PR
631423 kg, “FHIPER 2.0£1.0 FE, “FH) ikt H 2K
328434 H) &Mz, 7eds, AREBRBRGAIERT (3.2.3
55 3 BRI TR 3 AfH]) DOFLEIT T 22,9449
kg/F . FLOKEE Cs JREEITFEI T 14.442.0 Bg/kg-
fresh, Jiht: Cs BEUEIT T 4,059£344 Bg/H T
BHotz, 2012 4E 12 A 26 B LAREICHEM: Cs 28 %
TRWEREHZ O 2 2013 /- 1 H 12 HE T 16 HIH.
22.1 BATHERRRRER & [k D 71k Tl LTz, faklo
PR E% (0 HFR) . 2. 4, 6, 8, 10, 13, 15 Hf%
WCHLEAFH L=, 72ds, WA OB LA A2 FL &
2k L C—EDEIATIRA LT, HdHE Cs oA

O Lz, FLOBGHE Cs IBEDHRIE
AL D HEE Cs IREIED LB V1T 72,

HeatuE L, 2 NEOMBIXE T v o OFBE%
B, 7. oM Cs BEORDEIE

(y) OXI%%E AR (logy) & L. sBRE%K ()
Z it S B R AT 2470 FRLolalm=(9) &
B L7, Zollfa 2 L C it
(10)&HH U, FLOMEM: Cs 1R M aEk o U 2
D 172 F TR T2 80 23 A0 =80 2 HE
E LT, SEaHiTIE. =7 B/ufiEt 2010 ((EETEHR
=R, B #HVRE LT,

X 2214

Logy=a — bT )
y= (10a) e—(|b\/log106) (10)

y: i Cs & F A faEk ARG SERTORL
DOFEE Cs J2EZ 100 & L7Z35A0RE
A% & Ot Cs IBEEEIS, %

T: B Cs 28 £ 2B 2 %O |

¥, H
ar EFTADRRIFEREL, b: T OIREIFREL
63 HER

6.3.1 HEEE ORI L UMb

PR ORI A A & {bZ 57 % Table 6-1 c_/T L
72. TMR OFE =, TDN, CP 35 L 0" NDFom &

L. ENEI 69.5, 639, 13.5 BIW 43.4%?3@0
720 TMRZHSHE Cs 13 S e 7z,
632 KR U AEREERVEREEIZK
DIDOBEEE S U AOBE

RERBHAAIERT (3.2.3 45 3 RBAK THFO 3 HIF) 12
BT, i Cs ZETefilkh 2 fkoenl i L 72
WA 3 BHOFLE, FHLOBGE Cs IR, e Cs
BHEIC TR N2 T,

HEHHE Cs 25 ERWEIRHCOE 2 Tl G35 &
Uz 4 BIRICH OB Cs IREORD B H B
10 Bg/kg-fresh LA T & 720 | 6 H1%1Z1% 4.6 Bg/kg-fresh
YR Z ATV 68% 8 L= (P<0.01) (Figure 6-
1, 8 BRAIZITMHIREAME (1.6—1.7 Bg/kg-fresh) A
e LB 15 HZIT TR CottaE ol T
FRABAS M & 72 o 7, FLOBETE Cs DO 2 fE
TR N o7z, UIEx#% 8 HETITIEL., M
SHE Cs 25 E 2 WERHIEIER X %0 A L HLofk
FHE Cs BELOMICTRORBRANE S

(Figure 6-1) ,

y= —197x+16.36 R?=0.94, P<0.01 (11)
v FLOHURTE Cs #2EE, Bg/kg-fresh
x: T Cs 28 AW ETEHZ YRR 2 5 0 H

%, H

Flo. BN Cs 2 G ERWERBIOTRE 2 %O A
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Ba/kg

y=-1.97x +16.36
r=-0.97**

I~
N

o
S}

y = 123.43e 02187
R*=0.74

0o 2 a4 6 8 10 12 14 16
Days after the clean feeding

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).

B L O Cs 28 % 72BN /8 S B R T OO
S Cs BIEE 100 & LIHBOREBHEZ L Ol
B Cs IBEEIE & ORI Nt O YRR &
HeET HERADG 57 (Figure 6-1)

y=123.43¢ 0287 R2=0.74,P<0.01 (12)

yr T Cs &8 £ 7R R S ERTOFLONK
M Cs JREEZ 100 & L7Z3BA0RE KT &
DG Cs IREEIE, %

T: gtk Cs 2& Wiz oI 2 % o B,
H

K126 FLOFEHE Cs DE R HT1L 4.2
HEHEHI N,

6.4 E%

6.4.1 FLOFEEE Y T AOWE

TG Cs % & Tofalsh 248 HL L CTHLO B Cs 2
FEMS 14.4 Bg/kg-fresh T - 72 FLAHTx LT i
P Cs 28 FRWEEHIEIRR 2 TR 5725 & 15 H%
ZIFFLOGE Cs 3o T & 722 < 72 ¥ (Figure 6-1) .
5% 0 Bk & EEHIR X FEOFLOFGIE Cs B
100 & L7=3a0r6E BT & OREHE Cs 1B
BIA AR & HEE 3 5 B A3 S o7z
(Figure 6-1) ,

—HE (1996) 1%, £ 50 Bg/ H Dbkl 2 fEH L, FLo
TG Cs JREEAY 0.2 B/kg-fresh DA FLO G
Cs IREOEMZRERE 49 B EHE L TEY,

Takahashi eral. (2012) %, 15,012 Bq/ H Ofifh 8 H)
U ALOKERE Cs JREEDS 36 Bg/kg-fresh DA
W A 6 B, 14 BRRIITEE Cs 28 %
RVERIZFEE L TCWA L LE IR T4 22 %
WELTWD, £, 7 (2012) 1%, 26,700 Bg/H
OB R L FLO T Cs IR D3 49 B/kg-fresh
O%E. AR A 52 B, 7 HEIZE 13
Bg/kg-fresh (2R & <AL, 33 HIZIZIT 4 Boke-
fresh (2725 Z & 2#iE LT 5,

INHOZ DD, OB Cs DAY R
BHEIC K& @I b o LR SN, F72.
T Cs FEHRIE, FLOBEHE Cs DA A0
TR L TR H T 0 RIE S 72003, HLOGE
Cs DR TE 72 < 225 £ TORRICR L T4
DT EMHEE SN, S BIT, B Cs 23 £ 720
FARHZ O X BRTOILOBER M Cs IREN, Lok
SHE Cs BEOWANCES 5 BHUTHETH 2 &N
TR ST,

AFRER TS DN FLO B Cs OEYEH R
WaHeET 2R, 7R (2012) oI 54
Wy 2 HEE 9 5 20 & [FRR O 277 L TR
0. SHROBEREMRT D 2 SIS X VIS m T
HHDEEZ LN, ARBROBRAL D, Bt
Cs Za e AMER S - Cs 28 72
WETEHZ O X 7o 556, FLOKEYE Cs IREEDY 50
Bg/kg-fresh T o755, FLOKBGME Cs IREEZ 10
Bg/kg-fresh AT H720H121%, 8 HEL LD BN
WL 725 T EsiE s N,

INHDZ DD HLOKERME Cs IR DS 14 Bg/kg-
fresh Th D551, BEE Cs 25 W R A G
HLTHLILOMEHE Cs Bt En2< b £ T
I$ 15 HEEE O BN MBI /25 Z E DV ST,
7272 L, FLOBURE Cs JREEMDS 14 Bg/kg-fresh % 1[H]
HEAIE. B Cs EEENEE L, oMM
Cs 7% 10 Bg/kg-fresh Afi, F7zid, RIRHIZARD E
TICET HHFIIEL D Z LITHE T DL ER D
V. FLOKURTE Cs #2EE % 10 Bg/kg-fresh Al 3%
7eOIZiX, 8 HLL EDOKURTE Cs 25 £ 72 EOfG
HEATHOMEN B D EHEEE ST,

EI1E BREEE

HTETIE, CNETOREEZ D LT, fiklolk
B Cs EFLOJEHE Cs & DREFR, F~D i Cs
PEHOEENE, B4 T A ~ & PB OILA~D M Cs
BATIHIN R O i &5, Fm OEEWEK I L
10 Bg/kg-fresh AJiliOFLAPEEAT 5 7o O O E B
FHEIZOWNWTELZE LT,

71 FRIORERMEY Vv LRE L HLoR R
T LREE & OERfR
ABFFETIX. BUHYE Cs 25 Tefill 2480 L 7= s
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FLFCHBNT, 200/ HOP AT A FEBLE3.0gH
PLEDPB 285925 2 L2k 0| i Cs s #l
Z WIS b Helg U CRIED B L~
Cs OBATIIHIH &4, Fm BLOVCRITEA L,
DOHPE Cs BEEIX, ¥4 T4 MEEICXY 65
Bg/kg-fresh, PB #%5-1Z X ¥ 8.6—4.2 Bg/kg-fresh & 72
77,

Fa GBI M Cs IR 500 Bg/kg-dry A ©
HIUL. B4 T A bCPB A E$ 5 Z L THOME
P Cs IREEIX, RO EEEE (BEAJ#r4,2012) T
&% 50 Bglkg-fresh AilZ72 % 2 & DR S 4L, &
DICHEE ORD DHALOHSE Cs BIETHD 10
Ba/kg-fresh A I 4D Z EARB S Nz, A
R TOHEE Cs WAE 2 R WA D Fm I,
R 4.77x10° (55 4 38%) . B/ 1.68x10° (55 5 3t
BR) Th Y, Fm OEBMRES L OSRKIE & o IMED
ZENEIIRE <, CR bIREEROMAITh > 72, filkto
T Cs BEEEAY 500 Bo/kg-dry Riifi Cdh> Th, Jik
SR Cs BEEN 2 5 2 212k v . FLoME M Cs
TREEDS 10 Bg/kg-fresh Z 42 Z & AL Sz,

ZDZEND, GEIOIGHE Cs DOIREEDHERIC
HOET, BE Cs 2 E 0Bt 524 g+
HZ LR, HdE Cs FEEEOHIIR Ak LT
Ehi L TS BER DD EHE X BT,

72 E~OBSHEET U LAFEHOEEN
ARFFETIL PB %5925 Z L2 L0 | R Cs
DFE~OYEHEIG S 90%LL L& 7poTe, Fio, JRE
FLO e Cs BEHE DO TGt Cs Mgl oo 45 4
REABEECI DD LT —ETh ol ZOREFIL,
Arnaud et al. (1988). Giese (1989). Unsworth et al.
(1989) . Voigt et al. (1989) H3 /% L7-fES: L [FIEET
HY . WIAT I o THEIRE N HEHE Cs D~
OHEHIE M Cs Db FEAHEHRRIE TH D |
FHAOPH ORI, FL~DIEM: Cs OBITZH
T D7D DR/ TIEE B 2 BT,
—h.BATA FEEEGLTH, g Cs o#~
OHEHEENIT DEFIE R SN2 > T2 b DD, R
& AL Cs BEH D FLi T E Cs s oA
ORI DD BT —ETh o7, ZOfE
Rix, H (2012) OfERELFERTH Y, BESh
=B FTA bR —RA T T A IR £
D, EHEH I ot E 2 BN, W LT
AT A M FEE TN SN DR A E L,
Z OfFINITE A TIE N SE L 72 5 2 & DS HERI
STz, Fio, R S 7= i Cs DL & JR
~OHEHEIE BT ST 5 Z L1, BB PRI L
WZ EWRBEESNT, b0 Enn, EBIL
HEHE Cs OFILA~OBATEIHIT D720, Fid
M Cs ZAMNZEEA~PEH S0 E\HELE 2D |
SHE Cs WS AIOFI I, U Cs % & Tokifakto
AEPEDMGE LT D HBIC IO TR, iR Cs TR

JEAS 10 Bo/kg-fresh AR DFLAPEICH N T 5 L H#HE
gan-,

73 BFI5A4 eI TT U TN—DIA~DIK
FHEE v U LABATIRIZNR O i

731 BFSA LTI T T N—DHE

ARFGE Tl FLOBGHE Cs I, 200/ HOE
FT A FMEEIZX D Fm % 277107, PB O 5T
2.07x107, CR (ZEA T A FOF LT 5.08x102, PB
DOFET4.00x102 L7poT-, ZNHDOZ LiE, AlA
R LEEAT A M, OB Cs |BE%L 10
Bq/kg-fresh Al 275 72 DI, FEO il Cs 2
JE 1% 200 Bg/kg-dry. Jici: Cs B 3,600 Bg/ H 23
LERT, ZhvE EFD EAOKEE Cs I|REZ 10
B/kg-dry AP35 Z LT EE LV EHEER SR
770 —J5. AEEH L72 PB Tl ALOHEE Cs 1
J& % 10 B/kg-fresh A 1295 72 IV, Al Kk
P Cs #1250 Ba/kg-dry FUhE Cs #E =1 4,800
Bg/HA ERRIZZ2 D EHEER S, 2D &I,
PB IE. FLOBEE Cs £ % 10 Bg/kg-fresh A2
P 2B, A SR O BEHE Cs IRED LR
J OV Cs #BIED FRIZ, B4 T4 FED D
20%LL EEnWEE X b, £io, PBIE, BA T A
k&b U T VW HET, B DI~ DU
Cs ODRATZIIHI LTIV, HdE Cs OWAEZDIN
BWVIERITH D Z LR SN,

YA T4 Mafki b LT 1.0 g BET5 L,
Fm 1% 3.09x10° L B4 T4 ha&Kb LAaWEE LI
LT 5 2 LR S L, D BEOEBIET
HoTH, BATA bOEHBEERKELTDHZ L
(2L Y PB [RRICZRANCHSHE Cs 2535 2
EWRE I, VEOEATA MEaROES5T 5
F1ETIE72 < \PB OFGRERIZEEIC RS T 572
E LU CHEGANI R S B2 HIEE MR L QS pBE
NhbEEZLNTZ, o, B4FIA4 8 (T
FA R 1, A A USRI KV Cs A AU B WE
THN, TOFEREINDA A 0E, TRV UAE
XAV T L THD EHEER S LD M, NIMS (2012)
AWRTERBY, BATA FOyHEET—ETIER
<, PEHIOEW, R f-ORKEZ IOE, G &K
SR COFARLDIENZ XV | WFLAFOFFREBRIZY
BRI TTH ) T LA DR SH D Z & h
5. EHE Cs WAl LCTRIAT 2560847
A FORBUZ DN T E BRI L TS LERH D
LEZ N,

732 FNALT I N—FIHOFE

BATA MR TOfEEE LTREL TS Z &
\Zxt LT, PB I, faERCEERRNII) & 2 W B H
EEGLE L TORANDN2INTE LT, BEMTH
BT ET D 2 LIXTERY, FED BILA~O
P Cs BATIIHI D72 D1Z, PB OZhFAIFEE 512 O T
R %Z S HICHED D VENH D L E X Bz,
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AHFFETIL PB & [HPHRICIRS L TG 554
IZ. PB & B OREAVEIZ L 0 @ 1E 72 & D PB HME
RCcE7pnWZ LR SN, 43.1 55 4 75RO PB
B L O Giese ¥al12 L5 PB R EIZWVT LY
BELTWERETHD 30 gH L TR
Tholz, WEIE eSOt E R+ 572
DIZEFE OB EZIRIE T VA TR I
NERIZL T 72U AR VIRORINEZ KR
75 Z & T, PBEZHEEIGEIT 3200 720 | 48
ELTWe50g/HD 6500 EDEEEIER LU
PB & & 72 o7, EEEEREOHINX, PB ©
FFo7 2 /3 (NHy) I2LD7 =7 BOMHIS
REAHEZAK T ST D AREEO B D~ 7 %2 7 AN
BIZR ST Z ENERTHD EHEH ST, Lol
RN 52088 L7256, BIHERETE5 2
Lix, kT Y U A PB OFRES B KRIZRD
Z EBHEZR ST, Hove (1993) 1%, PB 23RF- DL
BHIEAIE L COMEIZE D, PBIREN 5% —10%%
B2 D LB OLZESE R T 2 E R LW
CERIERLCWD, ZDZ b, [EREOYME L
REL: % el U 72 Bl 2 AR & R o T O 4L
DOFRFIN S I D B2 bz,

WEHAETORMICHT-»>TiE, AARENED -5
TH G R/ I EIZ W T PB X 7 v
EA 4> (CN) &L= 7 & LTHbnb
72 WU B ASEL L 72 5, Arnaud et al. (1988)
1Z. PB 2MANT F L—RATX 25 L 9 0l
HC Nz 7= PB & W 7= b L— R BRIZEBW T, i
B 7 AT YR LanWZ A2 AE LD, PB
VL. HHE Cs WeEAl & L CoBF MDD, 1986 4
DF x)v ) TA VIR IPFEEFT RN, BINZIB0
THELBOFERIM & L TERRESNTEY, 108
WHOHGE Cs IREARIO 7= DIZAZNTIEH S
TW5 (IAEA,1997), 4514, [EINTO PB Fll ]z it
DHIZHTY W EO R L OEEF O
PB oV T ALEH ORI IEORFHIORE, s X
R L SN D PB O HREREE FTD PB I
WeoE LT it Cs OIEBUIZ DWW TRRET L T
D LRSIz, BEE Cs AL 725G
DHAA~DOBATINHI D T- 12 . PB OEIRNIIN £ 713
B HESG & U CTOMRRRE S HICHED 503
NbbHEEZ LN,

7.4 FED DIADOKESEE > U A OBITIRE
DEBHER
Fm X° CR |T¥2% KT FEHAOEIX %25 % 7~
e, BE Cs WE K& O 7 WA, kol
BHYE Cs PR TS IOV Cs B & IEOFHBAAN L
HAL., CR 1%, ML kD NDFom #EHu&ER L
ADFom It & EOMBER R bz, — 77, B4 7
A4 P EHWZEEO Fm id, UL 7= CP &, NDFom
ORI AR D NDFom &35 X O ADFom #

OFABIBIR N A DB TH > 7223, PB & W =5 A
1T, EODIEOMHEI L 72 0 BHRMED T TH - 72,
INBHDZ EiE, BEOWMEIZB W THE ST
B HREHEIE R R (Stewart ef al., 1965; Johnson et al.,
1968; —f, 1996) . HELOFESE, BWka G- EOEN
(Stewart et al., 1965; Ward et al., 1967; Hecht, 1992;
Voigt, 1993; Beresford et al., 2007) 3Kt Cs W57l
TG LT A OIEHE Cs DOERERD B FHA~DREAT
\RTHDEARRER E LTEEL TS Z AR
e ST, B Cs OV EE N OEER - A
TOMHEE L. AT A b PB O LENTOHE)
REDEWPA LT LHELE ST, Fm &) S
BH1-0I1E, i Cs OW LN OB 44
KTHILENREETHDLHEEZOLNDZ LD, i
$HE Cs OFLA~OBATIR D701, WAEH] & 41
FREHME 2 35 & 37 2 IRAK( OB FR ODIE N & LR
AL, 2RI SEE Cs ZHEHRET 2 ik
WZOWTHI BT L, B Cs WoE Al OFEER I
X B 7etks RO B DWW TR L T < 44
ERBHDHEZEZ I,

54 B L 5 BRI W T IEE Cs g e
BEOBRE & YA L— 3 OYHERF SRR 5 1 T 7
STWNAHEDTH-7-.Fm & CR BN KNEE - 7-
NU=TINTA T T AOREME Cs WKL, 7
F =TT MK DEBILEIC L D15 E LT,
HEERWIIC X D IR L ORI TH Y . F/
EE 22728 5 BBRICBIT A —F vy — R 77 A%
FITRIRRIN CH -T2 LEZ B, EhiIcL=
TIVTA T T AL 2010 FFRROFHEEHTH D (2011
3 HOBEMBETIRIED 3RV L OO+ AR &
el LNz, — 05, A—TF v — K7 T A ITBFER
HWTHY, 3 HOBEMETHORERATAM L Tz
2, TR SN T\ otz DO Z ENDG, Fm
OEENERNZ, HfE, BEHOEHER, 2FAT
— UM DI N B D FTREME S # 2 BT,
Z OFERIT Beresford ef al. (2000) <> Howard ef al.
(2009b) D L 1T > TUN=2S, AR L A
RAEB AT —VI2 L D NDFom & #3 LY ADFom
GROENE T 51O OFFTIIRN-T- 2 &
225 Fm 3 X O CR OZEBEK OFFEIZTE 2o
77

Ltk FRIDBHA~OHEM: Cs BT 217 -
TV D 2T, FRARMIN S EDOROE N 5 AEPE S U
T-EELORI N L E 72 D720, FEVEEZIT S 72
DIZIE, BEEOHEE Cs W R Ok A3 =
WSz, 7=, i Cs IR ELRE DE AL DU
THRPDPMETHD EEZ BN, DI, W
Pk Cs JREED 10 Bg/kg-fresh A DFLOAEFED T2 8,
Fm 3 X CR (TR % 5 2 DEIEHA OB & 115
D> DBOEA~OIEEHE Cs WIEMHNZ DU THFZE 24
FECThHDHEEZ LI,

—J5 . Fm X° CR (T8 % LT T FEMOERN %%
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ZT-85E . AMFZETIE, Fm i35 E Cs s #I#% 5
DAL OTHEEAOHENRR N, £,
CR [T Cs WeERIZ AWV2WEAEB X UVPB %
G H5A1E, KR & EOMBN RS-,
BATA Mefh LT-GAE, REE OMEBITRS
NIRo T, WU & OFBL. HEE Cs s
K 5-OF TR LOFEH T TR Fm BX
Y CR IS DS MOBERIL, fEHA DA &
ol U T2 R & Ao 72,

FLEL Fm BLOCR OEHRIT, AENZ 5
Lok, EBRLE—EROKEE Cs BNEIRSh
Teled) LR I D08, B IE & Fm 38 K OVCR
DOBMRIZ, HEE Cs WAEARG-OFREIZIZZD
FERIEIC & 0 37 o 7 JFRNIARZE ClasFEd 5 2 &
X Cx 7ot

ZDZEND, FEEEIZBIT DIA~ORGHE Cs
BATHIRIOT- 012, 7% B #ECHLEIS U T 53
LHEBRHIGTE Cs WEAIZTHEE L TWOS LERH
DI ENHER SN, £io. RGEREOSEREHC
L0 M Cs WIHI O ZhEA R AR IRIC 72 5 K
D oG HEEVEI S e L QWO R H D L E 2
DAz, HORE Cs ZETeETEM A E) i < itz
FUT 10 Ba/kg-fresh A OFLAZPED 7o D121, 3 1FE
BORUSE Cs WAE A A ERICWHFITBIRES 2
FREHAITI L ThDH EEZ LN,

7.5 FLOBEHEE S T AEREE A 10 B/kg-fresh R
WIZT DD OEEFHIE

IAEA (2010) 1%, Fm Of/IME & e REICITR X
RMEER LTS, DF 0 | EIEOHE M Cs JREEN
RS THHLDOHEME Cs IRENm L 2D L ENH D |
Fio, FPEIOBEME Cs JRED E < TH ALK
Cs BEMEL 22D Z LR LT 5, HdH s Cs 2
FEA 250 Bg/kg-dry Oflklz 20 kg/ HEEELL, 5,000
Bq/H OFHE Cs ZER L7 35A IO EHE Cs
REZRET 5 L IAEA (2010) ([ZX > TRShT
/N> Fm fE 6.0x10* TIXFLOMEME Cs AL 3
Bg/kg-fresh &720 KD Fm i 6.8x107 Tl 340
Bg/kg-fresh & 725, B HGHM: Cs JREED 500
Bg/kg-dry &jifi T > TH Fm 3@V AL, FOL
P Cs J2FE1T 50 Ba/kg-fresh 532 AlREMEN &
HZEERELTWND,

AW T E Cs AR Z W20 GEIC
1,633—15,220 B/ H Ottt Cs 28T 2% &, Fm
IR T 5.76x107, ¥ T 3.56x10° & 72> 7= (Table
57), ZOZ &L, KD Fm & W CTILO
Cs IBEZRAT S &, AOEMEETHD 50 Bgke-
fresh (B4, 2012) OILEEET H7-OIIE,
8,680 Bq/ H Dttt Cs BHEN LR & 700 | flkto
T Cs JREEAN 500 Bg/kg-dry L T THAUE, &k
& LT 17.3kg-dry/ H OBENAIEETH D Z E DR S
Niz, Fiz, FHO Fm 2 HWCRET 5 & 14,000

Bq/ H O Cs 18HS R & 720 | fpkl & LT 28
kg-dry/ H OB A[RETH D Z L RS,

ZDOZ Lk, BEEEOBETE Cs B 500
Bg/kg-dry LA T CThHIUZL, OB IEZTHEST 5 2
LT &0 OB Cs JREE % 50 Bg/kg-fresh A
(CHERFC& B LRS-, L L, i Cs W
Bl FAZ2 WA T FLOTER M Cs JREEIL ) 15.4
Bg/kg-fresh (Table5-7) L7200  HAFEEHEDRKRD S 10
Ba/kg-fresh AJili DFLAPEITEE L < 725, AMFETH:
HAZ Fm B L ONCR M5, RO B Cs JREEAS
150 Bq/kg-dry AJiti, i Cs 2 EUES 2,800 Bg/H
KR THIUT, B Cs WER 25T 5 L
<. FLOGHE Cs #2 % 10 Bg/kg-fresh A | 2471l
TXpHEEZONT,

%3 E T, BA T4 MEEEZ 200—400 g/ H
B U350, SLOBERE Cs JREEFS KOV Fm (340
A, HLOBEHE Cs IREIL 6.5 Bg/kg-fresh & 72>
72 LML, 100g B#&5 L7-5AOREHE Cs BT
MR OBEIT R SN ienoTz, ZDZ ENDB, 500
Bq/kg-dry A D i Cs & Gt efiBl A 4a5- X i
LEaDEATA MEGEIL 200 g HPHEETH D &
% %z B, 10 Bg/kg-fresh Kl OFLAEFENATRETH 5
Z DR I, AR TS LA Fm B8 KX TOVCR
Do, RO Cs LT 200 Ba/kg-dry Aii
T Cs FEEEAS 3,600 B/ H ARG ThiuE, B4
T4 M 200 g HUL ERGT 52 L2k 0, ok
HHPE Cs 2 % 10 Bg/kg-fresh AR ICHf T& 5 2 &
DRI X7z,

—F., H4ETIL, PBERELX3.0gHMUEEL
7o & ZFLOHEHE Cs JRAEFS KOV Fm 1 3#0H] S 4, $L
D Cs #EEE 1T 8.6 Bg/kg-fresh & 720 . Fm (3%
/N021x107, Bk 2.61x10° L 72 o7-, £7-. PBE
BEEOHANZ L0 HA~DOHEHE Cs OBATHHIZh R
DELIRD ZENHER ST, 2O Enb, UV
75 PB % HHICEINTE 25:F 2B\ T, AOKE
Pk Cs I % 10 Bg/kg-fresh A9~ 572 0I21E, #65-
FA D FicdPE Cs FEEEAS 3,500 Bg/ H D& 1.7 g/
H. 8,000Bq/HDEAE1EL5.0g/ H D PB FHA LB
725 ENRA SN, £ AW THE LN Fm
BROCR 16, BB M Cs JREEDS 250 Bg/ke-
dry A, S PE Cs FEHUEDS 4,800 Bq/ H Al Cdi
X, PB % 3.0/ HL LGS 2 Z & THOREHE Cs
IREEZ 10 Bo/kg-fresh Al ZHN| T & 5 Z & AR
Nz,

N0z ENDL, BAT4 b LLIEL PB OF
FAZ X0 HLOKEME Cs R % 10 Bg/kg-fresh A 12
TE D LMW SN, 7o, Fm OFEMREIT R
<. HHE Cs OIA~OBATICH T D AEEIT R X
725 Z &6 B O ETFAE 500 Bg/kg-dry 7
TOHGHE Cs BEDOEEI ChHh->TH, M Cs %
FGUEEIZFE L CWDEEIE, U AT ZH/NRIZ
Mz, 61T, OB Cs JEE% 10 Bg/kg-fresh
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ARG D T2 DI WFLA TR U TR Cs 1%
EREREGETDZENEE LW s, B4
T A MIETEFOFEE Cs FREEDY 500 Bg/kg-dry A
NTHISNAEAITHEA L, PB IS i Cs
TEFEAMIK S | SRHERHB IRV D 72 < BEADHEHE Cs
PEH B D22 RBLZ BN T, B LV Vil Cs
DEARF~DIB AR TE D £ D IARIRBG IR R
DEAIERT 5 X 5 7ol Cs WAEAIOME sy
TRERNTHD Z LRI,

BICs 1328 30 4R &R <, RRY D EEHIY &
ZhY | BB L OFEEOHE M Cs WIINHIRR
ITEMICEASZ EPNEESND 2D, BT
P Cs Z4BELL 72355 OFHE rIRE 7R FLA~D G Cs
BATHIRI D701, AWFFTIE, 248« Ll a4
Bt oMt D—BhZ o2 b D EE X bz, 514
1%, FLOBER M Cs W] O 7= D1z, a5 Fo~
DEEHE Cs BBATO R 2 fhT, g Cs g Al D
SR GRS L OB ZRET L, b Tk
S Cs ORI FLFR 36 & O 7= 7 e Cs W7l
DOERFRZEAT, HE Cs 28 72 WAAFED =D
DR ZESE T MENH D Z LDV ST,

7.6 FERR

ABFZEDFE R, SR ORETIE Cs HEEE A R
PEB DTED HEETAE (500 Bgkg-dry) Aiifi Ch
UL, B4 74 b0 PB Zfa 5 L2 < THIEATE)
BOTED HILOFMEE (50 Ba/kg-fresh) AiifiDFLA
PENTZ D08, FLOKUHE Cs JRE % 10 Bo/kg A
(ZHNHT DI Cs FBEER 2 HIPR9 2 MBS
&Y BRI Cs JREEDS 150 Bg/kg-dry PA E,
T Cs FBEUR7 2,800 B/ H LA EH A1, ik
FHE Cs WAERN DB G RULETH D Z EVRS T,
T Cs WAERZRGTHZLICLY, FREN
B RO BT Cs PR FEFS I OVEHE: Cs SRR I
KI5 ErREnT,

H T Cs AR 253 56, FLOHGE Cs
IR % 10 Ba/kg-fresh A2 5 72 OIIE, TP S
BEE O HETE Cs JREER KOV Cs FEREIT.,
FRPEFOD TS Cs #3200 Bo/kg-dry A, HCH M
Cs OIERUED 3,600 B/ HAH ThHIUX. EAF A b
%200 g HU LR GT 208 R"H Y, -, fakto
TEHE Cs JREEAS 250 B/kg-dry A, it Cs 1%
B 4,800 Bg/ H A CTdhiuiE, PB & 3g/H L E#
G0 ENHDL Z LIRS,

AT A ~& PB OFUERME Cs Wag DFeE & 203
125720 PBIZEAT A b0 D75 & TER
L 7=t Cs 22 & iz U CTHA~D S Cs
DT 2P L PB Z EHEIZIRE L CRIHT 5 2
EIZEY, BT PB ZWFLFICEREES Z &0
TE A EPRENT,

BRI N EE Cs 13~ b2 < PR S,
FLERA~OPEHITFE L 0 V72 < | ZOHIT—ETH

D720, B Cs WA RIOBGAZ L D FA~DJis
P Cs OHEHREIL, (AN D OBMREZ B/ NRIZ T
B L BT, OB Cs PEE A S E 5405
7R TETH D Z LR ENT-,

A S FAD G Cs OBATHRIECTdH 5 Fm D
ZEEh BN IETRE O i Cs R e Cs fEHUE:,
HEHMEE R & ORI R S =03, BRIk -
T 0.96x10°—5.79x10° OHFIFICRE S LB 52 &
DVRENTZ, FLOFEHE Cs IR 2 MEFZIC 10 Bo/ke-
fresh A2 H720O121%, Fm OEEERZ X 512
R L CW ZEMASBOBEE D Z EDVREN
77

HEE

AWfGeR L0 F L DDHITHIZY | BIRBPERTFUE
ez OAEH ERE LIS HE & U Th, B8
TER S L TRUEZIHY . T ZIZHEA CRGHO
BrRLET, WASERFEESHER LIZI3EIFE
YR L LT, BERRRE OB E 52 T
X, WERZEELY ., EHoBEERLET, L
TERFUEBEZ RN LR LI RS & L C
YU L 0 RBRTO ZHRE L THE A0 . K
WMOBERLET,

ARIeH FhiT 212720 | HEHRRE RO Z
Rl TR E WD AR E BRI SE
T H— DO RWEEEZ, 5K IEFHEBER 00 B
WMOBAERLET, £o, BREORE, MEIHT.
WHERIZED Z BB LTS 2 W W B AS
T HEMRKSHBRT ~ 31— v —fRRE L, A
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73, 10 B/kg-fresh A OO FL A A ET 2 7o 6O DR Al
OEFNZDOWTHIMET STV RV, A58 10
Bg/kg-fresh AT OFLAEFES B HIZ IFLA D~ 48 R
ZHAWTHEME Cs WERITHHEATA ML)
TN T T N— (PB) DILA~DHEE Cs (21T
P h I A M L7z,

952 BCIINTE Cs 2 G Tk 24657 2 filss
ARER ORI BRI 2 5 ET S 72, 1 BHOW
LRI Cs R EEAS 202 Bo/kg-dry D5E4IRAfR
BE (TMR) #ifah- L, B Cs #EEE OFLOKEG
P Cs BEOHERE 2T, ZORER, Lo HEHE
Cs JEFEEITHME Cs 2 E etk 5% 11 BB TF
BHZEE L2 Z & D, ABFSEIZ IS8T D R B
I 14 BRRETHATH D LYk LTz,

W3 BT, HEHE Cs D) B HLA~DOBATHN
FNCkIT D EBAT A FOMREKRET 5720, BA
TA NOEEECIREE X 2. C 3 Ok % 5
i Uz, 25 1 RRBRTIE, HCHE Cs IREEDS 202 Bg/ke-
dry @ TMR Ziah L7z, B4 74 & 0,
200, 400 g/ G- L1z, ZOR5F., B4 T4 ho#E
AT X 0L ORI Cs I 147 7225 6.5 Bglkg-
fresh (2 fAEF) B FA~D HEE Cs DA TH%5L (Fm)
1. 346X103 7225 1.50X 103 12 L=, 55 2 3B
TIE L L CREFEZIER LI EA T A F 1.0g/
H% . J Cs B2 95 Bg/kg-dry @ TMR & #55-
LTI G- Lz, b L7 BA T 4 h ok
BIZ L0 HLOBEE Cs I 6.4 2D 5.0 Bake-
fresh ~JE> L. Fm & 4.04 X107 2>5 3.09 X 1073 {24
il A7, 56 3 BB TUdL HURE Cs I3 215 Bg/kg-
dry ® TMR % #55- L7242, b— A U PIRE T
HSE Cs OV AARdEd 5 B CIIEHELEE L
=474 8, Bl1iBrTHW=EA T4 2%
100 g/ H$ - L7, FLOBGE Cs IR L O Fm 13
WTNDOEA T A MG THIHl S e o7z,

4 B CIIHEE Cs OB & FLA~DBL T
\Zx3 % PB OZVRZET 272 PB O bl
Z 2 [\IFEH L7z, 265 4 SRBR T, Hdit Cs AN
175 Bg/kg-dry @ TMR Z#55- L7232, PB [ETE
BWAAHKED L3O #&E L, PBEIUEITO0
—3.0 g/H & 720 PB EEEDIINI EWFLO HUH
Pk Cs IR 16.4 75 8.6 Bg/kg-fresh (2, Fm 1% 4.77
X103 725 2.61 X 107 12 L7z, 55 5 s Tl f
M Cs 127N 927 Ba/kg-dry @ TMR % #55- L 7=

FLA BT A2 T L7 PB [ETRE 4 H HRERA b
LT R#&E Lz, PBHEIEIZ0—189g/H &7
¥ | PB BB ORI ESGEIC LV PB BEE A &
% Z L INTE 72, PB EHEOHIN O FLO TG
Cs 213 24.3 7> 5 4.2 Bg/kg-fresh (2, Fm |% 1.68 ¥
1037225 028 X 102 12 L=,

FSETIIFIERBLIOHE 4 ETHEHA L0148
SHORERZ RN U, FLOBURE Cs R L K
ETER ARG Uiz, AW TG U ek o fids
P Cs BT 95—1,047 Bg/kg-dry OFPHTH Y . F
DR Cs JEDNV-EIE L ORKMEIE 154, 32.0
Bg/kg-fresh T o7z, FLOKGHE Cs JREIXEED
TR Cs IREESOHURE Cs fBEE DI, B4 T A
k5 L OVPB O F 580k G-l kD NDF JEE DN
VMK T35 2 EVRIE Sz, —J5, Fm 3B
T4 FBLOPB OFGICL > TR F LA, £F)
MRS K& v 72 (CEH:2.80X 107, ZREMRE:49%) ,

% 6 T CIIHEE Cs & Tfapltoia 52 il L
THGHE Cs 28 72N B 0 B2 7=tk DFLO
TEHE Cs B OHERB A7~ T, & OREE. FLOJS
PECs 1% 4.2 BT L, HGHE Cs BARMIIC 2 2
FTIZIS HEE L7z, o5 50 Bgkg-fresh O
P Cs D3R S5 6 . HUME Cs IR % 10 Bg/ke-
fresh AT H72DITIE, HGHE Cs 25 £ 720 i
kta 8 HUL G592 48035 5 LRS-,

ZIHDZ D BG HATEIO HUR M Cs SR EE DS 500
Ba/kg-dry A ThiuE, FLOKEME Cs IREA 50
Bq/kg-fresh A4l fEFF CE B4 74 M LILPB
DOFEAT X0 Lot Cs #2E % 10 Bg/kg AR 12
T&E D LM sz, £72, B Cs DILA~DBAT
BOEENIREN LD, HEHE Cs & Tefifkt
R L CWDEGEIEL, EITHUEE Cs Wag Al %%
B4 52 EREE LV RSN,
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