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Abbreviation list

ARG: Autoradiogram

Ca: Calcium

Cs: Cesium

CsCl: Cesium Chloride

Ge: Germanium

Te: Tellurium

I: Todine

ICP-MS: Inductive coupled plasma mass spectrometry
IP: Imaging plate

K: Potassium

PSL: Photo stimulated luminescence
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BES

Table 1. Radioactive concentration in the blood clots, serum, feces and soil samples collected on

April 10, 2011 at noon from a pig at farm within 20 km of the Fukushima Daiichi nuclear power

plant
blood clots Serum feces soil

MTe (0.106 MeV) N.D. N.D. N.D. 192,057

B11(0.364 MeV) N.D. N.D. 1,098 111,207
P4Cs (0.605 MeV) 203 N.D. 552 200,199
PCs (1.048 MeV) N.D. N.D. N.D. 9,067
P7Cs (0.662 MeV) 280 N.D. 687 24,152

(Ba/kg)

N.D.: Peaks were not detected.
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Fig. 1. Autoradiogram of control (a) and the sampled (b) skeletal muscle of

pig and positive control (c; ginger) exposed to test materials for 31 days.
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Fig. 2. y-ray spectrum of the soil around the pigpen. **Cs and "*’Cs were

detected.
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Table 2. Radioactive concentration in a pig* which was exposed within 20 km of the
Fukushima Daiichi nuclear power plant

134Cs (0.605 MeV) ¥Cs (0.662 MeV) K (1.50 MeV)

belly ham loin heart belly ham loin heart belly ham loin heart

Calculated
value  with

58.9 59.6 64.3 31.8 70.7 68.9 79.6 41.1 99.6 110.3 104.5 98.8
physical half

life**

Estimated
value  with

157.7 159.6 1722 85.2 182.8 178.1  205.8 106.3 Hokkx Hkkok Hkkok Fokkx
effective half

life ***

(Ba/kg)
*Exposure period: 17 days: clean period: 41 days
**Physical half life: '**Cs 2 years, *’Cs 30 years, **K 1.248x10° years
When the pig was slaughtered (10 May 2011)
***Effective half life of pigs were calculated by biological half life: **Cs 29 days,
B7Cs 30 days
When the pig was escaped to the clean area (29 March 2011)
*#***Natural contaminated *’K can’t be corrected by biological half life.
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FIHIE L7, Bbic y AT M THREMERAMTE 2 FE L7,

Rt 2 G A REEE XS TR SN EAL ) DR D ARG
2.1. @k

BEE R IERETEFSLEEND 21 » Atk (20124 12 A) IZ&
AR T E LA ) vy (B, (KK 100 cm, K 100 kg)
DEREAL L Lz, A/ v ORIF, EFOBEL L TEEN 3-4
AN BEL Tz,

2.2. ARG fEK

A s v oRiT, 3 ArkEmy, REEERSNT, B2 8
el v 7 CalM%, IP (BAS-II, L7 A4, K, HA) T
HIET23 HEENR L2 3t Y 1%, BAS-1800-11 > 27 A% W\ T,

<
200 um D FFREETIT o712, S HIT, WA /> DE)B ARG THi#4

feshicksZz lEL, ZEOROR S L HEL L,
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Mt 3 FHHEAEEEXIE TR SN EA7 B0 PIcs ©
YT T T A

2.1. @

WmEE IR R EFTFELRENS 7 7 A% (2011 4 10 A) 23

] ) SRE B X IR O E TR L C Wiy B v (B, KR 80.0 cm, 1K

H4.0kg) EMHEALE,

22. VU F T T AMERK

s vk, Ny WA (e NEAT, 2 ARy T TR
Ry A7 MRS, KE, BAR) VR —al A —% (§hE
2.0 cm, NfE:1.0cm) Z#3E L T 3,600,000 HHHEHE L, Bk —
Na Y XA —=21F, Ny I RAT RN B ERSER ET, b
By BATNDH 50 cm, B A7 BT D 80.0 cm D FTICHHE E S
Ni-, £, B, "Csozx L X —E—V ZBBRLT, =2y
77 ANV AT ARRASAHL B BN AT L2 HNT 2 F 7T L
ZAER L T2,

2.3, Ja PR R oo 3R E

o7 B OBES, O, M, FTEE, EbEs s X OVURERE o
B & IR LA 2R I A TL, Ge 8K K H & (LB-GMX-30190-HJ) Tl
EL VY% 0.03-2.0MeV & L, 40,000 PRIME LR, oy A
X7 T PCs BFE L, IR B IS EL R A E LT PTCs
REZHEMHLE,

3. AER
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BRFH1 CTHOLNL ARG I, RN EV LV DOAEBETERNS BHO
— @ E TIC—FH L CH B IR, BT BT ORECTEHAG
SN2 ol (Fig.3), £72, g7 2 O ARG THEB /LI N T
WEOE SIX, 62.3, 573 BELU65.1 mm C, EEOHHR N7 v
DAEOEIIX, TN Ei 87.3, 93.7 B LW 97.5mm TH - 7= (Table
3) WTFNDEDL, ARG THE LI NTER SIE, EEORSI LD D
B, 2EREBLLEINTZL OB, 512, ARG ® PSL/mm’
i, WINORMELEEND 30-35mm O E TR EWHEZRL,
10-15mm Ao 7T 7 7 A v —7 %= L7 (Fig. 4).

Fo, RN EVCDORBO yBREALZ FT P Cs B IO PCs
MW &7 (Fig. 5-a), L2 L, {BEAZESCDOREOD v ANR
J MVICHS RN C R 2R E R LANLO y A BRME SR o
7= (Fig. 5-b),

Bit2 THOLNIZHERA /> O8O ARG X, KA A 7 ik 4 vE A AL
TLHEDN Az~ LT (Fig.6), T LT, #iha /v ro&Eix, BRI
I WEBHN ARG TEBIL IR oTc, S BT, BEKZ BT L 72 & (Fig.
-a) X, BARESE G I 2o, BERE S R (Fig. 6-b, 6-¢)
X, BRESEGRILS T, £, A D ARG THIf{b S
TEROE XX, 553, 7182 B X VNS51.1mm T, EEOHBKRA S v D
BORESIE, ThZEh 1162, 1364 B LN 117.8mm THho72, WTh
DHbH, ARG THIB(LINEE S, EEOE S LV L, 2EN

H LSz OLED - 7= (Table 4),

Bat3 cELREZERAZES DY F T A%, PCs O &
ML, EHcRbEWT YT o 22 L7z (Fig. 7). 72, #RA
7 ey OEE, Ok, M, I, HAEBS L OEKRGO Ves RE S
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Table 5 2~

4. HE

YREGLHI ) TN, BIHORNT - ERECHEShL WD, £
7o, ERNODEFBEZIZAV VARG ENRLDZ EDRHESINLTND (6), Z
nooZEnt, BV TANE, NIZEVUVDREBEELOA S TDOR
IC—ERETEAIND LHEINTL, 2T, "ZETUOliER
TS Vv v 08N EATDIHI TAICEEND KDY, IP ZEOET
LABEMERH T, LnLnb, A7 B rofilEl LU R
NITEYUDAED y AT AN, ROy BiIBE SN2 ro
oo BT, MEAZEYUCORE, N7 BT OFHOEF N
LELEETBLOHEBRA VP OROERKRENDLEROET ETO
ARG BHELNRNoT, TNHDOI DL, N EYVYOMEL IV
AV ORICHFET DL EEZOLND KBV EOD, K 5k
ENDyMEyBMARZ PALTRIBTE T, YK 2b KB Ehd A
IPERJICEETE ol BZBxbiz, — T, s v
DMEDO y A7 b PesB IR Pes ek, £/, W
WA 7 v un, HERoN B v A EIL L 7 F R X TR S
b, s B IO YCsONEIE R EZ T TV LR ST,
B Eshiz s B IO CsiE, yRREPBREKETS, 2O En
5, AEIO#HEHm N7 B DTS X OHEBRA 2 > D& D ARG I,
B34Cs @ B ## (0.658 MeV :70.2%, 0.415 MeV:2.5%, 3 X % 0.0888 MeV :
273%) BLOPCs D B (0.512 MeV : 94.6%, 3 X 1.174 MeV :
54%) THELNEEEZ LN,
HEBRHDLWVITEYWTHENPZEBREZZITZBICKE Lz PO FEE
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X, RELEHMICZENOR D EEmBECEETLIZERAMLATY
5 (2, 6, 27), [MERIZ, FeHPE Cs TWEBHINE LZBRICE L2iAE
1T, B U2 BRALIC S Cs 2 B0 L2 IR ICIKE L CHET 5 & i
HINl, 2O0ZEL, RAJEV VOB I OHEBKRA 2 v
DE D ARG THI B S L7 AL 1%, HE Cs O N IR 2 & o 72 B
W E LI2ffL e B 2 bz,

YU ADEBBOREREZ, WEPRS RDICHENHLS 2D,
0.3-1.0 mm/day (18) @EINTWD, £, Ny 20HEIX
0.2-0.5 mm/day (24), Z~ 77 ¥ 7 O{MEIX, 0.33 mm/day (16) T
METHEREINTNWD, TZT, "ZEVUVOREN T HY7ZD
03mm OFNG THE LI LFRT DL, 7 B2 OENNE
R L2 BEXOND@EE R AOREMFLY A (2011 43 A 12
H) o7 By a2 ETHIRL 72 20114 10 H EAIE TD 7
y AMIZ 64mm R L7 2 &2 D, ZHid, ARG THIRILSI TR
X (F65mm) IZMHYTD, 2o Ln, RN ETCDOIREDRK
EHELLTCHRELZ 0.3mm/day (£, vV A, Ry rBIlRNa~7
THYIOMEBORERE LT, #YREEEZLNT, £,
0.3 mm/day DOEEFEE L L PSL/mm? D — 27 O JEE NS, g2
B O NE IR A 30-50 H AT LZ EE X DR, TR
(i JEFIFE Y IR TR B SNz 7 & O NG Ye 28 i i v R T 3E o % 1
BHUIC X 2 REMER E W (34, 36, 41, 42) Z b, #ioNT BV
Y ONEWIR DAL, FRBEORRSTEHEE2ERLEZZ ETED
meEEZLNLE, TNETIE, BEANZEV YN 03-07km> DT U b

— I OREF S ERHESIATVD
(http://www.maff.go.jp/j/seisan/tyozyu/higai/h_manual/h20 03b/pdf/data

27



O.pdf), 2D b, s B, EHAICESEE2E 2, 75 Y
REORR ST-EHZEBRT 522 LT, FAHMICHNHBEEBREZ®RED KL -
EEZbNTE, &5, PSL/mm> DB — 27 1%, BRICESLITHE- T
LR, O 3-4 4 HAET (2011 4 6-7 H) I b &V PSL/mm® &
LT, 20, fEREND BT T THRHME Cs IBEN & WIS
BEoolZ ERWMRNIT BV OB TEEENSEM L Z &
T, WNEHBEAEIM Lz dEE 2 bR,

F72, VA /¥ (Hylochoerus meinertzhageni Thomas) O T D
EHE I, 0.4mm/day EHESNTWDS (8), £ T, #mA v
YOEMN 0.4 mm/day THE L72%H G, ARG THEBEILINTZEOR I M
B, WHHEELEESZS X DD MM N HE I L7z 290-341 HAT (2012
£ 12 0) D 146-167 HAT (20124 6-7H) FTLEEINE, 2
DZEND, BREONTWEREBLZLERBICHRVELTVD EH
Ao, TRETIE, For /) T4 ) FEKEOFAAL 7 v Tt
PECs WESHIE D FHI A PR HEINLTWD (10), £72, MEMED A
v, FERITREERE LTI ERREINL TS (11), 2012
F2HOBBRENO I I X006 S Cs 28, 20,000 Bq/kg #& tH & 4v7z
ZENnH Lo
( http://www.nikkei.com/article/DGXNASDG06020 W2A200C1CR8000/) ,
Flo, WAEX ) aOBHM Cs 5 (Fig. 8) BIXUOHAENZ7ET D
WS PE Cs TB YN S (38, 39), Z DI L, FFi 6y X
WMTARBLTWE#HgBRA /2 > 0E, BHEMICHEAME Cs 2R OEBHRL T
WERREERS D, TRICL DL T, #HiRA /v DOFD ARG T
2012 4F 8-11 HITH R LIc i 2z B b TE RN o7 2 &b, #h A
S E, 2012 17T A TERIAL TR 2% < BB 2 HL L, 2012

28



FE8-11 AR tEE2HEV EFERWVWHEZERL T EE R
bivle, 2O Z b, 3D ARG THEMOEIREL D Z LN TE 5
EEZbLNT,

LI, BWoNBEERRERZzEESTCEFEH,TE=XI T T5
ZEEMELT, BVCsoYrF T A BERLE, YCsoOMIEL, v
HATOBRHERY A XN5.0%x5.0cmD /Nyl AT EZH W=, LT,
BErdR—al A—2EEFELT, Erh—nal A —ZnbHiEHK
FCOHBEAZ80.0cm, BrE—al X—=nbylh AT £ TOHEE
#50cmé L, K E80.0 cmD M ~NT B2 & 1/1612HE/h L 72 (Fig. 9),
F7-, 33U A —F 2245 EE (Fig. 10) 2AX-17056, 18cméFHE S
= (12),

R=(a+b)/b+d SR -1

R: B Uh—ibal x— %7225y fiRGE

a  WEERNDLE A — L F To

b BHEENS E R — L E TOHEE

d : BALEE
ZOZLENG, KED 80.0cm DN B w458 (BHE, MW
L, MRS K OVKRBRES) BEIC Bl TBIRREERX b, £7,
PUFT I A, BEHTEWT YT 2R L, &6, PCs B
%, HIE%® (29.7kBq/kg) TEEEZ R L1z, HLENSESICALET
HZEML, YrF I T AL, PCsoREEEBLTERLEEZDLN
7=

Flo, HILEANEWIZE TV Y O FE 1 O K S R8I FE 2% & v
Z L% ARG THEFE L TWD (Fig. 1), ZDOZ &b, MILEDEW
BlesmE o R, BIRE o PiesiEf Lt ZEx bhi,
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—h, gm0 rF 7T AHEEIC 3,600,000 M A2 L2,
RERLEZFOHAEFHYM T CsODYUF I T AEED DI, B
TIRBECTEDLZENRMATHD, TOED, yH AT VAT LAOKRH
MBORENLELEEZ LN, MEZROWEIT, B L HER
DI Z ST 2L VA=A REKRTIENEZLND,
BB DR B HRIT, vy I AT LT EOERED 2 FICKHE] L TK
BIND, £, ErFA—AEE 1.0cm D 2.0cm (KT B &, =
U A —Z 223 REEN 18.0 cm 205 19.0 cm (21K T 2 2%, B H#hFRIX
MBI ECTEDEHEINT, &I, AXT-HATYEZREFIC
REfbkd s L%, WEECTHD, 22T, BPWOIHXZ2HMET 5EHB
WY A7 L (40) BWRLEEE X HILT,
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INFE

T A RE K e T - | L 7 B AR B 0 12 1 0 e i S R A T
FONHWROBEIZ, ARG LY VT 77 LD ER AR,

TAELED ARG 1T, NI CEORE & HICBICE R L 72 bk
CsOpfzmigib Lz, £72, ML INTZEORI L EORERE
o, EEONTEFRIEN LR TELLEEZIONTE, 2O b,
TR LTRD ARG T, MR VERIAL R GURREICAER T 28 DON
MyRE A BlE T A ENAEEE A LN, £, A —nal
A—REEEZE LNy D AT AT NE VT, 38X T
L Lz e PICs Dy v F 7T LB/ ENTEREHED
Ny v F 7T LOEENAIE, PCs DRENMIC—FHLEZ, 202
EM D, BEPERNLCHEDONMERERE L F 277 LA TRBETE 50
BEMEN RSB I,
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B S

Fig. 3. Autoradiogram of the control (a, b, and c¢) and sampled (d, e, and f)

vibrissae of a wild masked palm civet exposed to test materials for 34 days.
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Fig. 4. Profile curves of PSL/mm” of autoradiogram. PSL/mm?” was the
highest portion of 30-35 mm from the skin surface and showed a pattern of
high density at intervals of 10-15 mm. (d, e, and f: sampled vibrissae of the

wild masked palm civet, see Fig.3 in page 32)
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Fig. 5. y-ray spectrum of the sampled vibrissae of the wild masked palm

civet (a). '**Cs and '*"Cs were detected. y-ray spectrum of control vibrissae

of a masked palm civet (b). Radionuclides were not detected.
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Fig. 6. Autoradiogram of the sampled (a, b, and ¢) mane of the wild boar
exposed to test materials for 23 days. Autoradiogram was showed
irregularly. Each mane was visualized from tip to center of hair shaft. And,

hair bulbs (b, ¢) were visualized.
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Fig. 7. Sampled wild masked palm civet (a) and scintigram of the wild
masked palm civet (b). Scintigram showed chest, abdomen and legs of wild

masked palm civet. The density of abdomen was high.
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Fig. 8. Sampled wild Pholiota lenta (a) and autoradiogram of wild Pholiota

lenta (b) exposed to test material for 20 days. Mushroom has been
contaminated with '**Cs and '*’Cs. Pileus and stipe were visualized by

autoradiogram.

37



ycamera 5.0cm

il

Sanqlpled masked palm civet 30.0 cm

Fig. 9. Pattern diagram of magnification for imaging with pinhole
collimator. The scintigram of the sampled masked palm civet was reduced to

1/16 on the ycamera.
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_

> sample

Fig. 10. Pattern diagram of the resolution of pinhole collimator.
a: distance from sample to pinhole collimator

b: distance from camera to pinhole collimator

d: diameter of pinhole

R: resolution of pinhole collimator
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Stomach  Small Large
intestine intestine

Fig. 11. Seeds were founded in stomach and intestine (a) and
autoradiogram (b) of seeds exposed for 17 days. Every seed was visualized

by autoradiogram.
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Table 3. Actual and depicted on autoradiogram (ARG) hair shaft length of

vibrissa of the masked palm civet.

Actual hair shaft ARG-depicted hair shaft length
length (mm) (mm)
a (control) 92.6 Not depicted
b (control) 71.8 Not depicted
¢ (control) 69.4 Not depicted
d (sampled) 87.3 62.3
e (sampled) 93.7 57.3
f (sampled) 97.5 65.1
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Table 4. Actual and depicted on autoradiogram (ARG) hair shaft length of

mane of the wild boar.

Actual hair shaft ARG-depicted hair shaft length
length (mm) (mm)
a (sampled) 116.2 55.3
b (sampled) 136.4 78.2
¢ (sampled) 117.8 51.1
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Table 5. Radioactive concentration in the wild masked palm civet* which was exposed
within the planned evacuation zone by the Fukushima Daiichi nuclear power plant

accident
Organs BCs (0.605 MeV)  Cs (0.662 MeV) YK (1.4 MeV)
whole head 3.7 7.8 <0.1
Heart 54 11.6 <0.1
Lung 8.4 18.8 0.1
Liver 8.0 18.0 0.1
Intestine 13.7 29.7 0.2
Muscle 8.0 16.1 0.1

(kBq/kg)
* Calculated value with physical half life** when the wild masked palm civet was
started imaging by the gamma camera (5 Feb 2013)
**Physical half life: **Cs 2 years, '*'Cs 30 years, *°K 1.248x10’ years

43



Fa4zE XM FA PORERNMAE Cs IO 17 > &2 Hu 7= FE g
ESE

15

FHI~3EIZB W TR MERM LR ICHRESNTCRETEFTLTW
B ORFE Cs OB RA RSN, T LT, HRREN/ROT
HOARENEWEZ LN, £ 2T, S MERA TG Y gk T
filE SNDEENROBET 2 B Cs ORI ZEZ I35 2 & T, K
SPE Cs ONEIGROMBINAIREE B X T, THETIZ, 1986 FDF
=)V T A VIRF N BT ERAM R RNFSEOFES TS
HE Cs DmEHRE LT, TAVT I N—, XTI FBLOI A
JF A heWwol CsHEMEOROKEGRHEINLTNWD (4, 21),
LT, hrmWaEMEE LTI TICHlRanTnbd X2y M A b
BHZAE B L7z (37),

Ry bhFA MNE, BErEYVBRFIA NEERDET O LW T, E
YEVBRTA FOREBEDOREER OB A AL CsTREHRST L Z LR
MHNTWD (35), 2D Z b, BETHERAN CHEG M CHE I
NDEREONETIGY MG T2 ke LT, Az b A &R
B LTHREL, MHMECs oW EMEI T2 ENAREEXT, L
LR e, JEEE OB IE Cs O BBIE, [HSMERA T #H %I K DM
WWEEOILICET 28 OBl 2520, BURRERKEROh T
ThidniEeblrwn, 22T, ZERNMAED CsBLOX FF A |
FrUUIC228 HEROELE L, X b A D Cs DENBAT O Il
BRI ONWTEMBB 2B E LT,
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2. MEtB XUk
2.1. #¥

RIWVAE A FEOF T 68 (BE28, 7 —~—F v 48, ¥y
38 Hin, F¥IARE 503kg) AWV, U i, HAHI7E W F
MAELVEALLZ,

22. ABR®WHE

Z G RAL R Cs 1213, cesium chloride (CsCl, Fntifli 48 TR K& 4,
K) &Mz,

Cs WAEMBEITIE, P EemWARE L LTHRSATHD NS T A
;b (AB20, A = LSRN 4t, KBk) 2 vz,

2.3. EBRITE

FU vk, TESSEJNICEEL, 1EMBELZ, 28 AR OER
M, KB BAKE L, CsCI(3.0 mg/kg/day, Cs & L T 2.4 mg/kg/day,
BlCcs & LT 768GBq YY) Z2EMLIZATH (S Ay 7 b, RS
Frep B rZe ir, Wal) 2814 o 2|4 20 FoOmA L-, BRI,
CsClLIiZmz Xy bF A K (0.5w/v%) ¥ L& E58# (n=3) & CsCl
DHOXREE (n=3) O 28 L L7z, 7B, CsClOEEEIX, THK
NTHEMEES T T A~EENHTIE (ICP-MS, inductively coupled plasma
mass spectrometry, ICP-MS 7500CS, 7Y L > b7 7 /o v —4tk, Hi)
T, RMEPOBBARREELROBRELTL, £/, XU bFA b
X, WEHRELBHHE LmENRESE (0.5wv%) ALK,

FEEBLB 0, 1, 2, 3, 7, 14, 21 B LN 28 HDOF 8 [0, #mIL %I
B 247V, M EREE T, AmEkE, Rk, ~E7 v o RE,
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~ Ry b, CPRRMERER, FRRMEANE S 0 LR, T
FBR~E 7 0 B S L G MR, 0 A G R A, R

EH, TAVITIv, TARTIXUBTI ) VI A7 27 —1, RE

]/

EHFE, JVvTF=r, ANV UL, BEY B2 T LADOH
E & Eh L7,

BhHRKEB OIS X ORM%, #I8&ERFRIEMETEICTE
R (R b EH =, VATV R, B S A,
R, 150 mg/kg, IV) ZATV, EA&H, (O, AP, Bl X OEB
WM 28 L7, BRI L 72k X O M 8 B4 @ ik @ Cs 2 £ %
ICP-MSIZXEVRELE, 0%, MEP CsRELBIU~A~ 27U v
MMED, MERP CsEZBEM Lz, FHEMIT, FHOMEEYER2ET
KL, n=3 THLI-OMEMITITITOLRN>T2,

AREBRTa hanid, EVYRKRFENGERESERFHYEREAS
AR sl (5 24-67),

3. R

MmER Cs §E DK EIL, EBREWK L, 2, 3, 7TBX 14 BiIZBW
T, MBI, BREFETERWNMEZ L, 21 HEEE, 2IER CHE
o L7 (Fig. 12), —77, B, O, K, B X0 E o
Cs IEETFHMIZ, WFR LGRS TBEEL Y L& W EZ R L7 (Fig,
13),

B, EBREIMS, —REORFIIBEEIAT, 2nEKEER X
DG AL FRREICB N TY, BB X OXREE L OB ICEHE 7
EOZEIFTHED NIRRT,
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4. HE

JR IR DRy B THER S VI Cs & ZERALIR Cs 1%, b5
IR LR TH D720, AR Z B LWL E RN KD CsCl a3
EBRICHER L, Mk, &G, O, IR, B X O0EES o
Cs JBJEIX ICP-MS THIE L7228, WInoH 7 ans b I EN e
Thole, HSEOERIZBT 5HEEM~D Cs DBITHRENL, F. =
0.15-0.18 day/kg T, FHE Cs THE (9) SN TWAHHEHNTH Y (F,
=0.04-0.56 day/kg), CsCl DM Cs ERUEHZR LI EBZ BN
T2 Lo T, BMAREHRXKEN TH->TH, BEFRNMMAE Cs 2 H W
TEREZITO) Z LT, G o7/ R A2 B M Cs DIRNBAT O 4 B 52
ZHAFCTE D LRI,

Z LT, MmEkH Cs BEOFEHMIL, £ 5 14 B £ TG B CTRMZ,
21 HUPBRIZIZIER U2 R L, 202 &0F, 21 BHLIRE, & 58 &%t
FREL, WL EREBICEL TWEEEZXZLDNE, 202 b,
14 ALART Clgds 2 BT L, X A Mgk Cs RN BITO
MR LR L EZ N, BED Cs IREDOFHMEIT, &GN
SRBELIDbEMERL, XU FA MR CsE2RFL, EPICHFEL
<HEMT D RBER R I N, —F, B&MH, Ok, Tl X0
D Cs JEDFEHFEIZH W THEEFHENEMEE R LIz, ZORKITZA
HCTHY, SHBDBEEHMSLLT, ILRIRFABLETHDL, &5
i, IBE Y VITHEAR AR o CTRESN DS, AENIE, WL
TUVvEMERALERLZD, WEENO pH, HILERNOXY FF A k&
Cs DIREBIOHHERKHOEWVWICEI TR A & Cs & DOWHE
NEB ST EERD DL, £2 T, 4%, KFETEMRARZIT O
TETH D,
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B, FUVICBTLINC ML POREMEIZEL TIX, &E5ICHE

WL BAER, 2mEREERL L OMEAEFEREICEELB D RN
ST, WEHBREFET, EHROIFXTIAVERET D0, KLy
UAMAERE~ 7 R U AMAEFIE D ATREMEICOWTERE N H 57
(34), 5EOEBRICHEM LIz b A boHEEE (0.5 w/v%) TiX
EMICHEERERNITIRBI L W EE X bNT,

A, fEkH Cs R E O LN EBRELE 14 B £ THREH CRME
RLEZENE, X T A MK D Cs IKNBAT O I %h & o wl gtk
MRS, 5%, CSClLOHEZMET 20, XU A bOEE
BAWETLHZIELET, RN AMOORETHAMBIELTE DL LEE LN
= 72F, FHOKEFME Cs A (100 Bg/kg) 42T Cs &K
ELESGA, lkghblzh O Cs &L TOEEIE, DT 5 0.03ng FRET
o, ZOMIT, BEHO CSEED Ix10° D 1 U T EFHESRS,
ZEnG, HRMBTOREHFIZHTZY, 0.5wv%D~N2 T A b
RO Cs DREMRIIADZICHIHFTEDL LZZbNT,
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/N

KM mate LC, BERNMAK Cs #HWT Cs WEREZFFOX 2 b
FA4 FD Cs DENBITOIMEBIDRIZONT, X b F Ak 0.5Swiv%h%
ANLHICEB LTRSS LTy TR LE, TORKE, MEKF O Cs
REOFEEIZREG® 14 BETREZ R LI, 202 &b, N b
FTA MK D Cs DIERNBITOMBI RO TREMEN R I,
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Fig. 12. Changes in time course of Cs concentration in blood cells of calves

given bentonite (n=3) and feed only (control, n=3) for 28 days.
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Fig. 13. Cs concentration in organs and feces of calves given bentonite

(n=3) and feed only (control, n=3) for 28 days.
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FHS5E N bMFA MOKEECSINIHEIIZOWTO =Y MY EZHW
7~ Ka 5L

1. &=

FABIZEBWT, X A FRLE Cs OIMEKR~DOBAT 2 I L7z
ZEND, BEMECs ORI MBS DA RSN, £ 2T, i@t
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Fig. 14. Time courses of radioactive Cs concentration of eggs in hen given
bentonite (n=6) or feed only (control, n=6) for 4 weeks. The radioactive Cs
concentration in hen eggs were significantly different between bentonite
administration and control at 4 weeks.

*: p < 0.05
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Fig. 15. Radioactive Cs concentration in hen eggs among 0.5% bentonite
administration group (n=25), 5.0% bentonite administration group (n=16)
and control group (n=37) for 7-days feeding. The average of radioactive
concentration in 5.0% bentonite administration group hen eggs was the
highest among the 3 groups. The average of radioactive Cs concentration in

0.5% bentonite administration group was lower than control group.
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Fig. 16. Radioactive Cs concentration in hen muscles among 0.5% bentonite
administration group (n=5), 5.0% bentonite administration group (n=5) and
control group (n=5) after 10-days feeding. The radioactive Cs concentration
of 0.5% bentonite administration group was significantly lower than control.
The average of radioactive Cs concentration of 5.0% bentonite
administration group was the highest among 3 groups.

*: p <0.05
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Abstract
Study on Radioactive Contamination in Livestock Products by

Nuclear Power Plant Accident

The earthquake and subsequent tsunami on March 11, 2011 resulted in an
accident of radioactive material release from the Fukushima Daiichi nuclear
power plant. After that, the farm products were contaminated by radioactive
materials, and human health would also be affected by an increasing
concern, radioactive contamination became a serious problem throughout
the nation. In the present study, the radioactive internal contamination of
animals in radioactive contaminated areas examined with the breeding
method of livestock to inhibit them.

In chapter 1, feces and blood from pigs and soil were sampled at a farm
within 20 km of the Fukushima Daiichi nuclear power plant after the
accident (April 10, 2011). These samples were measured using a
Germanium (Ge) semiconductor detector to examine radioactive

o . . . 134 137
contamination. The results show radioactive cesiums ( °"Cs and ~'Cs) were

131 134 131
31’3 3I

detected in blood clots; Cs, and 137Cs were detected in feces;

134Cs, 136Cs, 137Cs, and '**™Te were detected in the soil. These findings
suggest that the affected pigs may take in radioactive materials from the
breeding environment contaminated.

In chapter 2, a pig that was raised at a farm within 20 km of the
Fukushima Daiichi nuclear power plant on the day of the accident, which

was moved to a clean area 17 days after the accident, was slaughtered and

sampled at 41 days late. Then, radioactivity of the skeletal muscles and
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heart were measured using the Ge semiconductor detector. The 134Cs, 137Cs,
and *°K were detected in both tissues of the affected pig, but only *°K was
detected in those of a control pig. By autoradiograms (ARG), the muscle
from the affected pig showed a heterogeneous and sporadically dense
imaging pattern whereas that from a control pig showed a relatively
homogenous exposure. Photo luminescence densities (PSL/mm?) on the
ARG, which represented the radioactivity in the affected and control muscle
samples, was statistically significant between them (p < 0.01). The result
demonstrates that '**Cs and '*’Cs were distributed in the skeletal muscle of
the affected pig raised on a radioactive contaminated area.

In chapter 3, the internal radioactive contamination history was studied
with wild animals which were captured and/or collected in the planned
evacuation zone. The vibrissae of a wild masked palm civet (Paguma
larvata ) were collected from the carcass on the road in the planned
evacuation zone, and the mane of a wild boar (Sus scrofa) which was
captured in the planned evacuation zone. They were visualized by ARG.
Furthermore, a '>’Cs scintigram of the affected wild masked palm civet was
visualized using a small size gamma camera with a pinhole collimator
system. The scintigram showed the highest density in the abdomen related
17Cs concentration and distribution in affected wild masked palm civet.
These findings suggest that the history of internal radiation exposure can be
detected from ARG and a scintigram.

In chapter 4, it was studied the inhibitory effect of the absorbent clay
bentonite, which bound to Cs, was examined using 2 groups of 3 calves each

in a preliminary 28 days study. Three calves given 0.5% bentonite with the
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stable Cs in the powdered milk solution was used as the test group, and 3
other calves receiving only stable Cs in the powdered milk solution was
utilized as the control group. At termination, Cs concentration in sampled
blood from calves was measured using inductively coupled plasma mass
spectrometry (ICP-MS). The Cs concentration at blood clots in the test
group was lower than that in the control group until day 14. This finding
suggests that bentonite has the inhibitory action on the radioactive Cs
absorption.

In chapter 5, the inhibitory effect of bentonite on radioactive Cs
absorption was examined using two hens raised in radioactive contaminated
area, in a preliminary, 28 day study. One hen was given 0.5% bentonite in
feed and another hen given only feed served as the control. The radioactive
Cs concentration in the skeletal muscles and eggs were measured using the
Ge semiconductor detector to examine. The radioactive Cs concentration in
the hen given 0.5% bentonite was 23% lower than that in the control hen.
Moreover, the radioactive Cs concentration in eggs laid during week 4 was
significantly inhibited (p < 0.05). In subsequent the main study, hens raised
in the same condition as the preliminary study for 10 days were divided into
3 groups of 5 each: 0.5% bentonite in feed, 5.0% bentonite in the feed and
only feed (control). The radioactive Cs concentrations in the skeletal
muscles and eggs were measured. The radioactive Cs concentration in the
skeletal muscle of hens given 0.5% bentonite was significantly less than
that of control hens. However, the average of the radioactive Cs
concentrations of skeletal muscles and eggs in hen given 5.0% bentonite

tended to be 1.9 times and 2.3 times higher than that of control hens,
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respectively, it was not significantly higher. These findings suggest that the
dose of 5.0% bentonite has an appropriate level to inhibit radioactive Cs
absorption for hens.

In conclusion, internal radioactive Cs contamination was noted 1in
radioactive contaminated Fukushima area. The addition of bentonite to the
feed was considered a ready to use tool to inhibit the radioactive Cs
absorption in livestock. This research was thought to play in crucial role on

food safety and security, and revival of animal husbandry from now on.
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