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Proceedings of the workshop “Effects of the Fukushima-1 Accident on Animals and
Plants around the NPP Site”

Preface

The meltdown accident began at three reactors of the Fukushima-1 NPP triggered by the
earthquake and tsunami on March 11, 2011, which led to a large amount of radioactivity
release into the environment. Since then almost five years have passed, but residents are still
evacuated from heavily contaminated areas around the NPP site. Considering that the time
length of 30 years, the half-life for the major contaminant of Cs-137, we have to cope with the
radioactive contamination for hundreds of years.

Being motivated by the historical event of the Fukushima-1 NPP accident, many scientists
in Japan of various fields began activities to investigate the consequences of the accident using
their own specialties. At the beginning of 2014, Fukumoto M. of Tohoku University and
Imanaka T. of Kyoto University talked to have a workshop of scientists who have been
involved in research on the effects of the Fukushima-1 accident on animals and plants in the
environment. The first workshop was held August 10 — 11, 2014 at Research Reactor Institute,
Kyoto University. During twelve presentations, various interesting discussions were made
among 40 participants. The results of this workshop are now being prepared as a special issue
of Journal of Radiation Research.

The second workshop was held August 10 -11, 2015 also at Research Reactor Institute,
Kyoto University. There were 24 presentations and more than 70 participants. This report
(KURRI-EKR-4) is prepared as the proceedings of the second workshop. Power Point files at
the workshop and URL of previous papers are shown at the following:

http://www.rri.kyoto-u.ac.jp/NSRG/FSEB/

Through discussions during two workshops, we feel complexity of ecology, which makes
us difficult to find clear conclusions. Anyway, using different approaches by various scientists
to observe the nature and through the serious discussion based on various observations, we
hope to find out something certain about the consequences of the Fukushima-1 accident.

January 2016
IMANAKA Tetsuji
FUKUMOTO Manabu
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Fukushima Animal Archive: Its establishment and what will be next.

Manabu Fukumoto,
The Group for the Comprehensive Dose Evaluation in Animals from the Area Affected by the
FNPP Accident

The Fukushima Daiichi Nuclear Power Plant (FNPP) accident released large amounts of radioactive substances
into the environment. We have established an archive system consisting of organ specimens from over 300 cattle,
50 pigs and 200 Japanese monkeys within and adjacent to the 20-km radius previously set as the evacuation zone
of FNPP. We have been determining organ concentration of radionuclides and their biological effect. In all the
specimens examined, gamma-rays form radioactive cesium were detectable. Linear correlation was found
between radioactivity concentration of 137Cs in whole peripheral blood (PB) and that in each organ. The slope
of the regression line was organ dependent and was the highest in the skeletal muscles. Radionuclides with the
relatively short half-life, 110mAg was specifically detected in the liver and 129mTe in the kidney. We think that
contribution of external dose to total exposure was higher than previously considered. Cattle were somehow
under a slight stress condition without remarkable changes. This study using the archive system is the first to
reveal organ distribution of radionuclides attributed to the FNPP accident. However, it is too early to draw
conclusion on the effect of the accident.

sk s s sie sk sie sk sk sk she sk sk sk skeosk skosk

E-mail of Fukumoto M: fukumoto@idac.tohoku.ac.jp
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T, specific pathogen free(SPF)5:/4: T CHIF & RS 21T > TV D43, 4Tl conventional 72 5544
THORENNEVRIIFRUTR VI W & BE~ T A7 EOEITARER CIX AW DR
R BFEMPE (—EIZIBNDRBIN R EIZD 72 2 & bERBEICEW CRda LW & W72
Y,



REEM O FMAE DR

BRI CII K ED~ 7 A% SPF &k F CTfHE L7 HIRMRER YCsy #rz BRI #H RN TX 52
=—r il a Vv, Fan, BOSABEE, REZb, RETRRE, RTFIRE . EEAE.
BB, Rk, RARER, BErEEEORIEZ W TAEMEZE LT TV 5820, ~
U A% 3 FEREE O H 7 IR E SR (20 mGy/ H, 1 mGy/H, 0.05 mGy/ H )y # T K 700 H £ TOMEK 217
Sz, AN 8 WER(S6 H) BB Lz, BB A FEMOR S0, BBAMEICRET H 2
EFE<HBENTVDR21] . B~y ARROWIELS TlE, AFBOA U DEIEZ K% 6 B
513 HOMTH D, BRIESMEERED EOBEMETHIE L TAEREBIIRE S Bl s, BREEH
OEWREERTIIIHOY B, FRI10KNS R2EFE T~ Y AHABEOZDICHIELTHD D
T, ERECITEIRE T, 1 B ORI 22 FEf<H Y . 20 mGy/22h/H, 1 mGy/22h/H , 0.05
mGy/22h/H & 72 5 (R Tid 20 mGy/ H, 1 mGy/ H, 0.05 mGy/H O X 5 IZFe#i A2 T 5), Zi D OfE
HILARR DT o~ BRFRE O ZZ UK 8000 5. £ 400 fiF. £ 20 f5IZHHYS T 5, £72 1 mGy/H D
MERITITFHZEMIBON T B THRORDBLIZOETH S, £720.05 mGy/ H DFRERTH 1 FH D
(400 H O#EIE< LR DR ETH 5 20 mGy 1T 1 T VEZES OFRIBIE < #REBRE D 20 mSvy
(5 DET 100 mSWIZHYS T2, TN DDOMER T~ A% 56 Hi/ 5 400 H RHEFRS 217> 72
(3 FEFA DM & THBLEIT 8000, 400, 20 mGy & 72 2), FFfniifE & SR D 3 AT DUV TR ABEE
BTz, ZOMREERTIZ1IRES00 IED~ 7 A(CH A, A A% 250 VB)%& FWVIERREEA 50 T 4 7
AFHT 4000 lEDO~ T 2 & W2, 20 mGy/ H OFFEFERFFETIIA A, AAY T AT, 1 mGy/HD
RERBFNIETIIA A~ T ADOBRIEMRHNEE~ T R L THEICHEMNEN - 72[8], BlIEA A~
U ATIHIERK I~ 7 A L ERZNEIL119.6 H, 20.7 BOFELHFEMEMSBILE I, 0.05
mGy/H O EREZRE L7z A A~ 7 A TlE 8.7 HOEMIENAE TIE R - 72814 2), FRETE ITHE
RFAIE ~ & R &) U CR BRI S AOFED ASB O HBIRFI &2 R D ek O ER DD | FFaid
ORI, MERSEO X ) ICEREREMBIICE Y, I BRECEESHHT S Z L2k 55
T, 2, EBEY CONEO LD, HERITIERAEEE S R U722, L0 3O ESHE O HEhEIC
LORHBETH D Z Eboole, £z, FmHAEL D IT~ U ALEA D72 < L, 400 H O G H
MHICTEEER R IC X D DNA G2 BT 2 HEEHI O N-7 & F/L- 2T (NAC) & R A /KIZ$ 5
L CAERE L L, A2 5 CHaENE B R 2 i Lz, £ ofR., Half B BuIE o4
DFED 60%FRERIE L1z, T &I L VIR EREM MR OIEMEEEIC X 5 DNA HENFHFam
HEICWL BMEE L TWAZ ERnbholz,
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B.0C0 iy (29 eniGae? B) Tanaka S. et al., Radial. Res.
160, 376-379, 2003

42 3FHEOEMRERON o~ BRI~ 7 212 L 2 Han ik

Z OFmAE T, 20 mGy/ H DIRARER T < B ClIA A~ U A TIE R, L0, A,
R, ORBL, N— —IROMEENIERFEEL 0 S ARICHM L7729, A A~ Y A TEHMERES A
MIFOFEREMABER SN, & 512 1 mGy/ A OEMREREHN CIIIERARE LY b HBLE
DAbdD0, AREBREMIBE SN Do, FICRBED 100 mGy TOHIT THEPAY 27
DEIMNRH D NEELDH 5 EZATHSH, 20mGy/H, 1 mGy/H. 0.05 mGy/ B DIEBRERT v~
FREBSTC, MERTOENN 2 T, BRATRREOKT & & HICERUITEK T T2 EHMELT
HEEZTDL L, HMIFIAAT AT LS B~52 A0 & 2o 72, FFHRESCINEER O3 /LR
M 0.1~04%MNT D Lol TNOLDEIZFICY ZZRHDHELTH, bbAAFERN IR
RAERAOME TH D, RIWCTEOEN, FHLZRERIIE DN, BRETARAD L, N 1E
M (ZHV 400 H) OIS THRERED 8000 mGy (272 % 20 mGy/ H TIEFFMEERN. M AME O
M KEx R BEESHBEL U2, K 1ER (ST 400 H) ORRE TRERE] 400 mGy 12725 1 mGy/
A Tl 07 FamimiE, Walkie o, BEFREOZ N AOoND, L LEBSABED
HIMIAE IR o7, K 1AM (20400 H) O RS TRERED 20 mGy (2725 0.05 mGy/ H
TITAEREZEIIA N T,

REMOLGAHEEREEEZEIZ L LEBRERDRICET IR

et R B TR B O BUR R E 1T < O RF Z SR CE 2 H AW PR CH D Z L 1T
E<HBNTWD, C3BH A A~ X%, SPF &M T TIND 3 FEHOKHRESR(20 mGy/H, 1 mGy/H,
0.05 mGy/ H) W >~ #ETHRAK 400 H~700 HE T, M3 ITRT LI, FRMEICRD L HITHE LD
ABOBE 2170, IR Y o SERO YLt RSB & & OV REIR A RDT=[22], £z, & -
R RN FARE(DDREF) & 3R % 72 912 R B 22(890 mGy/4y) & MR EERIC K B B HEE O LD 72
(2 PR ER (400 mGy/ B )W >~ DR OB OF8CTIT - 72[23], $infER 51X M-FISH 5T, B



YR B XENFRE 2 YD D FISHIE TR a7 Lz, SARERIEE C5 O/ &2 RBIf%R 2
wmeDw\Y'ﬁﬁ@ﬁ I):ﬁ%(ﬂh)f%bkﬁ 1 RIAD o fBIFARHE BRI D HUR 1T
BOWTHMEBERNMES 2D T8I WK T L7, ZoFENL, EREBURRE #Z B4 (ICRP) DM
ﬁbfvéDmmF%*wéﬁﬁzﬁmMDmRm%D[M]iEL<&w:&#bwotpz
23], 22 TlE, ZOAKD 1 RED o fHIFHEREROZEIIIAETHD LIREL TWD,

RIESRNTOAOREHRIT—EAL-RERLMNBEHR

CBHSPF A2 270 24815 HiwhoRigd
@ 890 mGy/4r 0, 250500,1000,2000, 3000 mGy— &5 %
@ AWW0MmGY/ H (1 8x10* un Gy/B5Y)- PR B E
L[ | | l | | | | 5
0 (200) 400 800 (1000)1200 2000 4000 B8000MGY
1 2 3 ) 10 208
@ 20mGy/H (909 u Gyv/5)- KNS E

1 1 | i | | | I [
0 250 500 750 1000 1200 2000 4000 8000mGy
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@ | mGy/H (45 u Gy/5) Eﬁﬂ!?’*

| ] l I I I I 1 -

0 125 187.5 250 3125 375 412.5 500 615 700m Gy
125 188 250 313 375 413 500 615 700 H
® 0 05mGy/ 227 1 Gy/5Y)- KRS E. 700 HEERES MG ET

® JHEY sMETO LM TIEEL BBOIFRATI 2

B3 YRR OME, MERNRBERE RO DD D~ 7 A M SR

SRR B R RE RN TR AR EHEEIIERICHENT 5,

Qe KRBT (FR iR R BT 1T) s & & BT 2 2 L 36 TWH DT, 4l
DY EREE DT Tid, EREYROITIC THEBMIEZIT 72, BLTORENF LN, O 20 mGy/
H OE#R B E WIS C A4 U 2 BE BT 400 mGy/ H O i @& R RIS THE U 2 "B FUARE
BERE & HEA TR D TR (K 4),

20 mGy.~day, 400 mGy. day. <=B000 mGy
16 *+ 20 Gy day
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8 e
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1 mGy/day, 20 mGy/day, <=1000 mGy
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® 20 mGy/ day
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RN E1mGy. dayfli 8787 [ ——
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X 520 mGy H & 1 mGy/ H OEAR RS CA U 2 QG REEHEEOE Y, (K EAHA) 1 mGy/ H
DRI OFEIT 20 mGy/ B LV AEIZEY, (KMTFAEA) FERFOE iumwa®ﬁ@%%@
AT L LA EITENY,

@ B EFQ20 mGy/H, 1 mGy/ )G Tk, Z#REREE ORGEREFEMIE bIChiE (R
M) 28882 DI OE iﬁﬁm_%M%LMl4$nnﬂ ¥, ZENFEEREFEIIRFE S AT T
LS HE EBIEDETHRETHDH, v~V AD Y L RERTITERSE 80-120 H < DWW THEE
T2, BE#ZLEL, R CIZIEFR CHEE CREICETE T DA B O YR R b ik
(FRATIER) A3 2 D IS PEWVIRIFERRANHIIN L 72[25], © SRR ERIEONEEHRRO —KEOE
2 % &, 20 mGy/ H RUREE L | mGy/ H B EER], & 1 mGy/ B RURHEE (K5 F), S HIZIEMES
FEEDORICHLEERENRLNIZMK S5 T), LL 0.05mGy/HBHEELE 1 mGy/ B FREHRER]., IO
(mmmMH%%ﬁk#%%ﬁﬁ’@ﬁﬁ&#ﬁﬁﬁéh&#oto:@:&@\¢ﬁ%$mmm@d
mw%ﬁﬁ KD 20 mGy/H~, & 512 1 mGy/H~& 20 52 L ICHRERMNMEL 725 Z &2 BFK

FHEMET T2 EOMBERDENSH D = &#bwoto%mﬂﬁﬁmowf%ﬁ%@%oto
C)%Eﬂﬁ%ﬁ&i;@ﬁﬁﬁéwﬁ%ﬁgi@%36%%<ﬁ$éhko%%%Kﬁﬁﬁ%ﬁ%
T D HRE R O R X L~ VISR S WD B b, —IEZ a—r E L, %
MDA~BET 2R D 5, [F U OSBRI % 3 {E 0L EoMBICBIZE LoRE, 2 OMIfafEx
Ja—rEERINTND

BEHOBETT A (THRAILERAI) OYPAREE ZILATRT & SRR E TR AL O
MR TN—TRRHEL T\ D, BUEO L ZAT IR A TIEEAFHEOFBERBENNBE ST
ﬁwo%ﬁﬁt\w%@AH%%@ﬁﬁfiﬁ%%lﬁ%ﬁ% AT B 30km D LA T 2011 4£0D
10 & 12 AICHiE LT 2 X3 12 FEORNE Cs O TT 3.1 Bg/g T, AMBHIE &
VI A DO ZE R P R R B 3.11 pGy/h THEBIE < BREDS 0.34uGy/h EFHEZ LT 5,
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F. B R XTI 52uGy/h THMBHEIE < BrREDY 47.8uGy/h, NERHEIE < #REDS 4.2uGy/h TH
V. BIERIIEO~ T ZZ X0 ECREHEEZ R Lz, EREOERXAIDONRNy 77T RELT
SREHEIE < R EIE 0.051uGy/h, NERHIE < #R R 0.037uGy/h & BREEAF NG LT 5, BE~r %
TIXFISHIENMERA TEX 20D T, FAVPIER, CHORETREKRER 282 L T\ 5O THRIEEE
IRV, L BREO B WHIX TORR, EBEMITIKGT A~V AT LDy 7 7T ROMEEAE
PR Z YR L7 B, < i (RE) & BEHE L OBREZ RO IMNERH D,

ERERBEHREHREAIC X 2 E mATER L & SRR S OB, EEEINCEIBREREN S
2o
U bo Xz, QeeffkREHE (DNA OZRRELFE LA D) &, MEE, HEMET L THER
%_ibfméio_ﬁzéo%ﬁﬁf@%ﬁ@ﬁﬁ@%i%%%%@v—&iﬁ%ﬂfk%ﬁ\
FEIN ABEFE DMEAR B TR0, EEBENH 2008 9 Midbo b, Bk 7= ks
X, MEFOENEBE LW TEMEMASE 7oy 25 &, BEOHEMIAEWVERICET
TWbEHTHs, ZnF TICEENCELNE 3 EOKREREY T o~ BN L 52K/
R COEMPBOMEERIICE LD, —HOIENAKBIIEREIR COAECTBLT LHE
B TIE R NE 972, BB EERQOmMmGY/ H & 1 mGy IHIZTENENORMMEIC/RD LIRS
ﬁﬁ®%%%v¢x TV, ERT L EMﬁﬁk%%k@@%%ﬁ%%Tméo:h%ﬂ%\
2 KRB U Cha oD CE M ATEEAR IR EC-CIN R DR T, (RE OISO B S B4 3
5_&@%6#L&oto#@b%\ﬁﬁ FHG RIS Tl 2 n%w%%@%%ﬁméif
(IR 00 . BHENCEEE R 2MENSH D Z EbhoT, &AM TcHH7HED
g i = v =—4% (day7 CFU—S) [13EHRE 20 mGy/ H THOBRE2Y 3 Gy(FRET H 2508 150 H)IZ 72
HERRBIKT 2T 52 Enbhroiz[26], Ll EokaE (ME R 10725 & S HICEHRHET
L7 (X6), 3Gy A EOKRIRE TR Z LD THEMIZEFIREE CHE Lo T, KikE

HEmRHE #4520 mGy #2482 400 mGy 45 8,000 mGy
HEFE 0.05 mGy/ #HEZFE1mGy/day 2220 mGy/day
day(2.27 uGy/h) (45 uGy/h) (909 pGy/h)
Fanafs —_ + (ARADHT) +(FR. ART)
[ DR AEHE = - +(>=6000 mGy
Bifi . BF 5 =14 )
fifi 2 14 [ 555 (>2000mMGy) *
B GEEEE (FaEiE) = = + (FRDH)
HR(hE. BERIE. EREBBOEN) N.D. N.D. — % %
MM~ 0EE, — + (>=2000 mGy)
AR Ty AOEENED (AR — — +
o 1biE m#lE(CFU-S, CFU- N.D. — + (>=3000 mGy)
GM)
EEOEMmENWNI SaEE: N.D. —_ +
FEERER(GGRER, —_HRERE) - + (>=200 mGy) +
HIEFER — R BN
HIEF(MRNA )F IR + + -+
EQERER —_ + +
#3 3O ERET <RIBS X2 EMEEOE N, — AEZZ L, ND. : {7
72N, R OIER AIFHEIL 3000 mGy LA ENBAEL S, (REMEIN, iERE ihmwafiﬁi
X7 o f=s, WMERS R ST, ** R 0-18 BB 200 mGy/ H O FFf B TRl &

3.6Gy DI THIO THE U, SIS 8.9.11-15,22,23,25-27
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SR J R I PR L i BRI S 2 R N S8 5 & & b, @ ImAE 2 B Y & mAER BT &
WEZRIZLTWAZENRBINT, —FH T, S HITEV 1 mGy/ H ORH#R & RS DK 400 H
(FaHRE 400 mGy)E TO, 100 H Z & OB EC 72 2 BBETC ol Bl BRH 2 (day7 CFU—S 20D
K FIEBlE s o7 (R3), 728, EAREZFEQ0 mGy/ H) THoK 400 H (R E 8000 mGy)E TD
FHF T, WV 2B EICBWTYH, b Lo KR M sk mEREL, ARMmEREL, /i
KT LTWeo72[26], Z OFE, BREHZICI30E i BRI -SRI I T AR 238 5 K0
Ra¥giE 24T 5 2 & T, RSO LAIAERE &+ IR B C & D72 5 L 9 IcHifia LT
D2 EERT, ZOREOWRE R IREEAN I A N LR L2 0 AR O B, 7 a— RO
B, S TR 2 ki B iR OB AW D EE X DD,

Agye of mice (days})
50 100 150 200 250 300 350 400 450

104
'
)
i
103
—8— rradiated group (n = §) 1
——— Unirradiated group (n = 5)
102

0 1 2 3 4 5 E 7 8
Accum nlated dose (6 y)

X6 EHREFRQ0mGy H)DOEHEK C3H #* A~ 7 ADOE M ATERHN L (day 7 CFU-S)
O CFHEEZDH Y p<0.05, **p<0.01). FEITHME, EBII~T 2 s, 56 H) O K 2 B4k
L7,

890 mGy/4y D Rt EFEE, 400 mGy/ H O E=EEE, 20 mGy/H & 1 mGy/ B OARHKR S 3 AU KR RS
B & FERRIRBE DRI P78 BN B BEME A R S A2 55 2 ERboTz, ~ 7 AOF M A1
I 2 FYORRKAZFFON, T ORKBE S SOBRERO RS THAE L AlHEIc &> 72[17],
AR B2 (20 mGy/ H) O & BB H Cldas Bl ia £ (day7 CFU—S 2O DK FiX 300 H H /b @lZE I
WO D0, AR AEREIT 400 H B (R & 8000 mGy)» 5 & i 5 O e 1338 28 A RiTEE R &
ExTHBTE 5,

F 7o, RFREERQ20 mGy/ H)D 400 B OGRARE 8 Gy)yRHIFS 21T 5 & A A~ 0 R ITKEHEMA
BRI D Z L0, BEMOHFGIETHN> TV, S, MBELEZ THRFZ1TS &, B
% 175 HD> B (RaBR & 3500 m Gy) 2 b A BICHREHINABIE SN D Z Ehbooz[27], 8B 1
mGy/ H OEHR B3R TR E DY 400 mGy (2725 £ TORSN CIIA B R RERINIBE I N2 o7z
(#£3), EHE=RQ0 mGy/ DO EMMH T, Z OEREEINBLE 175~200 H B T, JNEZEHEO&
CoHRE & K< —FH L TW/e[27], L PCNA HURTYesd 5 7IETIIRZEMOA U 55D, 100 H B
FCIIE R, IPRERIIG B OB TR R L72[27], F 72 2 ORI FIR O AR A O B0 & ik =
V. ZNHOERIBHC —EE Lz, 2O LN, 20mGy/ H DIEBERYT o~ BEIIC LS
100 H H (#a#R & 2000 mGy) F C D WU T HUE BRSO i@ W IR B CORRERIA A B LT IREAR
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WVEVENBDET DI EENRRTEERAT AL, ., Mo EEry NV —27 %18
U CHREHEIMNICBERT 2000 Lt PARBRICEESHEMT 522 LIX I ETITES LT
WHN, SRS ke e T 5 5 Luy,

INERZEHE 2 NS . AERHIIE D 2L G IEE OB AT D R E 2 HiLd, 20 mGy/H D
IR R y $A R L7228 S HEIRAGIC ~ &7 X 28 L TRR DA B2 T 5 Bl 0 EBRIZ B W
T, WHBHAAE ., JPIRZENIX 100 H B, RIBEAAL 200 H B, FFAERGZEME, JRELERE L 300 H
BIZIXAELTTED, BRADEL L BHBIA% 400~600 H B XV IZFR-72, BADOREAEDENZAE
CDIENAEEOEITNENADEREZML L TNDEO0E LRV, ZOXIRHFERI, 1 BHHEY
OMEREFI ABICEBR LT —EORBEICELTHOAEL D, BRI L 2HBOREL =
DX RBENESNTWS (£3), 72, 20 mGy/ BED L W EOEMERBFHREIE< I
K D3N AT DNA OGP REAIRREED X0 BT ) AL~V OBED BT EENO
NEIE o DA, BVE VREA LT Dl O BERREIE I K DB EH%. EENAT L ADEIED
T2 OICEE ., MR OE®RAE Y hT—27 2N LTELTWS E-Bbh 5, U & HE&sZ Mo
BV OIEER E E D IRV EOIE THIEZ ST, MOWEITER EORKEFET L1259, W
&V 0.05 mGy/ H OIXHR E RS HRERS Cld, BRICAE T 2HPA & HBUBEE S, A4 U 28048 H X5
MONTeL T8 D, EOMIZ, EMREFBHEMRFIC L2 A A~y 2AOMEEHINE, —/R. FL
SVADEITHLRZ DN, APBEEITIBORD Z ENRNL D REN LoUL o R E, (KRR E
DIEFTHEONTEARNL I VAROFERIINIEENLE T, —DODEEOREZ R TEELTRBY, £+
DETEHE IC L DA EREERRBIN T D AREMENH D, 55T, ERERKSHROA
R IEMICH 5121%, MR o, MREOREBZHEES L CGRRAUNEND D, AERITHE
BREOEFXFETHONTBEEO - TH D,
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Frequencies of Chromosome Aberrations and Life Shortening in Chronically
Irradiated Mice at Low-Dose-Rate
Tanaka K
Department of Radiobiology, Institute for Environmental Sciences (IES)

Late effects of low-dose-rate (LDRs) of ionizing radiation at low-dose range have become serious concern to
general public and environmental effects in Fukushima in recent years. The IES has a unique facility designated
to continuously exposed mice under specific pathogen free conditions to '*’Cs-gamma rays at three different
dose-rates (0.05 mGy/day, 1 mGy/day and 20 mGy/day), which are about 20, 400 and 8000 times higher than
natural background photon levels. Endpoints employed in the IES have included life span, cancer incidence, non-
neoplastic disease, transgenerational effects, malformation, immunological function, oncogene alterations and
chromosome aberrations. Chronic exposure of 4000 mice for 400 days at the three different LDRs showed that
life spans were shortened in 20 mGy/day and 1 mGy/day irradiated groups (total doses equivalent to 8000 mGy
and 400 mQGy, respectively) due to premature death from various neoplasia. Dose-rate effects at LDR range
using chromosome aberrations in spleen lymphocytes in chronically irradiated mice were also analyzed at two
different dose-rates (20 mGy/day and 1 mGy/day) for 400 days and 700 days, respectively. Chromosome
aberrations of dicentrics and translocations detected by FISH methods increased almost in linear with irradiation
dose in each dose-rate. Dicentrics and translocations decreased significantly with reduction of dose-rate obtained
over a radiation dose-rate range of 1 mGy/day to 20 mGy/day, after calculations with adjusting age, indicating
that there is clear dose—rate effects within these dose-rate range. On the other hand, decreases in the numbers of
hematopoietic precursor cells (CFU-GM, CFU-S) and oocytes, menopause and body weight gain were found at
a total accumulated dose of more than 3 Gy in the chronically irradiated female mice at a LDR of 20 mGy/day.
Any reduction was not found in the chronic LDR irradiation at a LDR of 1 mGy/day up to 400 mGy, which
indicates that there is a threshold dose for developing these biological effects after exposure. These studies will
be useful for evaluation of environmental effects in Fukushima. This study was performed under contract with
the Aomori Prefectural Government, Japan.
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E-mail of Nanaka K: ksk275-tanaka@amy.hi-ho.ne.jp
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Physiological, genomic effects in descendant mice after the every
generational low dose-rate internal '*’Cs radiation exposure.

Nakajima H and Todo T
Department of Radiation Biology and Medical Genetics, Graduate School of Medicine,
Osaka University

To investigate the transgenerational effects of chronic low dose-rate internal radiation exposure after the
Chernobyl and Fukushima nuclear power plant accident, every generations of mice were maintained in the
radioisotope facility with free access to drinking water containing '*’CsCl (0 and 100 Bg/ml), as a simulation
experiment of the internal exposure.

Two mouse pairs were selected from among A/J mice strain littermates bred in the radioisotope facility. One
pair was assigned to the control group and bred while offered drinking water ad libitum; the other pair was
administered a low-dose internal radiation exposure of '*’CsCl water (100 Bq/mL). Harvested offspring from
both pairings were sibling-mated for more than 10 generations, corresponding to a human generation turnover of
approximately 300 years.

Mice of the tenth generation (Fig) were assessed gamma-H2AX foci in hepatic cell, micro nuclei test,
chromosome aberration analysis, tumorigenicity of lung, oxidative stress, metabolomic analysis in heart, and the
structure abnormality of the myocardium with the electron microscope.

Suppression of the tumor growth, increasing of the gamma-H2AX focus number, tendency to swelling of
myocardium mitochondria, and the metabolite of oxidative stress were observed in 137Cs drinking mice, however,
no significant difference was observed in the analyses of micro nuclei test, chromosome aberration, and tumor
incidence.

Therefore we performed all mouse genome sequences of the mouse (15th generation) to detect accumulated
genomic mutations. Because small genomic mutations could occur, be inherited, and accumulate in each
successive generation in non-coding genomic regions (introns and intergenic) and have no effect on survival, we
compared levels of accumulated base mutations between the offspring exposed to continuous low-dose radiation
and control mice of the same generation that started from a littermate mouse.

This work was supported by JSPS.
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E-mail of Nakajima H: nakajima@radbio.med.osaka-u.ac.jp
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18— R AT K D R TS A AW E D X 5 I B h RAF T %, R R bR
HIRONELAZRL TS HDOD, ERITWVELZITHL NIRRTy, F=/b /) 74 VHEHIZEAL
T BEYEE DA ~DERER AN ~ DB L THZ < OEILH % 723 (Meller and Mousseau
2006, Yablokov et al. 2009) . FHLEL# D IR RETH RN EMIT E D K 5 70508 % RF MBI L T
I, BRREIZH 2 DRELBED SN T I o Te, F=/b /) 74 U HIEKTIX, Moller {1, Mousseau f#
6 DHGET N —T DT S BN T BRI AL, BEIHAR ARBIEIEE T OV TREEM 2R R A ATV
(Moller et al. 2005), 7B HBEOEEBEOL{bEHME L TWD, ZNHDWRITF =V T A4V H
itk 5 FLL LT > TBATONI b D TH DN, F /b ) 74 U OFRVGHHUE T BIETSH, ¥
PN ANCBAE R R OB NER D B, BIHROK FERME S TWD  (Moller et al. 2005), 7=,
SEIERITNV—TOREBTIE, FiHE 20 FARTEH, H EHEHBREO S OHIRIE E R o4 Bk
AT 25 &S ADOFERINE B2 4T 5  (Meller and Mousseau 2009) .

BT E OAEY~DBIZFE L T e ROFHNSH{ELNTY~ VI (Y IFa vR)
ICBRE R NN TWD Z 3T TICHE S TE Y (Hiyama et al 2012, KiE 2013), Z D
HIRERPOBEZMEAT, SHI2, 33— vy ORI EFT-CHAEE LGN NG L8ROI A LY
BEDTHNT DL DA LTOK 1 FNTERERFEDEL TVD ETHRERDERIN TV S (Hesse-
Honegger and Wallimann 2008) ,

AR TIX, fREF R O EAREREEC 32km B 7)) IMRIT LR BEHIX CfThN /=T 77 LI
T OB RIZOWTHET 5, "= VITBRK ST =L (gall, BZ5) 2o EFohic T Z Ly
2FICPHE RIERERE N A &N Z &5 (Akimoto 2014) . Z Dtk b [A] UHILE T 2 4R 72 2 Mk
HL., WREAEEROEIEHL NI LT,

2. DX LVORERIEL L TOFR]R

UELNIT 7T LR CEBR) IWBTHERT, ~=L, Fr /X EORERMT—1LEIE
BT D ENMBNTND, T—IIERMEDT 7T A UIZid, RO Z TN oA & L
T.320FENR DD, F—IZ, T7 T LUNT FNOIKE TR (7 a2 — U Hi5E . A A2 T
T %) &k o TEL OMRAEMEY IKTERT, IR LMD TRV, ZDD, TTTALTDRAA
I HICZOEFICEF 22 EICEFTSE TN D, EOEMITBNTEH, QEICEE T OMRTIEEHK
RO ELZITRT W ENE STV 5 (Russell and Russell 1952, Vereecke and Pelerents 1969,
Cerutti 1974), 2011 4 3 H FHOJFREFHLIKE, U X LANIEREOHEROF T, ZTOKETEL O
AN v — U WA T o Te, ZOTORBEFROMFIL @O EIC L > CTHEZEZ ST - RN
b5, RUITEEF LV TOREGERA UL, BEINZEBE L7 v — I L > TROHARIZ
BALNFKETOMI. ZREOBIRTFREN 7 7 — L BHRNICER SN ATREER B 5, 2011 FOFK
(VXA MEATED TN T2 72O, BIRAUREE 2 OFER., FFE OEERICIIZ RICHEBE A2 T ES
NoZEBbEIVFIZTHAS I, OB, FHEYO TOFMEAFNZ L > TERH S NI LI
B3 24X, ZEORIMIE AR /EENMEDS & 5 (Lynch and Gabriel 1983),
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Temporal and spacial variation in morphological abnormality found in gall-
forming aphids in a highly contaminated area in Fukushima

Akimoto S
Systematic Entomology, Graduate School of Agriculture, Hokkaido University

To evaluate the impact of fallout from the Fukushima Daiichi Nuclear Power Plant accident on organisms, the
morphology and viability of the gall-forming aphid Tetraneura sorini and T. nigriabdominalis were compared
between a Fukushima population and other populations from non-contaminated areas. The present study focused
on first-instar gall formers derived from the first sexual reproduction after the accident. Of 164 first instars from
T. sorini galls collected 32 km from Fukushima Daiichi in spring 2012, 13.2% exhibited morphological
abnormalities, including 4 conspicuously malformed individuals (2.4%). In contrast, in the control populations,
first instars with abnormal morphology accounted for 0.0-5.1% (on average, 3.8%). The incidence of
abnormalities was significantly higher in Fukushima than in the control populations. A similar tendency was
found in T. nigriabdominalis. We morphologically compared first instars of the first generation (hatching from
eggs on the bark surface and inducing galls) with those of the second generation ("clones" of the first generation
and produced parthenogenetically in the galls as larvae). Of 543 second-generation first instars in the Fukushima
population, only 0.37% had abnormalities. This result suggests that radioactive contamination had deleterious
effects on embryogenesis in eggs deposited on the bark surface, but a negligible influence on the second
generation produced in closed galls. Analysis of samples collected in spring 2013 and 2014 indicated that the
viability and healthiness of the aphids were recovered compared to those in the 2012 samples. Thus, a reduced
level of radiation may have led to the recovery of viability and healthiness of the Fukushima population.

st st sk s 3 s sk ke ok ok sk sk sk s sk sk skoskosk

E-mail of Akimoto S: akimoto@res.agr.hokudai.ac.jp

31



METRE SR MIRICRIT DIV F Y I DHRE

TR RILTEH | EREE | BN KL 2
BRHOR R BEIL TR R, 2 BB

1. [FU®HIC

fE 8 — IR F U X > TREOBSFMEME D RER I S D L H | KRB ZRBR TG Y 3 %%
B LTe, ZORBEGRDIAEMIG X DHBERRDLT-0IC, TxI/NVUOFa v THLY~ b
VX (Zizeeria maha) MW THFZEZIT > CTEX72[1-8], T O DO G AHETIX, 1HYH
WIZAERT S5~ FrY T 2011 FICRONIRERE OISO T RO B EOBIG, Fik
BIFEMTED LD REEE LT ONCONTHEINT 5, £, 2O 3FEROPEDOFERNG AL
T&ET, ZERMERS 7 & (DNA) ~OREZFET 2 2 & OMBEVESCEENER SIZ O THRANM LT
<,

2. VY RYIYIDIRBEESY - REREME L TCOBRM

BB DI, FRCHEHRETE YD X 9 IR BREFYIC L DL BN T, T DAY ELZH LN T 572
DIZIE, EEOTITORNETRD TEFAHRE] &, TORWEEVIZL TWDLIEREZHEL OO
[EBR ] 2 FEOMENLETH D, 02 >DOmMEAATRE L+ 5B & L TARIE Tldv-o
FavHThLY~ N UIICER L,

Y~ b YT TNE TIER PR X AW O BTN & WV o 7o ORFSEIC VT b | BREE DR
BEAME L THOWOLNTEREN H D [9-10], HEIREIG RO EMBEOFMIZHWS ETHnd o
DOFERD D, T~ bV L, MOAR, EEMA S ANOERREICIEFICEE L TAELL T
Lz, FHH L E O NOATEREORM T2 5, Fio., MAMEES BIK (HEI 3/ & <),
i & IEFICHEEE LCTAER L, ARRIZI T 250, & Y biFEoHko fimIZitE Ui B tEmE
DO OEBORAHA LT, 51, HAMETH Y NEIHIROEE LB 20700V, FiERIZIE,
HWELES TH Y (A1 5 HBUBEE S & <) Ak b I TRl L9V, E72, 2t FI
HRAKIEIHET 5, DF 0 VECKEIMASEI TN S) THY ., 7o 1 HRBIEFICE Y (8
1 22H) OTEENFEDLRLTV, 612, R/ CREFFICHE L), MEELHHE T,
NTHJTHNES « NELIR S8 2 EBR e SICHAHANFRETH 5, HRER « ITEIRIICIEH 72k M AME 5
WD LD REEFETIT TSN TE Y [11], AEE0BEY, BREAPE XLV YIFay
Boes e E LTSN TEZ[12-14], BLEDO X Hic, v~ bV IREHEEAM E LTH,
BRI E L TCHLAERTH Y. TFAHRE L EROM S0 HFHIA TE ., B RO EY 2O
TIZBWUIbo bl LD —2THDHEE XD,

3. HFAEE (2011-2013) OBE (F335)

B IE, 2011 4B 5 2013 4RI T, FEIC 2 [\, FBEKIATo T2, HEHLEICOWTIL, £
AN Ko TEEMIEZ D Bre > T DA, BRI BI, RS, AR, KRBT, Wh i, @k
M. A, < ETO 7 A D&, 5 BT, Motz TEBEL TR LW ) DT
&> 72 GEMIZ SV T Hiyama et al. 2015 [7])

BARIX 1 HSHT2 D 4 ANTITW Q013 KT 3 AN) . BRERFRIL 20 A AL E LT T2, F
B, BANCRAT E /XTSI F o T DR BREAER A, il B2 VTl L 7o, BRE L7
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T, AR CAF2a—7(ER 13 mm X mS 50 mm) ([CBL., MEOMESEICEBIFY KFE
PICHCT £ Tl 5910 CICMEE SN T= 7 —F — R v 7 ATHRG Ui, £/, Hlkt% & LT, Wi,

BRI, MR, O, BB, RE, AR CLEEEToR,

PR SN BRI RS B IR 0 R0 7 AR BRES
BV T, B B O 8% i3 LT, B3 21T - 72 #

7 WD) 3. W GAIR S &ie) . IEMIO Mo @EEE, R
(OB, (PR, SRR, M. Ow. LY. IR, Zofh
P, e DR (TS, WD, M) Thotz, T TRE] L LT
Karjpane ' Ay N ULEREREREZHL DR LZbDODHRTH
sokm| 0 EORFER LY BN LT LE o TV AN &
%z LICHEERLETHD,

ekt FROP L L, AN BB FIEIC < SO (L,
2,6, 151 MMATiTo7n, EE 7 HSCTERESNEERD H
BREA A A | & HUS IR AT OB ORINC AW -, Zh
Wkm -y o, RO MR BT, Hih o IR (RN O RS L O

1. EH A TH O BN (X, FasNORESL Y ORSEEGITES
A BEE—RF(FNPP) CCHAERIZ 1 HBEITo 7, S0 (& 5) 121,
§i %%ﬂé?}bgﬁi@a TS CIHY ST W W HBEE D A & 3 2 (Oxalis
Hiyama et al.(2015) [7]& Y o corniculata ) & Hv 7=,

4. HEMICHIT DMGHRETEHR CZEIRERDEIL

F 3 v ORE L RIRFICERESOHERE L RE Lz, X—ZET >~ b ET) Ot
H% (count rate) DO FHANZIX ALOKA TGS-133 & 721X TGS-146B Geiger-Miiller (GM) H—XA A — & —

(AT B A AT 4 70, JWR) ZRHV, T ~ROZEMBES (dose rate) DRITEIZ I ALOKA TGS-
161 £72I1XTGS-172 o FLb—vay =M A= — (A7 B AT 1 B, HR) & Hiz,
I DY —f A — & — [ FRIE AR Ra-226 % VT, 2011 45, 2012 4, 2013 £ 4 H & 2011
11 IR ENMTHATZ (TGS-161 128V TIiX 2008 4 11 A & 2011 4F 12 AICRIE L, Uz i
A OEWEHER CTRE D2V DHER I TND),, BIEMAITEIRSETRE SN b binWE R
NAEZTWDEFTE L, #if225 0 cm, 30 cm, 100 cm O & THIE L, BIEBLE S 30 Bk Dl %
FLER LT, £ T OWREHASITINZ TE IS Im TN AR E O 2 #uS 2BV T MR E(0cm

a b

"E 4000

z 3.0 :

S 9

9 o §3000

B i

I ﬁ 2000

% 10 &

Hd ! = 1000

# =

] : | =T :
= B = E7 4 = B = E7 e = E7 = E7 4
2011 2012 2013 2011 2012 2013

B2 BREMICETIHBHARLANILOHER
@IrFL—avH—RAA—2— (b)GMY—ARA A —2—[Z Kk BHBIFEIE,
Hiyama et al.(2015) [7]& Y & ZE,
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OES) ZRIE L, §t 3 S COREMO 2 REO MimMHRE L Lz,

ZDOFER, SRR 2011 FETRbEVMEZ /R L, TO®RITHAER 2778 Lz (K 2a,b), B
L7 B2 ThH, mETORE TR 1L, 2013 FRICENTH R, RIEZICEHRO TE RV K ) Zfl
ZaR L, WEHFERENORLITWVRERS TH 5 LB EEWMEZ /R LW, £, Zh
D D LB 5 L~V OVG YL U O AR BT, 2011 SRR HIT R E <A L7z 2013 FRKOETH > ThH,
fLOHITIZIIT 2 2011 FEEREEOME LY bEWEELZ R L TV,

5 2011 FICRSNEZES

2011 AEITEREE S N7 BPAMIER G IRV Tk, Bix BB R E AR S vz (X 3a), 2 b
OAERIZI T 2R R E X, 2011 4F 5 A CTIIBRER OB & & OMICHBEZ R I oo 7223, [6
9 A TIEEWVMHBRBGEOA RSN, 2, 9 AIE S AX b BERNEN-T-, IHIT, 5 HICH
HEINT-BAMER ) T wET EARE T OBEEROIY A4 X3, ok X v & 5%/Med
HEMBBE SN, S5, TOEMITEEROMmHRE & & WHEBEZ R Lz,

Fi AR (AR T, BRx R ERENBIE S, TOREFHERCPHMR) LV bEETH- T
(X 3b-d), F7-. FNHOEFEOT T, (MBKICHIT 5B RIIESE RO FHEHSETO
FREE E DI WAOHBEZ R LTz, S5, BEHE —TRRBITEWT 7Y o 7l (REFET 72 &) 0
fEERIZBWT, RENSBIET 2HAABIE SN, S OICTOMMIL, BEE RO RA S
TOMEEE ORICEWAOHBEZ R L,

K3 2011 EITRohi-HEERE

(a) BHHNEREBAPHR), EHhD. AZHDHIER (BRE™ . BROER (LWbhEMH) ., H/NLE
DZER (BFh) . BREE EE™) ., b-dFHRIZEITE2HERE, O MBEOERE. EAhb. £
AT ET /N EME (FBRET) . EFHIFEORREEZE BETELEFHE) . /NILEDXRKE (FFH) . (¢
EROERE. £ . EAMADAZHG@ET) . & EOERISHBIRICER (LGFE), (BRESIUV
WA XDEE. EHhb. BE™. BFkh. LWhET, Hivama et al. 2012[1]1 &k Y HKZE,
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6. BtliE 3 FREDEBXKRER

FRAEMOIEY L~ L U TREROEIZR > TV b 0D, BRI AR b D2 — 0T L < B
TWe, £22C, ZZTIEEETH#ANG, 2011 FO F #HROT —F B RIFTTWHAKFT &L
XA BRZ S i (EE T, ARE, JABET, WhE T, @#kih) 22— 20kl LTE &R
R L= (X 4),

PR R (P HAR) T, 2 < OHILET 2011 FEOFD BT DT TR B F RO R 5 4,
ZOBIFKEFEIZPD L TOE, 202 FFFKICITIEFRE L SX 5 LM E TR 72,

FitRICEBNT BT & 5 2lm A /R b gz, Fr RO ERERIX, 2011 FRKIZLVIZ-E D &
LEEREROY—7 BRI, 72, F IR R RoMIz, [Shd i, pitdi, widics
L) b TR ETEZFRSTERICA LN ENERY | 28bETh v N LEERAETRLHE
L7z (2 ORBFRIIEETEROBECLOHERWEIETH D), Z OREFRIT 2011 FFK & 2012
FRICE—7 Lol G HAEZE LD D L 2011 TN D 2012 FFRICT TE—7 < L HITH
2 5). MBEFHFROWIHERIP S VT, EFRLVNIVCRSTEDIX 2013 FEFETH -7, B
ROEFANITRABRFEENEF R LR D LV 2L ORZETH X5 TH D,

IHIT, INODOHGHIROT — 2122 T, WMCH R & OBURRH YDA U T (54
DFEFE DR ) IS CERAE S V72 B AMERIC 51T D R R B F 3R S — R IR L72(X 4), 159D /e il
WTIE, CORFRTHLAFEROMIEFMETHLEEZLD 10% UL TEZRLTED, REXEITRS
IR, Ko T G C A B 7 BE ROBINTIG G DO Th D ATREMEDS &,

B0 5 —— PR REFETLEE)

70 1 = F1D R B HE R 5

60 - —— PSR BERP) DR R
FeEEREE

50 - === JEE MO T RE
BiEDRaEfEREE

40 |

BEHEE (%)

30 -

20 4

10 4

0

2011F 20117k 2012F 2012k 2013F&F 2013k

B4 BREROHR

7. PYRYIIDEBEREN I ?

20134ETY~ MU P I ORFRIZEF R LT ETRERSTZ, Ll IBROFENEL ko
TeDME I DNTIT - E D LRV, 2013 FFFK DR B FE R A7 L Z A 1T & A 8O LG T HEAYK
Do T2, AREH EELTH TROREVMEZ /R Lz, 25 O &3 i m Witk ¢ v |
11 iR (2 7 s filia i, A, B, FEE T 2B OF — & CTlEimip & & B AMREE K
DAL B R L ORI ARV N A b (K 5), &I, Z OB ORI 728 b & A T A
% &L 2011 AERKICHIE AR B & e BIRWVVHBE 2 7R L, EO%1T 2012 Rk & 2013 FEEICNT T 22 o
TV, T2 ETIEREFEROMS L L L T2, FEIRETITEN 2 Z LI, 2013 FHRICH U
MLTWA(X6), ZZTHEELZWVOIK, 202013 FEKOMBORE V1T, & L ~ULy5 Yl T
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DERFERNEFELIEZDHEVWIHATIIRWVWE NI Z L TH D, LA, KL -ULiBY Iz BV C
BERNL VD LI EDNERTHDHEF 2D, WTHIZL T, B L~ULIG U TR RICE
XNHTETWADZ EITHENT., EREFEBENICREST- 1302, SBOBRRICRDE AT
»H5,

T 20134 5
r=10.62
_ p=0.04 06
=10+ n=11 g
B L ® B 04
i[ﬂf; o0 i
5@ ° . * 02
o ©
® 0.0
0 . . . :
0 0.5 1.0 1.5 2.0 .
HE#R 2 2 [uSv/ h] 2011% 20118 2012% 20128 2013%F 2013%
X 5. 2013 FRMITHITHIREELBREDIEER X6 hERELRERLDHERBRBOHERE

ro HHEGRH. p: WEpE. n: AEMRE.
Hiyama et al.(2015) [7] & Y & Z,

8. 2011 FB XD 2011 FMDANEEXNSU\DIEFZEN?

T, FHE 3 M TR ONIZBEROHEENE LA D= XA ONTE X THIZL,

FF. 2011 EFEN ST TORFEROBEMTHONWT TH S, HITHE & ORI TR RAH
TEHDREL, MEORKLED ST HFREZ D 2011 FFRICRBRERNENEZRITIZTTHL, L
2L, FEBRIZIT 4 2HZD 2011 FRKIZRBRFERDRRER>TWD, ZOTHNELTZEBE L
T2ODGERNE Z HILD,

—ol%, MAHIIaOBE ) & TEMMROEE] OBWHARERIZEELZ G2V IRTH D,
2011 AEFRICEREE L7 BRI TWEIR S | HCH ©, TOBITE<IR L T O, $HROEE L W) DX
ER BRSNS T T2 RHIIEIC 3B 1T D BD A TH D, BHFIZN Db & 2 MDD Dhp3 A
AT ELTH, ZNNBEAER & L TERNDAREERZNEEELSBRNWEA D, Lo T, 2011 4F
FEOH 1R TIZZNIEEE VR R TR SR o 72, — 2 LRI R bR L TR Y,
FIEATEMIETE S o R R LTS, ZOAEMRIX. KPoMilanitt s filaTh b0,
AR A2 T T B AR BRI R O, FER & L ORREREREASCT VAR D, Lo T,
B 5 A EIZH 72D 2011 FFRKOMEE TRFERD/EMLIZE VIR TH D, ZOMITBN T, 2
WEROE—7FSHRE TR 2HRETHY, SHRBITED OB THoTm L W) AEEEDL S
bbb, LL, 24 EREBIZOVWTTREZIT> TWRVWO T, TOMRGITMHRIET 5 Z LIXTE
7200,

t 9 —ODBUL, AU T DRI A PRIC K D R E R DOEREIC L » TRERNEM L L
WOTH DL, FfTar hr— L SNERE T THEIN TWAD 2D, AR ORERR LT
FHED) 1K SRRETH D, Lo T, (HHRHKO F RISz s R oL, Btk
NOHOREBELEWRL TS, 2FE0, BEBENEBRELE (D72 e P RS F R v
IELERLTVD, SHIZ, RIHRHIZBWTHBERFENRALND Z Ebbho TRV, WERFE D
HIZITBEEO L ONEENTND EEF R D, T3, DNA OZEREFIZE D H D TH D0 DOffEE
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FRWA, ZTROOERFEITITIT a vy a UNRTORREREKTROND O, BRERFHRME %
BZTRHCAHA LGN BFEN4E BT 2000850 | DNA OFERERNE EN TV D ATEEMEIXE W &
ExHIDH, T DNA OZERERMNPKIRAEZTFHPNTIT 2 & T, BT T LICERHE
NTWE | BERPEINML TV oW THDL, ZOFIZONTH, IR TH Y . DNA
DIRERA HHICHE TE TV A DI Tidewy, EBERITIXEL L OGN IE LN E WD X0,
WG OERPESHINER L T DRt H D, ZHOEORFICOWVTHRIEL TN 2 &b, 4%
DOBEO—>TH D,

O. BRI DEMEIC DT EEME

WIZ, 2011 AERKLARE D B RO NZ DN THE X THD, Y~ bV I OFREETH S B F
DEENNHNE 58— IR F U L > T SN TR EIC L > THE U2 &2 & BE R (A
) LB R E LTUTD 2 DOREAEZ b D, —Do8, R ORGEIZ > THERFRER D L
B EVNIEDOT, b9 —DF, BT E DA N L RITR U TIREUIMEZ 1T 5 X 5 ZeiisE b
EBETNHENIHEDOTHD,

—OHDOEEIZL, T D 3 HERE -T2 2 & TRERRED EH Z2DIRE~REND < S WITE THRED D
L7eEWD DO ThD, ENT, TNENOMBA TR THS &L 2013 F8KIE 2011 FFE LD HHREN
KIEIZA LT D, LovL, @R ZE L TR TAD L, WETORE T &V o 72 B U R
DEWHBEIZ W T, 2013 FFI272 > ThH, 2011 FRERFICH ARV Z 7R L T 72 ik o fE X v
HLEVWVEEHER L T D, 26 BIOBWAFEICK T2 REREBREORE 1 DOTT77I2FLHT
Hi=(K7), 2T 7R THDE, ALV OBETH>ThH, HEDOEHIZ X > TRERIIK
T R STHDONRDND, 2012 FHEOFHEREF TR OIKWERE TH o 72 @#kiii Tlik, MR
130 cpm THHEF RN 159 % ThH 7=k LT, 2013 FFLIEOFHAE TIE 130 cpm DL EO#REZ
R LTZHRIZB W T H BEEN 15 %2 B2 - HAIIHER SN TRV, FEEZ IS 5 R o
B T-131 R° Te-129m 72 ER T 5 2 BDOX— Z R X 5 BVER 2R OB N RE N -T2 L E

a0 2 TH, BEROWD DS

®@2011F

R2=0.533% ~ULDOIE TR FICEA LD THD
é/ &2011Fk

// o LIEEZIZ W, DE Y | BERD
30 £ WL, SR EORD LISZ L
el ST R AR D D
@ ®2013Fk dWc D
20 = s ZOROERL LTEZ NS
DB, H )= 2D THDH, ¥~
ko X DS RIS RS D B
PELEIETZEWVI DO TH D,
2011 FFE @ F HARTIL, KRB Dk
AR GECERLET) 23 90%LL
0 — . & ETHO ., DL < oz B Wy

50 500 5000

b TET F Y B R [cpm] ThbEmWMHRA R STz, Zo5

B 7. 2011 - 2013 I H 1 BIRGHEE & REEOBIF IR R b
KHRIL 2011 FERR-2012 FHFEDOTNL—T . WREZNLUBOT UL o THRVBRIEL o7
N—FOERERERT CERERLTV G, S D b
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BT X > T BRI IRUMEER L STV o 72 EHERIT X 5, #HRZ 8 2 L IS BRI TRy M
ROEIGRH 2 TN Z T, EEREEREE U THIBRIZHT 2PIERE L Cna 0259, &
DX HRERBIROBIRAIRD Z L T, IBYRMIEO Y~ 3P I BN EEHRE 2 ik S e &2 5
N5, EHRRAITE 2 A L 72 2 SIS K> TR D OB E GO H Z LN TE 7272, 2013 FFI21E
BERENEFREICR T B2 OND, ZHUL, AIRORE L REROBRER L7 716 H 9
DNZ D, ZZ TS, (BYOBEMNEE LTz 2011 4E5K & 2012 4EFED 7V —F & | IUrHRmE %
LR EEbN D ZNUBEO I NV—TL D2 T NV—TIT3F TR THRD, ENETND T N—T
T AT IERR (BRIE) ZBIWTHD & 2011 FFKE 2012 SEED T NV—T D0, EnLlED 7L
—7 X0 HIEEPEROMBE BKRE NV, DFD 2011 FFFKE 2012 FEFRITEB WD TTZNLIE L D b AG#R
DR ZIT TV L AR D, 2012 FERKLLRE I TR AR I YE 2 815 L C. BURBROEI/N S
KIpolel VW) Z B XFTHMBIELEEADTEAD,

Z DX ) RS T A ISE LIt T H T TCICEE S TW D, BlziE, Fov ) T A YDA
v ZIEITET DR 22 AR A 1SR SEICB T LA R LA (BHRIC L > ThRAESND)
~ONESDATREME[16]3F = /v ) 7 A4 VFRFEH EBEEL T & LTHEInTnd, £72, B
TR D T R D3 i W HIBB I 38U T R BRITE S > 3 7 2 3 U R [17]0F O A4 [18] Tl
BINTWD, ¥~ b U TBNT, THYHIR O AR D F2ER SRR R LU TIRBTED i < 72 o T
WD, EIWVo e FHA T = AN E > TIREIMEZ EH T D072 Lk, A% LML T
IR TEWIT 2 WRETH 5,

10. ELZERENDEE

BYHIE DY~ F Y BN T, BRBERICK D2HEIGHEINE L TV T5 L, EHNOEKR
ISR S ET- A T T AEEMER B D, BIREIU, BREREIZHE T 2 29 L7220 s TRz
D1 EbOEICENRAE U DRI TR E 5, BERIELROSGE TIE, BB OREESZ T3 VE
BIFFEATLEI DAL DORENEL D Z & THEPEER VDI NITFELICS 8D, TDO—T
T, RIS U TR 2 2 H I O WERIE, 7882 TRt L B L2 Z T Ic WD T, B
% Z TR UMERIS LT ISR 2 TRE DS 2 D, RISV MER A > TV 2 s 1
E, WOMHRITIFZ TP K RDDT, 2 Vo fAENZNE, EHOFHLRDbTLE
VBB NEL D REMENRDH D, DFEV | Hhx REERDP A IeBIE T 2R > T2 Z & TR T
W AR D AR GRIGHIZANE) 23, D LT LE D WTREMEN H 5, HRI2. A\ X 5 72580 iR
JEIZ X o TRIRISEN A U735 A 1T, BIRIFEICRRIC K 2 Yt RO R x OB O 72 1T
F o T SRR BIFR 72 WG 7T b ZERMEDS D T 5 ATREME S B 2 B b, £ OB ZER
PERAT D L) Z &k, BHO L OBENREEMENME T T2 Z &2 o b, AL, Hiicie
A MU RICHEE LTz & 212, ZERED BT IVZERNICE DR b LRIk 2P0 & R o R 2315
ETHAREMEREmED ., ZORELE L THEEZGND 2 ENTX DA HetE b & E 5[19-20], Z OiEfs
IS EEMER A L TV AIREETIE, [MHDA ML AICHEB L- & X2, 5 EL KT, EMD
FIROHIRIZ DT N D RN B D, Lo T, ZOBBIIZHRME~DOEEZI LN LTI, ik
SHBIE YD EMEBIZ OV TIE L EE L2 & I3 E 2720, BIENEZHEMEA~ORBIZ OV TS %
BT HERBHEIL L E 2, BIERMVBEATHD EZATH D,
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11, IREREDOES2 M

AT TH ST o T2 DL, FHALEAE &0 0 fRD TR AR BIIZN L) 5 L WO FET
bbb, Y~ N VIOHRAETIE, BEROMBIIHN 2 FMOI BIZET LTS, b L, ZOMAEN
JEENBITONTWIIL, BERO EHIFHERINT, v~ MU IEMoEgEd nrolobn
IFERMICE S T2 A 9, AENGOEMEDFMOLEN TE H X 512705 F TITET HEFH 7
ClZ Lo TR, FHEFEENOORE T T, FHOEWZELE RRHENNH 5, HEEE
BYOAW RS X0 IEMICERET 51213, ROk 2l E SR 557259,

Fo, BAOL ) ICEBICHENATHNEZTZONEZHLNNIT L2 ENENTHHGAEE, BT
HEEZTLON—FTHDH, FFEFHOKEL S TEoTH, TOREBITIIHA RERNE ENT
W5, BlZIE, Bt E RO AOBE), tHFRIH 0L, b, R - AR OE R
Thbd, INEOBERPMESGIERTHE. EOL I RMEMERANEC D0 E, RAZRENS
W, EEOBHN TORBRETIRDLSMIIORN AL MNICT HZ LT TE R, 612, K
SHEMEBEOBLIZTICIRE L T UL BN E 2 D, BEHTEWE BN L7z &9 FiT,
HUCHURRESEM L7 & W) Z & &38R D, 85 TR SIICHEEMBE DI L A SI3e BT
HY | RFHEHELINT G REHEDOMELCH - I8 HiEn 72 & OIERFHEME D &E b ik & T
WAHR21], S BT, PRIV EL MR R A T &0 D B TR BT IR 720N L O R
% (AR I3 OME L LTERD (—BERITIRE L 2 b0 H D), ZuD OWENKREICHM S
iz &) i, BUICHEHRENHEMT 5720 Tl R EOMEZOLOLMNT 28
IRLCWD, EHREIY &9 & RO BEIZ /N0 1AM T-> T LE D28, BB
TWENREYRE LB Z e TUT R bW, DFE V| EEOBHIMIBNTED L 5 2N ELTND
MEWNIFEEHLNIT HITIE, BEIHBOEREZRERIC LTy I = b— 3 v 7 EORERM R TRIZZ T
Tl TiEe < FEICEHAORNEZR~T-0 | B THER I NI B E AW N R =R /e &
EITHOMENS DS,

12. {NHDIC

BUEIZBWTIL, Y~ F U BT A EREAEF RO TR EFMHE L MRS ETIZEELTWS,
LML, ZIULSERICEEN LS ol b W) FTIEHARWARBMENH D, HEHRN 2 WEREEIZEB W T
b, MPEZESET 5 2 L T EDFILTE TND EWVIIREEZR DN S LIV, £72, DNA RL#ER1
SRR ED T LUV L LSV DL NS DIFA THEE-> TV, BEEZZ TR TV 5D
AEEELH D, TNOHEP LML TV 72D, BERFRMIKO Y~ F P I D7 ) LRTC,
AFLP f#ffr & o iz, 3 F LoV O &2 IR 2 D T 5,

HYH AR BT 2B AT, A X 5SS 5 Z L b T RTE, B s =Y &k
JAHZEHTETIC, ZNNDBHR LT D759, £ 9 W oo BWICHI- 2 FRFi o L2
LD IEMICEMEL X5 Lo 01X, A oia, @, EEEE, AR, Ekl o lokkx e
LA B DRI RO HNDHTEA D, MEDLRIAEMT-bOFZ, 7—% & LTHWE
JL FERICIENL LT Z &k, BRBRICED 2F O TIIRWIEAS 9 ),
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Fieldwork of the Pale Grass Blue Butterfly in Radioactive Polluted Area

Taira W', Hiyama A!, Iwasaki M!, Sakauchi K' and Otaki JM'*
!Graduate School of Engineering and Science, University of the Ryukyus,
?Faculty of Science, University of the Ryukyus

Long-term monitoring of the biological impacts of the radioactive pollution caused by the Fukushima nuclear
accident is required to understand what has occurred in organisms living in the polluted areas. Here, we
investigated dynamics of the abnormality rate (AR) in both field-caught adult populations and laboratory-reared
offspring populations of the pale grass blue butterfly, Zizeeria maha. We monitored 7 localities around Fukushima
every spring and fall over 3 years (2011-2013). The adult ARs of these localities quickly increased and peaked
in the fall of 2011, which was not observed in non-contaminated localities. In the offspring generation, the total
ARs, included deaths at the immature stage, peaked either in the fall of 2011 or in the spring of 2012. Importantly,
the elevated ARs of the field and offspring populations settled back to a normal level by the fall of 2012 and by
the spring of 2013, respectively. These results demonstrated an occurrence and an accumulation of adverse
physiological and genetic effects in early generations, followed by their decrease and leveling off at a normal
level. And these decrements imply the possibility of adaptive evolution for radiation resistance. Now, to examine
this possibility, we are trying some experiments, including genetic diversity and genomic analyses. Precise
understanding of the biological effects of radioactive pollution requires diverse studies at various levels such
molecular, individual, population, ecosystem and evolution levels.
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External and internal exposure experiments on the pale grass blue butterfly
Ko Sakauchi', Chiyo Nohara!, Atsuki Hiyama', Wataru Taira!, Mayo Iwasaki', Joji M Otaki'+?
!Graduate School of Engineering and Science, University of the Ryukyus,
2Faculty of Science, University of the Ryukyus

We had conducted the field monitoring of the pale grass blue butterfly, Zizeeria maha, around Fukushima
areas for 3 years, from Spring 2011 to Fall 2013. The monitoring survey started 2 months after the nuclear
accident. In addition, based on the established rearing method, we obtained offspring generations from
field-caught adults and observed inheritable effects. In response to these results, we reproduced the detected
abnormal phenotypes in our laboratory by the external and internal exposure experiments. Consequently, we
conclude that morphological abnormalities of butterflies were caused by the artificial radionuclides released
from the nuclear power plant. Subsequently, we performed two additional internal exposure experiments
feeding radioactively contaminated diet. There seemed to be no threshold level below which no biological
response could appear, suggesting that there is a detectable risk of low dose Cs ingestion. Moreover, the effect
of internal exposure is likely to be non-genetic and physiological. Thus, the effect is to be overcome by
consuming non-contaminated diet.
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—N—LLDMEREOENERET S0, THED a7 B—s3=500ml, / /X 500ml % 5l % |2
BRI L7z, HESBIOMENAVIAERWE T, HBAELTNWD L ZADNLIRITIR L T E TEHH
L7,

L LTHICEZONTWD YA L—U0F, ER., AR, KIRRN S o T A nERE S
NTNDERWRBDLT-DITHESINT YA L— T, 2R 170 500 ml BLEIZ/RS L9
2, A3V U T IT ORI HDOR 4 7L T,

RFEIE, PRI 12 BRE L e OO BB AE L T RWEREEZEILE, oot
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NI T RTHRY EITANELIR -7,

3. FEZNATIERMERORE LBREFHE DD DORBHER

HEMREBRO~ T alx, I RvLZr~valix, /A TR EMNRIZEDTHR VI X 0 RE
Lz, w7V akixeth Rerzr~wallxd, FEAPLREL, /A =32 )d, Bz T
FIZHAELTCWDEEEZRE L, *IRERE LT, ~7 Y abdx e WILEERTET «—L FE%E
YHE=IZTO6 A~ ADRICEAAT BV IEIC L Y EREE L7o, BRE LIc R, /MU Tt L7z
#%. 90 mlIZ L CHREEFHIIOFELE LT,

4. BRMHEES T ARERFZ I R A A ATHHORFTICRIZTTEE

A CERER L7 iB 93T, R ARSI DRI e e v U ARE AL, fE IS
R L7z, B3R L72% 2 X Y A = 0PN, LB AT O N TREGE T BEHEWEIC X 515 Y%
DIRNHRNVAZ A A SRSz 122 AHOFENSZRE L, RELLINX, 7oy 7
(8x4 cm)NOFRATIE (RIT) & XMIK (HFIR)DFFEZ 60g Adv, B3 LN 30 A8 L7z, £ 0
%A ¥ 2= — (25C 16L8D) T HE L, PULFE 7=,

5. ZERER I OREY L ILVOEME Y S T ADRIE

ZeMRR L. 6 H~9 H oM., BREEHSHHETE =4 (HORIBAPA-1000 Radi)lZ & > T, HEHHND 3 7>
FrC 1Bl 1 53 OBIEZ 5 [T - 72,

WEL, A4 L —BLOF#EIT, Nal > F L—3 3 7 ¥ —(Becquerel-Monitor LB 200,
BERTHOLD)(Z & - CTHllE L7z, £H%, Nal > FL—a b v ¥ —EMF211 B y g 2~<7 K
B A—% EMF V¥ N NERAWTHE L7z, BR (w7 Y alix, B Rvrzry~alix, /A=A
TEIOFH I R A"z, Zb~ =0 D8 AR ZH(GEM 20-70, Ortec) % W CTHIlE L7,

& R

1. FIRER XOEY I L Ot v v LEE

FRAHI O ZE AR R IX, 5.52 uSv/h+0.44 Th o7z,  HEHO TE L HOEDO|® v v MREIXENE
. 29,012.57 Bq kg (18,387~51,863), 11,757 Bq kg (5,882~27,096) & @\ Mtz L7, BEDE >
UABEIE, TAMNS 9 HIIHT T, SRty a s a—_"—TlEE TR, /23T 5,237
Bqkg!. v m 7 @—/3—T22309Bqkg! THo7=, VA L =D U AREF, 1337,
10 o ZUDRIRALL T & 22 o 7272 fEA T2 3 2 7 A D FH)1T 2,665 Bq kg (1,459~3,966)
Lleofe, FHEOBVI U AREIL, 20 2 7LD T 2,348 Bq kg (#iFH 600~5,382 Bq kg ) TH
-7z,

2. BEIN-EEMEREROREE L EEK

B LICERMER RO~ Y alixt vz ~aZxid, £ 6,900 kR E 1,018 fEK
Tholz, /A TN OFEMEEIT, BFF 1,559 K72 572, 4% I RV A = AT OFEREET,
3,807 fE{K T, ZDOWNFRITH LD FF TG L7 EKIE 1,664 E{K, A (RIL) OFETHE L7
BRI 2,143 [BIRTZ 5 72,

3. EZFATI2ERMTRAVELEL ) A =ATIIBIT HHREE S Y AORE
~ 7V aliRrEH Rwm v alxoe sy AREL, EZ 1,700 Bgkg (P*Cs: 500 Bq kg™
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137Cs: 1,200 Bq kg'). 2,410 Bq kg (***Cs: 710 Bqkg!. *’Cs: 1,700 Bqkg) TH -~ 7=, —J5. HIL CTHE
Lz~ 7Y a3 34Cs,3Cs & HITHHRARLL T TH o 7=,

FAATHL (GRIT) CERELTZ /A =A=' U ARET 3,520 Bqkg ! (*Cs: 920 Bgkg!, *7Cs: 2,600
Bgkgh & @mWMEE e o7z,

4. ML T LOXZ I R A ZATHROFEEFT~DOHE

S FEIFERBE (K 2,348 Bq kg ; #iPH 600~5,382 Bq kg YD 4# 20 L THF LI R A =
NG M AT LTCEEOPHERIT, 50%~89% D& & e v | JEHT68.7% Th o7z, LinL, 3k
DT NREOED PO B BIRIZ A DAL D> 2 72(r 2=0.0024),

5. ¥ZI RV A AR ROFLREFERIC L D2RB~DOBIT - EHF
A DOGYFFECTHILEX X I R A = AT hZFE L, PSS hiot o AREX
219 Bq kg (**Cs: 69 Bq kg!'. ¥’Cs: 150 Bq kg ) TH -~ 7=,

Z &

TN S ED A~ DB > 0 SITRRIRRI & 72 0 (B RE, HHERE, RS LIS Ok~ RN TH
FENEI2 D Z ERF BTV D, 2011), FAAM CERES - BE O ER X, 11,757 Bgkg! (LA
T, BC s & BICs OGEHE) L720 ., JinNEvr s a—R"—T4F5 L, FEI 5237 Bgkg.
22,309 Bgkg! & KZ A U Dix, B 258 2 FEORIZB W TR DR v T A% )
T D8, ANV T LARMETIENRRZZLICLDb0EEXLND, VA L—U0 10 Y
TMZEBWT, BV T AN 0Bgkg! THo=Z Eid, 8 AUMOT 7 i, RITETIE/ARL . BN
D TARRS, BRI, KRN LI FEARBEOKSNEE S Y AORBETHEESNZF A L—TT
boleH bbb,

WNH D (2012)1%, /FYETR 2 B H L 72 WAA O MERCHAHRICE Y 7 AREM SN TN D Z & &
LTz, WEOE T AREOTVE (11,757 Bqkg )33 L< @< FHEDO T (2,348 Bakg )3 4K
EOFMEIZ R TED - 722 005, AFRBHOFOENIC L It v v 28BS b =
EWIMINZ D,

F V) TA Y EEEOFEICBNT, BRI T LM T A%, REiiEK & L I0E
ENHMBE TICEREEIND EWESINTWDHLES,2012), %72, HashimotoR01)IZ X 2% &, 3D
F MR DR EEREAFE CHI T HIX 2 LD, SEIOFET, HEOE T T AR 18,387
Bq@ ~51,863 Bq kg! F TRE S ZENAONT-DIL, HEHEWE XU T Dk~ 72 5:0F D

WZE- T, BROOIRETEREINLIZLIZLrEEZILND,

_nif\ S R — R T & o Tt S T2 Y O i R B~ D B CE R I B L T
7 = 7 (Hiyama et al.,2012; Nohara et al., 2014) , 4= (=#F 5, 2013), KAE R (Yoshimura and
Akama,2013) , 77 7 A3 (Akimoto,2014) , 7 EH (Ayabeetal,2014) 72 EICBWTHAE I TE
Too LU, BEMEME OFEREMERE RA~ORELERICET 2 WEIL. Fo ) 74 VIR FR LT
HDTHIZEA LR, ERROWRIOF T, ZEMRENS ROV CRESh -/ T L KERR
DT NREITRVMEZ R L7, 7 BETIE, ZEHMRE 4.41 £0.5pSv h! O HLSIZ IV T, 6,356
Bqkg! (*%Cs2,401Bg/kg”’ . '¥'Cs3,955Bq/kg™!) &\ 9 gAY EVMEZ 7~ L7z (Ayabeetal.,2014),
AKFE MO ZZ B 5.52+0.44uSvh! TOEBME T H R A FADE 7 ABE (= 7Y a i % 1,700
Bqkg'; W Rwaxr~adix 2410Bgkg?) 1E. THITHAD EARVMERE 5723 ZHUTEMED
EWABR L TWD 2 E LitZely, Rudgeetal. (1993) &, BAREICKIT S I I XA EE T D
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LOBATRRE (2 I AORE/MEOREE) % 0.28—0.92 & @& L=, AFHEHICKIT 5 48O R E
2,348 Bq kg '(#iPH 600-5,382 Bqkgh)a b L2, v/ Y ahxbh Rvilxzr~a b xoOBTREE R
HHE, FNENO0T2 L 1.02 720, BT AR OLFETEIFHOKRNIZEITT D alHEMEN
ARENT, o, ZO2OFEAMED T R LA VEFRAOENE LT, I Kz r~a AR,
FRER A A, FENOMAERRNITF . BT O LEICE VIATLEMEEZ H D (Yasuda, 1987), — 77,
~ 7Y aBRFEO FEONEICAER L, ERICHEELE NN H D (Miyauchi and Yokoyama, 1983),
AEFHI L7720 R~z r<alxOfEZ, ~7Yalxl o RENIENS, WEOMOE LY
LAEBEEOENT, KA XOBEWNNZED LD EALNEN, FUERETHHERINZESLED
FIRHEEROE N2 E BB L TV D AREEDZE T 20 ERHH0H L,

INETICERSNTWE T o~ BB ERTIX, BROAEF, BE~BEL 5 2 5 BFHREIT,
Bt H5E Gy DD TEWHRETH DL Z ENMBIL TS (Coleetal. 1959 ; Elbady, 1965; Tilton et
al.,, 1966), £7-, Moller QU2 LB &, F )b/ 74V OHFEHIZLY , Z2HFRED 300~500 uR/h D
Mt Tr OB Z L DOFEREHLIZE VWD, L, KREMOBERFETE CLEFLZI R A=
NEDOPULREFEOE U LRE L ORMBRBERN R OGN holzZ b, e v 20%
B3I RY A TARTA~OFET, AFEHIZIB T HFEOE ST LRED L~UL (6,000Bqkg’ i) T
TR DN WATREME S R S iz, LavL, SRIIBREABT 2175 2 & TEIE~DO MBI T
LDENMLEL BbND,

FAHOIG Y FECTHYILEF Z I R A = A AT h2fE L, P Lo min 6 & 27 473 219 Bq
kg! SN Z 0D ARG BRFSG YRR K o> TV IAA TS B> U A%, Eleomfe
TRURARNICBAT - EEIND Z LR SNT, SRIENEE SNTEFZ I RY A = AT hyE, P
t#. fERA 52 b TWianied | Sl OEBEOLTH LDIZx L, B0 ) A =T D
BT RO 00 FEIR D 7= D Firfif e #IZHE F 5B H H 72 (Shinonaga, 2003 ; K431, 1976;
ERING,1978), ENHEZFKD TND EABLIND, ZIVET, AL E RIS S OFRD O R TE
WERHRE I TWS (33 5, 2012 ; Yamaguchietal., 2012), L EDZ EnE, ZOF X I FU A
TR E ) A RO T MREICRE RENAONT-O, HEMO B EEEFETH D
J A TNTNT, S HREEOF R LD NERIC X 275N % T, Ik oo bl S
FND B EDE DB L ARADMBIZ L > THEREENSGE > TWATD & Bbh s,

Sth, BERREICED 52 OREIZHENT, B U AFROERETHD &L LK BRFEESZN
SOBHEIZOVTHFHHICHEL T BERDH D,

# #F
AIEEAT ST WHN 2N IEERI RN TR0 - 5< L EREHE
IR IEERRZIT CORERE O 2 ITHILH L BT 5,
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Radiocesium concentrations in coprophagous insects at a pasture of 14 km
distance from the Fukushima Nuclear Power Plant
Mitsuhiro Iwasa, Hideyuki Kabeya and Fumiya Nakaya
Laboratory of Entomology, Obihiro University of Agriculture and Veterinary Medicine

Radiocesium concentrations in coprophagous insects were investigated at a pasture of 14 km distance from
the Fukushima Nuclear Power Plant in 2013.  Air radiation dose rate was 5.52 uSv/h + 0.44 at surveyed area.
An average of radiocesium concentrations (****7 Cs) in cow dung pats was 2,348 Bq kg! with range from 600
to 5,382 Bq kg™!. Radiocesium concentrations (1**137 Cs) of two species of dung beetles, Aphodius rectus and
Onthophagus lenzii, were 1,700 Bq kg' and 2,410 Bq kg, respectively. On the other hand, ***137 Cs
concentrations of a muscid fly, Neomyia cornicina were 3,520 Bq kg™!. There was no significant relationship

between larval development of Neomyia cornicina and radiocesium concentrations of cow dung used for rearing

the larvae.
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E-mail of Iwasa M: iwasa@obihiro.ac.jp
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TEPWEME YD ADIN I I ANDKIT « (ARDTH « 58

R S B -
St PN S GES T

X C®HIT

WO @ S 5 — R ) BB RT D FH A I . UM E D NDS D E) ~DREATROBIZ DU
TIRAIFRINTETCNDHDODELEHHEITFE X RV TH D, AUSNDEDIZONT HBAT
WEBIIOWTINEL DT —F2EOERERDD LRV ETH D, AFZETIE, #iicERT
HH0o L bREMREHTHD I I RZHONT, HEFOHEEE S T AN EORE I I A~BITT
LD EETHNT D720, SR U AZ G IETIIXEHE L, LEMS I I XA~ PCs
DBAT & BB & DORRC, BIRE N HEEE & 7 A0 I I XIRN TOSARCHREIT OV TG
Lz, £72. 22 RO EOFM HIT722 > 7=,

MRS X OVHE

C e IIX

Bt v T AxE T, BEENOMMN SR L-EBLETHY . HARIC 1.18mm(#10)
DAT VAR vy aZil L COMNMSOEY R 3R E U, FEBIIR R 25T CERE L7z 2 FfH O 3,
+HEA L BB ZHWCHEGE L (Figl),

R L7z 2 2 R EBR=E N CTHERF AT fE72 >~ X 2 X Eisenia fetida (Savigny, 1826) T, & DE(&T
FOIOCHER ISR R ST B,

BRERMICHER L CVWAEEL () 7r—a—#H, REALE—FER) & ERoMEEE S
ULAEGH THAERRS LR LICI I XE AN, A ORI E, KoEdfaR, KOYCs
TFREIRE 1X, 22 0.4g/cm’, 68% &, 49.1Bq/i )/ H-g, T3 B (X 1.0g/em®, 73%EH &, 162.4Bq/
Wil E-g Th D,

| Soil B was
collected here.

Fig. 1 Map of Fukushima
Prefecture

Soil A was
collected here.

The locations where the soils

were collected are shown.?

- EBR 1R —
THEA OFEBRTIZ,2,6,36 HEBHRIC, THEB OFERTIX1,2,4,7,14,22 AfABEHIZI I A (N
=5) ZHVY H L, Ge Y&k HZF (Model IGC3019, Princeton Gama Tec) T '37Cs J2E 2T L 7=,

55



BFoNTI I XD PICs B (Bq/iE-g) OFRIMEEFER Lz 180 ¥Cs JRE(Bq/flEE-g) Th L
TRELRZREH L,
- BRI —

15 B OFEBRIZEBWT 7 HHfE%R, ZIEERABM ICRE L, 1,2 BEEHZICEHRY 1L TER1
& FIBRIZ Ge AR AR T PCs IREZE L7z,
- FER 3R D Cs S A —

FER1 EFRICAAI T TIIRAEZ{ZAIIEROH L, A~ U CEEER, 7 I9AFAZ Y T
W 290 H L CH o PV e G Lz, o 7o HLi-ma A A—Y 771 —hMIZ3—5H
fiig#E L, U —# — (Typhoon FLA 7000) TatAHY , &— 7V A4 777 4 —(ARG)Z/ER L 7=,

BRBLIUBE
— R —

B> T AEA TR TEHE L2 2 X0 YCs OFRE L FEEBM & OBf%R % Fig2 1o~ d, =
HE AB DEBRT & BICHEE LT E BN E < | e 12 LT OR R Sz, ilE s
BIICIEE LEAS S VERE & LT, HHAE D72 2 LIS K VIERICEHA B L2 E N EX BN,
F7o. BERIT 0.02-0.06 FREICEBLEL Z ENSho T,

AREBRIZIBNT BICs OBIN —FEL Do 72 I I X TOHREIL 20Bg/sample FLE ThH - 72,

0.25
X @ 50ilA experiment
0.20 -
’5 . .

=)
25 X 50ilB experiment
— &D X
= o 015 {X
28
- =
£% %
§ 2010 -
s 20
=
oa . %

0.05 1 Fig.2

L 2 L 2 M i
X The change of concentration
0.00 ‘ ' ' ratios with time
0 10 20 30 40
Time(day)

— i —

HEEE > 7 A ER LHEECHRE LRI E R AEHM EIZR L2 2 X1, Table 1 1273 X 9
1 H#% T PYCs IREEN ND & 72V LB NICAFE L7275 BN 1 B CH2ITH Lb\ifi@&%%@b
DI EWhoT,

Tablel Metabolism of earthworm

soil containing radioactive soil non-containing
Concentration substances radioactive substances
(Bg/wet-g) 1 day after 2 day after 1 week after 1 day after 2 day after
6.3+1.3 4.7+1.6 7.0+2.2 ND ND
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_ﬁgljﬂ@ 137CS ﬁﬁ_

Fig3 1o, fEA L7z 8L 12,1422 BRRICIEYRTEL O L7 I XD ARG #R7, it
VU LOREDENES DR E, EWREOEHSNEFATRIN TS, ARG LY ittty 7 A
X, I I XOHEENICIBO T L & [FRREORE CHE L, FHEMREES CIXZoREIZ IV
RIRECTH Y | SRR IRIEIERED bl o7,

S

Fig.3 Autoradiograph and
photograph of soil and earthworms

at the 1st, 2nd, 14th, and 22nd day
Soil The 1stday The 2nd day The 14thday The 22th day after culturing.

T LA ORBRER LY . BB OBGEE > T LE, I I AOEHMMFEERIC L EE0 2 &k
<, HEEABBLTWD Z &R HERIEN D,

— X I RO E R —

ICRP Pub.108¥ OMEMFIRHM TIHE SN TNDEIIRADKRE I EARMRICTHEA LY ~IIX
DRE SITH72 Y 72038 % 728, ICRP Pub.108 THIE STV D I I XROIIDMERFSAE L T b
O Jfili(mean) Z W ARFZE D FEAMRIZ A L7= (Table2) , X 3 X, I I XDY, o &
TR¥CE TR L 72 R B SR OfE % Table 3 10RT, X I AOREIT 1 AB T T O ER
OHTHRLERE CTH2bDOE AW,

ICRP D X X RIZHY % DCFs 2D FEM 5 & FERITHA L2 I I XL KRE S TH 5 HRIE
TR L7 RISH LTI < im0 B MBI MRV BICRE S5, £72, ICRP TO
BE TR, AMBBIE < OFRAEDS 50em JED HHEHRIT & 70> TER Y . HHEOFME 10cm OPES £ TIZIF
ENEDBHMEE LD LABEAE SN TVD LF D FEERORI LY bl KFH 72 > T\ 5,

BiCs & BCs MRAEH -T2 L RET D &, Bttt v A0 6%1F 5 I I AW E=RITHE KT
1.9 x 10° (uGy/day) T > 7=,

Table 2 Dose conversion factors (DCFs) for Earthworm and its eggs, and mean DCFs (uGy/day)/ (Bg/kg)

DCFs Earthworm Earthworm egg Mean

Internal External Internal External Internal External

34x10°  73x10° 2.8x10° 84x103 3.1x10°  7.9x%107°

137CS

Internal External Internal External Internal External

2.6x103  2.0x10? 2.0x103 22x10? 23x103 2.1x107?

134CS

Assumptions for DCFs: earthworm body mass = 5.24 x 10~ kg; proportional shape is 10 x 1 x 1 cm; external
exposure occurs in a 50-cm-thick volume of source soil.

Assumptions for DCFs for eggs are mass = 6.54 x 107 kg; proportional shape is represented by a 0.5-cm
diameter sphere; external exposure occurs in a 50-cm-thick volume of source soil.

Mean DCFs is the average DCFs for earthworms and eggs.
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Table 3 Absorbed dose rate from internal and external exposure of earthworm to '*’Cs

Concentration of *’Cs

Absorbed dose rate from *’Cs

DCFs Experiment earthworm soil Internal External Total
Bg/wet-g Bg/wet-g uGy/day uGy/day uGy/day
soil A 3.1 x10° 1.4 x 10! 1.1 x10! 1.0 x 10? 1.1 x 10?
Earthworm )
soil B 3.5x 10! 6.0 x 10! 1.2 x 10? 4.4 x10% 5.6 x 10?
soil A 3.1 x10° 1.4 x 10! 9.6 x 10° 1.1 x 10? 1.2 x 10?
Mean*
soil B 3.5 x 10! 6.0 x 10! 1.1 x 10° 4.7 x 10° 5.8 x 10?
Earthworm soil A 3.1 x10° 1.4 x 10! 8.7 x 10° 1.2 x 10? 1.3 x 10?
egg soil B 3.5x 10! 6.0 x 10! 9.9 x 10! 5.1 x 10? 6.0 x 10?

*Mean DCFs are average values for earthworms and eggs.
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BAT  FEIINC PCs IRELARE LS RAICTFR TN, ZhiE, HERED 722 &ICkY

ERICEEAZBR L2 8B o5, £, BHEMIZ 0.02—0.06 IZENEHE N,
1 HURNICHILERNONEYNE XD 5,
2 ADOERHNTHEILE 2RV UIIE —RRICOM LT\, £72. HEERN O BCs BEE I3 A
LEEHEEFRUL 50D L)L ThoTz,

T

AXITIN

—~
]
~
-~
3
~

I ADORFHNIFEF TR,

W FR R . FEERC—BREOE D72 I XOfEE AV, BCs 23 1YCs LREDH -T2 EAET 2 &
&K 1.9 x 10° (uGy/day) Td > 7=,

BE R

1) Suzuki K, Suzuki T, Stlirzenbaum S, Gamou S. Construction of a Bacterial Artificial Chromosome (BAC)

Library and the Genomic Analysis of Valosine-Containing Proteins in the earthworm Eisenia fetida.

European Journal of Soil Biology 44(2), Mar: 202-206, 2008
2) Fujiwara K., Takahashi T., Nguyen P., Kubota Y., Gamou S., Sakurai S., Takahashi S. Uptake and

retention of radio-caesium in earthworms cultured in soil contaminated by the Fukushima nuclear power

plant accident Journal of Environmental Radioactivity 139, 1-5, 2015

3) ICRP, 2009a. Environmental Protection: the Concept and Use of Reference Animals and Plants. Annals of
the ICRP Publication 108. ELSEVIER
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Uptake, distribution and retention of radiocesium in earthworm
cultured in the soil contaminated by Fukushima nuclear power plant accident

Fujiwara K
Research Reactor Institute, Kyoto University

To understand the effects of radionuclides on non-human biota and the environment, it is essential to study the
intake and metabolism of radio-isotopes in earthworms which are among the most important soil organisms,
and Eisenia fetida, which were used in this study, are known to be sufficiently sensitive to chemicals and
representative of common earthworms. In this study, we assessed the concentration ratios, uptake and retention,
absorbed dose rate, and distribution of radiocesium in earthworms. The concentration ratios of *’Cs in
earthworms relative to those in dry soil were higher early in the culturing period and decreased gradually over
the experimental period. '*’Cs taken up by E. fetida was cleared rapidly after the worms were cultured in
radiocesium-free soil, suggesting that the metabolism of radiocesium in earthworms is very rapid.
Autoradiography demonstrated that the concentration of radiocesium within the digestive tract was as high as
that in the soil, while radiocesium in the body tissue was lower than radiocesium in the soil and was almost
uniformly distributed among earthworm tissues. The highest absorbed dose rate of total exposure to
radiocesium (137 134Cs) was calculated to be 1.9 X 10* (uGy/day) in the earthworms.
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BESRFHDASBNSBHICKLDY/NADERDMEEEY D LEZIRR

ERAST T RS SRIEEEAT . LRI R R
VLB SRR FERT, * [N BR BT SRR

(I

2011 4F 3 H OREEE—IR T I EFTESIC & > THRE L 7= BUR M EIC X 5 AR~ D )
AENTWS (Moller et al. 2012; Mizuno & Kubo 2013) [12, 7]. W~ b HEME 0 B8 2> T
%, BRI K DR & BRER D OANBIIRIZ T DL DD, EBLLDORBIC O T HERE
WO S P IR & IEREICHER 95 & & B, TNENOEM~DRBE T ORIE & ik Ui
THMENGD L. USRI CILSEAS OB EME I L 2 B AT 5 72D OEE1T> T
WD ZED—D& LT, NBEHHTHICZIE L, fkeny e Blaso ot S B 2albl 2+ 01155 2 &
T& %Y /3 A Hirundo rustica 2 X 52 L=, BARENTIE, Y AAAFILEE S TN E ToOMmT 55
BT (AARF%E2012) [17], AINOBIERLAGICIE 3 AFFAIEICER L, 4 AN SEREIT, 7 AF
AT TR EZ 2 HIEGET5 (EHE 1978) [4]. VYA DQBTAMOKBEV ETED HNT-EE
FANWTESILTOD M, BT L7t oo 23 O & FRMER @ 72O (PP 2013) [16],
BOBEEE > T MK > THEREN TV D AR H 5. T2 HEWE I X 2 ROiEER, JIN
DIEDIERLE T OREITHBET DL AREERDH Y, YA ADOEAKRECADEEL KIETEBINANH 5.
EDITYNRTF =V ) T4 Y FORERLRICHEMICRE S, SNSRI RS~ DR &)
272> TWAHFTH Y (Moller & Mousseau 2001, Moller et al. 2005) [9,14], [FRIFEOFHEZITH = & T,
TR OB Z T 2R L 72 5. KFHETITY AN ADRICE N D FHEWE 2 ©'BAICHIE L,
BRI IR T 5 & & blT, YN A OBRURMZTARD 2 & CREEFE~OFEZ I+ 5 2 &% H
BeLTna.

JEDS
HOEAE

VN ADORIE, 2011 FFICBIEPFER SN2 b D ExG L L, 2011 4 11 A6 2012 4F 3 H OREIC
B LB SRR DR — A — T & U C H ARRENZHEODNT, INEINTZ. @SSR )%
BATAD Y, FHEZ I HEEDE DA REE L 2@ BRI W CIE, BOMLE & R o Bf%
ZEEANCHHET 2720, BRANO AR ESOZOE SR I K LT (XK Th 5 E HH R
FSIFEBEATN D 20km BN TORDOINEIIITHR0>72). 2011 FEOBEFEHIIE T, BOBHNL Y
NADBERHB LN oo Thb, BRAENIT E@EEW NIV L, BHAE=— AR AN TR
FHERFZEET CRE Lz, & 22 BEMNR LV ELGN TOREBEGFERRICL TRE L, Y ANADH 197
FEEFESIOIE L (K1), BEINZRIE, BRANOFAEREERT 5720, HIK-30 EOHE
JECT3 HED 7 HEWME L7212, BOBEEZWAE L. ok, FIXIZTERITHEL T\, S
ST B IRERLTPIC I T, 2011 EICEAHAE L7- B EIBATIC OV T 2012 4E0 5 2014 4EF T
FHFRA ATV, BHEZ IR A LT 2011 4F & RARICER O EE o 7 MREZRIE L7z,

RO R EORE

BAKROEEYE U ABEORIEIE, Y ARXADE 197D 5B 182 HTIT-7=. HIEIE, ESLEREE
WHERFTDO 7 N~ =0 ZE R HER (v g 2wz, HIEDRE, BoOEEHEE Lkt
FAF w7 —RZEAL, hy vy 7 iIZBb R OREIERIZAN, A7V —= T HIERSE
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fEL7-. S50, JIE LG EE > MREZ, FREZOY N X OERBLER (2011 4 3 H 31
AIRFR) ORI EE v 7 MREICHEMIE Lz, Bt v AREE, RoBMEREY-Y (kg
D Cs-134 Jx X Cs-137 OAFHE (Bq) TR L7z, B v ARREOFHMIT, MHRAELL T OfE (ND)
ZOLLTEHELE 77, BB LEZESEO® S T ARBE L ED HEO S T AEE A LT 57
O, TEHTEORS W ERE S (BHKES 2011) [18ICW\ T, 5 BFflcoE S v 18
U AREOM (BHEHBRBAELLT, 500Bgkg A O HRALLFIZE £720y), 500Bgkg UL E
1,000Bq/kg A, 1,000Bq/kg LL_E 5,000Bq/kg A, 5,000Bq/kg LAE 10,000Bq/kg Ais) % V=, 182
o) BROEHEO® 7 AN S 7 104 B HOW TR Lz, AR L E HEo Tt
Pt oo AR TIE, Kruskal Wallis fRE % V2. S OICRMIZE TN D SEE v T LR
EHHLT 272025 DOBRERAR LT, BEE (1) SEWEICHT, TNERoigttt s v AR
A& E LT

BhARA

& RER LT N O THETHIIZ 3BT, 2011 FRIC B A BREE L7 BT C, 2012 025 2014 FE O ZJi
T, BAOIFEL LOBGER LA TAE Lz, &L AR SOSELSSGROm Db &, 2011 4
BAEBE L 12 DETEP0IC, BTN O T CBHET 5 Y S X DR E G, BHHOA R X
OIIECOME ATz L, BORB Ak L=, F v 7 A VIR IR BATESIC X 2 B e s
YA UG Y U TS 2 Y N AUZBWTHEO 1 A < 72 555 FUEERSCAT T 72 £ D3 e

Nl AP BTV D (Moller &
'_,'i} \\‘“m_//“ / (»’«’f’”/ Mousseau 2006) [10]. Z5EFH 4
oS N EAT- TV ERILHIE T, S0
co~_/ fi8) 2 ef G oy (AL 7R & 0
- T RE B AR A IR L T 7
ﬁf& WBlER R T 072, F72, 2013
4 (}_r’: y £ 8 A 12 HIZEBILFRN DY
.jﬁmf AW BV TR A Z T,
o, e L REREH AL E VoI
ey BB TRTIRE o s & A TR
r;.;:j“a wgf*:i,&i’} R ot
ek =R\
T o gAY A g\f R
l}?ﬁ{i}?}”ﬁ“ 2011411 A/ 5 2012423 A
f, [ E£TIT, 2E 22 FEMFIREY
igg,?"' 300km IVEE X372 197 fE D>/ X X D HE
ol Do H, WHERARLZ 101
B, ROTESIR 15 B, 2RI
; 12 BT, A 5 U S OV 2%
i L

X 1. BREE S 72 2011 AEBHED Y R A O BEFREM. <1348 &
- 3BT, FIEPR{IA S 20km, 30km, 50km % 39
PENIEE B RN OSERIX. 5 RIED (2015) B AR SR
64(1) : 63-69 [3]& v Hix#.
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FEZRIE L 182 D 55, 150 Sy 7 a3t &h, 32 BIZBRHBAYELL FTh - 7=

(£ 1. BICHEENDHEHMEE S T MZHONT, @EFH IR FIRETORFIEILRETH S 2011
3 H 11 HEFSOREICHE L7z Cs—134 & Cs-137 DR EZFHE LSRR, 1.04 THo7o (Bl
HT 1 y=1.04x, R>=0.999, n=182). fEERAZIZCD LTS 148 12 W CTHIHMEE > 7 A 2GRN EO0
Sz, BERICHEET 2O A2 57, KPFEMCIIEREE T, SOICHBEE, AallllkEnoi
H AU O HB, T b it o 7 ad i Sz, —77, AbE IR S 72 £ 8 IR HED b
ROV Y ABEEE, 2THRERBEL T TH-7 (F1). BERANTIIEZTOHE (n=92) 15
HESMEE &0 A (Cs-134 JeOY Cs-137 D)) 25k & 4L, FEIREIE, 7,502+13,916 Bakg  (F-H+
BEHERZE) &0, 210 MEf Ry RS &<, H&AKT90,000Bgkg Tho7o (F1).

F1. 201 VAR BIE L 72 R AD O FE T IR B S 7 W= (Cs—134 + Cs—137, Ba/kg) Ol + HE HefR 7%
(SD) BEUBR/IME L KA. NDIZH HIRAUEZ 9. o7 AR E O, MHBRFEELLT OfE (ND)
ZOLLCHE L. & RIFHN (2015) BAREFETH64(1): 63-69[3] L0k Z.

HRIERFIL Prefectures L BT LR B iy BERERE RAME RORIE
Sample Size Number of nest that Average SD Min Max
(n) cesium was detected

Jb¥EE Hokkaido 4 0 ND

EH Mivagi 15 14 903 + 1472 ND 5900
[LJE R Yamagata 3 2 36 + 44 ND 85
& 5 1% Fukushima 92 92 7502 £ 13916 33 90000
KR Ibaraki 12 11 1289 + 1746 ND 5300
BRI Gunma 5 4 493 + 496 ND 1210
B ER Saitama 6 5 195 + 256 ND 680
TFEE Chiba 7 6 3210 £ 4521 ND 12900
HUR#ER Tokyo 4 4 858 + 427 460 1460
FZS)I I Kanagawa 10 7 311 + 586 ND 1950
BB Nigata 1 1 101 - -
)11 B Ishikawa 1 1 47 - -
IIELIE  Yamanashi 4 1 140 = 280 ND 560
I B IR Gifu 5 0 ND

Bl UL Shizuoka 3 2 353 + 429 ND 830
AL Aichi 1 0 ND

TEVF Kyoto 2 0 ND

BHUR Tottori 3 0 ND

[ 1) Okayama 3 0 ND

ZAZUL Ehime 1 0 ND

FEVR R Kagoshima 1 0 ND

WNT, TEENOEOE T AEENE < (3,210+4,521 Bq/kg), 10,000 Bgkg 2 2B b &
iz, fOFEMRRIL, HKT 6,000 Bgkg &V HIEWVETH -72. &2 TOENLBEHMEE T T AN
M ENTEBERNORTIE, ZOREIZRERIILSDENDALNT. BEH IR IREFTIIEN
PR TH CERE SN (n=14) TiX 820 705 42,000 Bg/kg TH - 7= DIZH LT, & EH 71115
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BATN D %6%m%ﬂkﬁ&ﬁﬁ(mq@“Fimz#%%m%BMg®ﬁw%W®%ﬁﬁ$éﬂk
BAAKROKGEE > T MRE L, B TIEOBUTEW IR AR (RAMOKEESL 2011) [18]0 615
Eﬂt%®%$%%HL®M%iﬁ/?bﬁf%whbt& %, B DR 7 AR 500
Bq/kg Ais O IR TIZE O & o w7 AL 1,512+2,628 Bg/kg, 500Bg/kg LA L 1,000 Bg/kg Aifi D
il Tl 3,726+3,464 Bg/kg, 1,000Bq/kg L 1 5,000 Bq/kg A O #ilsk T 13,128+19,344 Bg/kg & 72 0,

THORSHEE > T MRENE OHE CERE SNTZRIZE, oy AREIAEICEL ol
(Kruskal Wallis 32, +%=27.9,P<0.01, X2). 7272L, [FU HEEBYGEEE L ~L O HEE S
NIZRIZBNTYH, ZOR VT ARECTRKERENAONDGELH Y, —HHIEOE T T AREN
AT EO Y MREE B LW EbhoTe.
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B 2. BRE LB RMELO T U NREEHO
T LPRIE (Cs-134+Cs-137) DO LLER. 58O AMR L JfE,
MO ETmEIESETHFOMSAAEEZ, &7 IXFRED
95%(EMHIX M, AANITTIVEZ RT. EEOEKMEITY
TN RT. B RIEA (2015) BHAEREEE 64(1) @ 63-69
[3]1& Y #imdk.

5 5% 18 L HEME I 0BE L T Cs-137 DIREZTIE LSRR, L EMMEOBEOETEY Y O Cs-137
DOREEIXFEZRY, HEN LD 10 FIEEDEER LTV (K3). @EEELTHMNICHEWT, 2011
EICERE LT23GATT, 2012 4FE0 5 2014 A2 TERE SN O v U AREZJIE LR, Cs—
134 & Cs-137 OEEDFE£SD 1E, 2011 4EA% 13165122438 Ba/kg, 2012 4EAY 10345+ 11893 Bg/kg,
2013 4E7% 1014923626 Bq/kg, 2014 4E75 584318771 Ba/kg T, AFILUTHND Y S ADHEDE L 7 L
FEIIZEAL LTy 7= (Kruskal Wallis B8, 72=2.03, P=0.57, X 4).

2013 = & 2014 FOE B RERLTT N TO Y S X OBHGHAEDRE R, 2013 FITHEZIT>72 12 BT
DO H 11 AT TEIANHER I NI, 1 EIOBIETIE, SEHREINENT 5.022.0 JICEEI£SD, n=4), ¥
BIHNT HRERIT 32524 % (n=11) THo7=. 2014 FFEORFHAE I T 2 EhHA OFE R, BT
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1[0 BN 11 T 2013 LRI U ThHh o7z, 1[0 HEFEO ) —EIENT 4.8+£0.8 fH(n=9), FH¥JH
SEBHEENX 3.3+22.000 (n=11) Th otz
BRILTHNOBEIZ I 1T 57 S X OFERAEORER, B 113 (73, 4P, sh\e 333 (R
AH) GEF 44 PIAfEL, BROTF = v 7 LEHAIB XLORIMO%, EMHOMBRZLEE LTS L
2. TRTOBIZOWTH LR PORE 70 & L o AN REIC R I1I A b2 o Tz,
x 10000
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4. HEEBRERILTHN DY 23 X DELD Cs134+Cs137 H B DAEZEAL,

E

2011 FAZBIE L7 N A DBREIVE U oHr LTERER, @ERNTXTOR RO EY, Kk, &
B8 13 ROENG, Bt v Al S, BICEENBEEE S 7 A0 Cs—134 & Cs-
137 DHEEHRIT 1.04 TH o7, ZHUIRIEES IEXH T 2011 43 A 15 BIZBRE SN KK EF O Cs
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—134 & Cs-137 D 1.1+0.1 (Doi et al. 2013) [2]EIFIF—EH L Tz, DF D, YNRRADRIZEE
AWTWIZ M v U A%, WEH R IR ETFRLH RO EE S U A EHERWEFZ 5.

T, BERICHEET DRI, Bk, BERZT TR, BEE T SIREFT NS 248km BT
B OBERL, 373km BEN - OB TH S o7 A3 Sz, T 5o s e e i
FEAI ) RMOKEER 2011) [18]& DELER T, fEH IR IR EH O OEREE X% <, ©
P OREEE Y T ARENEWVHIR T, T2 CHERTLZ YA AOEOE YT ARE S RKICE N
AR LTz, FHUC X o TR SN E X, 3 A 15 HOFZER CHERFMICE T L2720, &
s D& o 7 MR LT FRLE L O RIGEOHIE DR B Z 18 < =0T, RN Tl B H— R )R &
MHALTE MO TR <, 2SN OHIE T, fwEE — T /I EF 5 200km 1 SHEN - THE
JAR0 170km BV 72 KSR 7 & CREED RFTAICE WIS HER S TS (A5 2011) [6]. £
7o, fEEHE I EIT b OFERE L 1XBfRe <, TR OE U AR E o T2 g T
%@ﬂVﬁA%E%ﬁﬁ_m<ﬁot&%z%hé.ttb,%@m%éﬁ/ﬁAEEi,HL%%
DOFEINTERTHS THLIELOE N -7, TOFRINE LT, BRESHZEOERENE 2 5

SINT LT BT 3XC 2011 SEOBFENFER SN2, BITFESZICEEN LT X TER I
HOIET LIRS0 YN, FFEOHREAMEL THEHT 22555 (Meller 1994) [8]. L
TR o T, 2011 FIBIEN R SN RITIBEORM B E TN D AEERH Y, ZDdt T 7 AR
EDIZLOINELZEEZLND. BODHIIHOWT, B O+ EHWE %75 Tt v T A
REZWELIZEZA, BMICK o THREMEE S 7 AOREN 25TV, BALEEYS Y ORI
B L QOIEWE DI 10 50 E@mroTz. L LM OERED 96% L ENEICK > TR SN T
BY, 2EOKIHREL L UIENLORENTL LD 720, YN TIIEWE O R ORI
WwWeEZoNS.

&S RACIL TN TOBFRE OFE R D, tho Ml & bl LY N 2 OBENE LK T LT
WD EWIFERIIE LN o 7o, HESPEEOBIEN D LIS FECRPOFREE & Ro0v> Tk
W2V, L L 2012 4R 5 2014 SED DB 7 MBEA IR LT 24, HEV B L TWARND
EnD, Sk L CTHROE Y AREOEICERET HALERNDH L. T2V /) 7 A VRTIIHE
ATt TIEBIEICW =D E TREMICOT-2EN RO TS (Bl 21X, Moeller & Mousseau 2006,
Y7 a7 2013) [10, 20]. BEOFOINOFOERLEED X 5 725k & BEPE CIIAE DB 42 2 1 R0
FTWNEEZLNTWD (ER] 1997) [5]172%, BNTOBRRIC L2 HEBLZBELZIT NI EE X
5D, EREOHTIRIC L DB OWTUIEEHL L TERNZ £, 5% bk L TR
DR R ESCBIR A HET DMNENHDHTEH D .

W TEWEIZ L DM ~DRENY, SIREOHSMEME CIHRENTa T DU 43 by A LMEA
BHFALEE T ReTF =V ) 7 A VRF I BT, xR EAEmEfRIicHwEsn sk
(Sazykina & Kryshev 2006) [18]. L 2L, {E#REHIEOBAEWITKTT 2HEIXITE A EHD > T
720N, 2011 4F 3 A OB EH R IR EFTFHRIC L > TREBRNTIE, T/ 740 Thib@ET 5
4RO (Y A\ RXAEET) 25 L LW T, ABRETOBFHRENESVHIKIZE Zn b0
BUE SN D782 e o Tz (Moller et al. 2012) [12]. Z D728, Y /8 ATKFT D HURHER g 0 3288
HIFERIND. A% HEE U AREOEWVHITIX, Bo® v AR R OB Z 5] & i &
WEL, 7T—FEEMHTIOILERDD.

F v ) TAVRFNREFOFERTIE, FEk 20 FLLEREBUEICNZ D ETE L OAEYIC
DEE K /TN D (Sazykma&KryshevZOOé) [19]. YRS ANTHONWTHE, BRI ORI BIERFRIZR D,
EPVEaa < 72 B LWV o T ANRIERED BE (Meller etal. 2007) [13], KE OV (Moller & Mousseau
2001) [9], APRAYELHE (Mmﬁaam%,&mmmmwmamamn[mu&kEWA@ 1D RSB
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WE SN, S OICBIHROE TS DR (Moller et al. 2005 ; Meller & Mousseau 2007) [14, 11]
ZHIERILTWADERBIN TS, 2011 4F 3 AIC8AE L@ EH RS ESIC L 2 B mE
DO ENE, T = T AV OFFEERIZHEX TR EHEE STV D (Meller & Mousseau 2006)
[10]. LU, (KB EOKIBENBEAEAEMICE 2 DEBIIRMALZ EH 2L, A% bk Y A
A DBFRMZHE L, BEMROEBELEERTHET O 0NERH 5.

AFRANT, = IFWREBRBT A @ 2011 4R B2 A AR AR BB AR 2 52 1 520 L 7.
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Radioactive cesium concentration in nests of Barn Swallow Hirundo rustica
throughout Japan just after Fukushima Nuclear accident in 2011.
Yasuko IWAMI'*, Sayaka KOBAYASHI!, Yasuyuki SHIBATA?, Takeshi YAMASAKI!, Kiyoaki
OZAKI?

"Yamashina Insutisute for Ornithology, * National Institute for Environmental Studies

We investigated the radioactive cesium concentration of Barn Swallow’s Hirundo rustica nests that were
collected from large areas of Japan in 2011 in order to understand a situation of radioactive cesium contamination
emitted from Fukushima Daiichi Nuclear Power Plant accident. We collected 197 nests from 22 prefectures and
measured 182 nests radioactive cesium (Cs-134 and Cs-137). Radioactive cesium contaminations of nests were
found in 13 prefectures. The cesium concentration level (Cs-134+Cs-137) of nests was ranged from 33 to 90,000
Bg/kg in Fukushima area, and the average concentration level was higher in Fukushima than the other areas. The
relationship between radioactive cesium concentration of the nest and the soil around the each nest sites was
significantly positive.
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7 1 Ambient radiation dose rates and radioactive contamination in arthropods at survey sites (Sept.—Oct. 2012)

Distance Median of Median of radioactive cesium ('**Cs+"*"Cs)
Survey site from ambient radiation
FDNPP dose (uSv/h) @ amounts in arthropod samples (Bg/kg-wet) °
(km) Japanese Emma mole Jord Spider
grasshopper cricket
Iitate,
A ) 40 3.74 469 156 310
Fukushima
litate,
B . 44 1.98 188 194 214
Fukushima
Soma,
C ) 46 1.14 3 76 -
Fukushima
Atsugi,
D 267 0.04 2 8 4
Kanagawa

2Ambient radiation dose rates were measured 1 m above ground surface with 5 replications per site.
PRadioactive contamination was detected in an arthropod sample containing 10-50 individuals with 4 replications.
If the radioactive measurement of a sample was lower than the measurable limit, the limit value was considered

as its amount. — No samples collected.
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The movement of the radioactive cesium in the food chain by the trophic
levels of arthropod
Sota Tanaka', Sentaro Takahashi' 2, Taro Adati’, Tomoyuki Takahashi?
'Kyoto University Graduate School of Agriculture, 2Kyoto University Research Reactor Institute,
3Tokyo University of Agriculture

The Tokyo Electric Power Company’s Fukushima Daiichi Nuclear Power Plant accident occurred on March 11,
2011 and released large amounts of radioactive materials into the environment. Those radioactive materials were
deposited on the soil surface and circulated in the ecosystem after the accident. The movement of Cs is highly
affected by the food chain circulation in the ecosystem from a long-term perspective. Therefore, in order to
observe the Cs movement in the food chain, we investigated the Cs concentration in arthropods, including insects.
In this research, we collected three dominant arthropods in Fukushima: the Japanese grasshopper (Oxya
yezoensis), the Emma mole cricket (Teleogryllus emma) and the Jor6 spider (Nephila clavata). These arthropods
can be classified into three trophic levels in the food chain: herbivorous for the grasshopper, omnivorous for the
field cricket, and carnivorous for the web spider. Then we observed the temporal changes of Cs concentrations
in the trophic levels of the arthropods from 2012 to 2014. The results suggest that the arthropods in higher trophic
levels accumulate Cs in higher concentrations than that of the arthropods in lower trophic levels.
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Health effect by radioactive contaminants of wild Japanese monkeys in
Fukushima city ; Research achievements for 4 years and future challenges
Shin-ichi Hayama
School of Veterinary Medicine, Nippon Veterinary and Life Science University

The objective of this study was to determine the change in concentration of radiocesium **Cs and '*’Cs over
time in the muscle of Japanese monkeys inhabiting Fukushima City located 70 km from the Fukushima Daiichi
Nuclear Power Plant (NPP), and their health effect of radioactive materials. Cesium concentration in the muscle
of monkeys was 6,000-25,000 Bq/kg in April 2011 and decreased over 3 months to around 1,000 Bq/kg. However,
the concentration increased again to 2,000-3,000 Bg/kg in some animals during winter before returning to 1,000
Bg/kg in April 2012. After that, the concentration decreased gradually up to the present date. From 2012, we
carried out a one-year hematological study on a population of Fukushima City and the Shimokita Peninsula
located approximately 400 km from the NPP as a control. Total muscle cesium concentration was below the
detection limit in all Shimokita monkeys. Compared with Shimokita monkeys, Fukushima monkeys had
significantly low white and red blood cell counts, hemoglobin, hematocrit (p<0.01), and the white blood cell
count in immature monkeys showed a significant negative correlation with muscle cesium concentration (p<0.05)
in 2012. After 2013, blood cell counts were increased gradually over time, these results suggest that the exposure
to some form of radioactive material contributed to hematological changes in Fukushima monkeys.
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Effects of radiation exposure on reproductive organ and heritable effects
in livestock animals after the Fukushima accident

Yamashiro H!, Takino S', Sugano Y!, Urushihara U?, Suzuki M?, Kuwahara K2, Abe Y3,
Sugimura S*, Kobayashi J°, Fukuda T®, Kino Y’, Shinoda H?, Isogai E® and Fukumoto M?
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Veterinary Medicine, “Institute of Agriculture, Tokyo University of Agriculture and Technology,
3School of Food, Agricultural and Environmental Sciences, Miyagi University, *Graduate School
of Agricultural Science, ’Graduate School of Science, *Graduate School of Dentistry, Tohoku
University

Here, we will report the effects of radiation exposure on reproductive organs and the heritable
effects in livestock animals abandoned in the ex-evacuation zone, which is a 20-km-radius area

surrounding the Fukushima Nuclear Power Plant.
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Investigation of plasma biomarker levels in cattle after the Fukushima
Daiichi Nuclear Power Plant accident.

Yusuke Urushihara'?, Koh Kawasumi®, Yasuko Hirakawa?®, Satoru Endo*, Tsutomu Sekine’,

Yasushi Kino®, Gohei Hayashi?, Yoshikazu Kuwahara?, Masatoshi Suzuki?, Motoi Fukumoto?,

Hideaki Yamashiro’, Yasuyuki Abe®, Tomokazu Fukuda®, Jin Kobayashi'®, Hisashi Shinoda'!,
Emiko Isogai’, Toshiro Arai® and Manabu Fukumoto?.

"Fukushima Project Headquarters, National Institute of Radiological Sciences, *Institute of
Development, Aging and Cancer, Tohoku University, *School of Veterinary Medicine, Nippon
Veterinary and Life Science University, “Graduate School of Engineering, Hiroshima University,
SInstitute for Excellence in Higher Education, Tohoku University, Department of Chemistry,
Tohoku University, "Faculty of Agriculture, Niigata University, *Obihiro University of
Agriculture and Veterinary Medicine, *Graduate School of Agricultural Sciences, Tohoku
University, !°Graduate School of Dentistry, Tohoku University

We analyzed plasma biomarker levels from above fifty cattle that were euthanized in the ex-evacuation zone set
within a 20-km radius of Fukushima nuclear power plant (FNPP). The levels of several plasma components
containing oxidative stress markers were correlated with internal dose rate in the cattle in the ex-evacuation zone.
Therefore, biochemical changes in the plasma may reflect low-dose rate radiation exposure in the cattle in the

ex-evacuation zone of the FNPP accident.
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TR B 15 Yoet B I B2 L 0 | 8,000 Ba/kg LA R Dt o 7 AEY T — X BEEEY) & [FkR
OO E T o T2y, HEYRRD O ORFITBRET LRV TN D, AT, & STV D55
Fab & Z ik A A~ G LT B TS o 7 A2 & E R G B~ L I 0 iz | 24
WU CHWNNEIREZ 7o, ANNERRIL, SEHA (R 2)EESHN (7 A4 P EREmN D
Nal s CHIE L7dH R 2 O CRMpf Lz, £72, SRR/ v~ =7 SRS Cii i i RE R
FEARE L, AN & MIKERE O 21T > 7, ARBFETIX, IR Z & IS WNEhRE 2 fift 3 2 Fik %
FRFE L AR 2 & IR i o o DB O AN ENRE & e &2 B S e D AR AT,

[71k]

GaGRBRAr ¥ 2 —))

I AU RESR EE SRR BR AL T O BB T, (74 6 80 (A 7 » A), B4 1 80 2 %), BEH4
8 UH (7-18 i) T GRBR 21T o 1o, et v A2 S Wi AfE T —% 1 HEU BB S
L., X E Lz, 1 B Z & ofikha 582 M I LR, (4T3 kg, BTG
kg, BEHIAT 8kg & L7, xfHRHIMRRICHI EHEE . TOMSMEYE > 7 ARE 2 HIE L 775 ki ikl 4
¥ 60 HREREGRICHA~EE Lic, OV A L—T T v PR AT 2558103 v
LIRENE L 72 DA FNAICRRET 5 2 & T, 1YL 50 P IRt o U MR N E
HIZHEININT D #G 5-3HE & 32Tz, IGYHEEHG 5% ISR CH L TFE — U1V L2 | (KNS
DR > 7 AR OBFHIE L7z, fBHRBRE TRICWASZ L& - i L, 15 D755
(R ZYROMEEN( T A PRI E N5 e ' > 7 AR (Cs-137+Cs-134) & 7V~ =7 MR
Higs CRHI L7z, A4, BER AR Claym utifiklia 512715 22 HH & 56 H B, K OVEEETEN~)
DX BTV TR T 19 B B, BEAAABR T 9 A B & 37 A BICERENfEs %
1To 7z, AFAREBRTIL 6 BHRIRFICAABRZ B ds L, A ERHC 2 BT S5 217 - 7o, BEA AR
4 FHT O, 2 WNTH T TITV, AR ERHIT 1 BT OfEH L7z, BRUFREBR CIIgEaipa) v Lz %
(L R RE R EE AR [ BRSBTS 70 o T IR iU TR 21T 5 7

(EMRIE)

3 A T Nal Mti#s CEE P WO RS 2 REEm N GNET 2 FiEdARNEE Lz, 55
IVICEHECR DAL & i W NENRE 2 AT L7, B OMImE IS8 s — F & 1 om JRIZEE AT T,
ARG A R LTz, Ry 7 T A FERHERSGE L, MIERRZ 30 P& Liz, v 7134
Z 2 WIE LTI, T oA FIidAEA 1R OWE L EEE R L, BESIRE LTKER
SR Y Z 7 TR 7o FAZERR L, #IER D 110cm OF S C 30 B OFHHZ 5 FIITW,
EEMEAE R Uiz, AREIEIEG SRR 28 U<, &l 2 BfT- 72,

(I FP S BE IR EE D I AE)
AERINE FE i B AZREFFARDS B 100 ml BRI L, 7~ =7 Mg &2 AW CTEE > AR E
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%%ﬁbkomlﬂifwv“?Aﬁﬁ“®ﬂiT6&mVHL DFHEFER BRI U7z, ksl
BT Cs-134 JEEIL, HH L7z Cs-137 SR L BRI B IZ8I1T D Cs-134 & Cs-137 O HERFE
%%ﬁbtoﬁﬁnfi mn&nﬂlla B D MERERE & 1 & Uz, 15YSHLERRE P o fi
P v U LREMEL W 0 A O MR~ OBAT BRI T 722912, Cs-
IM@%@%E%+%k%%f%@m$ﬂ%@émt%\&«M%&%@JW%E#E%&LKO

(K& & &4
CEMRRIE R & RIEEE)

AR E % AR N OO [R]— MR Ol 2 [TV, [RIRELS . AERRE OREM e LTK7 7 o F oz
L7, K77 N AORIEZEK 2 Bk L7okE S, MIESIRICI T 2 3R O RKEIX 125.5
cps. He/IMEIE 82.8 cps. HHAEIX 100.0cps TV | FEffifM & & I DM BlE Iz, -
72, HATOHREMEE Y B 10cps LLEDOHEE 2/ R~T H2RH 0 . RFEOELITKT 7> }‘A%ﬁiﬁfoﬁb‘f)ﬂ
BRHECHLMR SN, SR ANMENOREZ LICHET H L, BRE B ICHE L3RR E
®@mﬁib%m<&0\kmuiﬁﬁéﬁ_ﬁ&¢#ﬁ<ﬁé@mﬁﬁwtéﬂtoMﬁ%ﬁ_@
ELTAERCTHIE BB &P L3 HECENFHII SN AR H 0 | 2>, FEREREICI LV -
T HOFBENZE LML T s D, FHEEROHEINCIIERNSENEKR L TS B b5,
KA B IR 7 I BT L O ERERE =4 )V THBE SN TERY . ZRMERD L
Fo TREBERS - FEEHR & OBEMESIRIEA TS —H LW D2 ERRE SN TWD (5), Rl
Mﬁﬁfi?7/ﬁﬁ#@”¢n@mﬁﬁf%é”@b@mm®%5ﬁk%<\%n%h®¥ﬁﬁﬁ

e 199 HTHLENLEMSICL 2EROMT BHEORETHLEEZLND, £,
fgeﬁ L DHERGDFTIZ K & BTIHRD y R EF LB T5Z L bRIN TIN5,

Xy IRT A TFOEBMETEE T, RIEORELZFRKIZZ T T\, 2072, SEHET
LR EME CIEA T AEAL ORI EMNHAK T 7 > b AOBIEEE 5| & RIEFEZRALEEZ{T-
W5,

CCERIEFHECEE & f A M o 7 AR EE O FAES)

&R SR S EIRIEN TR > T ACTER Lizfb b 2 5B cRA Lz, 1 L—
T T T ENTHEERE Y T AOBRRIINT DERH ST O T, FRNTHHEE T AREZHIE L,
FRBRCHEHT 2V A L =T v 72BN LTc, ZORER, BEMEE U AR BIHEER L TV K
1,200 Bg/kg © 7 > 7 1 flil5r &= B 1 BB E- L, I, fiANENEZ RFT 557 vl e Lz,
oM, ET AR LIRS VT ARG ENDIERRED D 2 FE EERASICKRE L, ET L
AR T/ LT R O Nl B2 8 ARG LTz, AF4RBRTIX 650 & 820 Bgkg DIET, 6 SO
W E- Lo, BEAARBRIL 4 BEORER & 2 FEITh TITV., IAIORERTIX 401 - 444 Bg/kg, 2 £ H
DFRBR Tl 471 - 684 Ba/kg OFLPH TIH YT E 2 435 LT=,

iR CERA L7 RN D I o 7 LR EE (Ba/ke) & 7 /b~ =7 Mg g CTRiE L, i) H e
Z Nal #H#s TR U2 A RRIEF R (cps) & O Z M7=, 4 & A ORER S, fr ik
ST AREO EAW - R - TR LN ORER R & e RIRER T A
TV, ENENDOHETML TIEOHEZ R L, *y 7 T LV BOWHBEN RSN, 61T, )
WINBURTEE & 7 AIREEAYKD 20 Ba/kg ORI EE OFEFA D & WA R STz, 77805 AR
ENTE SR A HIPRT 572 <, it S 7 ZOBE) S HEf £ TORMERICB T, K P
DN HERVARBE TR EE > U AR REE N DRETE D HIETHLIELEZEELT, 20X H7%
ARIIE DRHEIZ Lo T AT > T AEREZ IR Z S ZERIT A S S R s L, F
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7o REEEFR E LRI RN O 2 E MR 5 BB CHEIRIC S SN D i EE v 7 amEN TR
TWAHN, EEBANHEE > T MR ZHEET D2 REEMT OB IIE L 72> T, — RS
O v AEHEETH D 100 Ba/kg LA N OEY A ARRIE CHHITE 72720, BRASBHIZEBT
DEMRAEOEREPI G SLD (6), £7z. BEEELL EOBIRYEE 0 AWM S 472 41X
FHZ X 2 EWE LI L > THRSATRE & 72 5 2%, VO E LA AP A RRNE 2 EIR0ICAT 2 ¢,
i £ COMUI R AR T 5 2 & CHERFOAMEMNRE I N2 EFRHRFF SN, SEEICBITL4E
RRIE DA A&,

CEAREFHCR & Bt o 0 AR EE O R)

ARBEIEIC X D GHEE > 7 AOFKRNENE L 7L~ =7 AR SR TR 2 i B RE & o bk
AT oz, BT VRBROMATRER KV | HYSHETEHS G-I 1 3 W\ TAEMRINE FHECE & i AU RE R
FEIE, RRRIRGEICE > TRIFEE UWEEIME M 278 Uz, AR ARIE FHER R o0 B DMe i 1375 A B [ TR
FINEWEIRE oo o HYSHLEEHG G-I 5 & 7 VA T OREEN x v 7 L0 AT
VME T o o 7o, I H U RERR L2533 2 AR RRE FHECRE O SV G Y B 2 45 - L 7280 60 H HICH
7o o TRECDNTHIN UiE 1T 7223, i B M o 0 AR EEITVE YL LA RS 5-BRAAKD 30 H LIRS TN
Bl otz bbb, M THREMEE Y T AN —EREICAER LZ% L. R
BREE U ARERB LT B2 b5,

TR~ 0 2 2 o3zl . RO AT OB 0 ARt S =23, £ D
FEIX IR Tl b < . FHRAD S OPEIGEE XK I TR Th 72, £2, HRBICBWL T
TUATNR Y 7 LVFERLHITHAD LTEY , iR & ISt > U A OHRbE A 272 5 ]
REPEDSRIR S 4v7z, ML HREE ISR T 2 A RIIEF RO A b 225G T, IGHERHZEY
Ha 2 7= I XE GRS S IR L0 b S BHICZ 0N ER LTV, oA FTLVBER EFENA
LTz, ZAUE, M OPEMEEIC K LT, AL QPR ELS . S HIZT A T OFHHR
EONICHRIE SN TV A FEEKM L TS B2 b5, UL ED L oz, gttt v v ADEEURI
DT > T LAOFRF, KO EIBICEEL KT L TV D FENL, FHRANEIE & i EiiE D
BIC & B D Al BN E 2 BT,

Z 2T, M BT U AREEICRT D A RRIE R OB 2 BUR M o T A OB EURBLAINC
fEt Lo & 2 A, (G9ETEHE 5 WMIT TISOMMBI 27 L, IGEETER~E] 0 #L 2 72213 Lo
AR LT, 2O X5, AERUEIC L > THRNBIREZEARBICET 5 HRATREIC /- 72 2 & T,
P > T AOBECRIIZ K> Tl & R OFBN R 2 FR, SENECH TH LN E 2ol
AR AICIT, B F VR T LI R o 0 DR DA TR L 7 D | AT B 5 Yk B )
G LIE ZA ARENRLONIZ DD, WTFILOSMETH B > U ABECR L2 M B e
L RN ENREOFBI B Z KT THI R I NI, LEORER IV | M S iR EEH & 75 A N
REIREE . & 2 WA AN REIR 2> b M BUR REIR EEHEE 3 2 358 121%, ButEE > o AR
WEHRT 2 ENHERE L D HEERER L 25 F0 L,

(R, R OUL B S 7 b A1 )

TEV R ~U) 0 2 2 7214 O I U REIR L . 38 X OVERRIE R O 1 6 N E o Em =)
RO A G R U, M TOAEYFRPEREEE, A EEBRAIT > 2RS0T 131 HEZRY
L BERECHERETIR LN R o T2, AT OAEMZEEREIE, (+4 T 20.8 B, A4
T 341 HEZR D BN TIIAFERICKS L CRALT 2 FA RSN,

AR RN AEFRIC X > TR D FENMON TS H T, FHHRE O AR RS ISV T
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RGN D2, BEFEEES LT CIXEHRIICEBIT 5 Cs-137 DAY ERERSI 30-50 B & HEE
ENTEY (7). SHICEBFRBEFESREAELYNIIMFET25-30 B, 4T 30-40 H, REEPELT 50-
60 HEAREINTZ ARFHIILIZR v 7 & T oA FOEWYZRPERM O I 4 (n=2)17-26 A,
BEA CREEEA, n=1)T 33-39 H., FEA4 (M4, n=2)23-40 H TH o 70, @I FHHEIT B
IR CHEGEE & 7 A2 B LI FIOEGR R 5T 5 & P T15 B, JRPT 14 HOEYTFH
P & A0 D LS S AU (3, 4). ARBFIETRENT L 72 LR O A TR L — B L Tne, 2o
FERIL. OIS ST X BN S 7 ADOEFRERI L0 BT, IROEY
LRI B AT S E T D ATREMED N,

(F&8)

AT I PR EE > 7 A2 R ORI 5 EERRED v AT A E L LT, ARHTE
TIEL AR R B IROVHBI 2 b o TRIW R TEE > 7 A% FHIICE 2 F 2 HFE LTz, Z OF5E,
RN Z S VU DO RABRE A fRIT T 2 FRFRE L 2 oo, FTo, M ENRE & OFHBR
B > T AOBEURBUC L > TRADZERHL N E o7, ZOMBIE, M SL/HN, H50
XD D MR O RG> 7 MREZHEE T DB CEERFRICL D EE2 D, AW
PRI DWW T, MR TIER 2 W CE R & OREN RIS e o T, — T, RN TTI TR TR
20 H BERETHKIZS B 720 EIC & b le o TEMZENPEBIINEM LT 2 HB/HL N Lo T,
Z O X HIER D & OERNEE M v T L& EIRNC T 5 E T 2 OAM R R N RE Sk O
REDBELSRL2FEDN, BERBFELELEOERE L L TZOILHRENOREINL TN,

(Frer]
ABWFFRIZ I 2 A Ol EE & AMRHIE , MO AR B kR w5 EE AR & e I R 5 578 Or b fi
Aph & DIEFENFIE L L TITh Lz,

BN
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Radioactive cesium in blood and muscle of cattle fed with contaminated
food

Suzuki M!, Suzuki H?, Ishiguro H?, Kino Y?, Urushihara Y!, Watanabe S?, Saito Y2,
Kozutsumi T?, Sochi Y#, Nishi K* Abiko R', Washio R', Kuwahara Y'!, Numabe T?, Sekine T°,
Fukumoto M!
nstitute of Development, Aging and Cancer, Tohoku University

*Miyagi Prefectural. Livestock Experimental Station
3Department of Chemistry, Tohoku University

“Sendai Livestock. Hygiene Center

SInstitute for Excellence in Higher Education, Tohoku University

We investigated the correlation of internal radiocesium deposition determined by blood monitoring and by surface
monitoring on the neck or rump muscle of live-cattle. Blood and muscle radiocesium concentration was measured
in a Ge spectrometer. The cattle were fed with radiocesium-contaminated silage, thereafter, with contamination
free clean silage. Surface monitoring was suitable for the investigation of radiocesium of live-animal. We further
compared surface monitoring data with blood monitoring data and found the different correlation during the
feeding with contaminated or contamination-free silage. During the feeding with contaminated silage,
radiocesium in muscle and blood was initially increased with similar kinetics. On the other hand, the decrease in
the muscle was slower than that in blood after switching to the contamination-free silage. The present study
clearly demonstrated the different radiocesium dynamism in blood and muscle.
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E-mail of Suzuki M: mashsuzuki@idac.tohoku.ac.jp
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DUETRES S RIBI DICHMICED I DEERIARR

AR
PPN 2 63

T LI
faE BB — IR DR EAT O FHUT X0 JEEL U7 B L, MR CIRHE e i e E Y A b 72 6 L.
VBRI & 22 272, 8 D VITERAIE Y D /D 72 BB S5 Z E N TE AR ST B Y, B
EEMITZEDOEEER LEIT TS, BRSO EBIIRNDIEA S D BEEWEIIKRIZHED E
b, BRINTEEWOCEBELTIVAAT. Z 07T HKOAHENEHESC 7 O TIRETRICILE
L7z Bt o 0 AT, BURSEEREMMIC O > TRE L TV 5. ZORNBIE DR
WD T T L OAEWHBINRPEIR, WEHREZZ T TV DIET Th 5. KOTOAEY HAT L O
WL Z T TNDDTIERWES 9 ).

SFEIEREY SO OLENRSENLH, EFTRFAFERT - QEFIHEDoTE
RERZTEN LT, 7o a A OREFIREAZFHRD 2 L& Lz, JIIORIIBEITX 5720 & OFIHIC
AR LTWEODLRGNLRNN, OO A 725 =0Tl EE 5T D Z L DIMNBHIRR &
IXETR H O BB ECARTE L, PR OJRIR & 722 DGR OEEZE /NS W2 &0 D G 8 %
FAETH2OICHE L TWDIETTH D, EBFILaA 2 EERPFRMELE L TE 722 &0 D2 Ok
RHMERIZOWTRE L T DA, EROIFFETHW Iz TV TN L EHEE LA LT L D0
ThHV, BAREO A L OREMAEIZTE T, WU RMROBRENRICIVEETHD.

FHAIE 2013 4= 8 H & 2014 4F 8~9 AT T/ »7=. BERN, BILUOEXEE L THiRRED =D
L CEREE L7 =2 A @ BLERE D RIE & fE B OAMMEARDBIE 21772\, HRP B EE > ¥ A&
BT D 2 LTk oA ORI RIE TR
FHRC L 2B EZTMT 2 OB AREOMETH
L. BRI D 2013 AT S IR e X
2014 FFIZITR6NT, AR ERDICEST
WU, GRS 2 Ic L W HETH Y, AR
B R COBRFRETHD.

==

< B> X
AT Hh 3
FHAH R B IR TS RN 6 T L AR IR  Fukushima
D1 HFTHDN, FHECDE S THRET S 2L DAl HEHER
PNC & 72 O I AREATETF & BEA RIS IR O 4 C o /
o, FHAFHE EICRL (R D, KB oo <7
FEERATELTOS. 2B, BRIETCES D2 3
ETOM THRHEZIT 2> T2 B o '

MDI3, 14 : iR A AT H . KM13 : SREAS/NEr, WDI13

SREERTR T, NG14 : A RIE, MS14 : FAEIE

JRETIX, KW14 @ JIINAF, TG13,14 : iAREGEET 1 SCERFERNAE L TOSEEF IR
ENHLOEY U LAETROHK EIZRRL
7o A ML

: CsB344Cs17 (Bg/m?)
==+ 2011.8.28.
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AR A

SAAFHVICEVEBRE L. EEBICR T AV URIRICTREEL, K&, KEEZHIE LE, ~
XY ALER U RS RS TR AR 2 S BRI L 7o, MR & AR BRIEENE AR L CImEREHRAR A VTR
L, Imm®H7- 0 ORMEEZ RO 7. £72 AMERBIERICRHIEARZ/ER L.

DTS L, AR ROBIZZ ISR, M, B, BB 280 H L T 10%HR~ U A THEE
L7z, Rk, BT R EBURNT HISHRE 2 RNAlater (2 CHEE L7z, ZBEEFI2 oW TH LN KR
REFZZ L VTR CTH L. oo BENOHAZEID L, MBI LA, FEHtEr v w2 &l
TE N HAE IR LTz

BN S DT 7 MFEYZART 5720, K1 U v bl EES5amE TOERAZERLZ.

Ty AEHE

A A, K, BEOEROE Y A 134, 137 21X NPO IEATTRBHEERE L #— (<D
AE) IIREE L, Zv~ =0 NPRERRESRIC L O HIE Lz, EIRICOW THEKIZERE STt L
WA RRE L%, BRELChLHIE L. £-3%5 EClctFICBIT A2 2MMmE b ez,

ER YW
A<V VEELTESMERIT T 7 0 alotk, YL, ~~v R Y v s oAV U RE R
U7z, FEAVERNZ IR SRR E R Ol ek 2 F) L 7=,

1 Bk %K

MIEBHIEARA A « 7V 2 TR - FAFY@ENE Lz, BEMECEE L, JRIfEk 5000 &I
Y5, MoMmER, b biRER, REUMBK, BIOEIMER (GFPER, frEEek, BBk, U oRER)
DEFHEE RO, WIZHRMEKLS D MERDHIZFEH L, #E08 2000 E4# 2 5 F THEL TarH
Bk, GFHEEEER, BAER, U LoSER, RRER, RBUMBEROHFREZRD 2

<FHERLEHE>
I U LR
2013 4F, 2014 FEOMERERER RITE 1 ICE L. 0B, BY UL 134 (2R EL,

A FERWVTORBITEEN KX W=D T A 137 OBMBOR 2 HE#E Lz, WAEBEL CHEN T
TAGERTATE TR 5 &, ERF OB T A 137 BT 2014 FEO T RLREmWMEE /R LTZ. o
TOPRDOEIH S DRERE /R EEBZIDEZOEICED LI BRERNPH LI AHATHS.
ZOMOHEOHEZ R THIEREF O L 7 ARIIKARE LTE LI H D . REICIFE R X IRIC
REESN TV EIRTHmRD TEHUVMEZ R LTV DM, FEEEEh bt s E 03 ik S i, < 0ER
DEBIZAEE L TCWAEMEE THRIB LD @mVMEZ R LT\, —J, FREOEHHICSH 5)INF O
T D IRWVEZ R L.

IAFHAFOE T T L 13T IZOWTIE, BTHOMEZ ET 2 & 2014 41X 2013 FFD 3 43D 11E LT
WO LTS, TOMOER, MHAEEOKEZATHLERETOEY U AREHEL T, fHAH CIIM
KHNARVME L 72> TWD 2 ER I DN 2D, A FTEE L ZKIFIZERAE N LA S L9 Ao
F, FEEFLICTRDEIRL TWD., BICHE L7 T AFEHELICS K 2D 2 ENMBILTWVDNRN,
A OMLE TIZEORERIINZ L, EORENEOEFHEHEINTNDEDD, IR HMRENLE
Ths.
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K1 AP, ERPOE D LRE. T Cs total 38 A -8 + 17 HE(R 2.

AT v A8 (Bgkg)

WEHA  ERRE EJRT Cs
(uSv/h) (8 %% 134CS 137CS Cs total (Ba/kg #E)
2013 4
MD13 2.5 5 402 921 1323 + 731 8200
KM13 2.5 4 1540 3493 5033+ 1157 53000
WDI13 3.6 5 1818 4168 5986 +2619 21000
TG13 0.04 4 3 10 13+ 55 55
2014 4
MD14 1.5 5 100 328 438 +214 12000
NG14 33 5 306 1004 1310+ 532 57000/66000
MS14 0.9 4 243 815 1058 +294 38000
KW14 0.2 5 21 69 90 + 42 4100
TG14 0.03 5 - 6 6 + 11
FHAR T ROBL 2

2013 FFOFHA The b BAZE I I
bNT-BIE, RSO 3 2FTom
THELTZaA DT XTOMEE
(W, T, B, SEEF OV
~/nT7y—VOERTHLAT
J o~ ma 7y =Tk H—
(MMC) DEF72IEFENBIEE S
(X 2—B). [ERIZZ < OfEK
T MMC 2Tl 258 6D H i
7. EOMR T EDORRE D MMC %
FEN RO D NI ERER & -
7oy, WA AR E O IIE 72 <, &
VULAEMBELOBBRLBOLIN "2 MK (A), BE B) (2B DA OMIEHEEAR. &
ehole. =05, ROaAAIZUEM  Boas ClE~vrr Ty —U 08 (KEE) OFRENEET
gk, g, SHEIIIMMC 2RO Hoim. S— =100um.
en, TOREREIDLDTNTH
D, EHE OB A LEDY BNtz (K 2—A) . FFIECEENRIC MMC 23 55 - BRI /e o 7z,
MMC IZEFERBH AL RONDLR, HiRDaA LIZIFFREETHY, EFQRELEEZOND.
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Z DA, PFEIZI W CHAREREE ISR 2 & B 2 BEASEELLOERA 3 23Ot T 1 #
RICEO Bz, EFMROZNE, BAIOELIL S FHICEEEE TR btz b OMBREBRIE
WARDMEEIZIZERD ST, BT LEBRBELOBBRLED LRS-

2014 FT2 B ERERITAR R Y, TIRRIZEBNTH BEITRAEWRTED bz, MMC O
FHIEITT X TOMEEKTRD b, BOMRIEROECFMRORE S R o7, HRcsITHZ9
L72ZAEDMIIC £ 5 & OIS0 TIERWAS, 2013 FITIHIFEAERIETE R R>TWAHIFY
DFEHA% DR B HAGRIC L 2 BEN 3 EEZRTHAZAREELE 2 5D, PiRKOFHER ST
SR D 130 kRO FEEEZH 52, HUNMEMBE O TR Z o7 Z LITMETHDH. 2L
ZEMB 205 TS HICHEN - AR TOREZFEMT HTETHH.

H 1fit BkEx
2013 AEDOFAEICBIT HEER 3 Ot A L, HiARRED 24 0% AIMEREO 2K 3 127K
L7z. CFOAMERBARRIZHETHEED A T

RVMEZ R L, t BEORSE, AFPEk, BBk, U s T (a) 3000 (b)
VOERTCITAERZEL LTGRO LN, KUENZ E w0 B 'E ssial

E% LOVEROMICK - T oYy A E | '
WL A RO BIR A RS b, LR TR 3 100 I I R I I
O R SR 2, o mERKIZIZZ 5 LT BIE X . .

BRD BN o T2, X E L THARRD 1 2Pt Tochigi Fukushima Tochigi Fukushima
O LNRETE RN 2 &, AL AR T o 10 (@ g @
Ty AREICKERBE BhoTEORER ) Sano o
Binote s b, R EARERT S L B 0 o
xR Aol 2 o . BT Fi

2014 AEITIZIHY DRV LS & L CRITE & A
UL HIARED 1 2T T LIRETE o720,
Bx e G YBERE O AR ET D Z LN TE T
Ty A 137 R L mERE L OBIfREZ IR L, 2013
FEORREADE TR 4R L., —RLTHLNREDIZ, 2014 FETIHEOMEREL B 7 ARE L
DO BIRITFE D HAVT, RIS U AREOKWHEATIL 2013 LD LTWT, &EED
RO B L oo Tz, MMEFEBIE L AER, AMEREIC SOV THHIARD a1 1T Fi% O KR =
VIR I X AN 3EEZRTENTRENB A oD, 5%, SOLRDOIMEEZRT D TETH
5.

M 3 fEERIMARICEBITLZa A DHA
MEE DL (2013 4F). N —|IAEHER .
** p<0.01; *, p<0.05.

i
WE2EMORBMEICLY, BEFEBEOKBIRIGRIZEY, T2OMICERT S a1 130ERE
HIMERE D BRFIZ XV HFEAE L CWODAREMEDS R SN2, KRS 1 DT LOERETETELT,
FERITHPR T, S DICHERZ ENE A HFE THEZME L2 TR o720,
O ETEGIT A O Z LTk A RTE T % 5. 2 TWb EBbih s, TooHiliZe ERIOEHE 24
RERMBZIUCL Y EDOX I RBLEELTLEIDOD, ZAMIIHIEL TN ZENEETHS.
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Influences of radiation on carp from farm ponds in Fukushima

SUZUKI, Yuzuru
Professor Emeritus, the University of Tokyo.

Abstract

A massive release of artificial radionuclides from the Fukushima Dai-ichi Nuclear Power Plant
caused radioactive contamination of farms as well as aquatic products. Carp in small ponds of highly
radio-contaminated area of Fukushima Prefecture, have been stuck in the ponds since the accident, which
might have caused health problems of the fish. Therefore, I investigated the health condition of the carp in
order to elucidate the effects of radiation.

In 2013, blood neutrophil, monocyte and lymphocyte counts in the carp from three ponds in
Fukushima were fewer than those from a non-polluted pond in Tochigi Prefecture. Histological
observations showed abnormal hyperplasia of macrophage in spleen, kidney, liver and pancreas of carp in
Fukushima. These results are likely to show the depressive effects on carp health by radiation in
Fukushima. However in 2014, carp in Tochigi also showed reduced leukocyte counts and abnormal
hyperplasia of macrophage in immune tissues, showing no symptoms which correlate with internal cesium
concentration. Further research is now conducted to prove the effects of radiation on carp.

sk sk s s s e ok ok ok ok ok ok sk sk sk sk ks sk

E-mail of Suzuki Y: yuzuru.suzuki@xui.biglobe.ne.jp
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AR RIE2 - Ry%E2 - PR IEE!
'HRAERFRZEBE RO IERE, 2 18 % I K K EE R
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I 56— IR TS K0 TR U 7o S M B A o PR BT R L oD | L AR~ L B R U7z, LRI R
T U7 S M7 EORBEKIZE DI~ ERA L TEY 438 RORJIEE A5 BCs
MWETEITHRE STV D, BB £ D SRk C I gL 23 O E AR E 72 & Ol 128
BEHEZDZERMBNATND, —J, BUEDOREEREMIIIO XL 5 7oK S O gk H3 & W ke
ENTZHA DB ONTOERIT DN Enn, BERAOHITRES N~ AZBWT
A ¥7Cs & & iRtk & ORERE T,

BEE)INCBT DNIEE F O s (XM &R Ly, G TIHKRE L TERVL~L
D B1Cs PJIEE FITFEL TND Z EDURE N7, A Mgtk & &5 25 o Bl 2 57~
7o b T AVHRINERFFE N IE D, SERIRIMER (56 & & PR AR IMER (4 3R FE 3B O = 7 [B])q & 7R
L7z ZOZ LIIfHET O PCs JREOHINIEWIRILER D AN T 2 b DD, AR EH)H
MLUTHWRNWZ EZERLTWD, ZOBRITHFHRERENSEZENICEEL TV HDTH L)
EIYDNIEDL ZARATH D, S, MMOFTR & HITKRIEL TITS LERH D,

FCsDIC

— RN AR D O AESZ MEIR, MR OBEDOE WS DI E | FRIT O MR KON E O
F &, R - BREARMER b OIFEBWE SR TR (I =— U Ry F—iEH)), Ml
DOFEMMNFL . MRS EIT X 5 A DGR 725G AR 1T LB 2 52 1 09O (ST A T BOE AN R R
R A RFIERT, 2012), Casarett(1968)i%~ 7 A Z 1% U & §~ DM FLEM) CHRUIRO FEZFHE L T
Do 5~10Gy OHIRER, ~ U AD Y U/ EREUTIRIAATOD 5% E TR L, A% 25 HEIZBWTY
FRATRTD 40%% TS 2 & 2R Lz, ARIMERFEUISE 9 HBIIK TR M E D . 18 HHEIZ 60%%
A%, £72. 50~250mGy &\ 9 PHIREBROME & L QLRI EREDOYIRE CTH - T b MERE AL
o LARELTWD, AEHICBWTH Y b T (Catla catla)iZ 31} 2 FEEIERED v # a3 (Cs
#RAJR 0.002 Gy/min Z T 5 Gy £ T)T, ARILERT 0 micronuclei 238401 L 7= 4R AEAY 90 H B £ THlki:
L7z & O#45 5> 5 (Anbumani and Mohankumar, 2012),  MLER 2N G HRRERER I IR B ML 2 FFO 2 E b D,
Fo HRRRICKI L TCEEOH DV F 2 b F 22 A2 H/K A Hoplias malabaricus (2 S 7% MCH -
MCHC 28 L5 L7- & o7& (Silva et al, 2013), ¥ A h=— FREFEBRRIZH L T=U < R
(Oncorhynchus mykiss)? A I EREL - FRIMEREL - ~E /v &\ ~~ b7 U v ME - MCV * MCH 235
D LT= W) #HAEN S U (Dogan and Can, 2011), FHEDOMIEMERAS A N U ATSEERH D 2 & AR
SNTW5D,

L2aL, SEOMERIERIZZ 5 LBl T B e EO X b L ALSMZ & KRR E D H IR 28
I > TEET 5 Z LML TR Y (S, 1975), LR TENRLES N E L THT L HK
FHEREDE W EIZE W0,

Z 2 TR BRI R DY ~ A DM & B3 IR 1 T o Mgtk 028 k4 2014 £ H & 2013 4F
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Fukushima Daiichi Nuclear Power Station

B 1. Yo 7 VBRI & Bk
BTSN 7 —7"%2 O CER, IR - FEORTOMBRMROKREZIT 572, & HITHG
B & MEPER O BREIZ S>W T BT 21T o 72,

(A ETTK])
> ) UIRER

T IE 2013 L 2014 FITRTEFR)I, BRI, G5O =N bHELZX 1), =2 he
— L& LTEWBAEIIOY~ A AW, £AOY I EEFR IR,

F1. WAV T

mEE REA TR g PR mey mmE

B A n
2012 Dec. 21 23
2013 May 26 6
Jun. 27 9 3 6
Jul. 28 8 9 8
Aug. 29 2 1 6
Sep. 30 10
Nov. 32 9 6
Dec. 33 11
2014 Mar. 36 10
Apr. 37 12
Jun. 39 15 19
Jul. 40 14 11 14
Sep. 42 3
Oct. 43 9
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~NEZ B EVCEMHGB), ~v M2 Uy MEMCT)., FHMERAFMCV), FHMER~NE 7/ n v &
(MCH), ‘F¥IMER~F 7 1 & EMCHC), M/NME(PLT)D 7 & %2 & L=,
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WA D NIT 72D ER DO 21T 272, 2 2 BIMEMEIRSe BCs BEMo & D X 9 72 H1E
WEEEMERE L TELDONDIDERTZ, S OICEMEMEREZ BOES, thoRERE %3]
R L U CHEEUFONT 24T WIME RIS L CTHORIERE RN ED L 9 ICEEB L TWh D E i,
F sy 4 AT & EEUFHT X SPSS Ver. 19 % 7z,

MY D NREDAIRE

FHEEIZ DWW TIEER)IEFFEF NN OERE L, /f/VV:WA%é%ﬁ:*ﬁm””(SEIKO EG&G)% H
THIE L7e, AR TIIPNEZ BRUNZSHER & i R 40 A E IS O 2, BIE T 2000 FPRIATV, BRHHRR
FULTTE o T BBRIZEARE O 3B s B RS LT,

(BRESR] FNEE T O EE > U MREOZZK 2 1TnT, BB ZOGEF)INZBIT
DINEEF O BCs 1TEKRE L THW LV AR LTEY, BT 2RSS 2oz, —H,
Y~ AFHRFO BCs XTI, BB CRAME R 2R L722s, 5551 T i3 8ls s i
olo(X 3), B EEMNL Y~ A~OWEOBERKIIBbICERICLsThleb SN TnDH I &
D LT/ 5 TWD(THS 2004), F72, WKATIIRMVIAENTZ AV T LR EDA F PP E
NI W Emh, AU UL LEH-EEERTES Y AC)S RBEOHEZTT EENTWDH(ET
2014), 6T ENG, 2D OWJITIERJIEE F D ¥7Cs 28 K ki 1-7¢ EIC[EAE LA
SN K 2o TN D DIZHR LT, BRI EE ) TIEv~ A0 &3 2 RBEICBIT 5 YCs 2

Bq/kg Bq/kg

BEI H =l
100090 9 2 726.0e0027% 100000 7 y = 656.4€0.055x
] R’ =0.160 R?=0.167
jll n=14 n=18
=3 p > 0.05 p>0.05 %,
g 10000 - 10000 ° ¢
41 s . °®
£ o s *
< 1000 - ® e o* 1000 1 o *
l.j
&
2
100 T T 1 100 T T 1
20 30 40 50 20 30 40 50
FHREA AR FIULEA AR
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=
Ba/kg FTRR)II Ba/ke REI
1000.0 - 1000.0 °
) L] °
M
% 100.0 100.0
q:l y = 906.48¢0-038
m y = 350.99e0-04 R?=0.2549
R?=0.1343 n=45 p<0.01
§?_|' 10.0 n=121 p<0.01 10.0
% 15 20 25 30 35 40 45 25 30 35 40 45
;‘; 80/ -7l
a/kg
10000.0
% ° 4 °
H s o
1000.0 . ]
: !.
100.0 A v =2805.6e0041x .
R2=0.037
n =56
10.0 p > 0.05
25 30 35 40 45
7 - 3
EHMEEEAH

3. FERAREAITHE D T~ AFRH YCs IREEDZAL

FERAD L TWADZ LKLY, P AERNA~D BCs OBV IALDBFD L TND EZ 2 bhvd,

TR T ORERZ R 2 1R T, ERS AT ORE. = OOEMS B Sz, TIEND TR
FOFFEGIRITEMT 125 38.9%., ERS 2 23 152%., FERST 33 124% ThoTo, £y 1 IEEER
ERY A R T 2 ENEICEEG L, £y 21 3~E 7 v vy & ok, Eks 3 138k
IESC 17Cs 3EEG- L QW iz, ERG 1R A X2 T 20 TERENOREMTOERY A XD
ZRNRESHEBL WO TR E LTRHINZbDEE X BND, TS 2 ITHERMRA,
TRy 3 ICHFAT BCs BRRESBEE LTWD Z Enb, Ty 2 & Eky 3 2V TEEEDE
WS E T ey b UK 4), £ L5 B1Cs 73 < Mg 2338 < | 2 F M 37Cs 2MEL |

£2. ESOPTRER

T H ERE5 T # E52 T # ER/53
SL 0.9287 MCH 0.9054 MCV 0.6550
FL 0.9210 MCHC 0.9012 ZBA# 0.6482
BH 0.9128 HGB 0.3927 =} 0.6132
BW 0.8951 =] 0.3784 CF 0.3268
HCT 0.7822 CF 0.3335 ¥1cs 0.3171
RBC 0.7399 BW 0.1563 PLT 0.2690
HGB 0.7275 ¥1cs 0.1276 BW 0.1753
MCV 0.3222 PLT 0.0694 BH 0.1560

¥1cs 0.2790 BH 0.0421 SL 0.0573
& 0.1037 SL 0.0128 FL 0.0415
MCH 0.0815 FL 0.0006 HCT -0.0359

ZEiBA# 0.0513 i@ A %% -0.0148 MCH -0.0596

MCHC -0.0746 RBC -0.1760 = -0.2825
CF -0.0888 MCV -0.1868 HGB -0.3197
-] -0.1251 HCT -0.2234 RBC -0.3305
PLT -0.3914 = -0.4690 MCHC -0.3575
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WHZ EZERLTWD,

F MR 2 HR9ES L U &S Mgtk & RE, (KR, IEREZR EORIERE ., BRI Z i 4
BEORIFEZR 2L 2 A, MEER T EERLERFEMCV) & B7Cs B & BN IED, SEXRIMER
BHEBEMCH) L ¥Cs B, FERMERGRRE L YCs RENMAOFEREREZRLE (83 —F
5) RIMEREC~~ F27 U h& PCs JRE L ORICH R REIMMEBIE SN2 hr o 7=, MCV XA
o> 37Cs PR DB NI 5 E?H?f:ﬂl&é*jif MCH, MCHC &5 A 37Cs JEE oz
PR T HRRICH D Z L 2R LTz, RIMEROFFEDEMNT 2600, FREIFHEML THWen
EZEHL T 5, Oujifard etal. 2015)IZFEBRAICHIRE S E 72 =V~ ZITB W THE TR W2 MCV
DI E MCHC O BRI ZHE L TWD, ZOEROH TIX RBC X HCT, HGB & A B2
LTHY, MEHRBENELS 72> Tz, ZOJK E LT Ovjifard et al. (2015) 1ZFENED> 5 O Fe @
WINATERL IR TND Z LIZEDFREMEAF R L TV D, 2O L9 RBZIT=V~ AR EFEY
IRV T & 4TV D (Makkula et al. 2006; Jokinen et al. 2008), = AL 5 D HLG 1T 40 Gy D HHR( v
BRI L W AT TWD Z &35, 1000~10000Bq D PIERHEEE., [FIFEEE DA HRIR TRIEE DB S M
ELHNFEAHATH D, T~ A TRONTEBERICHINREIRENEHENICEEL TV DL D TH LN E
IMMIEDEZARATH D, Atk MOFTR L ITHRIEL TITS BERH D,
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3. MCV Z HiZER L Uiz & & O/ LEEOE T

= # REAAR mEmE COHSP P @« B P @ #H®E
137Cs 0.0039 0.0017 0.1981 5.0358 2.2441 0.0260 *
#IA 0.0002 0.0002 0.0860 1.4774 1.2155 0.2257

FL(cm) 4.0301 3.4290 0.9085 1.3813 1.1753 0.2414

SL(cm) -4.3725 4.1640 -0.9190 1.1027 -1.0501 0.2951

BH(cm) 16.5171 5.7788 0.8654 8.1694 2.8582 0.0048 Hok
BW(g) -0.3243 0.1209 -0.6269 7.1978 -2.6829 0.0080 sk
CF -1.8103 7.6726 -0.0196 0.0557 -0.2359 0.8137

PIEPBIII  -12.7873 2.9384 -0.3736 18.9379 -4.3518 0.0000 *ok
5= -1.4177 3.8737 -0.0349 0.1339 -0.3660 0.7148

ILEN 7.7787 11.0019 0.0461 0.4999 0.7070 0.4804

EHIE 91.6337 29.0563 9.9456 3.1537 0.0019 *ok

F 4. MCH # BHIEH L Liz & & 0K LK OB

T #  REREN meRE TOHET  F g ¢ B PiE %
137Cs -0.0051 0.0017 -0.2770 8.7958 -2.9658 0.0034 *ok
A -0.0004 0.0002 -0.1467 3.8417 -1.9600 0.0515

FL(cm) -4.9851 3.4016 -1.1985 2.1477 -1.4655 0.1445

SL(cm) 6.2174 4.1307 1.3935 2.2655 1.5052 0.1340

BH(cm) -7.6103 5.7326 -0.4253 1.7624 -1.3275 0.1860

BW(g) 0.2335 0.1199 0.4813 3.7912 1.9471 0.0530
CF 10.2671 7.6113 0.1183 1.8196 1.3489 0.1790

RIEMII  -5.7125 2.9149 -0.1780 3.8406 -1.9597 0.0515

5= 12.0097 3.8427 0.3150 9.7677 3.1253 0.0021 *ok
ILEN 9.8461 10.9139 0.0623 0.8139 0.9022 0.3682

EHIE 114.9261 28.8239 15.8976 3.9872 0.0001 sk

# 5. MCHC % HWES L LTz & 2 &L DMF

= #  REREM meRE TOEET  F g ¢ B PiE %
137Cs -0.0047 0.0013 -0.3430 12.7786 -3.5747 0.0004 *ok
£IAE -0.0003 0.0001 -0.1693 4.8501 -2.2023 0.0289 *
FL(cm) -4.9059 2.5614 -1.6091 3.6683 -1.9153 0.0570

SL(cm) 5.8922 3.1104 1.8018 3.5885 1.8943 0.0597

BH(cm) -10.5353 4.3167 -0.8032 5.9565 -2.4406 0.0156 *
BW(g) 0.2614 0.0903 0.7353 8.3838 2.8955 0.0042 sk
CF 8.2034 5.7313 0.1290 2.0487 1.4313 0.1540

BT BRI 0.5887 2.1950 0.0250 0.0719 0.2682 0.7888

5= 8.0764 2.8936 0.2890 7.7904 2.7911 0.0058 *ok
ILEN 3.0617 8.2182 0.0264 0.1388 0.3726 0.7099

EHUR 93.8181 21.7047 18.6839 4.3225 0.0000 *ok
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The effect of '*’Cs on the hematology in the masu salmon (Onchorhynchus
masou) collected in the rivers of Fukushima

Masaki HARA!, Gyo KAWADA?, Masahiro ENOMOTO?, Atsushi TOMIYA?, Masato
WATANABE?, Daigo MORISHITA?, Shigehiko IZUMI? and Masamichi NAKAJIMA'
I': Graduate School of Agricultural Science, Tohoku University
2 : Fukushima Prefectural Inland Water Fisheries Station
3 : Fukushima Prefectural Fisheries Station

The effect of '*’Cs on the hematology in the masu salmon collected from Fukushima was examined.
High level of *Cs was still detected in the muddy sediment from the rivers of Fukushima. Multiple
regression analysis was used for the analysis for the detection of the effect of 137Cs on hematology. In this
analysis, each hematological characteristic were used as explanatory valuable while '*’Cs contents, sampling
river and passed months from accident were used as objective variables. The obtained partial regression
coefficient for MCV and MCH were significantly positive, on the other hand, it is significantly negative for

MCHC. These results indicate a symptom like an anemia occurred in masu salmon from Fukushima rivers.
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HRBNERE R TR EIFSR EEFR 12X > TREF A~k SN E % & Tk
DA, BEEANIZ 2 FRENLE LTZL 2 ThD (56 FME)., 202 <I%, Ehv/z 3 EOFEHIH
FIE B AL < (R~ LB 7% Skm, R~ EPE 57704 30km 4%) . BHAARD 2 XIRIZ L
FELTWDZEnmMoENTWD R IRETAR—L_—V%), 20, ¥Cs & BCs 2 85bETHE X
% 3000kBq/km? FERE B 2 DILENH T LHE SN TV DI XA, SfREMHT - FTE LERL, =
D EFREHAT 2 FONS T T A ADT Bl E T L. SRR EET B L OVESR L VY M
LD BEOWMELZ 2011 F7H 15 B BT TE e, TORER, 774 AOPBIZET D EIREDH
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2N, (a) FPEOERY A XONIBHEOF MBI S B SRER B O o TR T 2 Kl & 2 5H 9~ 5 F1E
. (b) B CITEEIR D270t o T E R RS 2 2 & DBURHI CIXIER ICREE 272, B
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THEHIL, T AMEEHNCT Y 7 A A& LT, 77 A AR OKFA X, IRILATOFLER (T
S>HA) FFEA (B HE), @E (DLE), P (T2, BER (0DFR), ]k (SbaX),
HESF (& H0), /L (BFED), HH (WT) %ThHs (K1), ZoH b, dEEPMIEL, bk
T U LD ED 3000Bg/km’ X THE LT, BIREMHFOIIMIH D, 2011 F0D 8 H KD BLHY
T HEER 160cm OEFNE > T o TRICHFSTREETH —_— X —& (A7 1 5 TCS-161)
2> THLNREMIZ, RFEAT 120~30uSv/h], HET 5uSvh) BETHH-7, FRFEAR
D HEEIZA 2> TR E) LIELE 399 S8 O [EE 114 8IS D JE0 T ZZ M EROHIE
EIZARIIETT 5, /o T, EREHE L ZDMNTOBHOBEMREZ BTS2 1T, &
HDREEEWN S D EE LT, 201547 ARES OV —_X—2X—% (A7 a7k 1CS-311) ([2X 5
FRRDMEMEIL, RFTAELT [5uSv/h] FREE, HEET NuSv/h) K, /NHLT 120pSv/h] FEE
ThoT,

At D EREAT AR & [EE 399 BRAVIC, RIE. RILETHRFR, HE, BEAE 2 N, HA
TIAREE L 2T T, ALPERI O JIRBT/INEAR D S [EE 114 SARINVISRIT LA R, IRITETELE 120
T, BEOTEMO RTINS [EE 459 SRV, JIHRAT LRR, JRITATRIME, HS
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Bird surveys at the Fukushima-daiichi NPP accident area:
present results, problems and perspectives.

Ishida K
Graduate School of Agricultural and Life Sciences, the University of Tokyo

Birds have been studied at the highly contaminated (i.e. > 3000KBq/ km?) and the surrounding areas, since mid-
August 2011. The Bush Warbler (Cettia diphone) was captured with a mist net. Bird community was monitored
mainly in breeding seasons with IC recording and point count surveys. One adult male with a conspicuous lesion
near its cloaca and five adult males with conspicuous melanism on their naked (without feathers) head were
observed within the highly contaminate area. No significant characteristics of bird community structure, which
are hypothesized to be caused by the high radiation, has detected in the course of temporal analyses of bird count
and recording surveys. More information, discussion and integration of radiation biology and ecology are

necessary.
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E-mail of Ishida K: ishiken@es.a.u-tokyo.ac.jp
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The investigation of the Japanese Black cattle as well as their rearing environment
inside the "difficult-to-return zone" due to Fukushima nuclear power plant disaster.
Okada K
Society for Animal Refugee & Environment post Nuclear Disaster
Department of Veterinary Medicine, Iwate University

We are continuously investigating the effect of persistent exposure to low level radiation on Japanese Black cattle
kept on 3 ranches as well as their rearing environment inside the "difficult-to-return zone" due to Fukushima nuclear
power plant disaster. The spacial radiation dose rate at 1 m above ground was 40uSv/h in the spring of 2013 but it
decreased to about 20uSv/h after 1 year 7 months. Accumulated spacial radiation dose throughout the year of
was 220mSv and exposure dose of cattle throughout that year was 170mSv. The effect of radiation exposure due to
the nuclear power plant disaster has not been clearly recognized in cattle.
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E-mail of Okada K: keiji@iwate-u.ac.jp
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Carlo N-Particle transport code version 4C (MCNP-4C) [7]& vz, THEERE D OHES Smm (ZH—I2 8
PMRARE L, HEREOES 5 ecm ZXRBIMHGEND =XV —%2FHE L, B 1R 47200
EXMBERD D, iz, PTe, PTe, P, P Te, 1, Cs BET PICs D BMOTFLF =T |
U, FRSSIICR LTV, RIREIOFRSCTIE, SHRIC L 2R EEZO B ESR « 1%, LA
fi : 129mTe/7Cs=1, 'PTe/'¥Cs=0.7, P'1/'¥7Cs=9.2, 32Te/"¥7Cs=8.3, 321/'¥7Cs=8.3, **Cs/¥'Cs=1 % AW\ TFIE
L72[5], L2rL7ennt, 2L OmIFHIR T L IZRAR 5720, 2km A vy affiETRIEINTWVD
KRR 129mTe K OF B oo Bl BCs= 1 e Y P Te/ ¥Cs= rr 2 AW T w@EERZIMVFH> L L L,
29Te/137Cs |, 32T/ 7Cs="21/7Cs 1%, EEFNIZBWT, ZHEN 2"Te/ ¥7Cs HLD 0.7 5 V8.3 {5 T
Hotz, PMTe & B2Te OIFRTT D EAE LT, PTe/ ¥'Cs = 0.7 x 12mTe/ 137Cs Je OY 1321/ 37Cs = 8.3
x 1mTe/ B37Cs & Uiz, L7eho T, hEMBSHREL fi (X (0.7-rp): 01 : (8.3-r1): (8.3-r1): 1: 1 TH x5
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N5, rr e OEFOHSOBER AL PCs thE R kBq/m?)47-9)i, ILEE#OHERE
IZBT D B EREZAVW TR TEZbNnD, £7-, RQITRT X912, BBRERL | £ CHF
DTHI LT, BEREEZRDD,

t

D(r, Jr ) =2 f; 'DP(%jTi (D,
lyear |
D(ry, i) = (J) D(ry, rr, t)dt (2)

TIT, TOREEE i Ol & 13 ThER PPICs KON PMTe/Cs e LTS, K
QOfEIZ, PCs DILAER 1 AR LD L THER | MO BAFEFEIRE: Da 2R T,

DA = D(r| ,rT)‘A137Cs (3)

ZOFHETIE, MEORMIL Gy TEHELILDMN, Gy 2°5 Sv ~OEHRH % 1 & LEEMIZ Sv TR
LTW5, 5 LUWRHTIEIR, 5 SIS L TIZ LY,

129mTe/ 137Cs  f DHE

SCHEFFAE O 2km A > ¥ 2 gHATIE 2181 #HmH, 797 HsITkE LT T/ B7Cs 3G HIL TV D,
LU, B BNFEE STV D 415 MGz, 175 #i o AT 1PmTe/ BCs BME LN TV D,
B S [EE STz 415 M A CTEFIAT D701, 12mTe/ ¥Cs s 72O HLS T OE %2 N L CTHLD A
AT, PHEIZIX, geographic information system (GIS)Y 7 k7 =7 : SAGA-GIS D~ /LF L~V B A/
FTA N EAWTZ[9]. NI EIT - 72 12"Te/ B7Cs D~ > 72K 11277,

33.25< 35
31.51 <33.25
29.77 < 31.51
28.02 <29.77
26.27 < 28.02
24.53 < 26.27
22.79 < 24.53
21.04 <22.79
19.30 < 21.04
17.55 < 19.30
15.81 < 17.55
14.06 < 15.81
12.31 < 14.06
10.57 < 12.31
8.82 < 10.57
7.08 < 8.82
5.33<7.08
3.59 <533
1.85 < 3.59
0.1<1.85

INPP

MARRRMRERE L1 o

X1 SCRHE2km A > ¥ = i D12 Te/'YCsEL[6]% SAGA-GIS [9]% FIVNTPuHH L 7= Hi[X].

fiti e & B2
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LERMFEE 2km FAEDOT —Z[6]F D 415 Mz >V T, H(1)-G) &2 AW T B EREMRE L FH L
Too FEEEIZR 72 HLBIZOWT O BEREBEOMIT, 2B CHB]ZZM L TIZL W, &KbEW B
PR EZ R LTS TIRITET R AR CH 7o, Tz, WEER S & METALEIZ T THEW B
FREZ R LTz, BAMEREMEOMIL, IRICITRFAFLALT 710 mSv, [RIHIXAET 477 mSv, W
W] 47 HE T 246 mSv M OVE BT KE T 620 mSv Th o7z,  AREEATFIHEE T 100 - 150mSy 2375% 57z,
RN T, BTl 20-60mSy THH =Dk L, FEETIL4-10mSy & ki L0 K& < B
STz, —J5 BI/B7Cs (69 £39 (maximum:285) ) E > 7=\ & 1Tk, ¥'Cs OPbE BN g
ARV M (20-50 (kBg/m?)) Tdh 72728, 1-24mSv SRR & FRE CTH -7z,

TR D 415 #HiED B EERE L HWT~ v FEAER LT, ik 1 £l o B EERE~ v 7
22177, ~ v FTOERKICIE.SAGA-GIS[9]D~/LF L~V B A7 T4 HFFZFIH L TW5,
B Lie~ v 70D IRICHT R, AEERT 3 X OVE MITALE Cldm W iER B R & R 2 &
NHON5,

B 554.33 < 700.00
I 438.68 < 554.33
[ 346.86 < 438.68
[ 273.96 < 346.86
1 216.09 < 273.96
[ 1170.14 < 216.09
[ 1133.66<170.14
[ 1 104.69 < 133.66
[ 181.70<104.69
[ 6344<81.70
1 4895<63.44
[ 37.44 < 48.95
I 28.30 < 37.44
I 27.05 < 28.30
I 15.29 < 21.05
I 70.72 < 15.29
705 < 10.72
I 4.20<7.09
I 1.92 < 4.20
I 0.1<1.92

Unit: mSv

B 2 FlfR 1 AR R O R PRR R

ERR))

SCERRFEA 2km A w2 fREO BERIET — % L Bx BRI EFEIEZHAGDE D Z LT, Fik
% | M ORE B E~ v 72 ER LT, IRICRTRFRHIIE, BEERT 36 X OVE BT Clm g
BB EAE R LT, Al L7 A & MR TR b Eho 18R B R R m 2o 7o Ui, IRITATR
FARFLESHIX T, 710 mSv & HEE iz,

A

ABFFRAEITOICHU T, IS 2TEE £ LA R - § ] 148 RIEHT 5, £, A0
JeIE B AR R SR . BRERAY G ZEAFSE © 26550031 (2 K 4B & 3215 7=,
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Mapping of soil surface beta-ray dose at contaminate area by the
Fukushima-1 NPP Accident
Endo S!, Kajimato T!, Tanaka K', Nguyen Tat T!, Hayashi G* and Imanaka T?
!Gaduate School Engineering, Hiroshima University,
Institute of Development, Aging and Cancer, Tohoku University,
3Research Reactor Institute, Kyoto University

A large amount of fission products released by the Fukushima Daiichi Nuclear Power Plant (FDNPP) accident
on 11 March 2011 deposited in wide area from Tohoku to northern Kanto. A map of cumulative B-ray dose (70
u m dose equivalent) on soil surface for one year after the FDNPP accident has been estimated using the
previously reported calculation results and 2 km mesh survey data by MEXT. As a result of this estimated map,
areas with high cumulative B-ray dose on soil surface for one year after the FDNPP accident are found to be
located at Akogi-Teshichiro to Akogi-Kunugidaira region in Namie Town and southern Futaba Town to northern
Tomioka Town. The highest cumulative B-ray dose is 710 mSv for one year at Akogi-Teshichiro, Namie Town.
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E-mail of Endo S: endos@hiroshima-u.ac.jp
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Lol =
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1. [FLIC

S CRIEOFEPEE O FUEREE - R EDOX I RWER L INDDONDEHFE LT,
%ﬁi20EuL_btof%mw/74U%&@:&%%Ebf%tuﬂ LU G, HRE
W, ERER . HOREIE Y, RGTRRER & W o eI & . A~ 5T — XK A
L., B ~DREIIXT L A CEEEZL > TRRN- T,

et I I A% mwmﬂswmn[quyi%a& Akimoto (2014) [5]D T Z LT D
3, Mma%(mw)mm%Iw/74Jk&%®é% SIS L B o — 2 I S, RS
FOKBEZPALNIT 272012, Tov ) 74 VEEN L0 L EDEEY ~D R B % ik L
BT HEEZE T TV D, xﬁifi ARG, Fex BAEAM L CWAHFHCTF =L ) 7 A U H
e D JEL A ~D BB T A A2 W < DR L TR L,

2. FIIV/ T JREBDDDXAFRDIEEE

F V) TA Y DDA ~DOREL U CRIICBEZEICTENT-OIL, ERHKEEORIE T, Fi)»
SHEAEMIZ ‘=P BaDR (Ly R 74 LA RN)” BNEHMELTOKRICHI L=, X 11X, Kozubov
5 (1991) [7]DFIZEEDSNT, F =) 7 A VIFIEDOREOHPZ M R L2 b DT, WA
dkm, AEHHI 6km (2K Y, EAEIIRESE T 44km?, H-AE3E T 125km? TH - 72,

Xe-133, 1-132, Te-132/1-132, Cs-134, Cs-137 &\ o724 AAR « FERVED JbHESE 23 K&k o
DTHOTBEITHSR, T2V 74 Y OHEIX, FLZEOLOTEENAE L0, Zr-95/Nb-95,
Ba-140/La-140. Ru-103, Ru-106, Ce-141, Sr-90, Np-239 & o 7= RIERMAEFE DTG YL 0NN V) 5851 72

TFHRRANE U T, T 55

O wyoH 2 5 AR O H o~ R g & ik,
'% SEI C 80~100Gy, F-H55EH T 10

~20Gy & HRAED HiL, £DOKE
FEBBMThHoT-EENTWD

BT, Watanabe ©(2015)[8]1%
S et 5 SRR B A D v L L Y m
T I OKDOBRERE & W iE
--------- - “‘:" e el LTEY, BEIZBNTS %

S \ o T2 B T BRI O 0k AT A
' NUBETHS S,

95—2/1H

7

1

E 2=
P &5
F

n

o

ST ALFH

+x?:n?ﬁﬁ

1km i ]
'—' _______ ) o]

'| anFH| -

1. 1~48F (4SRIEAEEK)
2. 5, 68 (BHEBEEP)

. F v T A VIFEFEZ 10km P&

I E Ly N7+ LA NOfLE. #KIX
FEx IE Bk E RIS T MERKR. Ly K7
+ LA FONALE T Kozubov[7] L V.
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3. [TosmBEA\DFE
R T — VBIRFMIEFT D Goncharova
5 (1998) [9]i%. 1986 4E)> 55 1996 4E (/)

(7T Cs-137 (GG L~V DEIR H T L —

TOFEABE (K 2) MO A ZHE
L. Cs-137 &M, YetafkiE | JRIRET

7 EOBIEREREWME L TV D,

—O: 7YX —HARREX (IR
ERR, Fx 2 TAVEFKROILHE
330km, Cs-137 {5Y% 5 8kBq/m?)

—@: RV UAXF—HAARRHEX (BT
Z 7, At4EPE 400km, 18kBg/m?)

—@ A RATFERB (FAVINT T —F
X, Ak 60km, 90kBg/m?)

—@ : NTFURERS (TR VINFA =F MK, JbAEPE 40km, 1526kBg/m?)

F1LIE, NI AR XIDOENBEHRBREOHRE TH 5, BREON O, FiHE X 72 1986 FI2E~<,
1987 0 1988 =D TN KE iz /R L TWHZ & TH D, Goncharova Hik, THTHHHEM~DK
ITICRFREN RN H D T2 DTEA H Lk T 5,

£ 1. BWAENZRXZXIOENERERE (1986-1996 4)

Ll B
= S,

@ e

2. Goncharova & DX L— 3 [ENFHZHE.

ok . — _ éﬁ:f‘/vﬁ'ﬁm%ﬁai (Bg/kg) _
A fE eKAE S U-fRE
1986 27 41 525 187
1987 46 38 926 274 *
1988 24 5 750 245 n.s.
1 1989 75 5 429 118 *
1991 15 5 625 140 n.s.
1996 30 4 20 6 ok
1986-1996 217 4 926 160
1991 20 5 1524 565
2 1996 40 4 108 25 *
1991-1996 60 4 1524 205
1986 34 38 78070 9293
1988 91 111 215196 23623 ok
1989 142 1237 41501 10591 ok
3 1991 53 757 25293 5587 ok
1996 18 85 344 162 o
1986-1996 338 38 215196 12629
1986 42 67 78070 17202
1987 65 3885 145410 26503 ok
1988 174 58 950100 81966 ok
A 1989 176 3636 463741 44407 ok
1990 13 4724 22016 13272 ok
1991 129 654 55132 11191 ok
1996 49 148 4528 1204 ok
1986-1996 648 58 950100 40429

O FERENR L. *p<0.05, **p<0.01 : KV A L TD 1986 4F & DL,
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213, NI R A FHMIAO YR O E R L EBIEREZBE LR TH D, @~@OHilk
TIEOHIRIZ LR TR E R ENBR I N TV D, FHEMEIZ O TE, @& @Ml TR & 72 5
DS TS, K3, i LIIREOIRIR 2B LR TH D, O~OHkIC I 58 %
R ORI RITHELR 28 C THEIML T\, NF 2RI 0FmTELS TERICH L 2~3
OB EEND, LTeh > T, 1986-1996 F- DK 20~22 HAVEZ R L Z X TE W, ~"F XX
DOPWIRIRDUL 191 FEETIENRVIE T L2 L 2B x5 L, Lo (12~22 #R) Ok
AT D RRZMED . b o & RE PR % 5 1172 1991 FELIFT O HA (1~10 L) (K& < 2o
TWHZEERLTND, T7hbb, BEONZ XX INTEBWTL, KL~V GHR YR O 22 1)
T 200N TAEMME 2R Z @ L RO bivZehro 72, & Goncharova H IR TW 5,

F2. NFXRXIOEHERIRICBIE SN YO REE E AR (1986-1991 4F)

SR e WaEmwn | By | COEREEE | AR
(%) (%)
1986 10 997 0.40 0.50**
1 1988 3 310 0.65 0
1991 6 741 1.12%* 3.5]%*% xx
1986-1991 19 2048 0.69 1.51
1991 20 2164 1.11%* 4.)5%*
2 1992 17 1995 1.22%* 1.65%* xx
1991-1992 37 4159 1.17 3.01
1986 18 2011 1.71%* 1.19%*
3 1988 21 2380 1.75%* 8.87** xx
1991 16 1824 2.54%* 0.27%*
1986-1991 55 6215 1.96 6.50
1986 16 1743 1.27** 0.23**
1987 36 3973 1.14%* 7.50%* xx
4 1988 27 2883 1.77** 5.86%* xx
1991 30 4166 1.86%** 12.31%* xx
1986-1991 109 12765 1.53 7.71
* p<0.05; **p<0.01 : YA b 2T 1981-1983 FI2E5 L ILT-E & Dbk,
X p<0.01 : BIFEOT—F E O (x 2 FBRE)
£3. BENZRZIOBREECE
TN e WEEIRNE | BERAKY) REBRC) | 2RARCE)
1991 12 0 5.36 5.36
) 1992 19 2.20 1.12 3.30
1996 7 12.50 0 12.50
1991-1996 38 3.74 2.27 5.88
1988 4 0 0 0
1989 30 5.80 0.77 6.52
3 1991 14 8.45 1.54 9.86
1996 3 20.00 8.33 26.67
1988-1996 51 7.32 1.33 8.54
1988 14 3.17 1.64 4.76
1989 40 4.48 1.56 5.97
4 1991 21 9.90 4.40 13.86
1996 11 13.73 9.09 21.57
1988-1996 86 6.73 3.19 9.62 *

*p<0.05, VA F2DELEDLEE (x 2 FBHRE).
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4, BENDOXE

o> T RET T R — - man P —E(LR
BENFZEFT D Ryabov (2002) [10)1X, F =L/
TAVIFREERIC X D AOSREH Y & B
IZOWTHEE LT %, Ryabov 23FA D X5
L U725 DK E %X 31277,

F v T4 VFEEGRAMORD Cs-137
TREEIE, 1986 41T H KT 500kBg/kg-w T o
7o B41X, EMICAEBR LTy UXg
(grass carp) ONEHIREOHR TH D, F
Nl & 72 1986 4E1E 1000rad (10Gy) ¥r < D
WRE L 2o TWA, mEIMIZAE L Tz
RUTITATAERE R4 R B E RO B, &~
LN E T Te, N7 L (silvercarp) 1%
FB LB L, 24 H, 3FERICITY
DRV O Lo il JffE & W o T TR RE R
ML RO HITZ, K51E, 1992 FFIHIE S
DIFEEE L TUN 2,

1000

= © = generation F1 -89
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rad/year

7X
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3. Ryabov 5 DFHAAKR[9].

7=/ E (tube-nose goby) DFHERH T, MPEN THRER

4 5. WAL AT OFRERE .

X 61, ¥ 7RPKIHO=aA (bream) & H T I~ A (pike) OFFAFIHNEERE CHDH, HED 2
AR, WEDOA T < ADTTR, BEERREOE— 7 REILTWD Z L2 5, 1986 FEHD A
T J1~ A DOWIREITEM 0.1~02Gy /2o 72, T 7RO A HIE, AR & OFRER B EILR

0- T
1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

0+
1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
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st ] [X| 8 .Svyatoe WD U 71~ A DILRE B .

0 T T T T T T f
perch pke  gdden roach verchovka rudd ruffe 1998 45 1.

carp
X 7. Svyatoe WD DI HEIREE. 1998 /-5 A
TiX. F = T A VIFFEND 225km LT L — - BX Y a 7M D Svyatoe O LD KA
i Cs-137 IRETH D, ZOWMITAKD ANV HEN/NIWTZOTERNPRKE <, KT 120kBg/kg
ww D A A% (perch) 73@% SINTWD, X8I, 1998 4F 5 HIZ Svyatoe (I T L7 1D 1~ AT,
FHESRE L POREBRFE DR bz, AT 4T, MEHREREIL 25Gy EAEL LN TND

/\—
'LJ‘D

?iW/749$ﬂﬂE2W$®%QIM%\WMD&POkE%ﬁﬁ&W%3ﬁE@ﬁ§Ki5
F V) TA Y T F—T NREQR005)[11]D Tk, & 6 A ELENY ~DO BB+ D4 & 72
STW5D, £, BT - R T o v U —FEATD Geras’kin 5 (2008)[12]i%, F =/ /7 AV
30km BN OEMED) ~D BB T 55 LA L B 2 — L, AR CTH L 7= Kozubov 5= Goncharova &
DOEFELFIHL TS, K 91E, Geras’kin & D L& FEIVERK L7 F = /v 2 74 VU JE3i0 30km BN T
DOHHEMHEBEDOE LD THDH, MIICLD L, BRBIROE 10 50 L~ b BRI T
W5, BES 1FRELTE, FEn5 4L B> T 10uSv/h LA EE | FEGRETO 200 5282 5
LUV OVGY IR 23 8 U | BIEIC KT D ke 72 R E S L EE T H D

EEG-BOE >
B EEMORSLAL
(IAEA. ]992) I ﬁfﬁﬁi@?ﬁ >
| ExoFg B
= HRPIIOMEL LD ED
5%
B EAEY - MO REL AL
% (CNSC, 2003) | goxmeropsr —
# Ezwﬁﬁaﬁwmg:::>
K
ug BIORLLAL EofUtU%bﬁ%ﬁm%::ﬁb
(IAEA,, 1992)
ﬁzzsw%ﬁ«bmmwﬂ{t,\/»
1
SHEHOERR~OEE
PR B TR R
OziERE
1 1
HIEEEFIMI=BIT BaliE =
LR ::> WIS RE, Gy/ &
| 1 1 1 1 1 1 1 o~
0.001 0.01 0.1 1 10 100 1000

9. Fxv/ 74 ) EFED 30km LAZELY — N CBESNEBD ~DOFEOE L
L IAEA 72 PIC L B2 L~ ULEIGHE. CNSC : Canadian Nuclear Safety Commission.
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6. RNHOIC

AT, F=v ) 74 ) EKI L DEED ~DEEICONT, WIREETHD Z LN EED
DG % JEDIAARDOFEIE, B % XX DEF | HYKO RO RF T OV TR LTz, BREE IS
SNTSROFEHE BEA B X 5 &, FHERIL, EEICHXTFT oV 74 ) OIGEYO T BNRATE -
7o 2 L IIHED T, R TITIAMRAESED X 5 eI BB A (LIT Bl S v T ey, L L, Hiyama
X° Akimoto DHEIX, FF 2 & LTBENMTONL TV NE ZATHEE THLREREEND - 7= jE
PEERELTWD, 72, BEDEIDOAROFERR 2 #H%E L TV % Watanabe H D7 — ¥ (%, EHIH
IRBIENLERZ LERLTWND,

T B OVEGEO EZ TP 30 D Cs-137 TH Y . @GRS O U #R L~V 3 FHE LART IR
HEIZER HITIE, 100 4, 200 ORI L 70 5, BEEHURICIW T “2IENn/okE 2y FICRT
KO AERAS LY  FTIRHI0FLEZAB LR LD T L 2B 0B RHDH EELETND,

BN
1. AP [ F=n ) T4V 2B00RBT 2050 A v =) B TEEHEHRE. 2006.
http://www.rri.kyoto-u.ac.jp/NSRG/etc/Che20Final20060406-a.pdf
2. AT TF = 74 FHOEMRBHO IO DZ AR 7 1 —F | KURRI-KR-139, 2008.
http://www.rri.kyoto-u.ac.jp/NSRG/tyt2004/CherTYT2004.htm
3. AW TigRemde L Ko b & F o 74 U EHFEROLE] BAEE, 2013.
4. Hiyama A. et al, The biological impacts of the Fukushima nuclear accident on the pale grass blue butterfly.
Scientific Reports 2012. http://www.nature.com/articles/srep00570
5. Akimoto S. Morphological abnormalities in gall-forming aphids in a radiation-contaminated area near
Fukushima Daiichi: selective impact of fallout? Ecology and Evolution 2014.
http://onlinelibrary.wiley.com/enhanced/doi/10.1002/ece3.949
6. Moller A.P. et al, Differences in effects of radiation on abundance of animals in Fukushima and Chernobyl.
Ecological Indicators 24:75-81, 2013.
7. Kuzubov G.M. et al, The map-scheme of radiation damage of Coniferous Forest in the region of accident on
the Chernobyl Nuclear Power Station. Institute of Biology, Komi scientific center of Science Academy USSR.
1991.
8. Watanabe Y et al, Morphological defects in native Japanese fir trees around the Fukushima Daiichi Nuclear
Power Plant. Sci. Rep. 2015. http://www.nature.com/articles/srep13232
9. Goncharova R & Riabokon N, Results of Long-term Genetic Monitoring of Animal Populations Chronically
Irradiated in the Radiocontaminated Areas. KURRI-KR-21 1998.
http://www.rri.kyoto-u.ac.jp/NSRG/reports/kr21/kr2 1pdf/Goncharova.pdf
10. Ryabov Long-Term Observation of Radioactivity Contamination in Fish around Chernobyl. KURRI-KR-79
2002. http://www.rri.kyoto-u.ac.jp/NSRG/reports/kr79/kr79pdf/Ryabov.pdf

11. Chernobyl Forum. https://www.iaea.org/sites/default/files/chernobyl.pdf

12. Geras’kin S.A. et al, Effects of non-human species irradiation after the Chernobyl NPP accident.
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Short Review of Studies on the Radiological Impact by the Chernobyl NPP
Accident on Plants and Animals
Imanaka T
Research Reactor Institute, Kyoto University

Several studies were reviewed about radiation effects on plants and animals by the Chernobyl NPP accident.
Pine trees received lethal dose of radiation in substantial areas near Chernobyl NPP, forming so-called “red forest™.
Increased levels of chromosome aberration in bone marrow cells were observed in rodents of contaminated areas
in Belarus. Deformations of fishes were observed in pond and lakes in Ukraine and Belarus.
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Ecological Effects of Nuclear Accidents and Electromagnetic Fields
Ogino K

Electromagnetic Wave Institute for Environmental Studies, Uji, Kyoto

I went to The Three Mile Island NPP site in 1979 and The Chernobyl NPP site in 2000 for the research of the
ecological effects. In my presentation, I introduce results of measurements through my experiences and the
radioactivity pollutions of those accidents. In addition, I mention several studies about the environmental effects
of the non-ionizing radiations because similar creature influences could be seen between ionizing radiation and
non-ionizing radiation.

dkhkdhkdkkhkhkhhhik

E-mail of Ogino K: oginokoya@yahoo.co.jp
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