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1 AR

2011 42 3 A 11 HICRA L2 RAARKEXICH S HREN ) @ES T EmrE
HUC X 0 . KREOEGHEYE 2B~ & iz, WK, KGEK-CRERKER & {E
RAEFOHCIRILCHHENTEY | FREFEORL - BEDOEMRD -0 I1C1F % OFFE A 1]
RTH o7,

RS RANZ N 2 WIKPICE N 2 BHER > 7 LIRBEOHFEICOWT, 2011~2014 4
JEIRFIRRIBR B S ORFCIC X W FUBEKEDFEM L 7-FE %, 2015 F 52 LU B IRBREE
Ahdgit v 2 =2 5ffvc o E TITo T b, AFFRHEICE W TIZ I hE 5] X i % Ehi
L. 3o T —ZIConTHi#H ORRZ ¢ T3 5 2 & T, mE DTN BT 2 Ber
Mt oy Lo RN 28R R LA FR I & OBIRAHS 221235 & &b T, FRok s
L ARHBUE RS, KB T OG> 7 LBRB ISR % MU T RIREN: @ & 2 BFAVFHR 08
RAELZGEOFEMICE T2 7T —20E/METH) 2L 2HE L,

Z DR, 2022 FEEICoOWTH, WEE) ) WEEETIREEREE> S R
ICh7z D ERML TR OG> 7 LT Z MR L, Mbitko b 2358l E
IO T =258 T LBTE T,

¥, RRERERUNYE v v ZIRIE OB 2 J1~ 7558, 2011 4E20 5 2012 EE T
Bz 2R < 2012 LA ORI IC O W T, BEETFEOMEZ IR & TR CII IR 28R
BRI O Z A IXEED S L dn dr o Te

AFAER TS WL WK OS> v LRSI IS Lt Cws e %
ERINICORT Z & T WIKDR S - RLICRBTERBE T2 72, 7. EERL JAEA
o 7uy s O CAREREZRT C & T, BHROEBW R ERICE S L 7,

EHIT, TNOLDT —RIIARFEHERIC ERAN 7 —2X—2% 4 + ECOR%ZTELTEH
. SHRREBNERFAE L 2560, BHEHETR ORI X 2 (ERFEE - HERERZ & ot
KEBOZNETET 2 5 2T, BRI E UL FIATREL 2 2132, fthoWfsesEs
bZMCTELT—2 e LTEHINTWL LA TE 5,

2. FwxX
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Rl BRI [ SZHULHE) DRI 35 1) B HKIF O 2 & 0 LREE DRERFH 72 2L
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1 AR

PR DR > v 4 (Cs-137)IRE X, BB IR EH R WREN TR, L 11
EREE L 72 BIE BT LT 2, 2019 FOSRADTHERHARE (B 19 5) i X 5, JAH
JIEEE A IC BT 5 Cs-137 B{TE L. 2019 FEOERBEITED 50%LL EThHho7-L DY
v R —DWENRD B, HuKKicE T 3 Cs-137 BiTROFEIZ. FiRESeHEE~DFE %
BT 29 A CHETH 5720, AWIE T, BIFEEICT] Z ke, BRI o L) TR
WAL E LT, HKREROSEKRRIC BT 2 e, EBE R HJIIKF O Cs-137 25 0 i
T o7,

TR T O [ EPAG A T 1 B b S % 5% & Ly I0)IKAE - D 7 — 2 % 10 43 REFE T
L. HKFRZBWT 6 R ORIRETRERRK Y AT LI X 28K Z1T o 72, 8K
AL 0.45um DAV T LV 7 4 X —ICHEK L CTHERE Cs-137 2L, Al E A4
v RIAE K L CIATERE Cs-137 2fiE L7z, 74 V2 —RUBRICE TS Cs-137
% Ge JERMIHERIC X o THIE L. W)k o Cs-137 BEEZHEH L 72,

AP T3 2022 4F 11 H 23 H~28 HicHBF 2 1 oDHKA Ry P 2BHIL 72, T AKX
AR BT 24Xy FRKERC 1 RERARKEIZ, 227 43mm, 45mm (23
H 22 K0 24 H 3 W) TH o7z, FEMBIIRIERD DIRAZICHIFRE XM L. FEREE
DN T B o 72 REEILARE (24 I 3 1KF) (IR ER AR A~FLEL 72,

RRRE Cs-137 JRFEIX 750~2,000 Bq/kg, AFFERE Cs-137 M IIMH FRRMELAT ( <0.5
mBq/L) ~ 2.4 mBq/L OHPHTHB L 7z, SEIOHIKA XV McH T 2 BKiEHE Cs-137 32
FE OVAAFRE Cs-137 HREE 1L, BE Pk O REEHIPH (MERE 780 ~ 2,200 Bq/kg. AT
HE 0.70 ~ 0.86mBq/L) & RIRRETHR L Tz, —J5, BWEWEEE X, WA T
5 1,100 mg/L Z#M L, Z D% 330 ~ 28 mg/L ~KTF L., 300 mg/L ~EH L=, 2D
ARV Tt BB Cs-137 R & BMBYEIRE & OMICHHRZBIRIZ A b hind o 72,

St WG L 7oKL LT — X DT 2 T\, IR D Cs-137 JREE L)) E. 5
VTR A DRI B RS I L, TDA RV Mk TS Cs-137 BITR O
ExRITI o AT, HokEFom B2 FEi L, g o tkiFo Bl & fF¢ <. Wik
Hd Cs-137 IREE. Jis. REPEIRE DR 2B, 4 * v b REINE K ORISR 7«
EL ARV DL OREIEEZ T .
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L PrNsesl, Ak, IR, sh0Es, SO EE,  BHE#S (2023) 5B ERIGE D I
B ) D R £ o v 4 DB ¥ AE BT A, Vol. 48, No.1, pp.40-44, 2023. (%
il )

2. TR, R, RREHHE, BTHRR 2, WEERAICSE, JIRZEAETHEE, AUtkz, thak—, &
PRI, FRMRAIR, RN, mfEiEE, LREZ A, LA, IE# (2021) RTEJINICE
J % 2019 £ B A 19 5 LU E £ o v LBIHE D2 D\ T, Proceedings of the 22nd
Workshop on Environmental Radioactivity pp.56-61, 2021. (£#HH)

3. BT, TNeEE, IUAE L, BRAE, KEBGE (2020) FEEVSEAICE T2 X e
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Mifkiz, EHMEINZATIRONED 1 o2& LTCL2EZETEMI TS, HkoZ
bz, Wil & oke Libot 2 2 2, THic b w8 x5 2 5, BKIC X 2 itk s
S5O+ WeKDOFHOEN A EET 22 L IFEETH 5, FETIE, EPENIC X 5 KB
AH AR Ao EOME DI Z T\ b, Z & T, KiFFE Tl Ag e % b D7k
T AR AR L. AECT 50% D D sURIE R 24T o 72 BR o L koo 28 b x 2
DOPIECHM T 52 L HHWE LT, FRENAT —2 b T, 2R o2 L% &%
L7z,

BT D 1 SHURTIIL. BRIESETICME L, A¥ - v/ Fo ALK 2% 8 5 i
IERER) 3 ha D/NFUER, K E I 2098 mm T, 2012 £ 1~3 HIi< 2 T2
Fh A, VEREEED 1324 K /ha 2> 5 652 A/ha ~ L ZE L L 7=, (ERARIZTIBO~FF 5
TNz, b O 1 ooFEFRIE FEITFIKME) (&, mAREETICAIEL, v/ %o ATk
DI D 46% (AHE) %7 5. Ml 9ha D TH 3, HFHMKEIZ 1611 mm T, 2012
D 1~3 Hich i TR EM S 41, SZREED 1900 A/ha 5 950 A/ha ~ 2L L
7o U1 TR T, MRERARILTUEAICIE X 47z,

MFAE TR X, 2011 4E & IKAET, 2013 SE 2[R e L, IMEOBHZ1T - 72, iEE%
v 10 43Rk TRAZ 2 JIE . AKAZGR s AR 2> D i 2 5HR L 72, SOKMBIC v T,
KOFEHICT & b 7o THENL 72 LibE & Cs-137 J2EE b RHE & FE& CHIE L 72, 5K
Wizt MkEoREOBLINZ 2018 4 & 2019 Fic b FEMEL 72,

ffRERZ T, MFAERBICE VLT, MRRICREAZIIA AR ny KRS E & 5
A DS PRPLHIAR 2 DFERR T X 72, 4 XV FEWE & HiE OBR b | B&ATZ cZizss
N o7z, IFHKTE I, Mk 5 67 F&iciE, KiE D RkaToRICE > Tw»
720 WK E D AEL 50% OFREMIK A FEHE L 7225, MEICKE AZHIIZER S, LI
FECE CHRATORILICIE 2 & & 2RIB X L7z,

RAICEH T 2 LIOEEIREIL. 4 XV FERER, RARE L O EOHBERA LN, 72721,
B2 % & 72 D xR D &<, [BERATIXREN & LB i3FE ARG AL p
2770 BURIC X o> THIKDHEAE DY 2 72 b D D FEFRE 25K % v & BHERTIC T E b S
BAMZ 5 2 EAURB S Nz, TREENICE T 2 LB EIRICEI L i, ko AHEIE L.
v—iE e EOMER AL, FESICHERE L 2 LR A8 ch 2 C L ARB I
Too VEMECERELL 7237 L b o Cs-137 JREEIX. [T &t~ 2 & BRI ] 23
Ao, MEICX o TR R EHGIESZIL L 72 L B 2 bz,

2. G
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1. AR
2011 4 3 H o BB WSS 1 RFEFB it S iz e > 7 4(137Cs) @ 5
—EB 23 A 0 VEESHE B I BR I 2> © . B K O FT W IRFRE R 77 — v TR S g TE
ZREH L CHAREICERZEL T\ 5 2 &3S 221272 5 T % (Aoyama et al., 2017; Inomata
etal., 2018a), AW Tld, FEHEK (0-20m) F1D 90Sr KN 3H DRFZEMIZEEENT %2 1T >
7z HAMglobal2021(Aoyama,2021) I Lk & LT 3 1950 FE{R 2 5 2020 FEE TO T — 4

(90Sr 11480, 3H 37105 7 —%) ZfHER L7z, &K% 37 g Ic T Ciz B2 7k -
726

90Sr DEHREL X, 137Cs LFIFRIC, PEAALA T L ALRPEFETH b . KEIFRSUL E R

S PRS2 & D EIERER O ENR H 2 b D L E 2 bz KFER % ol (H
Kilg, W Filg, VEALACERE, HEERLE A, Ak — >y 7)) 1ICB1F 5 90Sr AL,
IZIFTERERB I L T dz, BT ol (Tap; 1950-1970, 1970-1990, 1990-2010,
2011-2020 %) (% 3.6-25.1 F-CTH Y, 1990 FELAFED Tap 12 NLART & FiR L TR ER\ 23
H o7z i KD Tap 1% 2010-2019 FFDH > FiFTH - 72, 137Cs % F\ > 7= [FIER D T 22 & |
HAMES Z O LIChiE S 2 0 FHFIC BT 3 Tap ZPEERALARFEED Tap &L TH T
PICRWETH 5 720 HARE~D 137Cs DA RE I N T W/ Z & 225, 90Sr b 137Cs
& AR IS PEERAL A 2 & OTMADSRE X 7z, HARWE~D 90Sr it A& X, Ty FiF~D
90Sr WA & HAME~D 137Cs AR & H L Th w2 R e S vz, £ 72, 90Sr i
JEDIEANE 137Cs DEBE DR - At —HM L TH LT, HKhTolk 7 e+ 27 L
DEFIREL S5 TWB T ERBI N,

2. WX
Evaluating the transport of surface seawater from 1956 to 2021 using 137Cs deposited in the

global ocean as a chemical tracer, ESSD, accepted.
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1 AR

1. KutEo HI

F 2L St ER] (€277 4 MAq, HAR(LSA TSR 2 Hv7z Srarifik, 90Y 32
NV TR T oLy a7t X ZHEE ORI A TE T B FERI@wXL L. 2),
AT I B CHRERE O 90Sr HIE~DIGH Z il 2, BEEURC 1349 95% @ Sr g =
#1572, HIROET L 2R3 TR 70% 0 St IER2ETH Y (FBERL3). &
DICHRERICE Y 90%DWEFRSRIAT NG, KR Tld, BB EHiZICRNT
HBINTDINITIGH L 72,

2. EEHE

I 7 WD 90Sr DL MR IZFZEURAL - BRI X0 BB 2R L L I o
179 . COHFIIAHEE O aEREHCH W27 L AT H 2, Ak CILRIER % G
TEB7DIC, INTITHEEMA ., VU L 72 FLETE 5 % i@ O B TR 72 2L & i i i
Lize St XY Fx U7 M 721D 103.8 g I 1.6 kBq © 90Sr (F#%7HE 90Y &
) 2N Z 72, AHGERRIF @ 90Sr 35 X UN90Y DIERE ZHIE S 2 7201, IRk E A
5 1mL 2. #EL. LSCHIEZITo 7%, T D, MAZFEE, FIL 23k ownT
R ZITV, ERDOLDOEEET — 2 & L7, ERGURNCEERE 5 mL 20z, P, =
DBEL . FLiE & LRI 3 72, FLiET @ 90Sr 35 X U 90Y DIEEABIE T 5 720 1<,
I1mL #7H L LSCHIEZ#1T->720 £72. 0OY HIEAICH ImL Z20HL, F=Lva 7k
HEZITo72, FLEIC 2 mL @ 1.25M g7 b Y 7 2 & 100 mg @ Sr ER L,
PABIIE L 72, St ERORIFEL % B2 72912, 30 47, 60 B BT 2 5 2 Y
VIOTZANZERCTHEEENFN 1 mL $o0H L, LSCHIEBLIUOF =L v a7k
HIE % 4TV, 90Sr - 90Y DEB AT o 72, 120 43I L 2581, mOoHEc X v, i
FLE D % 2L il b 2 hZh ImL $25H L, 90Sr-90Y DER%{T- 72, % 72,
FLETE 53 OMIE 127 v i (ERAN2022, P 5 F-22-06 Z) 12 X o TiT o 7=,
3. MERLER

LSCHlliE, ¥ =L v a 7 HEDRKREL O &5 47z 90Sr, 90Y 1ZZhZ 41 1.64kBq
TH o7z, HREEARINIC X 5 Tz D FLiE @ 90Sr 1% 1.20 kBg. 90Y 1% 1.24 kBq TH



D . 74% D 90Sr AL X 1172 & & 353 A o 72, St S FIAIN 2 D IR 23 30 43, 60 47,
120 /3ric B 5, FiEd o 90Sr 132N ZF N 6.71kBq. 5.35kBq. 4.54kBq CTH -7, TH
5O & Sr ERIE 44%. 55%., 62% & FF$ 2 2 L 00h o7z, 90Y 0TI
95% A EFLEHICHERME L, Y IZ STEANICE I s w2 il S N, £/ 7
IVRRIENEIC X 2 REREADNE CIEHBCERILHPERIG 2 IR 2 L, 18 HERIC i 2 5 & 7x
D . SrEERICIE 90St DHRABWEL TWE I LN 5, b, 120 0Tl Sr o
FERIL 62%ICE EE->TH Y, ZhiF I 2icfsb L7z 90Sr D 46% L A Sr I F < [a]
NEnThwAhnwZ it d, WRIREHIFZ2HAD S, HENM2ZHEICZEET 2 X0 i3, Sr
W5 7l % FLiG 2 © 40l - B L 728210, FLIEIC S a2 B L. FE o B 217
IHBE VIR TH B Z LB TFHEBRTHL IR > TE Y, 58K OFWNFEE % Mt
TOREDRD L, X HIIHERERINIC X0 YU L ZZFLEY I 26% D 90Sr 235 L Tk
D, ZHH D 90Sr FUGEDRE b IETH 5,
3. ¥&0

IV 27 H90Sr DHIGEIC B 72 Y TR ERRRE & JEAE 3 5 72 © 1T, Sr A Al % W 7282 50K
b tEb W ITiEERET L7z, 90Sr % 254 27 L7z I A2 i 2 i L, AR L 7= 3L
W% w0 n i X 0 BRE LTS ICHEET M U v AR E Sr AR Z RN L 72, 2 Wi
DTG L7z 90Sr D 62%75 St WA FNCE L7z, TH4HE 90Y 13 Sr W& AN L
mirolz, L LTIE STRERDA ED-oic, HREEORAPLETH S, -,
FLEYIC 26% D 90Sr HHRF L THE Y. 255D Sr ko matd L ETH 3,

2. G

[1] Hliw x5 2> #7RE, NEESC. NEEE. 7 ABRASY v 22 Tr &3 200
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1 AR

1. St AR ~DEER b e v F v LolE

fEkic HCl 2z, pH % 11 L 7=, 90Sr ZhN 4. ., VERIL., 90Sr EE %
B L 720 RiIC, ¥aT k724 MAqQUAtR. P-MAQ) %K 1L 79 1c 1.5 g DEIG T
Z. AW L 720 TH YT —va v, EO0HED 50135 5T P-MAq Z5rHEL .
(1) 792Fv 7y vFL—2KrA(PSB)IC AN, IKBGHAKY vFL—avhy &
T#llE (PSB %)

(2) BHERIAY v FL—v a v N ATV L TVGEY v FL—va v h 7T 50
By v F L — % &2 mix. WHOHEY v FL—v a v h vy 2 CHlET LV REE)

(3) IKBGH 27 u—# v v &2 CHlE(LBC i)

THIE L., HEL 72,

2. R EER

PSB ik Tld, P-MAq % A B fd 48235 v | P-MAq 13, 150 mg 28 LR TH
o772, TRIE, HK 100 mL ICHGET 5, S ABEE TR, P-MAq % 1.5g $Cflifl4+ 2 C
L SATRET, K 1L ICHHEFRETH o 72, LBC LTI, 75mg A LR TH - 72, T hid,
#E7K 50 mL ISR 5, 60 43EIE DA D Z nF o B T RIEE (MDC) X, 0.5, 0.06,
0.6BqL-1 TH o7z, PSBiklZ. MDC i, @ TH 22, L v FL—XnRAEL R,
FARREE X, 1L oKICEHA R HET, MDC MRV EY v F L — 223549 %, LBC
Fix, R 50 mL ch b, BEXEETH Y., Tz, RBFNTH S, HEDHILHARK
B aAMREERMEL C BEYIRBEELEZERTE 5,

3. ¥L®

AFETIE, FEERREAG & 6 W CHIERI R 215 5 2 L AT & L HREIRfHC. £
oo B ZfEH L 2w, WHOHEER CHIE T 5,

2. X
[1] INEERETE. BEWZ 20 BHFBRE. 79 2F v 7y v F L — &K b AwH gt



M bavF v LnoWlEEDEF. Proceedings of the 19th Workshop on Environmental
Radioactivity, KEK Proceedings 2018-7, 85-90 (2018)

[2] Bl L 2 2, #ETRE ML, NsES, 7AHBANY T 2% TlD L 2005
Hl~oiK - FEKICE T 5 Sr OWERHE. Proceedings of the 34th Workshop on Radiation
Detectors and Their Uses, 176-179 (2020)

[3] INEESL FETRE. BiRE 2 0 MEERTE. 7 AN Y 7 2% TR0 e 3 200
Hl~o Ra 3 X O Pb o W& Ri1E, Proceedings of the 21st Workshop on Environmental
Radioactivity, KEK Proceedings 2020-4, 186-191 (2020)
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1. AR

R ONER Z I L X4 5 LT, KAREY (KF) Dk L Bz EiEcitiEL 2~ b
O— LT3 REETHS, L L, FICEEHO LS ICEB DY —2 (3E) Ly vy (B
FE. M) SWEEZIEROHG. REOEERFIEC BRI A o T d2D, Z
O IEME R REEC B 5, RFEOHE & o BLic B3 2 9t ic ix . KERN RO % 13 (C-
13) MU ERIM A (RD) @p#E 14 (C-14) w3 11 (C-11) L —+ & LTHW
LT3, 3FIE, I - ZER B R 7 — VS EBRTFIEN R 5 720, IS T — X
DRI CTREWEMR W & w S LD 2, AR TIE. 3 oD ENIEHE A H S 2 C-
11, C-13, C-l4 ZNZNDOWTFiEEF—S B2 L T, BHohiT — 2 Oiit: L Ktk
Pzm X 27008 L WERKZROMZZHE L TEML 7,

INETIC, HFEZEIZ P~ FOEEIC 11CO2 % P L —H & LTINS & % & [FIFfIC, K
FavAX=v v g (PETIS) #HWwWCiR{&3 25 2 & T, ECEbhz 11C-HAKE
VIDEZRB L CRE~FEINZEREZ Y T2 4 L TalfbL 72, ARFETIR, 2o
11CO2 o L —HFEEFEFFEZHIC LT, AL LI AaEf~=2T7 v Z2{EKL T 13CO2 %
7213 14CO2 Z 7= b L —HRERICET & ¥ 7, BARIIC, WK FET 4 v b — FBiES)
Bty 2 —IlB T~ FOEXZHEAFRICHALAD %, EXAF Y 7EH VT
14CO2 %7213 13CO2 # RN DOIEIC G 2 72, £ 17 KR ICECRE LR L OKWE %
Fv 7Y v L, C-14 DN DIRICOWTIFA A=Y v 7 7L —+ (IP) Ik 384s
IOtk vFL—vav vy z— (LSC) IcX3ER, C-13 DFBENDHEIT DN
TR AR E RS (IR-MS, BREGRIEEANIISEiT ) I X 2 ER %2 T2, 24D
Dt FEEZHCTHEONEEREEZERT L2 LT, TNETNDOREFRGAE N L —F D
BGEPLY VTV v DR A Iy ZERIER LSO W TREL T % 720 O KRS K
aTL 72,

B on7- PETIS EEREIGR T — 2 icB T 2 11C-HHEMEY D RFEN DL X X — VIO
T, ZERE~DODBELRL L LB INETOEBRTHL LI L2, L L, EPREN
% 2 REEC N R — VIO WTHID Z LT L Wiz, C-14 P L —F EEFROBKZDOELHR
FExEYIDIC LTI PCHEMLL 72, ZofER. C-14 IZZXDNERIC I W CIIIEN & oz
ZHOICRFIICR 2 720 % L CH D RE~IRE S L OBE (o) % 32 inkets
LTHHLTWB ZERHLALRo72, LSCH X WIR-MS IZ X 3 E B2 5, Eicks



L 7= 14CO2 % 7213 13CO2 782 N2 1) 2MBq (C-14 D FHEER) 5 X U8 2.5mmol (13CO2

B) CHRHEBICBWTRBIFRONEEREONE B Doz, TRICK T, JRELY
TN b L —HEERRDOWERELFEIL 72, Pk, BFRB ML —F 2RO OO KRR %
Fesr L. IRENTOHM A A =X LOEHZED 23 HTH 5,

=N
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1

[ m] ~ A ARDyrAAFL—y (b—v V) 3X24 XLk LTttt v A

(RCs) ZIFFICHEVIBECTERT 2, MRk 21227 L(Cs)e AV v LK) DK
PUIREHTS 2 2 L3S 2535, Cs DY - ARNEEIC 35\ T % Dthp e OB S b 54l
INTVw3, ' =t VERESESLTHF ) v 2Na)WINAL W L ThHOLNLTEY, Th
B ICRWPIURE A R Cs INIC B 3~ 2 AIRENE DS B 2 235 FAIEBH © 22 Tlevae 2 2 TARWF
FETIE, =¥ v D Cs I - 73fic & % DICREIE & DRARIEZ IS 22123 5 2 & 2 HIY
& L7z,

(85E] v—ve v 2 ffl (Kievskij & Dieta) % v, ALiEEKRT O % < TRPFES
REML 72, FREBFHEK, B (Na 2 100 pM &%) ~BiEL. 6 Hizic Cs (0.1
pM) & & KERE 3 Bl (30,100, 500 pM) @ 3 MBI ¢ 12 HEHESE L 72, S RmEY
REIRAL S & FE L, TCHRRE % ICP-MS ZHWTHIE L7z, %72, Cs, K, Na Ofithik
RN 2 TR 72 Cs OHLD IARIC KIETF K % Na D2 b fi# L 7=,

(i - £E] &6 5 o< b U KEE MK VIZ Y, flkd Cs, Na, ~27" 2+ 7 4

(Mg) HEAME <. FFIC Na & Cs IREIIHHEFICEE o 72, Ml % i d 2 &, Kievskij
73 Dieta & lE_TE W Cs iBE %R L, Dieta Tl Kievskij X » Na ¥ Mg THEICHE 2>
720 F 72, CsiEE D shoot/root (SR) i Kievskij T Dieta & h K& WHR 23 H > 72 H D
O, KWMHIc X 2 HFERERRON o7z, ~ v 7 v Rillifhi & FEkOEMSBIZ S
720 —75. Na B IZUE K BEMECIE & SR EEAE £ o 72, BEHERIAA % F v 72 308R
ICF T Dieta 2° Kievskij & H~_T Na 2% K BIN L., Cs OHl EEE~D 3 FC I < 11
DRERBEO N, UEDZ b, v =V KOAREEZFIC Na itk W fRELT W3
EFEZ LN K7ZIT T NaDHLY AH D Cs DI -rBLICBAG L Cwa tEx b5,

2. FwxX
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1. B

(MR R BN EE SR T HREBHFOERIC X 0 X N o v 2 33 ohl
CILE L7 & il 5 DI C—EB S B ELIC X b KAt ot e, IEBC- BT L Tw 3,
Ta 07N —7 Tl RICHT ORI DITHE O RKERGM X 5\ CREN T o ke v 7' )
V7RIV, RAH OG> 7 LOBEEZ TS, Z DR EFICKRAey v L
137 (Cs-137) JUETREMRE 230800 L, % IR FIC 2 ORI 2 fiE 2 S S h
LR KERYIKL (N4 A7 v /) TH Y (Igarashi et al., 2019), Z & Hikihti 32 &
50-90% D > 7 L 137 28SKHICitBfES 2 2 & 30 o 72,
ARILFEIFFEIE. T O KEKHLT 2> O AR iEES 2 Cs-137 28, FEICHRIN & i) — KA
TOMERPAEZ D 5 2Dh, EBRICX Y ZOFREMAIHL 2 ICT 2 2 L 2HIE LTW 5,
AEFFETld, FTaRdod vy 7Y v 78X U0ERICX Y HWIC T v —F L7z,

1) k¥4 bicknT, KAk 1% 1 2 ARRELEG IS L 238k %215 3,

2) 1 CHIfE L 2Rl 2 Mkl L. % ORI CORSREZ HIE L, Ko Cs-137
DK IS BB 2 BIA R BRIRT 2,

3) 2 DR T A A 75 L) ekl % #ebs U Cs-137 23EYIANICIEAT S % 02925875 %,
4)IILH A b oG- L IETG Y i) & B L 0SRN35 Cs-137 & BRER L |
K& - BoKEIROES % #EE+ 2

2018 B X N 2021 FFICD VT, 1ZIE 1 FExMEL, B X% 1 2 HKRGHK T %2 E5 I
ML 2R 2 iR e Lz, KR Cs-137 IUHREIREE 1T, 2 & L DB (Kinase etal.,
2018) L [EIERIC. HICHE/NS Wy —2 . 8-9 AICRKD ¥ — 27 2 FFoFHIZ(LE R L 72,
FliZkfH U Cs-137 23K IC BT 2 G272 L 2 A, Hov—27 Tl 45%. Ho
— 7 ClE 60~70% 2K FIcit vz, Z ot ©fF b vz i o 7 CRiate) -
BHAIRA L T SEM-EDS 4 Cil_7=23, BilEhind o7z &b, flik
FUcHiE I N2 13IE TR T Cs-137 2KIAETH B L EZ NS,

ZOMHIRTA 2 2RI L L 25, Bkt o Cs-137 BthE i il 3 3 1
T, A ORE B L OHL EEBIC Cs-137 23 E e, 2 o= I3 HERG 48 Fiftlfe & 144
Rl T ld. 144 IR T < e 0 L ISR & & b ICHED RT3 b0 5, L DY v T
LTI, 27 o ®iPHP CHtk iR o Cs-137 121318 100% 4 F DIRERSH 5 v 13 EER I
BATL 2225, 246 b 6-7T HOY v 7 ATt BATEIG IR & # AT 70% &, B



BT 100% X VR WHER 2B/ O Nz, D4 2 ~DORIEIE 2ME WIS D W T, i
DAY T LA FV(KH)BEERE L, CsBINAHEFES N7z Tl & &z, Mkt
BHD A F VAR EFT 7205, 2o 4 3 ~DRINEIE 2K VERHC B THERIC K+HRE
BEE o ZRIIE NG SoL ZAFRKITAHTS 2,

2022 fF1E. TORKUEIED Cs-137 23, HEVIAMICIIR X 415 Cs-137 1215 2 E& % HEE
T 570, BUY A F O 1 227, #R5L 2 DepTic s W CHEY) & #5539 2 B e E L 72,
3D 2 — Bk, KRG SWINT 3 Cs-137 OFG2HEE T 2 720, FHiAICH T Cs-
137 D%\ +3E e L CHiER 0-5ecm o F+. HEAE L T Cs-137 D47 5em LUED T fE
+. BLXOTELICEABEDY) 2 —%Mz7/-+o 3 HEOKXKMZHIT., ZnZENTHYZE
L 72, % DFER, AL Cld A SR E L5 Cs-137 2549 90% T, K& - ko3 513
10%LATTH 2 Z &350 o720 MRNTIE, RN D DA GHAKE N L2353 0 5 Tz,

2. FwxX
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1 AR
HHAKEKICER L 7z BREFHIC X 2 B > v L(Cs) DBREGE B I3 R 7 i 8 % 1%
SEHMIC 5 2 7o, BREDICHUHE & 72 B Cs OBIREIC DO W TRERER 2 2 Wi 23% < | HilY)
ICDWTH Cs Z KON DI AL TH A H 2 & AL, Z OFEflIEH S 22 icTE C
Wigd o Tz, AIZFEEYIO A T Cs RINZREZEH L, K #iikfko 1 >TH 5
OsHAK1 283 & A LD Cs+ZMRICIMVIAATHWE Z & 2EEIEDL, LAL, 4403
OsHAK1 DA o#EigE2 5 b P ED Cs+Z Y IAA T T, Cs ORI EIZE T T,
OsHAK1 RAZEBMKZ KIS+ 2 LB 08D K OEEHEHFHNTD Cs WIUT R
D5, 2D Cs WINEIZX 7 ITidR bR\,
F A 74 YUY D Cs fff%E<ld HAK X Y & EAIEMKFYE (VIC; Voltage-
Insensitive Cation channel) ® CNGC (Cyclic Nucleotide-Gated Channel) %% Cs BRI K
LS LTwE EEZLNTE 7, OsHAKL & »wihhpd CNGC 284 F DiR~D Cs T
IR IS 2 R L C v B AlREME AR O TRV, £ O “EHAREREEILIEA 4 DR~D Cs T
R ERMHTE R EELZLNDE, 44D CNGC #IzTiicnE Ty 4 kic 16 RS
5> T3, T-DNAICX 2 v 27T 7 F 10 ZEEICDO VT Cs+ WIGEE DE > IC DWW T~
Too B KBEZPLICEARZ KEEICE TS CNGC Z8{AD Cs WU % fRbT L 7245
R 2 RIICD T Cs+HINA BRI T LTz, L LD, T b DRHEICD
Wi OsHAK 1 Of§REDMRFF I T 5, BITEZ D&Mt & OsHAK1 & DRI X % 2 &
ZERARDIERR Z DT 5,

2. WX
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1

HEE OO NE TOEED O, A 4 D Nat+/K+Hnk R ZZ B (hke2;1 #R) 12, Cs+TIX
XU B~k AR AR IC I L TEnw & 2R LTS, 2D &I,
HKT2;1 #5713 Cs+DEFEMNREEZHD R0, HEYI D Cs+iik Ic[HEENICE S5 3 %
Tl ERRET 5, HEPAND Nat+id, Cs+iiiic 722034 U 5 5F M i BT hke2;1 BRTK
L K+i3ZEb o nHED2 S, Natld CsEpkic b W TEHERRTFTH L LE X LN,
EPIARN D Na+1c X % Cs ik 2 filfHl 3 2 07 A =X LD TR 2 720 Cs+I~
DEFE LB SN T W B EE ARG T 1ICDo W T qPCR I X 3 FHIT %2 L7225, Btk e &
SAKROBCEBR O NE o7, 22T, SHEIT Cs+PBINDEF 2 50T <) < Hink
AR T ICD T RNA-seq 1T X b MAFERVICAENT L hke2;1 BRA Cs+iiink z HEhn & ¢ 2 JH A &
09 AFHNTFEZREET 2 &2 HIEL 72,

RNA-seq DFfERH O, BEHEET & L CHXAEETZ 2 O VAL Z LB TE 2, Th
5 DBIEFICOWT Cs HEREIC O W THE AR NI 20, REERZ NS DEIETOE
BUARR T D Cs WINFENT. 35 X D% & v o8 7B ik iE e % BRI ER 2 S S
DI DREDRD B,

AWHFEIC XY 137Cs+ DRI E F 5 K+ & Na+D &b, AT N/-EE T 137Cs+
Bk ~DHEG AT 5 2 LA TENIE, KD AT Natic X 3 FIEBRESW R T i1
I ETO LEITTRREORE DR O 72 IO RE 5 & ~DICH DO AREMWA & %,

2. FwxX
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1 AR

BRETO/Y 7 vItRBEEAERTAHEL LT, a A7 e XY —HOMEHEIC X
LNEBLART X W TN T & 7o, EF CTIREHFMEREICO W IR O BEHLA T ik
EHI L mE» OREE R EREITICE 2HERFERE RV 225 5, Fkic, 77 F=F
BREDEMEZ—T v b e LEMKICERYIOBIEIC B WTH 20l AR KT
LR WEESHT X, EROBURREIC X 2 ROCHTTHRNIE 2 it 3 2 2 L B8 HfFCc % %,
236gNp (t_1/2=1.54X10 " 5 y)iZ 232Th + 7Li BIGIC & 0 R S . AR EVE B4
(AMS)ic X% Np HIED A A 7 & LTI N TV ARETH S, D X5 RERIGIC
X2 REMEGHEOHEEICE T, HEMTIAENEEOWHE2E2 200G hhTike
B3, 277 LIBEEAD Th 22— b2 H#E L 72 Np ilkricid, KIGTHERT 5%
BEMR 236mNp DEEZEA Y D 236Pu % 236U, # Dfthd KGO R ARA L TW 3
AlREMEA B %5, F 72, ThHicAfi & LCHAET 5 235U T 2T L 236U % A2k
T2, AW TIE, 2D XS REBDTOYIEKML 72 2 FEEEER AL 7 ~NRAT 2
mREE eI 27201, Th 22— v o U Ffifke, RIGICX > ThEREI NS U
[FIfZfARIC D TR fidae ICP-MS (ICP-SE-MS) Z FlWCiER 21T 9. 7. Auffiz v
Bt o HPE T IR ORIE Z T EFORIIC X W AR L 72 236U B2 HEET 2,

BRIGD 2 =%y F & LTHWw2% Th §EGE# 20 mg/cm ™ 2)0—i% Y] 0 BL > TIAMRL .
ICP-SF-MS ZH\»C Th I A M & L CEES %2 U RfA 2 E R L 7z, BR(L AR
DAVEFH A4 7o btuovicCThiE2MEERNTCRAZy 72 —7 v b &L 42 MeV @ 7Li 4
TV EES L7z, £, B Au @fEH L U Skl z 2zttt re=4—-2Y 7
TLYARELTE =243 —AKRIGICHE L7z, BHH% AuBEHZ Ge EAMHERIC LY
y BREDE LGRS X 0 bR 2 R 72 I8t & 72 Th 2 — 7w b I3 L . UTEVA
LY v RGOl 72, L 72 U B %A L. ICP-SE-MS % < U [FIfz{k
TEEE A HIE L 72, BIERSR & LT 232Th, 233U, 234U, 235U, 236U, 238U ## 18, HE#H
VAW IC 1F XSTC-13 (SPEX #1) % v 7=,

RIAE Th $E2> 540 L 72 30kRh o R 41 238U 2 & LT 1.83 ~ 9.97 png/g %157,
235U i3k X 2 RRFELLCFE L, 235U RE o EIREIX 1.09%10-7g/g TH - 7=, Au
P 198Au & 196Au @ y A7 b L OHEIE D LI5S N2 B TR &P T,
FNEFN 65X10"55-1, 1.6X10"7 s-1 TH o7z, (n,y), (n2n)KEDOWHET — 2 [ %5
L. HIE S Nz U RE L Bht:rlias, 2—7 vy bRicERE N5 236U OJF



THIF 2.4X10°2 HEE SN, 2HIZY 7 7L v 2o 236U B GER FIRMELLT) & F
JE 72 h o720 —77. 236gNp DOAREE 1.4% 1079 ff (FUGKIHIRE%Z 0.1 mb & RKE)TH
D 236U X0 THiZ K EKT 2 E2bN%, 2ol thb, ThECAMPE LTEEN
% 235U BT 2N L CA i TN g 236U IC X 33 TR 2 E2 0605,

gt L7 Th =% v b U FfifkibzE ko 2 & 236U 3MERAUTTH - 7=
25, WBEHIC X 3 233, 234U oA R S iz, U FGko MGHIERE Z 5 5 L, Jefrif
FD y MARZ bu AP —IC XY HE IR, FBUEKIGRICE T 5 Pa Wik & ik
L7z, 233U @ JGHTTHIRE 1% 233Pa DM L ITVEE 722 b, TLi A a & ticpR Ltk
232Th OARFERREE SIGIC X - THRK L 72 233Pa DEEZRIC X 4K L 7= 233U %5, &
BlLZborEZOLNS, FMKIC 234U 13 234Pa EAIC IV BRI E b oD, —iki
a & 232Th OARERMERKISIC L VEFERINTHE LR bhr o7z, ORI ¥
BARZ b a XY =% A7 BEHEEN TR BRI X V55 Wk OCKTTRE ic 7
JER RN EERL, BRIGICX WV ERI DM ED U A2 EEscERT % C
AT L 72,
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A. Nagai, K. Teranishi, R. Morita, H. Hosokawa, A. Yokoyama, A. Nakajima, A. Sakaguchi, Y.
Shigekawa, A. Nambu, T. Yokokita, H. Haba, Determination of 236U in a Th target
irradiated with Li ions by ICP mass spectrometry 2021 Vol.55, 123.



F-22-13

BERICEHE S Cs-135 ORBEEBZHN L L7 EFRERIC L —Y Tk v

I RN AAREE IR O B

KA SR
ZAWZEE O %
HFEFTEE - ek 28 - &)l B

1. AR

Cs-135 1208021 230 HEEDRDRESMTH V. Z DEHZEE (0.067) 1% Cs-137 (2
WL N AERER S W ERETH 2, D70, @@L SVBUTHERE S o WLy 4
FHiIc BT, BETEL OBRETEICD ) EMREEZ LT 2SI R 3 LA X
TWwb, $7o, WEHEIHEFEOUHKZ BRI T 25610k, £=4 ) v /L ERE#E)E
OB THN=—XRE WD 1 2icd b, LaL, Cs-135 13, EBICRAI R A2tk
WY (BEHERR) ORI W72, & o ATCEREHER S Cs-137 ek /s & CRilkE
FNCIRIES 2 OB BERNZMNIG L 7o T b, 2 2T, KL CIIEZRGIEEERE<H 2
PEXRHE NMIJ 23T 3 2 B HEY) e 35 X OVEEHE) B A PE %0 2 R L <. EISAEHEIC b
L —H% 7070 Cs-135 BERER DB i 5 2 & & L 7=,

Cs-135 OfEift i % 3 27t & L C.EHNTE S IC AT AlHEZ JCSS FIEfEfT % @ Cs-137
TEHE % V72, TR Cs-137 HEHERH I 13 Cs-135 & Cs-137 234tfEs 2 & FHEI N3
7o, Cs-137 i Cs-135 OEESFEZHIT 52L& L, T E CICHERA
77 X~<EEoHEE (ICP-MS) 12 X Y Cs-135/Cs-133 #FHI L, ZAHEf & tHEL > v 4
(Cs-133) HEHER 2 HHE L L T Cs-135 DEBESHEEZPIE L7z, F72. il Cs-137 fFHER
hoffieHE (RN ZEE L. Cs FffADOERMEICHEL W LB L 7z, 2
Tt MEABOEESFRL L2 ZE L, 0.02pg/g~0.07 pg/g DRz FE L <, Cs
RN RO E R R EZEHE L2, #DfEHE., Cs-133, Cs-135. 5 L ¥ Cs-137 0EEHFEIT.
ZNZF N 0.0475 ng/g £ 0.0006 ng/g. 0.0145ng/g + 0.0006 ng/g. ¥ X ¥ 0.0214 ng/g+
0.0004 ng/g &7 o7z, BONEHRE T D Cs-135 EEDFRAEHERRIC B T 2 AL X D
TR Z T L 72 & & A, FFEEICER T 2 A iE» S I3EETE 2128 /NE 225 7228, Nl
RanB OYEEDO NS X DTGP 2O 5 2 b oz, Lo T, /N3
B L IEN T 2T 2058 L7z, 8L 3, RHED S DF5 5K % < 70 5 ATRENE
2B 2 EEZENNEOMIE IS 2 D X 13, 0.02 pg/g L AV DER T, FHEED
MHMEE R 22 1% 22 5720, REMWICIIHEL Lh o7, S8BT, LEEHEZR &
HEAR IS BB BANIE IR O S 2t . EAEUER & L < ofHiliik ol z 53
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Z DAt [HY @ EBG R OFEROW R & 2 OEOTE D M L T\ 2, REL I
WO DR E MM 21T > T2, ZL®IC, 7 v o — 2L L. BER IR 288k &
NEZRDOH R E NI 7 &2 AR L 72, 2 0%, R EOHEE D201 v 4 137 D
TG WE L 728 EOSRZ A L 72, FICZ OfERZHICHIE KRB 2 FHET 2, %
D, v AR EOHIERED SR AL 72, 5%, 210 2RA L THIBERE Ol %
179,

7o, AT RAZ T Y 7 VIRLRREHTR S WD T, ZOHUKD 7 F v LEEE DM
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VHExRITo L 2A BRIEY 0 v 7 VLS THPKEKHNICE W NAR O EN T
*F¥13000~4000Bq/m3 &\ 5w WEIESBR X 7z, 2 2T AL OREIC D me G
»HbHEFEZ, Raduet ICXB2HEEFMB L, THIET Fv e e voligasflEtks L
I 2 X7 o TWTC, ZfliTH 5 7-O%BOBENTE 5, SH, 727 ZAFHH) 50 B,
BEH T A X FICH) 50 BRRE Lz, ZOFER, 727 AR CIl3FlEL#E 2 % 1,000Bq/m3 %
B2 DREND D AL 72, ZOMIEIXSE (2023 4F) bk L <fTwv. MR %
AT BT ETHBZ . AF7RAXYTIET R v DHHE% 200Bg/m3 LT & EDHTH Y JAEA,
ICRP, WHO 35f5E% 4 FEE§ 5L~ % 300Bg/m3 & LT3, 2D/, il s
o DIFERZHEL 5 & & bic, HIGHICH RO MENEZIEZ 2 0BV H 5, L7, 5l
EfiE KA T AR RILL TR T & L ORELL T 2 iTRES B S % HIE L |
ER~DHELFHEL TS FETH 5,
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YEBERAOFHEOMEZTHT 2123, KT & KA ol (a7 +1%) 28—20
Wehd, 2o~va 7 FEEMGEET 2 12T O ERIFTEIER, "=2—F ) 2 L%
WoHER—% (0v L) A" BT THB, LaL., 2D 0v B B HIED L
HE 10M26HELL L L IERICRAMARERTH 5, Z D72 0BHINCHER 3 2 iR AR 1
D TR ANy 7 75 v FRERI NG,
COZER—ZBHEICE T2 Ny 2 77y v FERORFEIZ, MHGSICA e L
MEEEND L) T LRI T 7 v RINORERETH 5, T OB &R D HBUR AT
Vg, B4 10 - Bq/kg LY (B ppt AT) AERkaEnz, zozvic, FL4i1:00v BB
FREEERSRICH 2 7 vt v o 7 Al O @Rl L 2 HiE L T %, REF5ECld. matiEml
DJFiEL LT, TiLo O FHEoH#MEZIT o 7%,

1. it DBRDUREE B ECIC X 2 ) ORHT IR % o 7 mii AL
2. 7 oAty L DJFEMER O v o 7 L D &AL
1. OFAFE LT, 5em HED 7 vibh v v LfERE(100g BRE R i Ty 7 - b
U v LAF) DAL E S AR %2 JCP-MS 2@ % Fl W TR 72 A 8. U v A= 13 0. 1ppb
AT OMERE S N7z, T a SUIEIC X 2B ERMERERRE L FIEL w5, ]
e LTid, P Y LARENHET 2720007 BIES ERICHEREL ThARwWAlfElEd 5,
ZD7H, VT LEMENERZ TV BB X2 Y v ARGREOFHEI 21T ) TETH
%o
—FH. U T VAR L LCiE. 0.4ppb~2.2ppb DMEENENH B T LMo, T
6. 1) a FMMEICK 2T 7 VBURERHMPIERS T EFEL Tz, 2) FfEHOE
ST T VAMIBEE > TE Y. TNIFALRIC X 2 MY ot o L E 2 CFIE
LT, W FERERES I, BT Z 0 2) OFERY b It. Sl % ihEs 2 72
DIT, FenEER ORISR BI G TH S5 L IR T T L HTE ],

72, 2. 07 vty LDJEEHER OIEL v o T LD EHIEA L, ORIFE D HED 72,
ZbH LT, By KB E Y SV - P Uy LAREBIIEICUKEN L. ZORiETDO Y
Zv - P )Y LRELR ICP-MS MIEIC XV 9t L7z, #iR. WEMEZHws LTy 7
YARYIRIE 1/10 E TRIRTE 2 2 LR L, %N Y v ARG OAY) EIERTE
WL, PV VLD GO EMELTERLE L TOMLEZD T,



2. W%

RE—fth, S CaF2 BAFICHT 72 CaCl2 offifl, HAYHI:S 2023 EHEF RS, F
v 74 v, 2023.03.22-2023.03.25, 15

K.Fushimi et al., Purification of CaF2 crystal for double beta decay experiment  Low
Radioactivity Techniques (LRT2022), Sanford Underground Research Facility (SURF) (USA,
remote), Jun 14 - 17, 2022
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LR

HARAREEE C=a—1F )  OHEW 2 B — X FEERZ T > T\ % KamLAND-Zen %
BRCclid o 2 MEREHERDO D IR OIS BUN BE(L Z 5Hl L Twv 5, XEAR
KamLAND2-Zen EECiEHEMEIE LRV ZFL v F72L -l vFL— g
V7 A4V LRI RA A (Bis-MSB) 2 KO BV V2 TEMRS V. T oGP ICE
TN RADMEBSFMEAIEIC X 255035y 7 Fic/d 2 e p b 238U < 232Th
ICOWTEED FIRERAED bNTHE (Y FL—va vy 74 Lo T 238U,232Th
L% 10 ppt A, WRABHIC ST 238U 13 30 ppt, 232Th iF 100 ppt Kiili), AHFZEC
ZZDOL RV CTHEEYThORSHETTEZIET 5 L 2HWE L, 7V — VERBIO &SR &
HIE 7' 1 & R ICOWTHRET L 72,

<27V —vERBEOEESHIEAEHTIH 52 UL E Tl E o V%2 L 725%FE L,
PR FDOERE T~ A 7 v LEEE %2 v iz b 21T, BREZFRILLZZH D
ZEEOITE(ACP-MS) CHIES 5, HEEREIEOY T & & 2 BEi0 & OFENG R DK
WEFTS 72 DICHILKFD 7 ) — v v — LB L OERFERED 7 V) — v L E2 T, K
- WAL 2 HE Y —h — DY 7 0 & 2 2 W L 74558, BE2 5 oakhE 13 1
ppt L~ L OMIGE TIRFEEIC 72 5 7 L E G R 72,

<gz kAL & ICP-MS <o #liE >

iz A KAL & IR AR © 238U % 232Th AN E T 3 2 % fiEZ8 3 % 72 XSTC-331
R % T 72 5 % ARSI L 72 NN R 2 AT o 7o, #ER Y v FL—vav 74
LT DWWl 238U < 232Th 237 < BN E LT 3 —J7, ERAHHNIC 2w T EIY
HHHI 60-70% LAKMETH 5 72 72 05K 7 1 2 2 DEG#E L 2 a5,
vVvFL—vav74n1.0g 1.5, 2.0g OREETER L 2ER D ICP-MS #IE 2 5, 1K
FHEA KPR 12 238U, 232Th &b 5 ppt FRETH 5 Z & 23050, BREZM /-T2 &
BRI Nz, —HEEABAICO W CEFREDO FEOHERE,» L ERMEE » b AKX
W 238U, 232Th B AME 6 L7z 7z oML R I D W TRET 2 1T - 72,

<P RASHA D T k>

WRZHR oMLY L U<, AR RS % B0 L 72 1WR & ok 72 & & OiR-
WA 2 BRET L T 5, 2 O FiER O W RZ R O BURMTEAMYIREE %2 §Hili$ 2 72 0.



ARBH A AT T, 3 5 ICREZ AL L 72D B ICP-MS CHIE I 2 FiE 2 ML L 72,
Z DFETH 2 GEA D DA MPIRE ZFEIC 2 o Rn 2 & 2R L 72, 58
AL TFIEDREL 2D T <,
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2022 fEREIL. WAY v F L — X —RHER ORI © 5 B hEFHE IS W T
WEFULYR=RDRIE v FL—2—TH 5 EJ-30l oV 7 238 L MUV L 232 &
AEZHEL 72, BAERNITIIUTO X 5 IfER 2D 7, &I, WiF> v FL—2—%F
vy b—=7L—F ECHIEL, AR CH 2 F LV R EDOEEMZ P94 T v 7 L7z, K
I, BRE L B R KA E CRAE L 7z, 2 LT, BRI L - SRR & R CUARE L. Rl
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BEHCCTHEL, v7v 238 &) v LA2208FR%HEL -,
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AR 2 o 72 aidm  ic X 2 ikt otk v 7L — % —EJ-301 fp v 5> 238 L+ Y
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2011 4, REEFE—FFRFNICIZ, PPETF 2RI L TRAZLE & B L <o =Bk (52
fbxvF (BAC) TSN E) bIRELT 7'V PIciRfE L, S odii iOG & B < B
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(Ca2+) %1 2 2 & THA RBGA AV ERV AL Z EBHbNT WD, 20720, KRk
ANT Y MFHBECY Y TEEO XS RERSBERE > b LEA KT 2 MER S £ T
Mo s A7 — i B CHEREO AR FMEE R VS5, 7YY A (Ra) DRIGAKIZ T~
THUHET® b . BREEERH o Ra IZURAEIREL L ERIEE O W s b BT b IEE IR
JECTHD, ZDD, REEANT T L~DHYIARIZOWTIEH T Y B bh o> Tk,
Z T CARRGE T, REEA LS 7 Li~D Ra DELY A& & JHPiE ORGS0 124 3 &
LEHEE LT,

FBR Tk

AWFETIE, RaDTFr 7L LTA L VERPIECFEBEITTED N 7 L(Ba) Z W THE
BREAT o 720 IREE A1 V> v L Ea R O Ba RFTRES (3. X AR RS & (XAFS) ki X 0 3
Rz, ORI L CARRIBA LS 7 L RREBA N 7 L (h—FRF &4 b)) % (i
L7zo Ba2+ A4 4 v 2 &t v LOKESRICEREEF b ) v ZKIERERMT 5 2 &
TBa&HKRBH N 7 LR E AL 72, Ba-K IR XAFS 2~ 27 b LHlE X, SPring-
8 ® BLOIB1 iICBWTHEML 7z, AMKIRAKEEA V> v Lkl ofEmEIE. Bk X ##
[T (XRD) 23 #ric X 0 [F5E L 7z,

R L

XRD 53#r DFEHR, SR K ORRREE AL ST ZIH B4 b TH B EFEE S Lz, XAFS
Ry RN DFER., AKRREE S V> 7 LD Ba-O J5 T RIFEREIE 2.70 £ 0.02 A (i
fi$8.3 £ 1.9) THo7z, RARREANL L 7 LB IZIEFAEOEFERTH - 72 (Ba—O I
BE2.70 £ 0.02A, BU7%6.9 £ 1.7), —/7. B4 b D Ca-O FHftIx 2.36 A (BIf7%X 6)
THb, LA ->T, Ba-O il Ca-O BiloMiciz 03 ALl LoERHZ LTk B,
TDZ LI, AF VDI A X5 BT Ba2+28 Ca2+ 94 FZBEHLOSH W L ERRE LT
Wb, Lo LEBRICIE, EXAFS fREI% 7 — V) =2 #8 L <% 6 - B RHEERI%IC 13 Ba—Ca
BUELRIRICHE T o v — 2R bz &5, Ba At Ca 4 P HERL T3 LR
22k S, 72770, Ba-O ififi & Ca-O Fifffo KE 2h 5 1x, Ca ¥ A MiTid7 4
y FLTELT BaAHICIIEARELTCwE EEZLNS, 29 LEEKTIZ, Ari4



b X Ba il & o TRODHIOTE VBRI TH 5 L 52 %, Rald Ba X 0 3 A 4 v 2%
0.06 A K%\ (8Hif7) Z & 26 (Shannon, 1976), Ralc & > CHFBEICH T 0 RO B
WIRECliZmweEZLN S,

Ca2+ A4 A viF6lfithEs IRfifEzZ & v, ZNZENAIALTA P ROT 7TF4 + 0D
Ca¥ 4 McHIYd 2, 77=H4 b D CaO Hiffiix 253 A (B 9) TH2Z L b,
Ba ®° Ra 37 734 MEREEICIV 74 v PLRTWEEZONDS, Lo T, T
7 IF A4 Pkt 5 Ba KU Ra 0 ECRELE A3 A4 MICHERTRELS B L PEEING,
SiRl\E. T 734 P o Ba RS 2~ 5 2 & T, RTHRE & 2RO BRI S
I LTV E Tz,
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Shannon, R.D. (1976) Revised Effective Ionic Radii and Systematic Studies of Interatomic
Distances in Halides and Chaleogenides. Acta Cryst. A32, 751-767.
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%o ZD7OFMIRICE T B ER S 7 L OBEHEELIET 2 2 &L, #IE ) R E
BEHEETH 2, UHEL >V 23 HRERE I CER T 2 HmsMonTE Y, EELRIEY~
DFFRBEDFRN & N T W5, EFEOEIC L W HE DB ICHKT 2 LERCcOER
RELOMEIR DE VD, G v Y AOBBICEEERITT L BHL 2 IC R o TE L
23, FICEHEZNRE LRSS  FMBcoERIIAHTH 5, 2 2 TARIFFETIE, &
BIROMEHEET & v 5 BERERIY O &0 B2MR 0 T 7 WHVEHT & 6 R IR LR T o
SEVIRHAR & U E 2 o v LBIBEDE W RO ICT A 2 L R HNE L,
FE[RIBF 52 > S e 5

TS ULAR LT o B IR b [X D P58 [ BERSAR Y 1 C L IBIT I R 21T, AR 3 i 5 R 2
L—o—7 L — b &R TR JERICERI L 72 BRI L 72 3B e & £ 542 137Cs
B, Rk 137Cs . BHGEAHE 137Cs Bic oW T, WEEMBRB A T\, 1 72 13
Hil %z 7 v~ = LRERREERIC T 2 2 e TRz, £77, 137Cs D A THMMIC X o T
TIEOBE L > v LR E T v v v GEFF RIP) %3k 7z, Mlx T FESEYMHK Z X 4R
0 X BRI IC X V5 2 & T, AT s 7 A EFRE L
SRR DEALR & B & 21T L 7e,

fER L ER

FfE L (0-80 mm) ICH&fET 5 137Cs DHHEDH 72 ) DR EF 3 Hm 0P E (
MRS ) TR T & 42 £ 4.7 kBq/m?*ThH o7, T, FHHYW) (201147 H) ICHER
N7 137Cs FHREICIRFMIES L CHH L 72 137Cs BD 99.7 %I AHY L 7272, FREA
ICKET L7z 137Cs D KERT I T AR D R EEE S 23 0—80 mm I £ - T\ 2 AlRENE
DR R X 7z, 137Cs B 1L, 10 — 15 mm I ALE 960 Bq/m?/mm, 50— 80
mm IZH/ME 220 Bg/m?/mm Z/Rx L, 85 %2338 50 mm LANICFATE L C\wiz, AP
#RE 137Cs I HEOFHYIRICILH] L CREIZ &% h > 7225, 2 137Cs I 2 2 HIEY)
e 137Cs DEIA 1L 1.5 - 4.2 % (P24 %) L b TF0Th o7z, 55 137Cs DE A
bE7204-3.8%CFH15%) LT THY., BX% 9E D 137Cs 25118 HEHEAY IR
CEEENIREST L LBEITETH > 77, T O ICHEITERE Cs DE|A L RIP ORICIEDAHEY



B 28380 & n72 %0 5 (r=0.90 , p < 0.05 ), 18T 137Cs DFEE %o T 2 WH A8
FICERIMTH B 2 L HHER S Nz, 7277 L RIP IEREYER Y 3BT, ©L2E
R D BULFERE & IEQMBI% R L7z (r=0.77,p<0.05), BLEX Y. ik 10 4£LL E
flH L 7= BIECld, BN D 137Cs D KERIM T AL DEA 72 E RV D FERRTICIRE T 5
L CHEORKREMEICE &% o T Rl 72,
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KEAH ORGHE - HRE 7 & OWRFOZFEE L L <, GEKRAICE T 55 R8L0HC
ETAMEEPTONTE . — 77, EV~EESZE 2 KT T WE ORI A s Bt % &3 5
9 AT, MIEREEFICE T 25RGOMENEECTH 5, TE, HANEREE (Fo—-)
FEREEEIRE - ARKEZOFBRICHH S N 225, [RENCEML L 2280413, Sl cEH i
AR B E L R b oAy — AR O NS, & Hic, ERHIFE AR ETTNG & o5AR
iR 3 2 I3 EER BRI EAEch Y, Kiiky AT ok b b, K, JLA
DFr—veRARe I —IC Lo CTHEBNZIMiA s AT L Z2WEL, 7— X ORBEREE%
FEhid 5 &<, BUlIFEOMZZHIES. Fric, AR CIIUTORICERHL., 374D
b, ORECARLOECIC X 2 BUIEE~DFE, X U0OF e — vBHIlIC X 2 [REHR
DIET 07 7 A LDEEZRY], ICOWTTH 3.

KEFERGE D 72 0 OBIHNZ, S KFET 4V b — FERIESREN 72 & v 2 — o BLHIEE I <
FhE & sz, BUAIHARTIX, 202243 H3 H, 5H, 10~11 HTd 5. #BMHIEZIL, 3 H3
HB X5 H2% 12 Bi~14 1, 10~11 H23 16 Fe~# 10 ¥<H 5. BIHNE, Fe—vic/h
BoGARe v+ —%EEL, # B2 5 EER 100m £T% LR T2 22 L THish
7=. & 72 F e — %, Phantomd pro (DJI#:#) ©H 2. ARt v ¥ —1F, iMet XQ2
GREE - MR - 5UF - GPS 5 InterMET #1380 23l S /. Fe—vic X387 —
2%, B O #EE 0Bl 7 — 2 L Itk S iz, SRl E N s i, Kilkds X CHRHE
ETh B, SIBEOBEENIE, 1.6m, 12.3m, 295m D 3 ODEETCHEMEINT VS, Fo—v
BENT EFLo 3 \ET 1 ffloF Y v 272 T3 L CHEig iz, 2LTC, Fr—vo
BT — 213, W OEET — & LI X sz,

Fo—v R 350 HAHRE O 7 — & % g U 7=, BHIHARN © P & oz i
D7 (Fu—v—[@) 1, [ikds X OHEMEE T, 2hZi+0.1°C(£0.4°C) 3 X 17+0.3%
(£0.4%) THo7z. AR THEM I NZRR L v —0BUINEE I, K[iks X OHNR
JEC, 2N ZNnET03CrLUPE5%THS. 20720, Fu—v oL, JEFic/hE
WENIlITE 5. —J7, MEFOEE HF (8:00-1600) & &fE (18:00-6:00) 14317 7245 5,
ZNZENE 2REAED bz, Hhes X UORBICE T 2500 E HAHBE 0 %1%, 21z
N0.0°CE+2.1%F L V+0.5°CL —28%TH 5. ZOfEFIL, BEICOA F o — v D5IEL
MW EERRLTWS, 7, 10~11 HIcBlll TN =5mOME T 7 7 A Ve Hh D &,



6 R IC TR\ EHHE 233800 S 7z (—6.8°C/100m). AR BEkbwiliz (3 EEm Ic A LT
{, FRIMZIOEGEDSFE 0.6ms-1 THo7z. LA LaAS, Fu—vBllogs, RITick
DRFILEAFAET 2720, BRERERTH -2 R EZLNE. ZnbDZ tpb, KM
CHBIT S Fe—voSEsESICR L CEro 2EKIE, Fu—vicX2RMIEEIC X 3
WENKEP -T2 HRTE S,

AWFETlE, Fr—YIZ X35KBM 0N, Sis X OMHHRE O BLHKE L 25 8EE S 7z,
Fe—volllly —2 3@ T — 2 L L CEMNE L, FricHod ofEEIXIEHE 15 5
o7z, LA L, RiEIZHS & KL TREMEL, Z0ERE LT Fe—vYoRfTIC X 55
TSRS I NT-, D70, #ffizs Fu—yv v XF LI X 2 [RETHE OO 729
i, HR KTy —DRENEZZLI 20 0 TRBBELEZ LN,
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DAL FAICRE % IR 3 % 72 D I XM e L PR % 1 5 BE R ETH ), REDH v T
NS BICIIREE R S %, F 7o, FHETFREME T 217 5 IS IZFERIE TR 03 2 ¢
H 55, EWNTRAFAARERMEF AR O N T3, 22T, 44 v v — LHM%2HvCfE
IR IR RIS 10T 2 FIKEREET 2 2 L THMEEBL LT LAEwEF X
Tzo AR TIRZ D720 OREBER T & LT, HRESECE PIXE (WDS-PIXE) 43#rikic
X2 FEoE % QHICY AT LOWEERTT 5, WDS-PIXE 7347 2 7 L DREFIC DWW T
1. 2020 FEEE X » [TWDS-PIXE @ = % L ¥ — 53 fiRfE % RIERIIC W] b & 2 5 72 3 o H{{RULER
FFEDBF (20K05385) | &L Tt T3, MeV MG -frzalehiciayt L, L+ 2
etk X #20ehbihic X 0V EARBI L, CCD IcTHiti$ % 2 & T 1eV LU F D43 fiffE T D
B ARE L 72 5, ST X D KB DL AR AR Z AT 5 LB TE 5, KV AT L4
ORI X IR L AR OB 2RI K L, SV EASIEZ R L 72 £ S EGUET L%
WHT 2 T AT —RREDO AL ZC L) RICH B, BT FEIC TP TET
VKT T 7 4 BRI BT o 2 HT R ICH T 5. SHEEIX. VAT L DHARERK &
AR o0 i PTREVE IS D W TR L . EHIRTRE 7 FOE L 21572, S #dikie L T %
e, KEIFBEEEE 20 R & L CIE 2w T EHETH 5,
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Takaaki Matsui, Koki Ushijima, Hong-Fu Liu, Jun Kawarabayashi, Sou Watanabe, Yuko
Hatano and Naoto Hagura, Measurement of environmental and composite samples in the
compact WDS-PIXE system, International Symposium on Zero-Carbon Energy Systems
(IZES), 10 - 12 January 2023, Tokyo, Japan



F-22-25
TRIRAIBHIK S & > v L RER SR TR 7 A OREF(LIC B3 2 BRET

KA« B it
ZAWEE  HHE Hir
HFEFTEE PR K

1. AR

= H
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EHEEEBA DR EDHENRD 572, T D70, FRIKKBDO L v LEEZEHTFHIT 2

KD HLNT VB, HHALEE T A CRFANEICE DRV LR LTS, N

HHEFEZ O 13, FEBEEALEOT R A v CHAEA BT % 2 2 & 278 L 7=, AWFZE T3,
LIF ot 1T, 2oETADEEL E il o % Higd.

1. LU O R 0 I 2 S DRI X 3 IHENE O O IEGE R 2 V> 7 R
b

2. W/ K SR C O Cs 5 TIRBOBIL D4y T 1735 % V> 7= T

3, WA TR 2T M 7112 RIS TR o Fefkat BIC X 3 ik

4. IR RO R DB DTLIE 7 1 X 2 TR OB

. A

AL, N1 MRS OTE S D8 % & U FEIIC X 2 JEEREE O M ERAEH R %2 Flvwi
FENT | 1D W CHiARET L 2 — F OpenFoam % W 78T 21772 o 72, BARRICIX, €T 10
m PUY; . HE 18m DEHIROFHEMERZ K CiZ- L, 11 A, 3H. 5H. 8 HOR
WRIBDEFEDKIMDE S G ZHE LTz RICT T AR 7B ERCTRESMDO D &
TEENIC X0 BRE) & 0 2 AR D E H NG DT 21T 78 o 720 Z DGR, FHIC X Y IKDYE
BROMRTDBEL L & 2R L 72,

[3. TR 03 Pl 7 i JAS 3B D WG RIC X 2 @b & LT, T & RO
IR TIT S 720, XKD 5 3 RITIROWEE D 1T o 72, R O F Eff i iR L
HEBLFRY 74 v 2IERK L7205, Autodesk Civil3D ZFWT e Y —7 = —R%ZIED 3
RICBGRD A v v a7 —2 (st 7—%) BEL 72,
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B < L WIAICH & B MKRIEEBR C WK BICIERT 2 L E 2 b5, —75, 2011
SEWTE 2 > 7 L0350 [FEWF I O RIRIBIZE VW oOKICE b T Wiz, D%, IRk LT
WKTITHERL 720 £ & ZIIKBYETH 512 20 b3, WIKITIE AL 7284, ik
R BB TR I

ARD 0% DA L7z IKIEED L Y A ED XS IC L TR L T, EEICGE L 72D
3 b Do TR\, REEBTIZEEREN CTHIK D & WRE IS 2 LR (2 — A F
Loy b IR 2T, 2011 SR O > v A DORE RN 5 C L 2 HIN L T 5.

KR KD D D X 5 ITHIE I & v LS B 2 455 L 72 A B AT &k
A v 7 ZHCTIT 90 2L AZAY Y v X —DREICA S EE 70 mn - JFE 30 mmdD K % {F
b, Zo ko, BILEG (A) ROKEEEEA v 27E&E (B) 2E0» L ERE 10 moD
EXECAN, FNEFNEVHEOE S, oK% L8LEMKDA 722 L A2 Y v &
— D FITKA, BEED»ICEI IS, KBTI T T 2BIE T 5,

R BET 2 ke ARV ) v =T AN, TCICHETIED 7, ADDWBEKEL, BD
DWRIEAOK DN ICIH - THRNED 2 DBBE I iz, 2Dk, AL IR 25
WC TSR > THRATWL DR BB L7, RIS AR Y ) v X —HTH—LL 7,
HOADBIFEL LI THoT,

i b, R Y ADFEIL X ) RBEBERTOTIRAVREE LD,

B e > 7 203, REOKE —FECETHL, 8k, KETHELAED DD H 528,
% CFIARITIERL L 720 K ICEE S H Y . 2 a5 L <, KB IS L2 %
A%, WHEWHEICIE 2 OB EBET 5, — 2 DIBUARBATIC AR LT, KHICZ D
BD% CHFIEL T2 IE T 7 v 2 b v () T 2, HEO BRI > v 4
D 50% % WET 52 L HAERETDODE o T2, HigEO B O & /U Ut > v 453
PS5 LI RHTH B

2 DHO{EHIE 045um O 7 4 A2 — %8BT 2 EAEYLa w4 B A G Y.

VANABETH S, HY U LEeY T NREEHY O KA TR CEB %R T O THIL,
THAEVTHRLZEREAL EVIRATH D,

2. WX



F-22-27

ALBEX & dbHmEIC 381 5 1950 FLUREO TRk R BeR 2 v R 129 OB EER

L

KAy 1t
ZAWEE LA
LFEptEE - vEa i - RO Rz

1 AR

[zt ®»ic]
W 50 FERHIC D 72 o CTHAMIERE/K D/KR EA & SRR 8L & v, A F5Un B
IC X o THARBOERBIEER?IIE Y 20H 5 2 ARBRINT WS, HAEFICE W T, it
b L —F—2HAnCKE - FEMEROZERAT 5 C &g, FEOHBKIEREICHE S i
FEEBROICEN 2L 21T 2 ECEETH S, BT IRICE > TEREI N NS
EJRO 1-129 CEREGH : 1,570 T4) 13, HARBICE W TREA, W I XL Z N LT
G S, WAIER L =9 — & LCORARfFE N T3, HAREIZE T 3 2 o Fkft
B7oe X EHREBOFERELZIET 2482 H 5, AR, BIRGRMED 1 2ThHY
F1T 1950 4F LARE DL BARHF LI LA 2B/ ICHEE R 35 1-129 iIco W, BREARBSICE T 5
MEBLZHZH O I 2 E2HIE Lz,

(GRS
REE P L R EOWE A 5 2011 FICERIE Lz HRHEEY IC 2 W T 1 em fRIC I L
MRV iRt e LTe, L L 2020y R - 15 g ) 277 RXF v
7 REICEE L, @IUKRF LLRL @ Ge PEARIR I %2 v T Pb-210 & Cs-137 ZllE L
oo HEREYIH 1-129 DEMIIIK M EEIC X 2 i & HEEUE 1-129 Ny 7 775 7 v F MK V4R
K% LLRL CTHEji L7-, HEEY (05 g) »OERLZBREEN 2% Ty T LT A VK
IS L, 1mg @ 1-127 ¥ ¥ U 7 (Deepwater iodine, [-129/1-127: ~1x10"-14) %z
CRENARFEIRZAT o 7o t2. I VR 2B - SR ORBR L, IR A2 A0 L < =2 vl
=7y b ERAFR L 72, FUERFDOIEERE EAMEEcx —7 v b @ 1-129/1-127 % lE
L. Purdue 1 (I-129/1-127: 8.38 x10-12) # 5L L CTHIMML L 7z, ICP-MS % H\v ik
Blo 1-127 BEZHE L7212, 1-129 IREZEH L7z, FFICRES 5 OMREHfERY I L.
Cs-137 & Pb-210 120  HEfESE O TR & F IR 2> & K50RE Hh TibHh
I 1-129 OB RZE) % T L 7=,

(55 & #42]
HEREYIH D ARFH Pb-210 (Pb-210ex) ¥R 1%, RJE 2> 5 PR 29 cm 1T 5T 84.2-739 Bg/kg

GURHRILH ICHZRIET) O#iFICH v, HE 29 cm DR TIRBHTH 572, HERE
FE (Mass depth: g/cm2) Chf9 % Pb-210ex D ZEEES3 1 % B ic HERS WIS % fRAT L 7= fti SL.



#E2 5 0.836g/cm”2/yr (FEEE 0-7.5cm), 0.0638 g/cm”2/yr GFME 7.5-15.5cm), 0.219
g/cm”2/yr (G 15.5-24.5 cm), U8 0.0332 g/cm”2/yr (FEE 24.5-29.0cm) L &L L 7=,
—J5. Cs-137 IR IIRE 2 D HEME 29 cm 12 5T 8.6-71.2 Bq/kg (GURHRER H i BEZE Ml IE
¥ OHEPFICH Y, HIE 2627 cm ICHRK 2R THREN M CTH o 72, Cs-137 ORRKSE 1L,
Pb-210 2 S BH L = HERDEE 2314 5 & 1962 FEICTER I N2 L B0 > 7=, HEREY)
H D 1-129 13 0.13-93.0 uBq/kg D#IFHIC H O P& RICHE 3% £ 0.004-77.8 nBg/cm”2/yr
TH o7z, 1-129 EEEIZ 1946 ELLFTIC 31> T 0.004-0.025 nBg/cm”"2/yr & KL~ LT
BHoT-DITRT L, 1946 FLAREE M L, 1980 4 & 2011 IR %R L7z, Z O 1950
ELARE DAZIRRI AL, S TF 2011 4F O B JEFE AL - €0 RAURHE & 172 1-129 D
B ZRL TV 2 AREMEARE S LTz,
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Sasa, K., Ochiai, Y., Tosaki, Y., Matsunaka, T., Takahashi, T., Matsumura, M., Sueki, K., 2022.
Chlorine-36 deposition at Tsukuba, Japan, after the Fukushima Daiichi Nuclear Power Plant
accident. Nuclear Inst. and Methods in Physics Research, B 532, 73-77.
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1. R

HEY « JRFEESIC X 2 BREREHRA V7 ) L 2 (Paramecium) J& DIEZHE - flAE > ZLHE - &%
T8 5 X U7 ) L DNAICERZFER L T3 AR Z WS 20T 5,
FEREE T NFREHEL CUELD 1m & & CTHEERNE L 72 ZZRERE%R 25 25pSv/h
TR o R ZE IRt ONZERT) ¢ Paramecium caudatum (V' U 4 3) & P. bursaria (2 FVU YV
v LY) REREL, 2 OMIRESSLHE L HIfENEL 2 v L T OB 2 FERE CTHERF L T 5
Al & el L7z, F 72, FEBE CHfERF L T\ % P. caudatum, P. tetraurelia (2 v X V'
Y 2). P.bursaria % EEIGHIC —EFARIMBGE L <. MIfa 26 L HilgNItE 7 oL 5
DEE~ DB T~ T,

i
1. 2021 fFREE, P8R P. caudatum (ZEREEE OIS ZLHEEE MK W23, FEEREC
BT 5 LI LR S EE S 2 C L # AL T L, 2 2T, 2022 4 8 AT, HEERE
THEFF L T 3 P. caudatum, YR15042 #k) & P. tetraurelia, stock 51 #f) Z4FHEAZRIC AN
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BIfRIE%R Rz & 2 A, TEMOBVARE KLz, 2D L6 IR OE T 1T
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CR-Ex137Cs = ((_"137)Cs concentration in shoot (Bq [kg) "~(-1) DW))/(exchangable
(_"37)Cs concentration in soil (Bq [kg)] ~(-1) DW))
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¥ 7o, MMHET O ClEE 5 ERICE VLR O & % 5 2 72X L | [FRR I 4= FEHE
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C D BRI XS B 2 > v LTI T E R o 72, T OFF, HIEOFKYE ITHE
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B2 o7 L@ L7z, 2 OfER, HEP o FERYICHE L BT v v Al 23
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HZHHS 2 THEHRTH 5 LT Nz, SRITAERMIZAD BN 2 > v L DR L3P~
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[Research objective]
The objective of the current work is to understand the effect of organic polyanion (humic acid,
HA) on reducing radioactive waste volume by moving fine particles attached to larger ones.
Besides, the interaction and retention behavior of 137Cs and soil mineral contents in different
soil size fractions before and after being treated with water and HA.

[Experimental]
The soil samples (Soil depth 0-10 cm, particle size <2 mm) were collected from
Minamitsushima, Namie machi of Fukushima prefecture. A suspension of 10 g of soil was
treated with water and HA (shaken for 16 h at 60 rpm) and passed through the 500, 212, 53,
and 0.45 pm sieve. Soil particles collected on the sieves and membrane were oven-dried at
50° Cfor 24 h, removed using a sieve brush, and dried at 105 ° C. The soil samples, water,
and HA-treated were analyzed to study the 137Cs in soil size fraction and the effect of humic
acid (HA) as a soil dispersing agent.

[Results and discussion]
The soil dispersion results from the water, HA, and Sodium hexametaphosphate (SHMP)
showed that SHMP and HA appear more dispersive than water. SHMP and HA liberate 1.4
and 1.1 times higher values of silt and clay fraction (0.45 to 53 u m) content than water. The
higher concentration of HA tends to form aggregate by bridging with finer particles. Soil
washing with SHMP and HA increases 137Cs content in clay & silt (0.45 to 53 pm) fraction
more than water. SHMP concentrate > 95% of total 137Cs content to finer sand (53 to 212
pm) and clay & silt (0.45 to 53 um) fraction. A negligible amount (< 0.1%) of 137Cs was
dissolved in the dispersant. The higher release of cations in the SHMP solution could be

attributed to the cation exchange process via SHMP containing sodium ions.
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T2 > 7 L OERFFIEICHEE 2 S 2 — v ER L 2AMVERREZ 02 (~a% 7, 7
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Ll e CHiE X 7=k & 4 Y R Sciurus vulgaris 1 RO EF % H\ 72, ZixH]
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THIEEBET 2 081D %,

SthDREE

ZNE TOREER & v LREEANE AL AT ITIC N 2 €, 138 pH, T3k A 4 ViR
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B = v P HEIL 722 BEREC &l L2 7k ekl 2 A% L, Bk 2 b
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(DK-40 & Cs-137 IciFEH @7 J v R4 D Ra-226 1<k H) . () JFEFH5EE IcBh#E L 7282
FicfifT 28%0E (BXe-133 ICiEH. @Bt v 2 L e v RIEH) TH 5,
72 & 21E. KIND-Pro 2%l & L7- ko PHITS I &k 25 FoEFAEHE i, ko
HHIGEIHR L LT 20~30%FEE D = A v F —GEFED M LRSI N TWw 5, 2 TIHE
HIFEEL E LT 7 F v vAALDOSEZRE L CRET 2 i) T & 7228, HEH o 70 WELHIEIEK
DBV TE 5D THIIE, KT A F —FHH D5 %2 EIHI U L 7= #HEERE &2 a5
2E, LOKERAALTZZEBRATATVE,
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Hiromi Koike, Takao Kawano, Takeshi limoto; Estimation of Radiation Field Produced by a
Coin-shaped Naturally Radioactive Source and its Application to School Education; Radiation
Environment and Medicine; (2023 4 2 H 32 #)



F-22-56

PHITS SMEZRICACE X 7= S MRCPs TUE{EA v & 2 AME7 7 v F KU 3D-

CAD G BUSMHEN IC 51 5 KSUBREK OB EHEIC X 2 B AN

KA o B A2
ZAWFEE © RE
HLFEptFEE - e S48

1 AR

AWFFEIX, T TAhrw - v 2L —v g VEHE PHITS I X 2 iSRS &2 Heig & L
T, FRPNEECTHE L BEHEL v v 202 7R E & 3 2 RS S R
DEETCOBIEL, ZDOEMTHEL CWAaR (ER%) o AMRicxid 2488 < -
NERBIE K 2R Y 2 SR ICHIR T2 2 & 28, IFEHMTH 5. 2T ® PHITS 3H&
ETFNORERE R EEICEW X4 C, ICRP-145 R— 2D MK 7 7 v + L D PUfIEREE A v o
2L D BRI 2> SZETBARRIC R 2 PHITS IT — 2 D% &, ZDOANEKT7 7 v+ L2315 H)
3 2 EREifEAR % 3D-CAD/CAE X—RfETD Y Y v F X v v v VEREORfHL 72, AWt
ZEHA Tk, AR =E CTHE L Tw 3 ICRP-145 ® Adult Mesh-type Reference
Computational Phamtoms (MRCPs) D#i[5 K% - 37 v U X K5® Chansoo 5D 2 7 H L
— ¥ a VORI NI RREMEE T — 2D PHITSHH5EA v 7y b ~D A4 v E—F 2D
vV FRREEAR TV, X 51 3D-CAD/CAE fi##r o 27 2 (#9 80 MK oEtres 4 L
JrETVVIRUEY Y v F Xy v v 7 ofEigtz, LR cd 2 RHE%ELE S
EDT F AL ZA%ZITRBOEH X2 2 ERTEE, KFFEOKETIE, UK, EVTHh
-y Ialb—va VEFRICE T 2 EFHliEEE X, BEs % & T AMRICE D 2 fiEfEo
B, b LI, BT R BREEREE R - YV ORUNREZENC X 2 BRI i 2 = 4 v F
— A OHED b BEHMEEE, L2 Z A ROB N TITbNT WL ez A Y
THoT=h, ZOMNJ7% PHITS GHEZEM E~—2DkR L LClGI 22T, KO
BRI A & % OEM R ET TR LMHENICHET 2t~ KRG 2B T L
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fE BRI 23 2 351113, FsimRE 428.2 km2 @ 2 fai)I<Hh %, Z 0FEF)INIE,
EEH R IFEIERIC X 0B RER S NAITRICE > TH 2 RET 2 F1E
ThH b, a0 EFIE. BETHERIEE L T 2 MEMEF XIS cH v T
RAPFHEL CW B XIBTH 5, ZD 70 BRNIAIEEEZESTOZRIICH 5, TEIT,
TR > 7 ZBRE S T EMICH Y, TROFEFN~DOBELAEE > T3 b
DD, ERKBOFETNNEEAKBIC BT 5 R AR ZREIC O W T oRE FR o Tw»
%o AR TIE. SEEIO EJiiA 5 T E TOEMICE W TRK LMK ERINT 2 & &b
i<, KT B 2 P K O W ERELHN 3 X OUEIRERE R FEhE L AKERERLERMAL S X O

FUF Y LADHIERITV, ART — 2 b &0 = HEKIBIC BT B R ARER L 200 3 % B
LT E L RENE T S,

AP IRGICSE R B HIX . THo 72 & 2 BV - FEERic B v R BLENE £ 2
LI A OREKGERIZ B 72, 72, & P)I0 L Td 2 M BHX & TiiTd 5 it
B I BT IK DRI E EfE L 72, X Sic, TR MEHX oA % I L KAz
CESXUDEEOYBERI 1T S & & bic, WJIDKER OIS & b2 THF /K ORI E 17
o7, oA oW TiE, pH B X UEBELARERE (EC) ob, HEFMMMEE©H 2K
LOE RN AR HTREE (L2130-1) % FH Vv COKBRBRLE FNARLOHIE 21T 5 72, BT, K
Ny 27wy PRy v I v —va VEHEEE A OKR oS RN R CTH B Y
FI LD HRIT o720 P F U LICOWTIR, KEETHIZLBPETEINE 2D,
[ 4% 150 50 I B AR AR 2 1 & BV QIR E 2 AT o 7o D B ICHlE 2 FEha L 72,

i B HIX O FE A1 (2021 4E 4 H~2022 4£5 H). % HEHIX 0FEF )1 (2021 4E 10
H~2022 45 H) BXUEHIXIcEH T 2H7K (2021 4 10 H~2022 45 H) DKFHE-
W22 E RN AR H D BARR % R 3, FAvR B X 0 K EIRIAE A 13 -59.20~-58.09 %0 o #ii i ¢ F-
¥ (£S.D.) -58.53%0.59 %o, &KL 13-9.12~-9.20 %0 D &ipH ¥ (£S.D.) -
9.15£0.05 %0 T® o 7z, RILFEHLIX D KFE R AL 1Z-52.49~-54.24 %0 D i PH T -
(£S.D.) -52.67%£0.90 %o, MEFHE[FLLAH 13 -8.29~-8.55 %o D &ipH ¢F# (£S.D.) -
8.3210.13%0CTH o 7=, —J7. MAHXIFFT KD IKF R 1% -46.92~-48.33 %0 D #iPH T
) (£S.D.) -46.94%0.86 %o, FEFRFINIIAIIZ-7.23~-7.38 %o D #iPH TF (£S.D.) -
7.26%0.07 %0 TH o 7z, KFEMERFNARILIZ ERAICH 2 BEEPRDEEL, TRICH? D
ICONTEL RBMHEAICH 57z, I, KBRS BRI B W TRWKRIRICEH Y Kbh
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Kuwata H, Akata N, Okada K, Tanaka M, Tazoe H, Kurita N, Otashiro N, Negami R, Suzuki
T, Tamakuma Y, Shiroma Y, Hosoda M, Monthly Precipitation Collected at Hirosaki, Japan:
Its Tritium Concentration and Chemical and Stable Isotope Compositions, Atmosphere,

13(5):848, 2022, DOI:10.3390/atmos13050848
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Be-7 is formed by cosmic lay in the upper levels of the atmosphere (stratosphere) and
descends to troposphere through gap between stratosphere and troposphere. Ice samples of
rime attached to the off-limits rope were collected on the top of Mt. Zao (140.4E, 39.9N,
1650m), Yamagata, Japan during 2016 to 2022 in winter. Be-7 concentrations were measured.
Backward air-mass trajectories were calculated by METEX.

Be-7 concentrations ranged from 43.1 to 0.5Bq/1. Be-7 concentrations were very high (higher
than 14.0Bq/1), the air-mass had been transported from Russia. Be-7 is formed by cosmic lay
in the upper levels of the atmosphere and descends to the lower part of the atmosphere north
side of Lake Baikal, Siberia. Be-7 concentrations were high (from 14.0 to 8.0 Bq/1), the air-
mass had been transported from northern part of China and/or Mongolia. On the other hand,
Be-7 concentrations were low (lower than 8.0 Bq/1), the air-mass had been transported from

southern part of China.
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Lead-210(Pb-210) is a natural radioisotope in the U-238 decay series. Pb-210 is produced
from Rn-222 emanating from the ground surface, and exists in the atmosphere adsorbed onto
the surfaces of aerosol particles. Pb-210 is used for tracers of the earth’s crust. Ice monsters
are formed, when strong northwest monsoon winds blow down from Siberia, by repeated icing
of supercooled water droplets, accretion of snow and sintering on Abies mariesii, at elevations
of 1650 meters or higher in the Mt. Zao. Ice samples of rime attached to the off-limits rope
were collected on the top of Mt. Zao (140.4E, 39.9N, 1650m), Yamagata Prefecture, Japan
during 2017 to 2022 in winter. Pb-210 concentrations were measured. Backward air-mass
trajectories were calculated at 1650m level staring at top of Mt.Zao by METEX.

Pb-210 concentrations ranged from 8.0 to 0.1 Bq/l. Pb-210 concentrations were high (higher
than 4.0Bq/1), the air-mass had been transported from the desert area of Asian continent.
Dust storm occurred in desert area of China, such as the Gobi Desert and/or the Loess Plateau.
Soil particles are blown up into atmosphere by strong wind. Micron size of Kosa particles were
transported from Asian arid and/or semi-arid region to Mt. Zao. Pb-210 concentrations were
middle (from 4.0 to 1.6 Bqg/l), the air-mass had been transported from northern region of
China without Kosa. Pb-210 concentrations were low (lower than 1.6 Bq/1), the air-mass had

been transported from southern region of China.
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Survey of changes in educational content in Japanese school textbooks based on the new
course of study
Takuya Saze (National Institute for Fusion Science), Minoru Sakama (Tokushima Univ.),
Haruo Maruyama (Nakatsugawa Technical High School : Gifu Prefecture) , Naofumi Akata
(Hirosaki Univ.),
<Introduction >

In 2017, a new study course was promulgated by the Japanese Ministry of Education,
Culture, Sports, Science and Technology.  In high schools, the new curriculum will be fully
enforced from 2022, and textbooks corresponding to the new curriculum guidelines will be
used.  Descriptions related to the Great East Japan Earthquake and radiation education has
been added or revised in science, social studies, and general textbooks.
<Purpose>

Investigate descriptions of radiation education and the environmental impact of the
Great East Japan Earthquake in three subject of textbooks used in Japanese high schools:
"Science and Our Daily Life" (basic science), "Basic Chemistry", and "Advanced Chemistry".
<Result>
Subject 1 : “Science and Our Daily Life”

Seven textbooks have been selected and are mainly used by first-year high school
students in Japan. The description of "radiation" was written in all seven textbooks, one of
which was 3 pages long. "Nuclear power plant accident" was described in three textbooks, and
"nuclear power plant" was described in six textbooks.

Subject 2 : “Basic Chemistry”

Thirteen textbooks were selected and used mainly by first-year high school students in
science courses in Japan. All 13 textbooks contain descriptions of "radiation," of which 8 have
more than 5 pages. "Nuclear power plant accident” was mentioned in only one textbook, and
"Nuclear power plant" was also mentioned in only one textbook.

Subject 3 : “Advanced Chemistry”



Eight textbooks have been selected and are mainly used in Japan for second and third
year high school students in science courses. The description of "radiation" appeared only in
two textbooks. There was no mention of "nuclear power plant accident” and "nuclear power
plant” in any of the textbooks.
<Discussion>

There are many descriptions about radiation in the textbooks "Science and Our Daily
Life" and "Basic Chemistry". However, in "Advanced Chemistry", descriptions about radiation
were not found in most textbooks. In all chemistry textbooks investigated this time,

descriptions of nuclear power plant accidents were extremely limited.

=N
2. G
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DT WA B BTz,
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25, BIE, 2 OBBICNT A3 XBEIARELTEY, INHARE AMEL LTl nctnr,
RO H LA BONERFENRIRD 2HHICE LD oNT : (DAY —VHNELERL 7= &
BYICRboz LTLE XY FoETM. QRIFoEHR=— %22 FIXFANICIE
MEICHRE L THLREZ &,
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HBE) 3, TTICHEROIFEEGEICD H 2 L 51, VERESTFICHE LT SH LYK
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2. FwxX



F-22-62
RENFIBRIC BT 5 RREN T OFAERRREICBT 25

KA o i BER
ZAWEE - HE
HFEWTEE - AAL B - DY RO E

1

fEES 1 R T HFREIFLIC X 2 I0FIHAERER ~ OB EBITICBE L. 4 130
FERFIC X B 13 [l oifgefiiE (2011 45 7 A~2017 45 H) ofth, 185 RKEBERT
v & — (REBFUKERRY) FLolFHFATEC mAI L, L o4&k 28 C& 7z, 77
Y7 R BEEYRRE B0 B ERRREROYEBITOMFERTH 203, ZHLET
KR ON TR0 —FIcoOWnTiE, HKDOEDILEZ TR VRS 7 AEEEL LD
AE BN I O, EEAE I N2 R B oS C Ron g, —fkic”
SV I vORBIEEE. KD EL T AL _VDOEFICT L IET 2 EZ LN
. I OFBHC O W TdFE ' v v AERMMIK T (CsMPs) O E»REZEZz b b,

T P ORIUE, Ay a4 X 100um ®330um REDI[FITV I Ay b
CE o TTo T3, 77V 27 FvAdy F TR, 294 XL LR TIIZITETHEIN
570, JHPIRANDHEDLERT 20EL DL, 77 v b vay PCHIEI NI KES
DY) T, BREH 72 ) DIBETREL ~A 2 EWRIE O O Y) IR S Tk v, 7
Zv 2 bvay PICHEINLKREGEEY) C, 2 g Tl & 23R L 72 CsMPs 0 & F 1%
1BIDHBTH o7z, 2011 4 7 HICHFUHEAERY: NIRRT, 2 mnf ORHER
7725y 7D 12iC 4o CsMPs % &L# 20 um ORI U EIN T2 d DT
»H 5,

BWREZ R T 7T v 2 F vy PEREHCOWT DA A=Y v 7L — |+ (IP) itk
5. CsMPs Ol % 1T > 7z, 1Bq A X v X' — FAL D volume fEICHT L, I X% 1/10 fELL
LR T EHBER CsMPs & L7z& 25, 295 LK T2 a80EEORAM RS N, C
no oFENL., FRICHEELRKMEYEZ BT 2L DTl o7, 7272 L. CsMPs (Fk 4 o Kite
ICX2) DFEERIZ0~56%TH Y., mOBEHEDS T% CsMPs THilH3 5 Z L I TE 7x
Dolz. T T, Wl CsMPs 2 & s WikBhic o wT, RIFHEESRIC X 2 TP W% fig
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2.
Holmerin, 1., F. Svensson, T. Hirawake, T. Ishimaru, Y. Ito, J. Kanda, F. Nascimento and C.
Bradshaw (2022) Benthic food web structures as an explanation for prolonged ecological half-

life of 137Cs in flatfish species in the Fukushima coastal area. Journal of Environmental
Radioactivity, 246, 106844.
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In present study, we developed a simple and rapid method for urinary bioassay to determine
ultra-trace 90Sr using ICP-MS/MS, in order to provide timely information for prompt
decision-making in radiation emergency therapy. After only organic matter decomposition of
10-mL urine by HNO3 without other chemical separation, stacked DGA and Sr resin
cartridges were used directly for chromatographic separation and purification of Sr from the
urine matrix and other interfering elements. During chromatographic purification and the
whole procedure, Sr yields were measured as 94.0£5.4 % (n=3) and 88.4£7.8 % (n=3),
respectively, using stable 88Sr originally in the urine sample as a yield tracer. To overcome
isobaric/polyatomic interferences further and peak tailing effect from stable 88Sr with high
concentration in urine, different collision/reaction gases (CO2, 02, N20, NH3, He, and H2)
were introduced into the gas cell of the triple-quadrupole inductively coupled plasma —mass
spectrometry (ICP-MS/MS) for optimizing measurement conditions. Using CO2 as the
optimal collision/reaction gas, the low method detection limit of 9.78 X 10-4 pg/mL was
obtained. Finally, for method validation, the standard reference materials provided by
PROCORAD (Association for the PROmotion of Quality COntrol in RADiotoxicological

Analysis), France, were analyzed and compared with other international laboratories.
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(55 & HIY] BB pe i@ 10Be(1.36x1076y) 1355 2 A% AE 7Be(53.35d)
LKA BB TFEHRE KA L ORBIGIC X D EFHMICER L, KAIERICL Y
ik & SR - A~ T T %, A T TR EARICE VT 7Be, 10Be 124
DIREAEER D T FIk (20-30°N,S) Ch K fili, _E5H45(0°, 50-60°N,S) THvIMEZ <3 2 & %
LT L7z, £72. RIFHEKF 7Be,10Be IRJE S KA HIRE L UL SNz nd 2 &
SO IC L7283, RATEO PR ERE S BAELL ED7-® ., 10Be R DR 13K
fill & R/ IMED LE AN E WA TH - 72, HKF D Be O ERERIZE 100 FF L HEE S
Tk Y, B 10Be 13 RERNAL 9Be & 58 % $hic L, R IZHEKD O HBIRICERE
S NIBEHEREY ICERR S N 5, AWFFEIZILARTREIC 31T 5 9Be, 10Be OFRTE M % 3k | fih
DIFE L DA TOIFEERICET 2 b —H—L LGEAT 2 2L 2 HNET 3,

(73 LS ] 2012-2017 AL ACEEEALER 47 N i R — v 27— —) IR
HY U 72 #7KEARHT D u T 9Be, 10Be IR D ERE I AMIE 21T 9. 10Be (7K (250/20 L)#¢
HUHFIC Be $H{£(2/0.5 mg) % 0 2 $k3iic X v [ L, Be o4riERg#tL, A MALT ic s
T 10Be-AMS HIE #4T 9. 9Be (i#5/K 250mL %V A7 A 71 5 L% B C ik i L.
SARTR IREM IC 35T ICP-MS IC X Y 9Be EHIE 21T 5. BIFE. 10Be iELHIE 1
T L. TIT 9Be IEEHIEZ{To TV 3, TN T 9Be IBEIE S N7z 2012 FALEILA
P 47.0°N (KH-12-4 BD09, 11, 14 : 170.6°E, 180.0°E, 170.0°W) 23 % Be A& D #
E A (Z R LIS L 729045 Cdb - 72, 9Be, 10Be DFITE M 12 KB LISMZIZIEF LT
» Y. 9Be iEfE (x10M10atoms/cm3 X i x16.6pM), 10Be £ (x10"3atoms/cm3) (3 3KfE T
0.3 J2 1 0.5, 300-500m fHifCikic~1, % DHIZITELRATICHE L 6000m 5 citic~2
TH - 77, > T 10Be/9Be(x107-7 atom/atom) iF 300m LLZE < BD09: 1.10£0.10, BD11:
1.17+0.21, BD14: 1.07£0.13 & —ETH v, LKV (25.0°N170.0°E) I I 1F 2 SCHikfiE
1.2320.10[1] 1TEWEDS S iz, BEE 9Be HIE 5 ik O KR O i - IBfEERE IC B W
CIAHER O INERAERE 2 A0E 3 2 ik 2 il A Tl 0 | KR 2 HIE RF[E A & G 3o 2
DOIRREZ HIEL T2,
[1] M.Kusakabe et al.,EPSL,82(1987)231-240
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2011 FEOMEEREHE R REITER (FRFR) 1T X ) WHARTEHEID R IR
ZbravyFua (Sr) BHRHLEZERSroTnS, $72, TOBRRBICAEVRITITNS
N U F U LT & ORBURTERTE & & SR DIBFERUIE SR E o T B T DULBRIKIC IFTK
BHE Sr & EIN TV ARENED S Y, Z odERIcE T B UHE Sr £=4 Y v i35 H D
WEETH D, —J7C, T OREME St ik I FETRELS <, Rilll2302> 5 0 Wikicd 5.
Z D70, RIS St = =2 ) v 7%k L CIT 5 729010 b, B St ik o fi
ML EETH 5. Z T TRIFFETIE, KB D Sr % BET 2 RHEZ FFo Hikk ¢,
KR D TBURHE St iR EE & 2 B ICHEIE 3 5 ik A ET L 7=,

S Bl OWISETIE 2009~2022 FFI1C 2 1) TR RO R E T, IRILET, ShAET, LR, wb
ETHOWMETHM L 2L T FAHA, LTHFA v aokz vz, Kiffge o 72 Hik
DY A XF2EAT 36~58mm TH Y, ZnZho Higz ik L, DGA LY v Z i
BEHHEEIC X 2 Y 52 T o 72, ERHRHNIC X 2 8D O KERLB DV & & b ITTK
HHE St (Sr-90) DIRIGFETH 2 iHEA v U w4 (Y-90) &L Y ZEUNL, B
ERBEER L. 2RSS LTEANYy 2 790 v FHRTa =y v 2 —%HwT
B MESFHEIL, RAIICHG Y St (Sr-90) RELZEH L 72,

2013 FE O G T, ZERET, JREFET, Wb Z i CERALL 72 Hi o Sr-90 R, HEFED
FAHIC 2Dt b IE W E I TE N E (50Bg/kg) %78 L7z, 2015 4E 3 AR ICRFEORMHlIC
XY EFIE I TR CEPI 2 A Sz, AR IR R RSO e U 7 U
P St D% K BRI EXREREI N TV 328, 215 DFER & AR DR 133k
L7z, IREFHTIC BT, 2011 4E2 6 2022 % TO R D Sr-90 A % k3% & 2011 4F
TlZ 12Bq/kg, 2013 4T 20~30Bq/kg, 2022 |3 E B FIRIE (2.6Bq/kg) LT & 72 - 7-.
JRFEHHAZIT Sr-90 D3HRFEAYIC U & ik DIREE A EN WIREED e T B REIE, 2 o
BT L 2R 3R R F sk o Sr-90 2kt L CERT s 2 icks. %Y,
2013 FECie b & R AMEMIE, 2011 FicHb~_T 2013 FEofEiki: X Y % o FEFHEKHK
D Sr-90 % HiFICEBL T3 e KM I LCTn» 5 LIl cX 2. 2022 fECldH©%
o Tz FIC oW, ROkt D Sr-90 =% Y v /R ClIE 2015 A2 EIC
Sr-90 EEEAMKEE CHEE T 2 HIAIC R > TH Y, TNEKMLTVWEZEBEZLNS.
mb%ﬁ@mmfﬁ2m9$@i*ET@m(mmy@)uTﬁ%otﬁi2m3$@i5~
7Bq/kg x0Tz, DX ICHBIZLICHED Sr-90 IBESE L o TWnb 2 LiL, IR
BT HkR 32 Sr-90 23 Hidt LHXDl_i*LTb‘é CEEEHRLTWE, IhbofiErs, H
AV S & TR ORI Sr DE =X Y Vv IRERETH B L EZ B LBTE B,
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B EOERRRIIRK[ LT 0 Y VOYESIRRZ 2720, KATTe /A0y —R
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¥ 9. IR R AREE TR R HT IS & 2 BUOK AE ] 5l R - WTSE ik & wh bt N S iftaak <
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VI DFEIEHEEH I —A R Ty T EALF 2 T — 2 — 7 R(MS) iR % H
Wizo KFROY V7Y v 7Tt PefiliEz FlwKIicZ AL, 2 ivd MS ICGE X €72, KD
Fv 7B X Z 800 ml, KEBICEHLTREFY VT HRICHCEZF I F VLT =KD
DKFEEE® THES 10ml FRELL 72,
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FRARERIR C D U PR E B8 o BUIRIEHE - Fk Tillic i3, WE S8 2 5583 2 IR D —>
THLKMEROBFH - FHINEECTH 5, Z OERMICIT, BUH - FEEiz 8 L 72 BIRERE I
A WPZEMRNICHRTR L 72355 TRk 4 7o et icont LB & fE3 < % 2 KIEBR € 7 v ic X 2 5
BREETH 2, L LIERDET VTl KITBREE DR 2 A0 DRGSR Y7 A —
KRR 5 72 7 VB O 72 D EER O Fss R~ 2 02t % )KL L 725l 23T 2 € 2 7%
D0 fze Z TTANIE TR, T A — 2R 2 TDT 2 DGO WIsEHE 2 AICKIEE %
MEARE e T VR FFE L, EH~ D@ - #REE & BUEFEERIC X Y FERHE & 2 0 ZE (kK
fEBR I ST 3B ORI 2 B & L 72,

FIFET v DRIZ 2N E TD ERAN %58 L HEEE 0 5% L 7= il o /KGR € 7
v BLock Aggregation of Darcy’s law Elements model (BLADE) Td %, AREEIF T T,
BLADE oy ifiganftic iy #lA 72, Bkl (1) H#E» o E~0iREHE T
N, HEBAENTH > TH 2 DFEKIEICIGE THRE~DRENPLEL 2 ET A~DELH,
(2) BEFHRTFEOUR #1778 272, %2 L C BLADE %2 FHlll7 — % @ & 2 (LR Rk (fh
ZINBERFRGTIH, 49 ha) 1B L, B8R S 172K T — X 2 FICKEE L 72655, Y7 A
— ZRRT 5 T L KPR DIK T BRI DI 22 [ A 2 g FEIC i3 2 2 LI L. &
TOVRERAT & G O HEED A B L 2130, FHEEEZ 1.7 5135 Z LT L 7z,

T Hic, HELEEZWRMNICH S BLADE OfftE#iEh L, EE2EET 254 L BB
LiawEaozhzhicx L a 7#iHe v 7 armik (1000 v 7)) & A X
ZITH 2 LT, MHMOBBMESC ST A =2 HES L VZN 0 OANEFEEICH LHES D
JEDS & D KD T B i~ Tz KIMRTUSICER L 72451, a2 BRI 2560775
MHOBIBERE ., HEFROFH T I X — X DEREIMICESEENE L
2N Z 1S 72,

¥ 72, BLADE %M LK « BN T — % % B CHENT 24T 5 T 0E O Wi AR R IR LI
T, BT VEAICLE R LEESMOREO -0 BB E ANRBRA TR L., TERD T — X HL
REfh 7,

4% . BLADE © X 5 7% 5 SR & HEGI A~ D - BUBEGHR 2D . FRMEREE T DK
BROGEM 7 P B - T & ARG D Rtk A3 KIEER 1< MAE I B o 57l - Tl & 2 D FiE D
AEE=ican
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FEROWNFHIE 53 2 1 C Sr-90 13k d HERKED 1 DICfiE DT b5, Sr-90
DM DO FEN I Y-90 D I AvF v ickd B R TH 25, ZofitkontriEo
A IR R R LM L e Cch b, A TN FE TIC, ¥ 4 — YV RFEDOIEE
Bt (AMS) #EEZIER L <. % 2kt (1-2 H) CEREGAEH @ Sr-90 % &k
ICHMTE LR LT, SO MTFiE (AMS i) @ Sr-90 ofHRRIZ< 0.1
mBq (B #HED 1/30) THB e h b, XD italklE < Sr-90 0 E B2 AIFET
BB, REIZ, xR oBRESRNC AMS EESHEIGATRETH 2 & & 2R d 72, HIERH
REUE N G E RS RE R i 5 7 1 275 4 (SATREPS) DN RILTCH S, FxL /) 7
A VT HIFEFT O S EHKPHAG I CEIL L 72, W 53 % ok o Sr-90 % AMS 5T
IR L 72,

KERELD Sr-88 D IRJE 13 ICP-MS D225 (1.3-2.3) X 10" 8atoms/L &3k 572,
IC, TDSr-88IRE L. v 7 T4 FKEAR AW (UHMD 238 B ffttik ¢k 7z Sr-
90 J2fE (Bg/L) 26, 7KiAElD Sr-90/Sr-88 JHv%xkt13(0.6-1.7) X 10"-9 atoms/atoms &
KFEor, TORTEILDL» L, AMS T Sr-90/ Sr-88 ##E X < HIE AJEEZ Sr-90/ Sr-88 Ji
TH 100-13 (RHIBR AL Sr-90/ Sr-88 < 1x 10714 X b HoricEwRF i, v hn
2 HIERAEZ<5%) 1CF 5720, HHUKEHGOGFRE X 500 L, Sr #HAORINE X 1
mg & RE L 72,500 u L oKEHC & N2 Zr-90 D& 13 ICP-MS ofEH A5 (3.2-10.0)
X 10710 atoms TH o7z, TN HD Zr-90 EHE L. AMS CHIHIATREZ: Zr-90 D& 10711
atoms (X —7" v b)) EFERED L IE 1D 0D T, B4 4 v ZZHliiEIc X 2 Zr frE
BAETH2 LWL, THDT b, RIFFETIE AMS EICE T 2 {LEUPE R * —
LD 75 BRI U 7z, BHIC, & OALEMBER F — LT L 72 500 u L D 7K
kD Sr-90 AMS I3 L 7=,

2. e

Honda, M., Martschini, M., Marchhart, O., Priller, A., Steier, P., Golser, R., Sato, T. K.,
Tsukada, K., Sakaguchi, A. (2022). Novel 90 Sr analysis of environmental samples by Ion-
Laser InterAction Mass Spectrometry. Analytical Methods, 14(28), 2732-2738.
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Assessment of the current groundwater contamination levels in Ningyo-toge site, Japan.
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Ningyo-toge mine, located in Kamisaibara Town, Okayama Prefecture, was used for uranium
mining, milling and refining for around 18-20 years, until it was closed in 1982. Since when,
the Ningyo-toge mine area was disclosed as high radiation area, originated from the mining
residues that were discarded and left as they were after closing the mine. Currently, the
Ningyo-toge site is planned for cleanup and the prevention of any future environmental
contamination. Nevertheless, elevated uranium (U) and arsenic (As) concentrations have
been detected in water and sediment samples in the area. Therefore, the aim of this research
was conducting an up-to-date monitoring of trace (U and As) and major (Fe and Mn)
elements levels in water, sediment, and plant samples from the site. Groundwater samples
were collected from 3 drain wells (GW1, GW2, and GW3). Water and sediment samples were
collected from 6 locations along the mill tailings pond (MTW1 - MTW6 & MTS1 — MTS6).
Plant (phragmites australis) samples were collected from the mill tailings pond. Trace
elements (U and As) were quantified using inductively coupled plasma mass spectroscopy
(ICP-MS), while major elements (Fe and Mn) were quantified using inductively coupled
plasma optical emission spectroscopy (ICP-OES), and the results of five replications were
averaged. Results indicated that the highest U and As concentrations were detected in the
closest sample to the upstream of the mill tailings pond (MTW1), while significantly
decreased towards the downstream side of the pond (Fe and Mn concentrations followed
almost the same trend). High U and As concentrations were accumulated in the mill tailings
pond sediments (up to 107.1 ppm-U, and 217.0 ppm-As). While Fe and Mn showed uniform
distribution within the pond sediments with average concentrations of 4124.7 ppm-Fe, and
568.2 ppm-Mn. The highest U (8.3 ppm) and As (18.1 ppm) levels in phragmites australis
tissues were detected in nodal roots, owing to the lipophilic nature of roots that induces metals
accumulation. Also, Fe and Mn accumulation was mainly concentrated in nodal roots and
rhizomes (2 orders-of-magnitude higher for Fe), causing brownish iron oxides color. XRD
patterns of sediment samples showed major peaks associated to gypsum (CaSO4-2H20) and
some peaks related to ferrihydrite (Fe(OH)3) and magnetite (Fe304), owing to iron
precipitation at neutral pH. Batch experiments were conducted to reduce U and As

concentration in the collected water samples (MTW1) using different bimetallic zero-valent



iron nanoparticles (Ni/Fe0, Pd/Fe0, and Zr/Fe0), where they all achieved almost full removal
of both U and As. Future research work may focus on investigating higher initial 238U and

As concentrations and different reaction conditions.

2. G

1. Improved immobilization of Re(VII) from aqueous solutions via bimetallic Ni/Fe0
nanoparticles: implications towards Tc(VII) removal (Accepted with Revision).

Ibrahim Maamoun, Kohei Tokunaga, Terumi Dohi, Futoshi Kanno, Omar Falyouna, Osama
Eljamal, and Kazuya Tanaka.

Frontiers in Nuclear Engineering (Manuscript ID: 1142823)

2. Perrhenate (ReO4-) removal from aqueous solutions by mono-, bi-, and tri-metallic iron
nanoparticles: A comparative study

Ibrahim Maamoun, Kohei Tokunaga, Omar Falyouna, Osama Eljamal, Kazuya Tanaka

Conference abstract, Migration 2023, 24-29 September 2023, Nantes, France.
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BRI U & 2 R o B TR O R, KEIRO Bk & & 5T 5
THETH L, M TKFOBREE Cs-137 IBE IV d 00, HF/KIEHEFHCHRK Y 2 —%
LT A LItk oT, V=45 Cs-137 AL, WHUKICAET I NS & 28T
flignhcnsd., ZoZers, HT/KOFHIZER - BEICEARE Cs-137 O(TICEAD
2 TW3EEzZLNE. L Lars, REFROMELZ T - HIBICE T, # T KR
EIRAFRE Cs-137 IREDORRIC O W CTIIAHRNETIEZ & T IlHo 2 Ic I T,
L7223 C, KifFFE 0 Hitld, #i Tk o fiisz R L, # FokHiIC X 5 itk hisfr g Cs-
137 RE~DEZHLPICTH L TH L. REEIL, BEHMEZ F v (Rn-222) % FL—
F—L LTHWS LT, HRERIRIC ST 2 KR %2 ZRICFHES 2 2 L 2 HI
&L CHEMFAE A FH L 7. W5 R AT o RARGER M 2 T JE ot R & L <, &g Tk, K
AT K, K, ERUKEBRIL, BEHEZ F v, B - KBRLERNMARL, FEEEA
FAF VIEERZOHT 2L TUTOZ L BHL 2L R0,

Rn-222 1%, HEAEHT/K (68.6-70.4 Bq/L), #&JE@HT/K (26.9-44.4 Bq/L), i#EK
(8.3-15.7 Bq/L), &k (0.0-1.6 Bq/L) DIEICE &, HiTF 2 & HiFKICH T CTOFE G
U7z Rn-222 DD A O iz, RHANEED O RIKE~REI§ 2 Hh Tk & QIR o FiH
AR DH T K Z S 2 &, BiZE DA Rn-222 SR 13 <, mEf T/RKics T rnE
IIBEFE TH o 7o, K - BEHUKH O Rn-222 R IXHE T K & i L CH S 22 ic K o 72 b D
D, KOFEHIHE 2 2 HSTICE T 2K TIE Rn-222 B EF L7 2o &, Rn-222
R OHI T KRR~ L Cnwb 2 2R L Twad eEZLNSG, [IHIFEGERICE W T
1Z, /INRIER D B KIEBR R ST S T 0, HiZoK & HF /K D /K8 e R 7 4A He 13 81
T2 %0z, MFKOHRHEZMET 2 e DL o7, L2 LA S, HFKT
BEFICE WV Rn-222 Z FL—F—¢ LTHW3 Z T, HifEE v GoLthicsnTd,
T KDOFRBFHEARETH 2 L WA B & E 2 bz, Sk, Hi FKGH & iA77RE Cs-137
RIE L OBRRZEITL T TETH S,

2. WX
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I IRE, BETRoAERYa e 7 YEIRIOTEKIC X Y HIEYEEE AT 5, 2D 3 3
RXOERRUEE L LCof % 1d, HIEF OIS Cs DENEDR I E L 5 2 5 WHetE0
Hb, L., BERFEEKLIC I I AP LEFOREHE Cs B IC 5 2 2 E 0 &
72 2 v, R 10 SEFE L, BRESTF CERIREER M 2 00 B 5 HHERE D itk Cs
ORWINEIEL THIT 5 5 2 ©, DIEREEZHEILL, TEMEE2 WL T 5 I I X0 ExiE
g2 2 LIZEETH 5,

2022 fEFEIX, RTAEE ICHESE L 22 UE Cs o B3NE AR 2 Al L 4 2 KRR 2R L,
IIXORMBB ZAHEL L7z, 2022 4 9 HICREH RIS & ALy 40km IS hriE 3 5
WIRILNE T LT 2IIMAT, 7 F I IXAMOEREHED I I X &2 B ETREL 72, it
AT, 3 I XA L TN DR TEILTEBIMR D RE T3 % v 2 2 WU E Cs
AR EE L OIEHR L U7z, UHE Cs 5488 (B3 2cm) & IEHE S (T 8cm)
FRE L ERRICREL- I IX% 1AM, 0,1, 3,7, 14, 28, 35, 49 HZICHEME: Cs
DIENZA— b7V AT 74X VAUt L7z, RIFEE L LT 1 » A Eofd
BIERAICHIN L 72 45F. 8E 49 B ICHEE Cs o —FARE 2> S TIEICH 4em SHERE)
T3 PRI NS, ZOBENIARE—IcAELTEY, I I X0 HEAEEYES - e
B & Vo EBNIC X > TREIAEL 22 L 2RBT 20D TH L, £/, I IXD7
VRIS Cs BFEET 2 C L MBI N T &b I I XOHFHE - BEj L L HITH
BHE Cs AR ABEIT2 2 L2 RB I N, HRICERT 2 I I XoP#REIZ, £ 3
kg dry/m2 CP¥EE 195 fifk/m2) LI N <Ts Y| EREICE T 2 G Cs o 14
MERBRENCE T2 I IXDHEBIRHTEAVLILDbDTHEEELbND, $/-. E
RIEHICET 2 I I X0FAMEIT, AEBIHR LY d B, REMEOWZE X I I X%
BHMEFFEIN D, Lizpdo Ty I I XHEHME Cs @ HEEERE /R 12 KU 3 8 I RIARIC
BRI NDAREED D 5 o

Steld. FEREICHIL 2 X0 RN E2THE T 2 & &b, I I XX 2 GY o Ee
TR IE O WA D Cs DAEMBATIEIC G 2 2 EZHL 2T 2720, TR DAL
£ Cs DFEFEIEREC Z DR IC O W CIE ZED 5,
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fim B IR E— D BASHYEHE < & 2 I INM X, BREEh Gk, L) ottty v 4 (k2
> L 137, BUT. 137Cs) IREEASEE S 2 @5 AN (LUT. AN & L TEne
fEmIcd 5, ¥/, AAF Lateolabrax japonicus @ 137Cs B IZ B MOEMEE X 0 b IEH
ICRWVIRETIEH 2 28 AN X 0 DI Ch T2 @S W23 ® 2 (W15 1.70Bq/kg-
wet, MK 0.98Bg/kg-wet), Z DFEDEL ZERICOWTREDMI LIRETT 5 720
JIH &AM T D 2 X % MO E N DIFHBE O RAEY) 2 W RICHE 21T - 72,

2019 £ ~2022 4F 1T 5 1F T AN L AR IS B W TR X F JCOEPRAEY) 2 8-l L L 137Cs
TERE DT R KR » ERLERGAE (613C KU §15N) OO %{To72, AXFIC
DTk, 2R, KR, REZHE L. FANEYOBIZE 1T o7,

AR ¥ OBNEY O BB, SN I EER81% (5B A X 7F 472 36%, ~4 7
v 16%. Z OftifadH 29%) . MIHCIEHBED 76% (5 H 7 I8 43%. = v 20%.
Z OFBIH 10%. 77 =% 4%) TH Y. FNEHE L) IHTIEBENE OS2 K E
2o Tz,

ERRMEYI D 137Cs SR 13, AN CTIZ A 2 2 F 4 7 2 23 0.07~0.08Bq/kg-wet, =4 7 > (%
0.28~0.72Bq/kg-wet TH o 7=, WJIHTIZA HH T 225 0.62~2.04Bg/kg-wet, T L H(
1.28~1.44Bq/kg-wet T» Y, HMEH X O ) IGH TR RIS S - 72,

AXF O § 15N [ZHNEK & AR CRITREE TH o 72 (SRl : 13.90%o. #2311 : 13.51%0) .
Bt ig \CERRVEY) D 0 16N LI 5 &, SN T i 4.85%0, AT I 3.22%051 <« R
A ¥ IIERDRERIEICH o7,

DO A X F D 6 13C 1ZAMEE X 0 & < ONEE:-17.07%0, F2)113/:-15.50%0) . AHE}A4E
Ve RRRETH Y (IEEEAEY):-15.15%0) . ZDIEH DX IIKE D o7z, T
DAXFD §13C ITIH ORI D §13C DFELZ T TH Y, HDIET S 2 X I
HTOEHECHEEYMOENEZKRL TwibDtabhi,

TN OREEL S HERE W CIEAX TR EL 0 WIIHD XX F D 137Cs
BERDTIICECETB L LT, EREYO 137Cs IBEOHEL 21 T 3 el 2R E
I Nz,
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HWHAKRKE ICH: S TR E IR SRR T NRERTOFKD 5 10 4L L3k L 7225, B
SHII IS T H 2 I I8 & R F <iE, R Ut > v 240 (BUF. 137Cs) IR
K771 100Bg/kg %A M3 5, BEEA S 137Cs AHAT 2 Z EBERDO—D L #
ZbNB, ZOERIIFHI N CThRv, AR TlE. B 5 D 137Cs 27UKIEKA DY
IR OB IC KITTHEIC O W TR T 5 720, WIHETRATIL A)IGE GrTa, /&
DB K CRELL 724 D 137Cs HEE 2 HIE U 72, HERHURHZTI 4 #hsi,
W3 R AL N 4 ML B0 1 MR R ONRE 1 iAo 58 13 #RIC BT 2021 4 5~
10 A, 12 A0 2022 4F 2 HICERIL 72, &kBHZ, WG] A8 X 0 BRI %2 1T - 7= .
137Cs EEDHIE 21T, REE 2O HE L2tk 2 A wCizEEH 7~ ) @ 137Cs iEJE
ISR L 7z, HEREP D 137Cs I 2 FFECcHic L7z & 2 A, )il (20.1~657Bq/kg-dry) .
M (20.3~226Bq/kg-dry) . i (12.2~126Bq/kg-dry) & i (1.69~3.00Bq/kg-dry)
W TEDNE K R B2 HIA D A S 7228, EHICE W TR E W 137Cs 22 (89.1
~481Bq/kg-dry) BH b7z, F 7o, —EFaE 2 v CRESHE &2 BE L. IR %217 -
7o & A, 137Cs % & oRICHBEBIR S A b iz 2 LA b, Bfic 1T 5 137Cs %;;%FF@
ECIHEREY ORIERER O—2TH 3 2 LRI N, ST, BREETEER OKE,
S) 1 X BHEREYI D 137Cs BE~ DB IC O WTHREE T 2 & & b ic, Bk 137Cs o;%f'?
E DI E{T\, 137Cs OBIREIC DWW THIETT 5,

2. FwxX
=L



Y-22-08

Driver forces identification and danger potential analysis of wildfire in the radioactive

residual area

K4 : HuJun
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Large-scale wildfires in Chornobyl Exclusion Zone (CEZ) in 2015 and 2020 led to the release
of great numbers of radionuclides, which pose a direct and broad impact on environmental
and human exposure. Over recent years, the changes in the frequency and extent of wildfires
in CEZ are likely the result of ongoing changes in the area’s wildfire regime influenced by the
regional variations in climate. To carry out the severity analysis, this study calculated
vegetation indices with monthly data smoothing to identify the evident signal for severity.

A field survey was carried out in CEZ to select three typical fire severity areas for severity
assessment several months after the wildfire in 2020. The levels of timber damage, tree
survival, and burnt height were considered to evaluate high, medium, and low fire severity.
Due to the force majeure in 2022, a further field survey was difficult to carry out, which caused
limited field observations for accurate fire severity analysis. For each level, a 10 m X 10 m
burnt forest, which is in accordance with the area of the pixel area in Sentinel-2, was measured,
and the center latitude and longitude were recorded for the detailed analysis. The vegetation
indices (NDVI, EVI, NBR, BAI, NDMI, NIR and SWIR) of the field survey were calculated
using the Sentinel-2 surface reflectance images. The monthly data smoothing of vegetation
indices for one year before and after the wildfire were analyzed and evaluated to find the most
suitable index to reflect the evident signal for three levels of fire severity. Considering the
vegetation recovery speed and interannual changes of vegetation indices in the burnt area,
the NDVI and SWIR are evaluated to be the most suitable indices for fire severity assessment.
To carry out the fire severity assessment in the whole burnt area, the vegetation indices
analysis for forests is insufficient for recovery speeds in different land covers. Therefore, more

field surveys with varying land covers should be considered in future studies.

2. WX
Jun Hu, Yasunori Igarashi, Shunji Kotsuki, et al. Application of a tuning-free burned area

detection algorithm to the Chornobyl wildfires in 2022. Scientific Reports. (Accepted)
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Development of Strategy on Near Surface Disposal of Radioactive Waste
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To study on potential improvement contents for future application of the system of
radiological protection on disposal of radioactive waste (RW), especially focusing on Near-
surface disposal (NSD), this study concluded 5 potential improvement points and 2 potential
argument points for optimisation based on the published documents majorly from ICRP
publications and IAEA documents. We also provided suggestions based on the concluded
results of this study. The potential improvement points for protection concepts applying to
the disposal of RW, especially on NSD are 1) Category of radioactive waste; 2) Oversight
phase strategy taking into account of memory loss; 3) Ethical values on near-surface disposal;
4) Stakeholder involvement strategy; 5) Release of the disposal site. The discussion of
potential problems and suggestions for countermeasures are provided in this study for each
point listed above. For example, for the potential problem of stakeholder involvement in
practice, the definition of stakeholders is too wide, and the principle of involving all
stakeholders is difficult. Then a category method dividing stakeholder groups into primary,
secondary, and external stakeholders with different involvement strategies is suggested in this
study. However, there are still aspects needed to be further discussed in the future application
of the protection concepts in practices that may cause arguments and confusion. The
concluded potential argument points for optimisation are: 1) Dose constraints for
optimisation in NSD; 2) Dose criterion for human intrusion. There are several dose
constraints including 0.1, 0.3, and 1 mSv/year which were referred to in ICRP publications
that might be sufficient for the dose constraint used for NSD in the future application. The
exposure situation, dose limit, and protection concepts for inadvertent human intrusion after
the closure of the repository also needed to be clarified. Thus, the suggestions were given as
a) Clarify the category of radioactive waste; b) Develop stakeholder category principles and
involvement strategy; c) Clarify the dose criterion for public exposure and inadvertent human
intrusion applying to disposal of radioactive waste. This study will continue on focusing the
potential discussion aspects and potentially confusing issues in the disposal of RW and will
discuss countermeasures regarding practical situations. These types of studies and discussions
are for better providing proper protections to potentially affected groups and building public

confidence in the safety of disposal of radioactive waste.
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Wi R X3 2 2 o B R v b R 0 M U, v IR SRR 3 AR B A o B SRS A3
Hainz7s (e.g. TsudaandIde 2005), FEN7-AEW%EMES Yy b ZAK Y b TH 2 AJHEHD
B, —7, ZNOHIMCIHEREROMEIC LY, & 1A I U oBYEOMEEESE L
CARTLZE WO EITH 205 (Moller et al. 2013), Z DFEHEE, &  ITIEKREE X 0 4
Y% REME GRS B0 cf i hTwiv, 2 2 CARFETIE, v IE2E Y
ANEIBXIUR 77 v ENRIC, AHISICE T 2 EOBECHER T 2 2 L 2 HWY
i<, DafiddEs L 0% v 7 RE, 2)EHERFRENT, 3)EERN - SMbHIRER & o
W %2 47 2 72,

A LOREF 2S5 2T, E&d 2 Mo RIIEEMMAL 20 mHHEs LU
R - R DR E A R B IRNERM S CEMB L 72 BE L2 v 725 DNA 2 L,
BHEEE T2 I 2> F Y7 DNA oW, COI (Folmeretal. 1994) 3 X U8 16S (Simon
etal. 1994) I OFEEEI G Z TV, BInT —2%BS L7z, 2L C, KFEREEL
TREZEHCHEHE - REL TR Y AL IBIV e I700 2 MoEET—4 ¢
WAL, EEMEEAANT 21T, RS 2 M oBEN % HM: 2B mihE ic o v CHHE L 72,

I P v FY 7 DNACESSEEHSEICOWT, STV LY ITIE, MEENLE
B At s & i L 72 5 A5 0 BIGNS E RFREE T H - 7z, 2FET 110 o 7'r & 4
TR I, EERATALNTAAT 0 X A4 71X, FHILHE E FRD b D% h o7, —
Ji, & 77 v T, WERN RS IRSMERIR Z L U 72356 0B IRIN % MR X R T,
ZET AT a x4 TR S, BEEEOER T, 2021 FICERRLL 72 @20 & Hilk
BHEA Ta 24 7RI N, WTINOEICENTH, MERNDOA Y ¥ — T a x4
TIIEERIMbIE O b D L EEL TB Y, EENEHEECELTHBEERBEVLEA LN
ol &b, FERERFEHICLZ IO IH2EB~DREE I/ NI nWEEZLNS,
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The primary objective of this program is to establish a radon and thoron calibration system in
Africa, the first in the Region. The exposition of detectors has been conducted in Rn and Tn
chambers in the Institute of Radiation Emergency Medicine (IREM) of Hirosaki University,
Japan. The results are shown in the Table below. However, in Research Centre for Nuclear
Science and Technology (CRSTN) in Cameroon, just the Rn chamber has been used for now.
The exposition to the Tn chamber has not been yet conducted, due to the lack of a Tn source.
The project needs to be extended in order to expose the detectors to Tn in RCNST and
proceed to the data curation. In the current study, we were able to generate Rn exposure

concentrations in RCNST calibration chamber similar to those of IREM.
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AWFFECld. BHARRFRESMEYE (Naturally occurring radioactive materials: NORM) %
KR & U 72 S FEHIE TR DR Z BH S 5212 L, NORM DHERFRIIHIE < FrEFHMIIcE 3 5.
7 — X DY) e W7 % Biat 3 2 L i, NORM o Bl iR 2 HUH#F7 # E ol % 5
HE sz ezHME L, BAIICIE, NORM 77— X2 R—X 1)ICE & b LT 5 EUHE
B 23k bR O N B IETR & . ASE T NORM o i 7y — 2227 4 L LCTED
7o <R ECE WHERGEY) 2> O IEURR A3 B & v, LB BE 23 F > 2 & 23 L 725 & %
tHaE b, NORM B3 2 IR #RFGE o RTE R 2 i L 72,

T—=RARARZT 4 TR T-BBRE X, TEAAVYFR—LDOT— AL FRMELTHERHI R
TELbDTHY, EEDZDICEBEBR Y 7 v TH~RA I NZBRIC, NEEIC 1 anf2DJE
I CTHE L COZHEREY 2 DU BRI S 72 b D TH 5, R K TH % AlEelE
AEC b R L LTIt 226Ra 25 E5K4r THI 0.6 MBa/kg b 2 = & ASHIEAL Tl 3,
Xk HRONDERME CDOT —RAAXT 4 b, LTD 2 DOREM w1
7z,

1 oHIIE, HUae e HilicBI L <. §Hlio HICIS U7z 2 Dl 02774 B 7 4 v H3ah8
THDLLDRTH D, ZD XD YEOEMPLREREDIRICIT., BUNRECHIE < FrEorEl 72
HERPEREIND Z 22, EPEEL LCED ZHREAELEY ) —X 2)0 X 5% T 7
n—FHEY]TH 5, LA L. NORM ZBUG L~V CRANCEEAT 2 D IE, BUR#HIC 125
RBDIRNITN =T THLARERE G LDMEL TELARETHL, ZOF—ATi
DL D EOCFHIEE X0 EE L T nd . Al 20 A ELY 75 BT T ik 088 Y) & e B

2 DHlZ. NORM DRAR, BN R ERA 7 = X L% IS 2 2 L Th 5, HIIIK
HHEDE NORM 23, —fRERFED L Cic, LD XS, EDOLRATHET 22013, WE

CEARIICIICiE Ry, HEAN AR, WEOBREEE R L2 % 5 L. NORM H
R D b DY C AR S PV E D IRAE, FHABRE O, S - EFICk oThH, 2D
R2IALIMO T m 2 AR RE 2L DAION TS, 5D T X i 2 SEEE % 6
LT, BftErd o Tt zid T,

1) BAREBSEYE (NORM) 7 — 2 X — 2 [Internet]. ENZHFFERIFEN & 7RI ABA
% B % M W . [cited 2023 Mar 9]. Available  from:
https://www.nirs.qst.go.jp/db/anzendb/NORMDB/index.php

2) BHEEHIEER > ) — X [Internet]. HAR D EREESTHE & U #R. [cited 2023 Mar 9].
Available from: https://www.kankyo-hoshano.go.jp/library/series/
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Koike H, Kawano T, limoto T. Estimation of Radiation Field Produced by a Coin-shaped
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Introduction

Natural radiation exposure remains a global public health and a radiation protection issue.
The project untitled “ENVIRONMENTAL RADIATION EXPOSURE IN THE
FUKUSHIMA PREFECTURE AND IN THE RADON PRONE AREA OF THE ADAMAWA
REGION IN CAMEROON?” granted by the ERAN FY2022 is subdivided in two parts: the
first part in Cameroon and the second one in Fukushima, Japan. The aims of this project is to
measure radon in soil gas and in the indoor air, natural radioactivity in some environmental
samples and the development of techniques of radioactivity measurements and dose
assessment.

Accomplishments

Indoor radon thoron and progenies measurement were carried out in the radon prone area of
the Adamawa region, using RADUET, and thoron progeny monitors provided by the IREM,
in fifty dwellings over three month. Twenty-five soil samples were collected and have been
analyzed using the HPGe detector.

The indoor thoron concentration ranged between 17 and 1000 Bq m-3, with a geometric mean
of 131 Bq m-3. 36% of dwellings have thoron concentration less than 100 Bq m-3 and 28%
of them are above 300 Bq m-3. These value are largely higher than the world average value of
10 Bq m-3. The EETC ranged from 0.4 to 34 Bq m-3, with a geometric mean of 5 Bq m-3.
This mean value is about 10 times higher than 0.5 Bq m-3, which is the world average value.
Less than 1% of dwellings had concentration lower than the world average value given above.
EETC in 8% of dwellings exceeded 5 Bq m-3, 10 times the world average value. The indoor
radon ranged from 80 to 493 Bq m-3, with a geometric mean of 191 Bq m-3. About 4% of
dwellings have a radon concentration less than 100 Bq m-3 and 12 % are above 300 Bq m-3.
The average of is found to be 76 Bq m-3. These values are approximately 5 times higher than
the world average value of 15 Bq m-3. The respective average of 226Ra, 232Th and 40K in
soil samples are 1344 £76 Bq kg-1, 913+ 14 Bq kg-1 and 740 =40 Bq kg-1 respectively. All
these average values are largely higher than world average value.

Moreover, we visited IREM, Hirosaki University, from October 3 to November 04, 2022.
During this period, we gained a lot of experience, including sampling and measurement of
radon in drinking and spring water, soil sampling for measurement of different densities,

measurement of radon exhalation rate, CR 39 analysis and data processing.
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INTRODUCTION

Human beings are exposed daily to ionizing radiation of natural and human origin. They
inhale and ingest radionuclides from soil, air, water, and food. From the point of view of
natural risk, it is necessary to evaluate the natural radioactivity in the environment and to
measure the level of natural ambient radiation provided by the earth, the air, the
buildings:--The project untitled « study of environmental radioactivity in Fukushima
prefecture, Japan and in the rare-earth element bearing area of Akonolinga, Cameroon »
granted by the ERAN FY2021 is subdivided in two parts: the first in Cameroon and the second
one in Japan. This project has been maintained for the year 2022 in order to successfully
achieve the objectives that were set. The project aims to measure radon in soil, radon and
thoron inside houses, to assess the dose and risk of radon, thoron and daughters and to assess
the concentration of trace elements and their potential health risks.

RESULTS

In the rare-earth element bearing area of Akonolinga, the annual effective dose values in
the whole study area vary from 0.13 to 0.96 mSv y-1 with an average of 0.3 mSvy-1.

Radon concentrations in the soil in the surveyed rare earth elements area bearing vary
from 5.4 to 75.5 KBq m-3with an average of 24.31 KBq m-3. This measurement was done for
27 randomly selected points on the site with Markus 10.

RADUET were deployed in fifty dwellings over three months, for indoor radon, thoron and
progenies measurements. The mean concentrations of indoor radon, thoron and their
progenies in the study site are 33.96, 63.5 and 5 Bq m-3 respectively.

Concentrations of natural radionuclides vary from 14 to 40 Bq kg-1 for 226Ra, from 17 to 206
Bq kg-1 for 232Th, from 50 to 151 Bq kg-1 for 40K. The radionuclide analysis was carried out
by gamma spectrometry using a high purity germanium (HPGe) detector.

The trace elements identified by XRF in this study are: Ba, Cr, Mn, Fe, Co, Ni, Cu, Zn,
Ga, Pb, Zr, Sr, Y, Rb, Sn, Br and I. The average concentrations of these trace elements in the
soil of our study area showed a wide range of values and their ranking in ascending order is as
follows: Fe>Zr>Mn>Cr>Ba>Zn>Sr>Ni>Pb>Rb>Cu>Ga>Co>Y>I>Br>Sn.



CONCLUSION

Finally, this project has been partially completed. The part to be carried out in Cameroon
has been completed and the publications are being prepared. We hope in the near future to

have the opportunity to carry out part of the work devoted to Fukushima.
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Generation of stable radon and thoron gas in low, medium and high concentration and

application to calibration system

K4 : Mbarndouka Taamte Jacob
AW < IRX EA] - #E
HFIFFE#E : Saidou + Oumar Bobbo Modibo

L R

The project on the Generation of stable gases of radon and thoron at low, medium and high
concentrations and application to the calibration system aimed firstly at local mastery of the
technique for generating a stable concentration (low, medium and high) of radon and thoron
gases and secondly the use of these concentrations to the calibration of radon and thoron
detectors. For the implementation of our calibration project, we proceeded by:

The design and production of electronic devices for measuring the ambient
equivalent dose rate and the concentration of radon based on Geiger Muller detectors and
microcontrollers;

Calibration of locally produced electronic devices in the presence of Cs137 and radon
sources.

A measurement campaign of the ambient equivalent dose rate in the city of Yaoundé
was carried out in order to convert these dose rates into radon concentration.

Project team

Mbarndouka Taamte Jacob, Principal researcher ;

Saidou, Co-researcher 1;

Oumar Bobbo Modibo, Co-researcher 2;

Shinji Tokonami, Main host researcher 1;

Hosoda Masahiro, Main host researcher 2;
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Mbarndouka Taamté Jacob, Koyang Frangois, Gondji Dieu Souffit, Oumar Bobbo Modibo,
Hamadou Yerima Abba, Kountchou Noubé Michaux, Saidou, Shinji Tokonami, “Low-cost
radon monitoring with validation by a reference instrument”, Instrumentation Science and

Technology, 2022, https://doi.org/10.1080/10739149.2022.2095401, (Taylor and Francis).
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AWFFEIE, BURER O AV EBC B3 2 AREE M HT R BB o AR 2 BV & L C, %
REBICEAINTHWE 7Ly 2 2B R W ER T EoER2HA . BENICIE, 7L
vy 7 ZEPL bR S X BEMH LT, EYolis s aift & hvpE
BTk kBRI, PRBEBY CRECERELERT 28800, FELHEr >R L
LTOHAVOLN T ALEEDRCEZHET Lz & 25, —AMIEAER 4—1127—
05(AZ ONE Co.) & #1ZH S—903(Takanofoods Co., Ltd.) D& ¢ 24 FE[E] 37°CchesE
2L CRIFICaIu == EI NG Z EPHEZRIN., COREBELEZT 4 v 2D
T 7 Ay 7 2 3C—B(Kenis Co.) X UNFEE 2 4 4 NIC—03(NaRiKa Co.) % {# L T
BLZEHCE 2T o 7= (AL 30kV). $effi3 AGERS 2> b v — A 8E), BORMER 3 01
5), COBREET 30 084, DR 5 24 Btk 3 MRS, EGEED S 24 Hifilikic
30 RS, FORMEE# S X &2 S 24 Kefdfzic 3 03 oS, GUEMEE# S X %
fli & 24 BEEIRIC 30 /0 ¢ RSN o 7 A<, $&REA O 48 BEREIRIC T 4 v ¥ 2 HpIRic
e L7z am = —EBagH L. Zofi%, arn=—%iznZzh 100 #, 3, 3, 50, 10,
6, 3fAICTH o7, St B L& CIIRRREER IS LRETH 223, WS O 2 1345 R 107
BrEz oot —F, ZFA L RTan=—EREITEL{ARL, CIIEELE
BoWg a0 = —BRICKE L 5 2 -0t 2 "B+ 5. & D & E RG> S
24 W L2 7 v — 7 CHh Y, IRFERICHS L 22 L IR L € 2 v = — T2 l#as
L b, L OREREZROBE IZan = —BHICH T VFEL G 2R wT LD
RBEINT, ZLCEHF & GIEEER L IBER 24 FFff o 2 BIEE L 2fEch b, X
D IR EEAE WG I F KL Cau = —BRER D otz 7277 L, REEZDORE
B L T2 DBURIZ L A ED O R o7-. 2l 2 BHOESHHL 2 v = —Ic
A ERE G Z ARt 2 "R T 2R TH 5. UKD, KERERICE WU
PR % X D ICHHBRICHERE T 5 7 0 I I RREEZR ORI B L E L E 2 b b, SRITAE
BoHEEE C ERMARFM A RED & 9 2, EREEEEDO 7 Ly 7 ZF IOV TR A
X — I X AR OHEIE S TTRE R SR 2 W CREFHE 21T 2 L 2 & 2T 3,
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Biodosimetry is recommended by IAEA to investigate biological effects for radiation victims.
In case of large-scale radiation accidents, triage by chromosome aberration analysis (DCA) is
a reliable method. In TAEA’s protocol, human blood is cultured at 37 “C for 48 hiin 5 % CO2.
Those conditions require electricity and appropriate laboratory with specialized equipment.
In a place with limited access after a disaster, transportation of blood samples to that kind of
laboratory can be challenging.

After nuclear power plant accidents, it may be difficult to use the laboratory and electric
supplies, then blood culture for chromosome analysis is hard to be conducted. In the FDNPP
accident, biological samples obtained from human and wild animals were shipped to a remote
research facility for culturing, which limited the analysis method. Therefore, the purpose of
this study is to establish a simple culture method that enables blood culture for DCA on-site.
We did 3 experiments:

Exp. 1. Comparison of mitotic indexes between culture conditions

Exp. 2. The effective period of pre-dispensed culture medium supplemented with 20% FBS,
PHA, and colcemid

Exp. 3. Contamination test in conventional environment (non-irradiated, 3 donors, 3
operators)

We can conclude that:

- MI was not significantly different between conventional protocol which recommended by
[AEA and closed culture.

- Aging (up to 7 days) of pre-dispensed medium had no effect on cell culture.

- On-site closed culture had no contamination

As the result, closed culture is possibility to be performed on-site, with limited biodosimetry
laboratory equipment. But it should be conducted with trained personnel.

Our future work is:

- We will compare dicentric chromosome frequency in conventional and on-site cultures.

- We will analyze the effectiveness of pre-dispensed medium up to six months.

- Further research about dose determination, optimization of harvesting protocol, and animal

application will be investigated in the future.



- Equipment and personnel varies among laboratories so an inter-comparison study should be

done to confirm an on-site methodology.
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The presence of isotopes Cs-137, Cs-134, Sr-90 and also tritium in marine products,

seawater in Vietnam
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The research is aimed to analyze environmental samples from the air and seawater in Niet
Nam, where might have an ability of immigration radionuclides from the Fukushima Daiichi
Nuclear Power Station accident, from the global fallout by atomic bomb testing and also from
other accidents related to radioactive materials.

The Ce-137, Cs-134, Sr-90 and also tritium in marine products, seawater and aerosol samples
need to be monitored. Dataset of multiple radionuclides can be powerful tracer to identify the
source and to quantify them. There is a research nuclear reactor in Viet Nam. Therefore, it
iso also important to accumulate background data for radioactivity in the environment. In this
year, Sr-90 analysis method in marine food samples was developed.

Radiocesium isotopes in marine foods were measured using high purity Germanium detector
after packing into 2 L marineri container. Then, samples were combusted in the muffle oven
at 450 oC for 40 hours. Ashed samples were leached in 8 M nitric acid solution to dissolve Sr
(Sr-90). Chemical yield for Sr-90 during leaching step was assumed 100%, but special
attention to collect Sr should be paid, especially for high Si content sample. After 2 weeks,
secular equilibrium between Sr-90 and Y-90 can be established. Y-90 was extracted by DGA
normal resin (2 mL prepacked cartridge) solid phase extraction method proposed by Tazoe
etal. (2016) and measured by gas flow proportional counter. Y-90 extraction process took for
4-5 hours, which was enough short relative to the conventional method. Chemical yield for Y-
90 ranged from 77% to 90% with average value of 82%. If long beta counting time (e.g. 64
hours) is applied, minimum detectable activity concentration is 0.1 Bq/kg-ash, which can
detect background level of Sr-90 activity concentration. Therefore, developed method is

useful for radiological environmental monitoring.
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AWgecid, BERENREHE R OREIFR (LT JRFEFB) X vt nsk
A bavFyL90 CEEE :28.79 4F) oAE~DELAHERT LI LEHNE Lz, A b
0y FyLEANT T L LRBEOCAIEE R R o T 2720, BHEBMICEYAE NS
EHICEMIN, JiHIhicdwo eh s, AEFOR br Yy F v L 90 REZEE L,
2% T L 72,
AWrgeciE, mEBRAEEMN (CUT. AHEMN) KOEBIEA) 1 (BT, &)1 ciIRE
7= 8\ AL (Sebastes cheni) IC2WT, HHICX 2EMEEZITV. HIREHOE > 7 4
137 WBEREHDO A b v I v L 90 B % HE s el L7z, A b e v F 7 490
DoHTiE. DGA L v & H w7z FEMfiH i (Tazoe et al. ,Talanta, 2016) 12 X Y {15 7=,
B> m XV DOERIT 5 M5 13 & HEE S, T 10.0+2.7 5% (h=10)TH -
7o BENFICOWTIX 6 5825 18 & HEE S, FH 722295 (n=18)TH v, 4Hric
Fwizvm 2 olz e Ao EHIEFEFRRICE TN D TH B LRI N, Hi
WEBIC B 2 &> v 4 137 X, BT 3.38 = 0.17 Bg/kg-dry (0.66 = 0.03 Bq/kg-
wet), fi)117#hC 1.42 £ 0.17 Bq/kg-dry (0.30 = 0.03 Bq/kg-wet) &, #Z25H &h, HujsBRss -
M DENE KL T b o LRI, —FH, BHfOoR v vFv L 90 B,
HIET 0.29 £ 0.03 Bq/kg-dry (0.48 £ 0.05 Bq/-ash). fif/I[3#C 0.23+0.03Bq/ kg-dry
(0.42+0.0/ kg-ash) & 72 b, > v 4 137 TRONZHBEREIR O N Rd» o7, 72,
2013 FFICH B IR ES AT I REMEEN CHlEI Ao EAICE T2 A tr Y
F v 490 X, 2.75%103~4.38 X103 Bq/kg-dry TH - 7= & #iifi & 1T H Y (Fujimoto
et al., Environ. Sci. Technol., 2015), Z OWFFEREHE & LT % & AR OMEIZ, 4 HiIFREK
WHETH o7, AHEHA~DZA oY F 7 490 DEY AADIHEICOWTIEAHTDH 3
25, MG R O i CERELE N7z o b A S A ~DFEFHEHIC X 2 X b oy F 7 4 90 D2
. RN E oz E 2 b,
WHBREICE T2 APy F YL 90 KT 27 —XICDO0WTIE, 74 137 L HEL
T AR EMECH 2 2 L oD L RREER GO AT OWEIT R Y70 kv, K
MECHRONLT — 2 FEREFROFE viEmT 2 L CRELRT X ThrLFEILND,
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2011 FFDOHIEENREE R FHIFRBITERIC XY | BEHER > v 40 (Cs) % & THGHE
DB I UE E 7z, Sl & 2 48, U Cs K (CsMPs) LIEEIL S 7T A
R DORIRMERL 7 259) 0 Ty 7z (Adachi et al., 2013), () K7 OYHE - (LRI A
FHYRE DI N OB KL T b 2 & (i) NEMETH 270 RIAMICEREHICERF L.
EY~DFEERBEINE Z LR 0B H, CsMPs ICBHT 258D b T X 7=,
INETEICIEED CsMPs G I TH Y, HESERZNEAE 2 (1-3 58, &
Wze iz, 3 5HHk o CsMPs (% 4 7 C, Kubo et al,, 2020) ICEFH L THFEZ T - 72,
CsMPs D& IZ, KT D% 4 XLEE 7 EOMWE &R T O KA 7 — LTk $
0. XA T CRIFEFHDSHGEA~D TN — LI X > GEIFI. % ITERRE~E L
LHEEIN TV S, HERE~OUER. I (10~20 H) CffE~HEfE3 2 2 &8
HEICLoTr®BINTEY (Miuraetal., 2021), FICHFEOHEYI O FR I N Tw 5,
AWFEClE, WRERICE Y, 247 C OpKh CORBEREZIHL 2 ICT 22 L2 HYY
E L7z, it Cs oY ~DE Y AR, v IalL—va it 3BT TFHlics T, Cs
DIZRE (=/KEM: or NEME) ZEER AT A—2THD, £7-. CsMPs H D Cs ITWliE
SO HERARICTFE T B 720, #HED Cs @ Kd (B iR # PR X832 & HRE
INTH Y, CsMPs DT DR CIARE DFIARE 15,

WHEHEREY) Y v v (B BONEER R A . 2018-2020, f 556 — R FEALEKY 20 km)
HHEEL 72 CSMPs 27 7 v v ASRD L < 13 U-8 BERIC 20°C (& BihFRIEHKiE O F
W) o Nk e i A, EiRE T H 2> 58 ARRERM L 72, CsMPs ZHUh H L
et U RERIE % 17\ iSRRI D URTRE % LIk 37 % © & T CsMPs DR IE % 3K 72,
BRI O 2 KR 13 20°C, 40°C, 60°CH V> 72, IRfRFEERSLIC SEM T 2 1T\, AR
#% D CsMPs DIZIRDZAL 2 BIZE L 72,

FERDAER, BRED 2 4 7 C OFEMEERE CEEORAERE) 13 2 um/year (20°Cif7K) & 7x
ST, TEE A T A OFEERE (0.3 am/year, 20°Ci#F7/K, Okumuraetal., 2019) & £~
TRORHOAREME DRI X 7z, A 13K Bl 3 2 7280 | BRI X o TIRfESE
JEZEBIT 2, Bl IEARY v 7 ofIGth s OKEE 120 m) TOF KR 10°Chiif: T
BB, IR IIARFEAER LD DELS 2 2 e BHEE I NS, [H—H < 2012 42>
5 2018 FFICERINE NI HEREY Y v T vicE S CsMPs ZH L. & CsMPs D JiUiig
T % & IRREEE D DHEE S N2 U LoRAMERS R O N, BRICL VDAL ko
TR EN TN T2 A[REMED B 5 . S ITEYIRNEEEANR S C OBRMERZ TV, &
VB ICOWTHLAIC LW EEZ TS,
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Hypoxia is occurring more and more frequently in marginal seas as a result of global warming
and increasing anthropogenic activity. The East China Sea (ECS), as one of the richest fishing
grounds in the world, is very important to local biodiversity and fishery resources. However,
the low-oxygen areas of the ECS have been very large (15000 km2), and are expanding
offshore with a high rate (3.12 km/y). The low-oxygen water on the outer shelf of the ECS
has received little attention, and quantitative estimate of its origins remains a great challenge.
In this study, we observed low-oxygen bottom waters on the ECS outer shelf in 2018-2020,
and used heavy rare earth elements or Nd as chemical tracers to quantify multiple water
origins combined with temperature and salinity. The low-oxygen bottom water is a mixture
of mid-shelf water, surface water, pore water, Kuroshio Subsurface Water, and Kuroshio
intermediate water. On the basis of a five endmember mixing model, Kuroshio Subsurface
Water (~83%) was proved to dominate in the formation of low-oxygen water on the outer
shelf. The mid-shelf water was confirmed to transport to the outer shelf. And the contribution
of pore water to low-oxygen water is very important. Nutrient levels of low-oxygen bottom
waters on the outer shelf were both transported from the water origins and produced by
organic matter remineralization (~17% DIN and ~24% DIP). In the future, quantification of
the material transport between low-oxygen water and Kuroshio is being conducted. In
addition, the further effect of the low-oxygen water on other sea areas following the Kuroshio

will be revealed.
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Development of effective countermeasures for radon exposures focusing on human

lifestyle: usage of home appliances on radon dose mitigation

K4 : Hasan Md Mahamudul
ZAWgEE o KRR BEE - fMH IR
HFERFFEE - A & - Janil Miroslaw

L R

Previous studies determined the usage of air cleaner as effective in reducing the indoor Radon
(Rn-222, Rn) progeny concentration. Based on the motivation, this project systematically
aimed to minimize the Rn effective dose focusing on the operation of 3 staged modern types
of air cleaner in the indoor environment. However, an unclear impact of dose mitigation was
obtained with the air cleaner usage in former studies due to the increase of unattached fraction.
Moreover, modern air cleaners have different filtration stages and humidity controllers with
a specific direction of indoor airflow. The model calculation indicated that diverse
ventilation rates affect the attachment rate of aerosol and progenies altering the radon
equilibrium factor, F, and unattached fraction fp. Thus, this research systematically focused
on the filtration and ventilation rates of air cleaners on attachment
mechanism/spatiotemporal variation of F and fp calculating effective dose. As for the
methodology, time series analysis of indoor Rn concentrations (by RAD7 monitor), Rn
progenies concentration (WLx monitor), F, fp, aerosol number concentration, atmospheric
and meteorological parameters, and indoor ventilation rates (CO2 decay method) was
measured. As the measurement condition, (a) air cleaner operation-ON and OFF, (b)
incorporating purifying stages (HEPA filter, activated carbon) into air cleaner individually
and together were considered. The experiment was done in a concrete-built room at Chiba.
As the results, comparing with the OFF condition (average Rn concentration=189+89 Bqm-
3), the operation of the air cleaner determined a relatively stable indoor Rn concentration
(144 £22 Bqm-3). As for the possible reasons, absorption of Rn gas by activated carbon in
the purification stage, indoor ventilation rate, and atmospheric parameters was primarily
determined. Alternatively, in the case of F, a profound reduction is achieved under the air
cleaner operation ON (0.02), while OFF represents F as 0.21 =0.08. Furthermore, the usage
of air cleaner indicated about double the value of fp (0.54%0.34) compared to air cleaner
OFF(0.28+0.07). Thus, as part of effective dose calculation, three staged air cleaners are
primarily found to be more effective than the conventional type. In our conversation, we newly
obtained the usage on varying the indoor Rn concentration for which future research following
Rn chamber/model room experiment following the impact of activated carbon will be done as

future research. Finally, an indoor multizone-based ventilation rate simulation will be



calculated for the air cleaner to obtain airflow-driven spatiotemporal dynamics of Rn progeny

distribution in an indoor environment.
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After the Chernobyl nuclear power plant accident in 1986, people were permanently
evacuated from the 4,200 km? Chernobyl Exclusion Zone (CEZ). Many wildlife species
experienced population increases within the CEZ following the reduction in anthropogenic
activity, including wolves (Cainis lupus). Wolves are a keystone predator, and thus it is
important to understand the impact this population increase will have on the region. Our
research will examine: (1) what species of biota wolves use as food resources within the CEZ,
and (2) whether wolves within peripheral areas of the CEZ consume livestock from the
surrounding area. Recently developed DNA metabarcoding technology using high-
throughput sequencing can be an effective tool to deliver valuable dietary insights about
wildlife using DNA sequence data. Using this method, we assessed the food habits of wolves
by analyzing 86 wolf fecal samples collected in fall 2014 within the exclusion zone to (1)
estimate the food resources (i.e., species) consumed by wolves in the CEZ and (2) detect
evidence of consumption of domestic animals.

We analyzed the mitochondrial 12S rRNA region to detect the vertebrate genome
because wolves have been demonstrated to primarily consume vertebrates in prior studies.
After the initial sequencing and species identification, we removed all canid sequences and
sequences indicating likely contamination (i.e., human).

According the results of the frequency of occurrence for each prey item, our research
indicated that mammals are the main food resource of wolves in the CEZ. Wild boar (Sus
scrofa) were detected in the majority of diet sequences (76.7%), followed by moose (Alces
alces) and Eurasian beaver (Castor fiber) (27.9% each). No domestic cow or chicken
sequences were detected. It is unclear whether wolves utilized domestic pig in their diet given
that there is no genetic difference between wild boar and domestic pig in our target region,
making it difficult to distinguish between the two species. Therefore, samples identified as
wild boar in this research may belong to either wild boar or domestic pig, and further analysis
is needed to determine the frequency of each species in the diet of wolves in the CEZ.
However, GPS data collected in a simultaneous study indicated little movement outsize of the
CEZ by collared wolves, suggesting consumption of domestic pigs by wolves sampled in our

study was unlikely.



This research provides the most comprehensive assessment to date regarding the
dietary habits of large predators within the CEZ. These results will aid in the protection and
management of wolves and provide insight into the ecology and behavior of wildlife in the

long-term land abandoned area after the nuclear accident.
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Measurement of anthropogenic gadolinium in treated sewage and tap water samples in urban
areas

The gadolinium-based contrast agents (GBCAs) are used in magnetic resonance
imaging (MRI) to enhance the signal to noise ratio. The increase in use of the GBCAs led to
the contamination of freshwater and drinking water system. A positive gadolinium anomaly
has been reported over past 20 years in the natural waters and source of gadolinium is majorly
from the water soluble Gd-based contrast agents. Gd3+ is a paramagnetic heavy metal ion
and has high toxicity as same as lead (Pb), cadmium (Cd) and tin (Sn). The Gd in the GBCAs
are not toxic to the human body however, overtime the disintegration of these agents leads to
the release of toxic Gd3+ to the environment and causing a negative impact on the aquatic
ecosystems. The knowledge on the impact of toxic Gd in the natural environment and its
behavior in the human body is still restricted. Therefore, the objective of the study is to
determine the anthropogenic Gd in the treated sewage and tap water samples of urban areas.
For this study, tap water samples were collected from the Osaka city and the Gd concentration
was determined using an ICP-MS. Prior to this the rare earth elements (REEs) from the
collected tap water samples were separated using a NOBIAS Chelate PA-1 resin. The method
was validated with the certified reference materials (CRM) such as SLRS-6 and CASS-6 and
the measured values were found to be in good agreement. The Gd concentration for the Osaka
tap water samples varied from 0.3 to 2 ng/L with an average of 1.3 ng/L. The Gd/Gd* was in
the range of 1.9 to 3.7, the values below 1.4 did not reflect any anthropogenic Gd. The shale
normalized REE patterns also reflected a relatively positive Gd anomaly. The anthropogenic
Gd was determined for the Osaka tap waters and found to be less when compared with the
Tokyo tap waters. This study has presented the current situation of the tap waters of Osaka

and the results will provide a baseline for future work.
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Long-term effects of thinning on canopy structure and interception processes in Japanese

coniferous plantations
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Forest thinning is among the most effective silvicultural treatments of forest management to
increase water availability for humans. The forest thinning effects on the catchment hydrology
would be primarily due to changes in evapotranspiration, induced by alterations to the forest
canopy-atmosphere processes. Canopy interception is an important component of the water
balance, and in coniferous forests it can represent around 25-45 % of gross rainfall. Canopy
throughfall comprises the largest portion of net precipitation that is delivered to the forest
floor. This water flux is highly variable across space and time and is influenced by species
composition, canopy foliage, stand structure, and storm meteorological characteristics.
Although numerous studies have been conducted on the thinning effect on canopy
interception, few data are available for evaluating long term effects of thinning on interception
processes. In addition, the post-thinning changes in vegetation structures are commonly
expressed in terms of stocking density and basal area. However, the spatial distribution and
vertical profile of vegetation structure may better capture the impact of various treatment
types. This study investigated the temporal changes in vegetation structure using a LIDAR
technology and canopy interception after thinning 10 years in a Japanese cypress plantation.
Results showed that increasing of canopy interception after 7-9 years thinning was attributed
to 90%-fully recovery of canopy cover. The results can provide strategies for hydrological
observations, which are required for optimal water resource management in mountainous
regions of Japan. Further research is required to determine which biotic and abiotic factors

are most influential in their temporal patterns.
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Large amounts of 137Cs released from the Fukushima Daiichi nuclear power plant are
continuously entering Lake Kasumigaura (Ibaraki Prefecture) from surrounding rivers, which
could pose a potential radiation threat to drinking water safety and local fishing products.
Given that more than 95% of 137Cs in rivers are tightly bound to suspended sediments (SS),
understanding the dynamics of particulate 137Cs input/emission and the mechanisms behind
controlling their transport is critical for the region. Land use is often considered a key factor
affecting sediment yield and 137Cs inventory. Especially during the rainy season, its
differences in soil erodibility can be greatly amplified, thus altering the supply of river
sediment and the discharge of particulate 137Cs. Significant differences in land use
composition have been identified in two sub-basins adjacent to Lake Kasumigaura (i.e., the
Koise River basin and Sakura River basin), but due to the lack of long-term river monitoring
data along the Kasumigaura Lake area, it remains difficult to evaluate the effect of such land
use differences on sediment supply, river suspended sediment and particulate 137Cs fluxes.
To fill this knowledge gap, we conducted a six-year monitoring campaign in two sub-basins
(i.e., Koise River basin and Sakura River basin) and combined hysteresis analysis and 137Cs
tracing to specifically explore differences in sediment supply and transport across land-use
basins. We found that sediment loads were more significantly correlated with
discharge/rainfall in the Koise River ( a higher proportion of forest fraction), and the
dynamics of particulate 137Cs were more consistent over the same period. In contrast, the
control of water flow/rainfall on sediment transport with 137Cs is relatively weaker in Sakura
River (a higher PFU fraction). Hysteresis analysis shows that the frequency of clockwise event
(CW) in the Koise exceeded 50%, while the figure of eight (F8) hysteresis occurred more
frequently. We thus hypothesize that rainfall promotes sediment outflow from the forest edge
in the Koise catchment, while the Sakura catchment has more paddy land, which leads to a
more complex sediment composition due to its higher connectivity. To further study the
location of sediment sources in two catchments, we propose a novel index to describe the
spatial distribution of 137Cs loss using meteorological radar data, quantified land use, and
137Cs inventories. We found a significant positive correlation between this metric and 137Cs
dynamics in the Koise, rather than Sakura, which well-supports our explanation of highly
137Cs contaminated sediment in Koise mainly from the forest. Overall, our results suggest
that forested areas in Kasumigaura lake may continue to discharge particulate 137Cs in the
future. Moreover, the new index would be a useful tool to locate the potential sediment

sources and benefit future catchment management.
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Thinning-induced migration of fine-grained sediment from the slope to the basin scales
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In a previous study, Lépez-Vicente et al. (2017; Geomorphology 292, 104-114) reported that
the computer-based simulation results indicated that the work road is the main discharge
route of sediment produced by thinning in the same watershed as in this study (basins K2 and
K3 in FM Karasawa, Sano City, Tochigi Prefecture). The sediment transport process has been
studied in various ways. There are various methods to study the sediment transport process,
and in this study, radionuclides were used. The problem with the conventional method is that
it does not take into account changes in the concentration of radionuclides in the production
source over time because the end-member is not changed during the observation period.
Therefore, the purpose of this study was to ESTIMATE THE SOURCE OF FINE
SEDIMENT PRODUCTION from slope scale to watershed scale before and after thinning,
and to estimate the source of production in more detail BY CHANGING THE END-
MEMBERS OF THE SOURCE SEDIMENT IN EACH YEAR. In addition, there is no study
that used Pb-210ex, Cs-137, and Cs-134 as tracers at the same time, and it is thought that the
distinction of production sources can be made more clearly by using their ratios. For field
observations, we set up SS samplers and turbidimeters in the river to observe the amount and
concentration of sediment, and collected sediment in the forest to measure the concentration
of radioisotopes using Ge semiconductor detectors.

As a result, in the watershed where row thinning was conducted, the amount of sediment
increased rapidly in the year of thinning and one year later. On the other hand, in the
watershed where point thinning was conducted, there was no significant increase in sediment
discharge. In the production source estimation, we were able to clearly distinguish between
work roads and river banks by using Cs-134/Cs-137 as the horizontal axis and Cs-134/Pb-
210ex as the vertical axis. The TRACER ANALYSIS showed that the contribution of sediment
production from the working road increased during the thinning period in the row-thinning
basin, but no such trend was observed in the point-thinning basin.

In the row-thinning basin, the contribution rate from the work road increased from upstream
to downstream. In addition, as the HC of the work road increased, the contribution rate from
the work road in the row thinning basin tended to increase.

Main conclusions: For source estimation, the source contribution could be calculated by using



the ratio of Cs-137 and Cs-134 to Pb-210ex. When row thinning was conducted, the amount
of sediment discharge from the forest to the river increased during thinning, and the
contribution rate from the work road increased. After the thinning was completed, the amount
of sediment discharge tended to decrease, and the contribution rate from the work road
decreased accordingly. In the watershed where point thinning was conducted, there was no
significant increase in the amount of sediment discharge before and after thinning, and there
was no significant change in the contribution rate to river SS throughout the observation
period. The above results suggest that row thinning increases the amount of sediment
discharge from the work roads established in conjunction with the operation, and contributes
to the increase in the amount of suspended sediment in the river. On the other hand, point
thinning does not increase the amount of sediment discharge into the river because the
number of work roads opened is small and there is little sediment disturbance in the forest.

Further research: In order to analyze the change in sediment discharge in more detail, it is
necessary to analyze the change in the time series of the canopy openness using LIDAR data
by a drone, and to estimate the source of sediment supply from multiple aspects by estimating
the production source based on the hysteresis between the flow rate and the amount of

sediment.
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The contaminated areas following the Fukushima Dai-ichi Nuclear Power Plant accident in
2011 are some of the most radioactively contaminated sites in the world. The accident caused
anthropogenically-derived radionuclide depositions across Fukushima Prefecture and
resulted in large scale evacuations. The evacuation mandates in Fukushima Prefecture
continue to be modified as governmental decontamination and natural radionuclide decay
lower ionizing radiation exposures below the government set threshold for human occupancy
in some areas. Our project’s initial aim was to select an extensive area to establish a
Radiological Observatory (RO) similar to that established in the Chornobyl Exclusion Zone
(Lecomte- Pradines et al., 2020). The preliminary RO site is located in Namie Town (37
33’12.13”N, 140 50°05.5”E) of Fukushima Prefecture approximately 23 km northwest of the
FDNPP and received about 4.7 MBq m-2 of radiocesium (134,137Cs) deposition in 2011.
The preliminary RO contains forests, several streams, and has brown forest soils. Forest
stands consist of Japanese Cedar approximately 3,300 trees ha-1.

At the preliminary site, we initially deployed 6-8 wildlife monitoring surveillance systems,
namely Browning game trail cameras. However, these were removed after one of the
participant researchers changed institutions; unfortunately the cameras were not reinstalled.
Additionally, international research participants involved in this study were unable to travel
to the site due to the covid pandemic. The discussion of the selected Radiological Observatory
in Fukushima will continue. All photographs or videos recorded by the camera traps have
been viewed and the wild animal species/numbers recorded. All photographs and background
information on the RO will be posted on a bespoke webpage shortly.

Reference:

Lecomte-Pradines C., Adam-Guillermin C., Gashchak S., Bradshaw C., Copplestone D.,
Beresford N.A., 2020. More than thirty years after the Chernobyl accident: What do we know
about the effects of radiation on the environment?, Journal of Environmental Radioactivity
211, 106108. https://doi.org/10.1016/j.jenvrad.2019.106108
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The risk assessment linked to the radiocontamination of the environment after a nuclear
accident is a major ecological issue but is still surrounded by controversial results and
conclusions on the real impact of such events on flora and fauna inhabiting the targeted zones.
Moreover, the potential underlying mechanisms of the action of ionizing radiation are poorly
known. Therefore, it is important to acquire data on the potential effects of ionizing radiation
on ecosystems both in experimental and realistic conditions.

The objective of this project is, using a pluri-disciplinary approach, to increase the knowledge
of effects and mechanisms of action of IR on physiology and populations of honeybees in the
context of chronic exposure (i.e., exposure of a significant period of time relative to the
lifespan of exposed organisms) and at low dose rates (sublethal ecotoxicity) in realistic
conditions, i.e., on the field and in the laboratory. However, very few data exist on this subject,
and it seems important to conduct studies which will serve as a basis to better evaluate the
impacts of IR on animal health using honeybees.

Main results:

Work has started on the site search aspects for the field experimentation part. Several
meetings have been held with the IER. GIS mapping work was carried out with an IRSN
collaborator. Thanks to this work, different data have been cross-referenced (exposure, access
by road, type of habitat, dose rate) and a gradient of sites going north of the plant seems to
emerge. A field mission was performed from July 2 to 15, 2022 in order to observe the sites in
person, to take photos, to characterize the flowering and sunshine of these different sites.
Thanks to our colleagues from the IER and also with the help of a researcher from the NIES
(National Institute for Environmental Studies), professional beekeepers were met during this
mission to discuss the possibility of installing hives from March 2023 to October 2024. Six
sites were finally selected: 2 in Okuma town (High dose), 1 in Namie town and 1 in Futaba
town (Low dose) and 2 in Minamisoma town (controls). Our IER colleagues also took care of
the identification of land owners and the obtention of written authorizations for deploying the
hives on the six sites selected.

Concerning the laboratory experiments, two irradiation experiments of 14 days each were
carried out between April and May 2022. The objective was to evaluate the toxicopathological

interactions of ionizing radiation on the honeybee by combined approaches at the molecular



level, cell and tissue under controlled laboratory conditions. For this, newborn bees were
infected to Nosema ceranae, an intestinal pathogen of bees, and then irradiated for 14 days in
the laboratory at a high gamma irradiation dose rate (14 mGy/h). The bees were placed in
cages (50 bees per cage) then arranged around a source of 137Cs. Several modalities were
tested: infected and irradiated bees, only irradiated bees, only infected bees and neither
irradiated nor infected bees. The results demonstrated a higher mortality in the case where
the bees were both irradiated and infected. In addition, irradiated bees presented a higher
pathogen load than non-irradiated bees. This result expresses the sensitivity and the
weakening of the bees due to the combination of the two modalities. No difference in food
consumption was noted. Physiological analyses were carried out on the heads of bees and on
the last day of exposure. Oxidative stress was observed with increased tissue activity of GST
and SOD. A possible transient effect of AChE has been suggested. These data, supplemented
by the analyses planned later on the other compartments and the other sampling times (and
also on alower dose rate of 14 pGy/h), will make it possible to better understand the combined

effects of irradiation and infection on bees.
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The objective of this research project is to better understand and quantify the effects of
environmental radiocontamination in the Fukushima Prefecture on wildlife. For this purpose,
we have chosen a model species, the tree frog (Dryophytes japonicus). A vertebrate exposed
to radionuclides through its terrestrial and aquatic lifestyle and its permeable skin. We study
the effects of radio-contamination of the environment on the physiology and behavior of
individuals but also on the evolutionary responses of populations through population genetics
analysis. Our goal is to answer these two questions: what is the health status of individuals?
After the nuclear accident, how have tree frog populations evolved? We have already started
to conduct this type of research in the Chernobyl region (Ukraine), on another tree frog
species (Hyla orientalis). We also conducted a first study on the species D. japonicus in 2012,
and 2013 in the Fukushima region.

To achieve our objectives, in June 2022, we studied 11 tree frog populations (i.e., 11 sites) in
contrasting radio-contaminated environments in Fukushima Prefecture. We collected about
20 male tree frogs per population. The mass and size of the frogs was measured and many
organs (muscles, liver, blood-++) have been dissected in order to perform many analyses such
as enzymatic activities, population genetics, etc. We are also in the process of estimating the
dose rate absorbed by each of the frogs, in particular via the determination of the level of Cs-
137 activity measured in all frogs.

Our initial results show that regardless of the sites where the tree frogs were captured (i.e.
radiocontaminated or non-radiocontaminated), the mass of tree frogs captured in ponds or
abandoned rice fields is significantly greater than that of frogs captured in cultivated rice fields.
In addition, from the thoracic muscle of tree frogs, we measured two enzymes (citrate
synthase: CS, lactate dehydrogenase: LDH) involved in mitochondrial function. The
LDH/CS activity ratios allow to evaluate the relative capacities of anaerobic metabolism (or
glycolytic activity) compared to aerobic metabolism (oxidative activity). Overall, the LDH/CS
ratio of tree frogs captured in ponds was significantly higher than that of tree frogs from rice
fields (Anova, F= 15.039, p < 0.001). This difference in ratio is mainly explained by the

increase in LDH activity values. Pond-dwelling tree frogs maintain a relatively stable aerobic



metabolism but implement a higher metabolism via glycolysis, thus they produce more energy.
Their thoracic muscles therefore appear to be more efficient.

These first results show that the type of habitat (pond or rice field) would have an effect on
the energy metabolism of tree frogs. This variable (i.e., habitat type) must therefore be taken
into account in our future analyses to assess the impact of radiation on tree frogs.
Concerning the population genetics analyses, our first results show that mitochondrial genetic
diversity is higher in radiocontaminated sites than non-radiocontaminated sites in 2013, but
not in 2012 nor 2022. This higher mitochondrial genetic diversity in 2013 could be the result
of mutations resulting from the high dose exposure at the first times of the 2011 accident, not
already visible in 2012 and not fixed in 2022. But the analysis of tree frogs age shows that this
unusual diversity is mostly coming from individuals born before the accident, mutations being
probably not the only explanation for this diversity. Future analysis of nuclear DNA will help
us to investigate the origin of this high diversity, and its decrease in 2022.

In addition, the analysis of mitochondrial DNA highlights the existence of three historically
differentiated mitochondrial genetic clades coexisting in the Fukushima prefecture, which
could present different response to ionizing radiation and thus should be included in our

future analysis of phenotypic traits.

2. X
The analyzes of the biological samples are still in progress. The 1st publications will be

submitted during the year 2023.
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Spatial variability of radiocesium contamination in the bottom sediments of the small size
ponds in the vicinity of Fukushima Dai-ichi nuclear power plant (FDNPP)

Linnik Vitaly and Ivanitsky Oleg (Vernadsky Institute), Konoplev Aleksei, Wakiyama
Yoshifumi and Igarashi Yasunori (Institute of Environmental Radioactivity)

To find out the changes in the nature of the distribution of radioactive contamination
caused by the Fukushima Dai-ichi nuclear power plant (FDNPP) accident as a result of
typhoons, the rainy season, as well as other man-made and environmental causes, it is
necessary to conduct regular observations at specially selected monitoring sites located in
different landscape conditions at diverse levels of radioactive contamination.

Closed and semi-closed water bodies of small size are most suitable for radiological
monitoring. Our analyses revealed spatial variability of the radiocesium (r-Cs) inventory
measured in bottom sediment cores and soils taken in Inkyozaka (isolated pond), Suzuuchi
(irrigation pond), and Funasawa (recreational urban pond) contaminated by the Fukushima
Dai-ichi Nuclear Power Plant (FDNPP) accident in 2011.

Bottom sediment samples were taken in each pond in triplicate in June 2016. The
selected ponds are characterized by the following statistical parameters of r-Cs inventory
(minimal, maximal and mean value, MBq/m2): 1) Inkyozaka — min= 1.0, max = 2.3, mean =
1.58; 2)Suzuuchi - min= 5.8, max = 14.1, mean=11.0; 3) Funasawa — min= 3.85, max= 6.77,
mean = 1.52. The ratio of the average r-Cs inventory in bottom sediments and soil samples
taken from the watersheds (at three points) for Inkyozaka, Suzuuchi and Funasawa was 0.7,
1.63 and 1.52, respectively. Thus, r-Cs accumulations due to erosion are observed only in
Suzuuchi and Funasawa, while Inkyozaka, a completely isolated pond, was contaminated due
to atmospheric precipitation on the water surface in March 2011.

One task of ERAN Project [-22-07 “Small ponds radioecology" is to study variations
of r-Cs flows in the near zone of FDNPP in different types of landscapes using simple erosion
models constrained in GIS software like SAGA. These DEM data were used for the calculation
of the LS factor, which implemented in the RUSLE erosion model. The topographic wetness
index (TWI) expresses the relief-driven water balance and local drainage of the catchment
and marks predominant r-Cs transport patterns. Creating Google Image Overlay for TWI
provide effective identifying places where surface runoff enters and outlets ponds, as well as

potential r-Cs transfer on slopes.



ERAN Project 1-22-07 Results:

1. Compilation of digital elevation model (DEM) based on data from the Geospatial

Information Authority of Japan for the study area around the FDNPP (approximately 6-8 km).

2. Radioecological GIS of the area including digital elevation level (DEM) to draw the maps

of potential radionuclide flow path in the basins of the three ponds (Inkyozaka, Suzuuchi

and Funasawa).

3. Maps of the r-Cs surface flow paths and flow accumulation (contributing areas)

obtained from GIS-modeling (LS-factor, wetness index, slope, flow accumulation, and others).

4. Database of r-Cs inventories in the water and bottom sediments for the three ponds

since FDNPP accident.

5. Estimation of r-Cs vertical migration rate (distribution) in the soils closed the ponds.

6. Variability of r-Cs accumulation rates in bottom sediments depending on the type of ponds

(closed, low-flow)

7. The manuscript of the research article has been drafted and prepared for submission.
Developing a maps of various parameters of surface flows towards the selected ponds

corroborated the contribution of erosion to bottom sediments contamination: although

radiocesium wash-off can be observed during the rainy season, the main flux of radiocesium

comes mainly from temporary streams.
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The Fukushima Daiichi Nuclear Power Plant (FDNPP) accident leads to releasing of vast
amount radionuclides into environment. Meteorological conditions in the accident period
favored radionuclides' fallout in the northwest from the FDNPP, with a trace of 50-70 km
long and 20 km wide. Ultimately, a huge portion only of 137Cs (about 7-20 PBq) was
deposited on the land surface in Honshu island, predominantly in Fukushima Prefecture.
Owing to the long half-life of 137Cs (T 1/2 = 30.17 years), its negative ecological impact
remains in the region, and is a concern. Meanwhile, to minimize the radiological health risks
of the FDNPP accident, intensive clean-up efforts have been conducted in contaminated
areas. Mostly such works were did only for urban areas, while decontamination activities in
forest districts are much more difficult to carry out, and 137Cs will remain there for a long
time.

The Abukuma River was selected as object of the study. The Abukuma is the second longest
(length 234 km) river in the Tohoku region and largest in Fukushima Prefecture. The
catchment of Abukuma River encompasses an area of about 5400 km2 and its mean 137Cs
initial inventory was 88.3 kBq/m2. The river represents an essential water resource for the
local inhabitants. There is general concern that the 137Cs deposited in mountain forests will
be transported to decontaminated downstream areas via water discharge with soil particles.
This transport of 137Cs could potentially cause an increased radiation dose and
contamination of water resources in the downstream regions. Beside of 137Cs water bodies
contamination, the other ecological problems associated with soil erosion could occur:
siltation and eutrophication. During extreme natural erosional events: intensive snowmelt,
rainfalls or typhoons (eg. Etau, Hagibis) the turbidity and 137Cs concentration in river’s
water could increase noticeably. Hagibis was (6—13 October 2019) the strongest typhoon in
the last several decades in Japan and caused widespread destruction and high-floods. The
rainfall at the Abukuma River basin was nearly 600 mm in 24 h (mean annual precipitation is
1200 mm).

A total of 6 locations (from the source to mouth) at Abukuma River were studied. At each
location, artificial plastic lawn-grass mats and metal rules for determination of sedimentation

rates on floodplain terrace (with different elevation: low, middle and top) were installed. From



the same points, the sediment cores (up to 50 cm) were sampled, as well the water from river.
In laboratory, the core samples were sliced (into 3 cm layers) and prepared (dried, crushed,
sieved and etc.) for further analyzing. The contaminated water was filtered through a
multilayer cascade to separate the 137Cs particles and then through a sorbent in order to
determine the amount of dissolved cesium. The texture of bottom sediments (as well
suspended material from water samples) was determined using a laser diffraction particle size
analyzer Mastersizer 3000; the 137Cs activity concentrations — by y -spectrometry using a
high purity germanium detector (HPGe) MIRION Technologies.

The result showed that the max 137Cs inventory at upstream of Abukuma River valley floor
in 2018 was ~ 950 kBq/m2 (~ 600 in 2019), is indicated a high migration of r-Cs from
upstream to downstream. It interesting to note, Japanese researchers found that during the 4-
day period (12-15 October 2019) of typhoon Hagibis the particulate 137Cs export flux from
the Abukuma River into Pacific Ocean was 1.1 X 1012 Bq and equaled 2/3 of the annual flux
during 2012-2015 (the period of high 137Cs levels following the FDNPP accident). The
thickness of “fresh” sediment deposited on the floodplain in the case of the ordinary flood is
in the range 1-5 cm, while up to 40-50 cm during the extreme flood associated with typhoon.
The high radiocesium concentrations were found in sediments with domination of silt and

clay fractions.
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Introduction

Commercial vessels reach their end-of-life (EoL) stage after an average economic lifespan of
20 to 30 years and are then usually dismantled. It refreshes the global shipping fleet from
occupational and environmental safety perspectives. About 2% of the global inventory of
approximately 45,000 ocean-going ships is processed annually by the ship-breaking industry
(SBI). Ship owners receive freight revenue during the ship’s life and positive cash inflow from
selling EoL ships to the SBI for demolition. A vessel becomes scrap when the expected revenue
from selling the ship to the SBI outweighs its future earning potential over its operating cost.
Other deciding factors for sending a ship for scrapping include an existing fleet's age profile,
fleet size, accidents, and regulatory issues. SBIs in South Asia (Bangladesh, India, and
Pakistan) have become popular destinations for EoL vessels over the last two decades due to
their profitability, which stems from saved costs on labor, safety, and environmental
compliance.

Coastal contamination due to ship-breaking activity at open beaches has been an actively
debated issue. Making any objective comment on this issue requires a health risk assessment
of the ship-breaking activities. The question of the current work is as follows:

“Is there any effect of a torrential downpour on the naturally occurring radiative material
(NORM: U-238, Th-232, and K-40) content in soils of the SBI areas in Bangladesh?”
Experimental

Sample collected from five ship-breaking yards (Y1 to Y5) and one control location from
January to December. Each yard was divided into three specific segments based on the
activity: beaching, cutting, and storage. Cutting and storage segments receive the maximum
exposure during the ship-breaking activity. Samples collected from cutting and storage
segments were mixed to prepare composite samples, air-dried, and stored. The stored samples
were later analyzed following standard protocols.

Results and discussions

U-238: The U-238 activity concentrations in SBz range from 25.59+5.25 to 45.58 +8.19
Bq/Kg. The U-238 activity concentrations (Bq/Kg) varied among the pre-monsoon (Pre-M),

monsoon (M), and post-monsoon (post-M) seasons, showing lower or comparable values



(p <0.05) at Post-M than in Pre-M (except for U-238 at Y5).

Th-232: The Th-232 activity concentrations in SBz range from 33.88+1.69 to 56.40£5.09
Bq/Kg. The Th-232 activity concentrations (Bq/Kg) varied among the pre-monsoon (Pre-
M), monsoon (M), and post-monsoon (post-M) seasons, showing lower or comparable values
(p <0.05) at Post-M than in Pre-M.

K-40: The K-40 activity concentrations in SBz range from 365.1 +30.7 to 594.9 =58.3 Bq/Kg.
The K-40 activity concentrations (Bq/Kg) varied among the pre-monsoon (Pre-M), monsoon
(M), and post-monsoon (post-M) seasons, showing lower or comparable values (p < 0.05) at

Post-M than in Pre-M.
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The sources of high-specific activity molybdenum-99 (99Mo) are research reactors as
produced by neutron-induced fission of 235U. Alternatively, low-specific activity 99Mo can
be obtained by using the (n, ¥ ) nuclear reaction with 98Mo (natural Mo or enriched 98Mo).
Generally, the specific activity of 99Mo produced by fission is more than 1000 times higher
than that obtained by the (n, y ) process. The universal means by which technetium-99m is
made available for clinical applications is from the elution of generators containing high-
specific activity fission-based 99Mo. Nonetheless, we find the fission products as a mixture of
different radionuclides. So, it is essential to separate them, which can be done by various
means. The complexation of molybdenum (Mo) by ligands can be used to separate 9Mo from
the fission product mixture.

The ligands were prepared in two steps. S-methyldithiocarbazate was first condensed with
amino benzaldehyde, and the resulting compound was condensed again with salicylaldehyde,
3-methoxy salicylaldehyde, 5-bromo salicylaldehyde, 5-nitro salicylaldehyde, and 4-
diethylamino salicylaldehyde, to get five different ligands. The alcoholic solution of the
ligands was then allowed to react with molybdenum acetylacetonate to form molybdenum
complexes.

From the structure of the ligands, one can see several donor atoms in the ligands. But all of
them can not donate to the metal atom due to the steric hindrance of the other atoms in the
ligand. The IR spectrum of the Schiff bases shows the v (NH) modes at ca. 3110 cm-1. The
C=N stretching mode is observed as a strong absorption at 1580-1630 cm—1. The 1TH-NMR
spectrum of the Schiff bases in CDCI3 also does not show resonance of the thiol proton at
around 4.2 ppm, corroborating the IR evidence that the thiol tautomer is not present.
Therefore, they can act as a bivalent tetradentate ligand by forming bonds with metal ions
through the phenolic oxygen atom, the two azomethine nitrogen atoms, and the thiol or
thioether sulfur atoms.

[MoO2(acac)2] has been used as a precursor to prepare dioxomolybdenum(VI) complexes of
the ligands described above by ligand exchange reactions. When the ligands and
[MoO2(acac)2] were refluxed in ethanol, solid, non-hygroscopic complexes were found. The

IR spectra of the complexes show two bands at 902 to 997 cm—1 and at 752 to 883 cm—1 due



to v sym(O=Mo=0) and v asym(O=Mo=0) stretches, respectively.
Dioxomolybdenum(VI) complexes possessing a cis O=Mo=0 moiety exhibit two strong
bands at this region. This is strong evidence of the formation of molybdenum complexes due
to the reaction between the ligands and the molybdenum complexes.

Considering the spectral and analytical data, a regular octahedral structure of the
molybdenum complexes is suggested, where two azomethine nitrogen, one thiol sulfur, and a
phenolic oxygen act as donor atoms from the ligand and two oxygen atoms from molybdenum

dioxo moiety.
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Introduction

Radioisotopes of nickel (r-Ni: Ni-59, Ni-63) are produced in the structural steels of nuclear
reactor vessels and internal components from neutron activation of corresponding naturally
occurring stable isotopes. The shape-persistent macrocycles can be used to isolate r-Ni from
the waste matrix selectively. The objectives of the current work are as follows: (a) Preparation
and characterization of a new tetraethylphenyl tetraazamcrocyclic chelator; (b) Preparation
and characterization of its Ni(II) complexes; (c) Carrying out a study on their biological
activities; (d) Study of the new macrocycle as an absorbent of radioisotopes of Ni.
Experimental

The chelators and corresponding metal complexes have been synthesized following standard
protocols. Later, the same was characterized by some physical methods (color, melting point,
solubility, etc.), microanalysis (C, H, N, and S), spectroscopic techniques (IR, UV-VIS, NMR,
and Mass), and X-ray crystallography. Antimicrobial activities of the chelator and
corresponding metal complexes have been studied against some bacteria. Antioxidant
activities of the prepared compounds are also investigated.

Summary of findings

The summary of findings is as follows: (a) A new tetraethylphenyl tetraazamcrocyclic chelator
and its Ni(II) complexes have been synthesized and characterized; (b) X-ray crystallographic
study of the Ni(I) complex were conducted; (c) Remarkable biological activities of the
prepared compounds were observed; (d) The new macrocycle acts as an excellent absorbent

of Ni(II) during complex formation.
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The 3D model THREETOX was applied for the long-term simulation of the planned release
of radioactively contaminated water from Fukushima storage tanks to marine environment.
Two radionuclides were considered: 3H that has the largest activity in tanks and 1291 that can
caused the largest dose of radiation to human. The constant release rate of 3H equal to 22
TBq/y according to TEPCO estimations and the constant release rate of 1291 equal to 361
MBgq/y according to estimations from the current study were used in the simulations.

The THREETOX model used monthly averaged currents from the KIOST-MOM model. A
dynamic food web model was included in the THREETOX model. In the model, organisms
uptake the activity directly from water and through the food chain. The food chain consists of
phytoplankton, zooplankton, non-piscivorous (prey) fish, and piscivorous (predatory) fish. In
case of 1291, macro-algae was also considered. The modelling area covers Fukushima coastal
waters and extends for 1600 km from the coast to the East. From North to South this area
extends for 1300 km.

From model results, we can see how contamination will spread along the coast in different
seasons. For example, in summer time the currents near the coast are directed to the North
that leads to contamination of the Sendai Bay. This means that at different points along the
coast, the concentration of radionuclides can periodically change according to currents that
change during the year. Calculated concentrations of activity at several points along the coast
of Japan, which correspond to largest cities in the area of interest, were extracted from model
results. For example, calculated concentration of 3H in water in Tomioka point, which is quite
close to FDNPP, sometimes can exceed 200 Bq/m3. In Soma point, the concentration will
exceed 50 Bq/m3, while in point Iwaki-Onahama — 20 Bq/m3 at some moments of time. In
other points, the calculated concentration of 3H in water will not exceed 10 Bq/m3 that is less
than background concentration 50 Bq/m3. Concerning 1291, its maximum concentration in
water will be around 10-3 — 10-2 Bq/m3 in points close to FDNPP and around 10-4 Bq/m3
in points further from the NPP that is around 100 000 times less than the calculated
concentrations of 3H.

Calculated concentrations of OBT (organically bounded tritium) in predatory and prey fish

are less than 0.01 Bg/kg in all points except FDNPP point where it is around 0.02 Bq/kg.



This value is 10 times less than measured concentration of OBT in fish (0.2 Bq/kg) that was
made in 2014 in the coastal area near the damaged NPP. Calculated concentrations of 1291
in predatory and prey fish are in the range 10-6 — 10-4 Bq/kg in all considered points.
Concentrations of 1291 in macro-algae are about 100 times higher due to ability of iodine to

accumulate in macro-algae.
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Dicentric chromosomes, which are radiation induced chromosome aberrations, are difficult
to analyze in rodents because majority of the chromosomes are acrocentric and the short arms
are not visible. The purpose of this study is to establish fluorescence in situ hybridization
(FISH) method for the bank vole, Myodes glareolus (2n = 56), which is a common rodent
species in Chornobyl, in order to simplify and shorten the dicentric assessment by visualizing
the centromere of chromosomes. However, conducting research in Ukraine has become
difficult and unsafe due to the on-going war. To progress our research, we decided to
establish FISH probes for a closely related rodent species in Japan.

We collected two vole species, Grey red-backed vole (M. rufocanus) and Northern red-backed
vole (M. rutilus) inhabiting Hokkaido, Japan. Leukocytes from bone marrow were cultured
and chromosome spreads of cultured bone marrow cells were prepared for all samples. Then,
using extracted DNA from liver of bank vole (previous study: I-21-11) as a template, the
candidate centromere-specific tandem repeat region was amplified by PCR (referenced by
Jernfors et al., 2021) and mounted fluorescent dye to create a probe. Finally, each
chromosome plate was stained by the newly created probe and DAPI. Furthermore, we were
able to transport cultured leukocytes of bank vole from Ukraine to Japan, so we centromere
labeling was performed with newly prepared FISH-probes on bank vole chromosomes.

For both Japanese vole species, all of chromosomes with the exception of the Y chromosome
were successfully stained. However, for bank vole, some chromosomes were not stained. As
for the next step, we will try to identify the cause of failed labeling on these bank vole
chromosomes and establish a new probe.

Acknowledgement: We thank Dr. NAKATA Akifumi, Hokkaido University of Science and Dr.
Donovan ANDERSON, Hirosaki University for their great contribution about collecting voles

and probe establishment.
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INTRODUCTION
Radon is one of the naturally occurring radionuclides, which is well known as the second
leading risk factor for lung cancer after tobacco smoking. According to the United Nations
Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) 2008 report on the
sources and effects of ionizing radiation, the world mean value of annual effective dose by
natural radiation sources is 2.4 mSv. Half of this dose is attributed to radon. To estimate the
health effects of radon in natural gas, it is essential to determine the radon concentration in
natural gas. There are many available methods to measure radon, including film badges, solid-
state nuclear track detectors (SSNTD), active monitor, and charcoal adsorption. However,
the detector and other components of the commercially available automated radon-in-air
analyzer are sensitive to the hydrocarbons found in natural gas. Many radon detectors are
measured using passive-type monitors by SSNTD to record long-term measurements.
However, radon measurement needs a short-term measurement for screening purposes to get
a quick result. Thus, we will develop a passive radon monitor base on the activated charcoal
with nano technology.
METHOD
In the early stages of the research, the synthesis of nano charcoal wascarried out. The activated
charcoal were coconut shell-based combined with silica as a desiccant, put into the nano ball
mill and magnetic stirrer. The next stage is quality control and validation. To obtain the
counting efficiency and calibration factor to radon concentration, this monitor (nano charcoal
that has been put into the canister) were placed in the radon calibration chamber at the
Institute of Radiation Emergency Medicine (IREM), Hirosaki University in various conditions.
Then measure by HPGe.
After exposure in radon chamber, the charcoal were measure with high purity germanium
detector to analyze radon progeny (214Pb and 214Bi)
RESULTS
The results of this study has good counting efficiency against radon and can be used in all
environment conditions. The radon monitor that will be developed is handy for screening
measurements of radon concentrations both in public and work areas. The cost for this

detector is not expensive and the quick analyses.
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Project summary
The project “Quantification of radioactive-mineral deposition in various types of fossils from
excavation sites containing high levels of natural background radiation in Korat Plateau,
Thailand,” received a great opportunity supported by the ERAN 2022. This project was
launched to quantify the radioactive mineral transition into fossil structures. The gamma dose
rates released from fossil bones and petrified woods discovered from the Phu Wiang site
(Khon Kaen), Nong Bua Lumpu site (Nong Bua Lamphu), Petchabun site (Petchabun), Sra
Kaew site (Sra Kaew), Korat site (Nakorn Rachasima), Ubon Ratchathani site (Ubon
Ratchathani), Tak site (Tak), Phu Noi site (Kalasin), and Phu Por site (Kalasin) were
compared between the USB-Inspector survey meter and the OSLDs, as presented in Table 2.
Although the long-term dose measurements using the OSLDs under the secular equilibrium
of 222Rn (> 38 days) were found to be higher than the short-time dose measurement (30
seconds) using the USB-Inspector survey meter, these values were found to be consistent for
each fossil specimen. The study observed high gamma doses released from fossil bones
discovered from the Petchabun and the Korat sites, which were found to be higher than the
permissible level of radiation exposure to the public of 0.1 pSv * h-1 (corresponding to 1
mSv - y-1). Contrastingly, radioactive minerals incorporated into the petrified woods were
found to be lower than in the fossil bones, even though they were collected from the same
excavation site. A possible assumption is due to the different compositions between bone and
wood. In general, bones are composed of calcium phosphate, hydroxyapatite, and other
organic components. During the fossilization process, an atom-by-atom of original organisms
is replaced by radioactive minerals, especially for Ra-Ca ion substitution to concentrate in
bone structure. Therefore, an action plan for radiation safety during fossil preparation and

collection should be taken into account.
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The continuous exposure to low radiation doses, such as highly radon gas concentration, may
induces oxidative base damage of guanine resulting in telomere fragility [1]. Radon is a
radioactive gaseous element that emits a particles and have high linear energy transfer [2].
Alpha particle exposure can generate free radicals. When these free radicals interact with
biological molecules, they may cause cellular lipid peroxidation and DNA damage [3]. These
radioactive elements are found in abnormal concentration in area with high natural radiation
exposure such as Mamuju in Indonesia [4,5]. Active oxygen radicals attack the eighth carbon
atom of the guanine base in the DNA molecule to produce 8-hydroxydeoxyguanosine (8-
OHJAG) (its structure is illustrated in Figure 1) which is believed to be one of the predominant
DNA lesions, resulting from free radical-induced oxidative stress in nuclear and
mitochondrial DNA, and is widely used as a sensitive biomarker of DNA oxidative damage
[6,7]. Thus, (8-OHdG) representing the oxidation levels. Beside that levels of 8-Oxo-dG in
urine and blood serum can also be used to monitor oxidative responses to radiation therapy
and chemotherapy in patients with cancer [8], such as gastrointestinal tumor [9]. So far, 8-
OHJAG levels in Mamuju have never been determined. This study will explore the effects of
long-term staying in highly radon area on oxidative damage and antioxidation function in
humans.

In this study, blood was collected from around 65 residents (both sex and age range from 20
to 60 y.o.) in the Mamuju, Sulawesi Barat with elevated radon area (40 person) and nearby
control area (38 person). It was known that Tande-Tande sub-village in Botteng Utara,
Mamuju has the highest annual radioactivity that reached up to 32 mSv/year (Figure 2). 8-
Hydroxydeoxyguanosine (8-OHdG) was analyzed in serum/plasma isolated from these
residents with standard procedure of the enzyme-linked micro method immunosorbent assay
(ELISA). Statistical analysis will be implemented to know the significantly difference between
exposed and control group. One-Way Analysis of Variance test was also used to determine
the effect of radiation to the marker. The selected residents should have lived in the villages
for more than 15 years, and no hospital X-ray examination within 6 months. The blood
sampling for this research was conducted in 2020 with ethical approval from Ethical
Committee of Health Research.

Results on the measurement of radon in 40 houses in study area of Tande-tande sub village

showed that average radon concentration was 889.325 Bq/m3, whereas its mean



concentration from 38 houses in control area of Topoyo Village was 28.289 Bq/m3. From this
study we also found that mean 8-OHdG in lymphocyte of Tande-Tande sub-village
inhabitants was 15.69 ng/mL, whereas in samples from control area it was 25.73 ng/mL, and
statistical analysis revealed that 8-OHdG in study area was significantly lower compared to
those of control (p<0.0001) (Figure 3). No positive correlation was found between radon
concentration and its corresponding 8-OHdG. However, it is concluded that 8-Oxo-dG may
be a suitable parameter for evaluating the degree of ionizing radiation-induced DNA damage.
Further studies are needed for determining the underlying mechanism of their elevation.

There is no difference found in the concentration of 8-OHdG between male and female
respondents either in study area (15.51 vs. 15.92) or in control area (25.90 vs. 25.47) (Figure
4). This finding is similar with research by Kondkar et al. [10] that stated that there was no
significant correlation between 8-OHdG and sex. Other experiment by Matsumoto et al. [11]
also support these findings that this biomarker of oxidative stress in urine is not significantly

influenced by sex or gender.
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In Indonesia, Tande-Tande sub-village in Botteng Utara (Northern Botteng) village, Mamuju,
West Sulawesi, is known to have a high indoor radon concentration. The indoor radon
concentrations in this location can exceed 1,644 Bq/m3 (1). People in this area are exposed
chronically to high levels of radon. Radon is an odorless and colorless noble gas derived from
the uranium decay chain (U-238), which results directly from the decay of radium (Ra-226).
Alpha (+ ) and beta ( + ) radioactive isotopes are among the radon decay products. Alpha
particles, which are made up of two protons and two neutrons, have the capability to ionize
and damage the DNA contained in living cells (2,3). Tonizing radiation in the form of alpha
particles can cause DNA damage from chromosomal aberrations (CA), double strand DNA
breaks and generate reactive oxygen species (ROS) (4,5). As a form of free radical, ROS
includes molecules such as singlet oxygen 102, superoxide anion O2¢—, hydrogen peroxide
H202, and a hydroxide radical OHe. Several mechanisms exist in the human body for
controlling and inhibiting ROS generation. An antioxidant is a chemical that scavenges free
radicals and protects the organism from oxidative damage. As a result, adequate amounts of
antioxidants may minimize the harm caused by free radicals and protect against alpha
radiation damage. The thioredoxin (Trx) system is a key component in ROS removal.
Thioredoxin reductase (TrxR), and nicotinamide adenine dinucleotide phosphate are
components of an oxidative stress response system. Thioredoxin reductase is the sole enzyme
known to catalyze Trx reduction and is a key role in irradiation resistance. Thus, in this study
we will evaluate the TrxR level in the sera of Tande-Tande sub-village inhabitants and find
out whether the levels are higher compare to control subjects. From this study we expected to
reveal the antioxidant enzyme status particularly TrxR in Tande-Tande sub-village
inhabitants. Until now study to evaluate the activity of TrxR in population living at high radon
concentration never be conducted in Indonesia. This study will be considered as the first study
in Indonesia that evaluate the activity of TrxR in population exposed to high levels of radon

concentrations.

Methods
Fifty healthy adult subjects from Tande-Tande sub-village, Mamuju and fifty healthy adult



subjects from normal background radiation areas (NBRAs) will be enrolled in this study.
Blood samples then will be obtained from the antecubital vein. Sera then will be collected by
centrifugation at 3600 r.p.m for 15 min and keep at 4 degree celcius. The TrxR in serum
samples then will be measured using TrxR ELISA Kit in our study.

Results

The measurement of Trx levels in the sera of Tande-Tande sub-village inhabitants already

performed and showed a lower but non-significant compared to Topoyo village inhabitants.
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Introduction

The basic principle of biodosimetry is to utilize the biologic changes induced by ionizing
radiation to predict the radiation dose received by radiological accident victims. The acute
cellular reaction as a biological effect to ionizing radiation can be used for quantitative
biodosimetry. Phosphorylation occurs in histone H2AX after ionizing radiation exposure.
Radiation-induced changes in the phosphorylation status of histone H2AX could be
quantified using a whole-cell immunocytofluorescence technique. Another technique that
could be used for evaluating the phosphorylation status of histone H2AX is the enzyme-linked
immunosorbent assay (ELISA). In this study, we aim to establish the gamma H2AX analysis
using an ELISA assay.

Methodology

Human blood from three healthy donors of similar age (38 years) will be collected in
HEPARIN-containing vacutainer tubes. Blood samples will then be irradiated with a radiation
dose 0, 2 and 6 Gy. Peripheral blood mononuclear cell lysates were prepared after two-hour
incubation at 37 + C following irradiation or sham treatment using radioimmunoprecipitation
(RIPA) buffer. The ELISA assay will then be performed using a commercial gamma H2AX
ELISA Kit.

Result

The - -H2AX/total H2AX ratio increased as the radiation dose increased in samples from two
subjects. When the data from all subjects were pooled, a similar trend was observed.
Interestingly, for one subject, an opposite trend was observed, i.e., a higher basal level of - -
H2AX/total H2AX ratio compared to the levels in blood samples irradiated with 2 and 6 Gy.
The linear equation obtained using the pooled data was: Y = 0.1247D + 0.9009, (R= 0.92)
Since the increased of - -H2AX/total H2AX ratio with the radiation dose was found when all
data were pooled, thus our study support the applicability of the ELISA-based quantification
of + -H2AX/total H2AX ratio in biodosimetry
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The needs of Rare Earth Elements (REE) has recently increased tremendously. Significantly,
the presence of REE commodities can contribute to the improvement of modern technology
around us, such as cellular phones, computers, rechargeable batteries, magnets, fluorescent
lamps, and other electronic equipment for civil and military purposes. Indonesia is an REE-
producing country, primarily the result of processing tin mines in the form of monazite.
Besides REE, there are also natural radionuclides in this monazite rock, namely Uranium and
thorium. Therefore, qualified human resources are needed to analyze REE accurately and
quickly.

in this research we separating the REE with U and Th from monazite using extraction
chromatography technique and its successful with recovery around 85-105%. This research is
method are quickly and accurately analyze Rare Earth Elements (REE) on various mineral and
concentrate rocks, especially monazite from the Bangka Belitung Islands and Kalan with type
of samples arerirang, so that the supply of REE for advanced materials. can be met both

international and national demands
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This proposed work was to develop a novel means of radiocesium removal from soil affected
by the FDNPP accident while attempting to maintain the soil as a functioning entity. We
planned to test a novel method to remove radiocesium from soil while limiting the impacts on
soil properties. The new method may have reduced subsequent volumes of contaminated
water and reduced further treatment and storage. Also, the radiocesium removed from the
soil was hoped to be immobilized as it will be concentrated and stored within prussian blue
(PB).

The experiment plan was to be done at the Institute for Environmental Sciences at Rokkasho
with support from IREM and Mount Royal University. ERAN support was used to purchase
the startup equipment needed to conduct the experiment. The basic setup was completed at
Rokkasho with the aim of Dr. Swallow travelling to Japan in the summer of 2022 to assist.
Regrettably, due to difficulties caused by the prolonged border closures due to the COVID-
19 pandemic the work had to be indefinitely suspended.

2. e

N/A



[-22-23

Capacity building for development of nuclear techniques for analysis of radionuclides in
environmental samples collected from Ruppur Nuclear Power Plant (RNPP), Bangladesh,

Part-2

K4 : Rahman M Safiur
ZAMEE - HE] #3
TR

LR

Capacity building for development of nuclear techniques for analysis of radionuclides in
environmental samples collected from Ruppur Nuclear Power Plant (RNPP), Bangladesh
Bangladesh has a huge power (electricity) crisis and it is now prime goal of this country to
enhance power generation. As a consequence, our government has started a project for
establishing a 2400 MWe nuclear power plant, which will be commissioned in 2023. Therefore,
development of manpower on the managements of radioactive materials is very important for
the management of radiation safety, environmental contamination and their remediation.
Interest in the uptake kinetics of radionuclides and toxic elements in natural system has
recently been increased in order to understand the dispersion of radioactive waste and toxic
elements in environment. Therefore, monitoring of radionuclides and toxic elements in
vegetables, soil, sediment, rock and water samples in Bangladesh may provide important
information for the management of radioactive materials and trace elements in the
environment. However, the following manuscript has been published during the fascial of the
project in 2022.

Choudhury, T.R., Ferdous, J., Haque, M.M., Rahman, M., Quraishi, S.B., Rahman, M.S.
(2022). Assessment of heavy metals and radionuclides in groundwater and associated human
health risk appraisal in the vicinity of Rooppur nuclear power plant, Bangladesh. Journal of
Contaminant Hydrology 251 (2022) 104072.
https://doi.org/10.1016/j.jconhyd.2022.104072 [Impact Factor: 4.184]
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High-resolution reconstruction of sediment and radiocesium source contributions in a lake
draining the main Fukushima radioactive pollution plume.
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Fallout radionuclides including a majority of 137Cs have been deposited on Fukushima
landscapes following the accident in March 2011. Ten years after the accident, questions
remain regarding the fate of particle-bound 137Cs across terrestrial environments in response
to heavy rainfall events and the associated erosion events. In particular, there is a need to
identify and quantify the sources delivering sediment and associated 137Cs to the water
bodies. Two sediment cores were collected in the Mano Dam reservoir, also referred to as
Hayama lake, at midstream and downstream locations in June 2021 by the NIES team.
Elemental geochemistry, organic matter and stable isotopes, visible colorimetry, particle size,
and radiocesium isotope spectrometry analyses were carried out at very high resolution, with
depth increments of 1 cm, on both sediment cores. In addition, 17 samples were collected for
environmental DNA (eDNA) analyses on the midstream core. A total of three DNA extraction
methods with three replicates, which mean 9 replicates per samples, were done to unsure
more robust measurements. The extracted DNA was then amplified by PCR/NGS and then
sequenced using various primers targeting vertebrates, plants and fungus DNA. Sequenced
DNA was compared with Japan and worldwide DNA banks to identify taxa and species. These
various analyses were used to provide multiple lines of evidence to define and interpret the

flood event sequence recorded by the sediment deposits, and rainfall records were used for



relative dating. The sediment tracing approach highlighted changes in sediment sources, with
variable contributions from forest, cropland, and subsoil (i.e. channel bank collapse and
landslides) since the Fukushima accident and following decontamination works. Following
the Fukushima accident, during the abandonment period (2011 - 2014), there was a sharp
decrease in cropland contribution. However, as soon as the decontamination work began
(2014 - 2016), cropland contribution started increasing until it returned again to the pre-
accident level during the remediation phase (2018-2019). Finally, we are investigating the
added value of eDNA measurements to study the temporal evolution of biological

communities in response to these changes.
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F 7 L DN~ DR OB 2 P T 2 7291, Fallout 23 P X 712 HifIc 511 C,
HERMEREL, b ) F Y AOBRBH ORI EMYIT 2 < L BB

R FBHERE AT, SHUCHE VT, RROME, BEXUREE, KEREHEL, B
=2 ) VORI OEEICH 72 o 72, iBIX N ERIHIE, EAXUSEE S 200micro S/cm
EIRABI e THT, WHORIEDFEZ Z T T 5 R\ i RefE] O i Tk 23 &
HE SNz (Sitel), d 9 —D Oy, BRILEE  100microS/cm LATF T, X 9w
Horbok b DUAAME S e, TRHD 2 SOMMETRET 32T, BFLT 3T
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PRI 2> & KB~ DIATFRE Cs-137 ORI OHEE Z B & L, FRAIFREEIICERE L 7=
B NI 3 CREM 7 ACCBLN 2 17 v, R OK D FiH 23R K D IATFRE Cs-137 =
JEICRIE TR AL 72,
¥—7 =V WERE T NREER, BEER e v A, KUK, Rk, FREEE
B

1

FRMIREESIC 51 2 I8 F7RE Cs-137 oiitHIcBIL T, U X —2 6 O (Sakakibaraetal.,
2021) eRtmEE LEKDREA (Iwagami et al., 2019b) 2T, L2 L, FiC
BB\ CHEAM 7K SCBLEN % 58 U CRAEE L 7200130 v, 2 2 ORISR T, BRI &
KB~ DIEFFRE Cs-137 JHicBI L <, R 2 o oM /K O 2 A& L 72,

2. e

i = VR IRV HT o BRI BEAR s 1 BB N & 5%\, 2022 4F 4 H~2022 4 12 H £ C°#l
WZEEML 72, RE/NRRIEAXEaFT, 7Y, ThevEEL T 5KEHEKRTS Y,
FUIREAE 2 0.008 km2, Cs-137 oA E =1L 4727 kBq/m2 TH 2, B/ 0 3K &
DETE, BXZ 25m FPiiOHEIC A= v L7 ) 2 — A ROP=ZAEZ KIE LRITKDH
HEABUIL 72, TIREKEDIFEOFMMEICE T, Y2V X=X THITKDES R T
v vk, P CHUT KA ZBLINIL 72, HIC 1, 2 Bl CVFKIEEDIKRS v T v 7
T, E77, HUKBRCIZ HEEOKERIC X 28y v 7Y v 7R T o 7=,

3. AR

%%Wk@{m’? Cs-137 ¥ 13, FoKEFA ) 0.10£0.02Bq/L TH o =D icrt L, Hik

T3 0.23£0.02Bq/L (4 B A ~ v b O FEfH) LIRED AT 2R %2R L7, 72,
?Jrﬁi)ﬁlj\]@i’@T*@{ﬁﬁ Cs-137 12°F#5 0.74£0.07 Bq/L & RiKICH TR W EEZ R
LD o T, FHALJEN QT AKIZ, PRI T HEER 2> & HU T 2R ~1a1 2> 5 i 2 7R
L7zDicht U, HKIRHIC SRR G o TRBE T~ & JRBh 3 2 X 51, H T oKiREh /7 m p322
fbL T3z &ERE Nz,

4. fiam

HIKIRF DFRGK D EAFRE Cs-137 JREE L FICBIL <, RHAKSE oM Tk D Cs-137 IREE
EHNKDOESFT v v » L OBLAIREF 2>, IR Cs-137 JREE D @l F /K 23R



JEICHFIEL T b, HIKRFITIZZ O F/KASME IS i L CRIK D IEFRE Cs-137 IR D
ERCHFEL T3 2 e BRRI NI,
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[1] Iwagami, S., Tsujimura, M., Onda, Y., Konuma, R., Satou, Y., Sakakibara, K., Yoschenko,
V., 2019. Dissolved 137Cs concentrations in stream water and subsurface water in a forested
headwater catchment after the Fukushima Dai-ichi Nuclear Power Plant accident. ]J. Hydrol.
573, 688-696.

[2] Sakakibara, K., Iwagami, S., Tsujimura, M., Kounma, R., Sato, Y., Onda, Y., 2021.
Radiocesium leaching from litter during rainstorms in the Fukushima broadleaf forest. Sci.

Total Environ. 796, 148929.
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NEoER I X e it e =4 7 =7 4-237 (237Np K3 2.14 Ma) 1
2000 kg A Rics X BB I 02, ERFEAZEF Tt 237Np oY B(LEIZEE) 5 &
SR L L TEHI L TW 2 b 0, BRFEHRHIC/KE D 237Np 1B L T a4E 1) = ift5E
BINETITONTI hd oz, THiE, KEHICHFEST 2 237Np 2MEBMETH 2 i,
Z DHE D 720 O MG ELAR S IEE IcEMch 2 L. I LICITEFEIERLoOH 2
BN OB /e 24 7 B RIBLTCWEHFICX S EEZLND, FFCEEHE RN
FEEHTD O OIHAFIER 2. N7 I AL T o Aig k@ = HRlic z oe =% Y v
JOEEWENE T 2, AFFETIE, BREKF @ 237Np % TE % 72 B {#HE 2> oG i it
T2 EE L. KREGE D O O 2 BiRMEE DM B X O R4 2L L
T 236gNp ICEH L Z o#LEIc B3 2 it %17 T & 72,
A4 7 o#LEICIX, TLI(232Th, xn)239-xNp /It xWws 2 & & Lz, £, =7 v b
TLHELCRHIE Y 7 & DU ERRED b MR O Np 2408k 2 JiiE % 7 L 7=, EBROFEERC
ZHHF AVE 4270 vy CeE 232Th OR Xy 7 7+ 4 MICET A F—#) 30-40
MeV)D 7Li & — L% WH 42 C & coliE b Np [FAA(236mNp) DEREZ1T- 7=,
T2, KREOBREKAE 2O Np ZAliEMid 2 /5ke LT, 7 L%y 7 ICETHR(100kGy)
FWBE L2 7 PEAICIVERLZT I FF 2BREMZHV2 2 & & L7 5K (0.5
kg HXL U 5kg) ZHWTHERM, pH P ERREREZZ 2 CENERZITS < & TlhiE
FIT DO WTHRET L 72,
24 TR D70 O ERIC X VELRZRERE LT, BIEMYTH 2 236mNp 1B
L T 28-43 MeV DG = 4 v ¥ — HipH R G Wi R (i BE%0 % 0.12-0.42mb &35
EBRTET, Tz, T IFF U 2MIGEME A GZFER L LT 24 IFELANIC pH 4 B X O
pH 8 Dilf/K T 95% D Np 23K A LW IRM A e s & L L D2 i 7e o 72, 2D D FEBR
ICDOWTIISHI LICHET 2D 32 TETH 5,
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SRER L 205, VIR, AL EVITER 72 &2 X WL EER A LT 5, BRERICTEE S
S v RO AR RSB FHEi T 2 2013, LB L ICHFEREZ AN
CEDEETH D, Z I TR TCEI VA A v R X =7y P & LT, EXULFENTE
RV, EBEOM Lz HIE L, REMEZH T -2z 3 v LiRe L <S5 753k
DWW TR L 72,

[525%]
BRALHEIE I F, MEABEMICRT 4 2 7 B(7.1 mm2) £ 7213887 4 ¥ —(60 mm2), &
B EEIC Ag/AgCl & (3M NaCl), *iiic @iz v 7z, ¥ 313 %MK (0.1 M KNO3
WO i, KI27TGRAKERE 0-100 M) 2 OF K1251(3 kBq) # % L. FEIEZ N 2 Tkl %2 #
Lo EEBMNEREZIT o7, RICHIEROERT O 1251-3 X O 127T-REIRE I ZnE
. Nal v vFL—v a viRHEGRER W y SUIIES X R =T A4 =T Rz v A Y
—(LSVic X v ELREZRKD TERL 72,

(550 & #42]
[-EGEE D il 21T 9 7= oo, ERERMERRZ 120 B, 12718 % 100 pM ICEE L.,
HIINEE % -400 mV 2> 5 +200 mV O T2 T €7z, KIC 1271-E% TuM ICEE L, &
fE AR [ (0-4 h) & ¥ & (2 mL, 4 mL) 2 25L& & CHRFREHKAFE 2 R~ 72, b OFER
25 HEEA+50mV O & FRB SR I -2 EUNT X 72, % 72, BIEEAEDE LISA.
BHREZ VAT IR ERIREICET 2 £ CORMPEL 2 0 . ISR X w2
Honi,
[ERMEZ HEE S 2 729 12,0.1 MKNO3 A H1IC 10mM & 78 % X 512 KIO3 Z i L <.
EBMNEMREITo 72 ZORER, KED [03-2 777 L T MBI R 5, 1-0 A 25ERT
ICRGS 2R & 7o 7z,
Eodl L 7= B AU FHIE DS, BEA 4 v DS WK K 7DD K% T I-D[h
IV - ERE2AAT, 0.45um TAHMEL 7230 2 mL ic 1251-(3kBq) % kL —#—& L THhN
L. SREMICEMRMZIT> 2T oM - ERZITo7. T OME. 1271REHMKL
5O N TR Lz, £, Cl-oE LR 6E, kL ~1ro NaCl (0.7
M) Tt Cl-i - RS A BTFE LR L300 o7z, 7z, 125- 2[R L—F—L L
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Exploratory study in the forested area in Rokkasho

G4 ¢ Yoschenko Vasyl
ZAWTEE I e - oW BE - HE R
HLEBTIEE -

[

L AR

EXPLORATORY STUDY IN THE FORESTED AREA IN ROKKASHO

Background and Aim

The planned start of operation of the Rokkasho Reprocessing Plant and MOX Fuel
Fabrication Plant in FY2023 may result in releases of radioactive substances into the
Environment. The aim of this project is to measure current (background) levels of radioactive
contamination of forest ecosystems in the areas adjacent to the nuclear facility in order to
prepare for the assessment of potential impacts caused by its operation. In particular, at this
stage we focus on 137Cs as an artificial radionuclide present in ecosystems and potentially
released from the nuclear facility.

Study Area and Sampling

The study has been conducted in mature cedar (site 1) and mixed broadleaved (site 2) forests
located approximately 4 km and 6 km northwest of the nuclear facility, respectively. In May,
3 30-cm soil cores were sampled at each site to assess 137Cs deposition levels and vertical
distributions. Foliage and litter samples were collected in November.

Measurements and Results

The soil cores were divided into 2 cm thick slices, dried at 100 * C, homogenized, and placed
into U-8 containers. Radionuclide concentrations in the samples were measured using HPGe
detectors GC-4020 and Lynx Digital Signal Analyzer (Canberra Industries; 1.74% efficiency
at 661 keV, calibration error < 2%, measurement uncertainty < 15%).

Based on the measurement results, mean 137Cs deposition levels in the study area were
estimated at 2.4 kBq m-2 and 1.8 kBq m-2 in the cedar and broadleaved forest plots,
respectively, which corresponds to the GFO level on the Pacific side of land of Japan. In
contrast to the areas impacted by the Fukushima accident, the maximum concentrations of
137Cs in most cores were found below the topsoil. The mean 137Cs expectation depths (mass
depths) at the cedar and broadleaved forest sites are 6.2 cm (21 kg m-2) and 6.5 cm (25 kg
m-2), respectively.

Due to the very low concentrations of radiocesium in biomass and forest litter, measuring
these samples requires significant time. At the moment, these measurements are close to

completion.



What’s next

*

Completion of 137Cs (litter and biomass samples) and 3H (cedar foliage sample)
measurements and assessment of the current exposures;
sk

Elaboration of a routine monitoring scheme and continuation of the study in the

same forest stands in FY2023.
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BRI FREATERIC X - T S e REdr o 1-129 CEIEA = 1,570 J74E) 13,
WL ERTETE P Cs-137 & DEBDE W E OB, O, HEd b~ DEE) % KB
RS2 2L SR EAED 1 2 TH 3, Cs-137 L TiE, BEEELAR SICE 725 H
KIFICHEERE L L CH RIS T 2 2 L BAILNT W 528, 1-129 o H/KIRFIC 351 2 B AE%
BN L 7200130 7o, BREER S 13 2019 4EE, 2020 421 B EFR) 1 Hp it v (SE/K IR 2800

. T T-129 P E 0.041 Bg/nd) TEEX L 727KEEHZ D W Toabr 217w, Cs-137 i2kt
T, [F129 3R L LT 2 Elanmw e RN L 7,

2019 FRE, 2020 AL ISR & L 72 BT C l1d 1-129 D& & 2SI K A o 72
T Epb, 2021 4EJEIZ, ESE D MO 1-129 DUE B E WEFTHICERELL 72308 2 0T
L7zo Z OFER, FHIITIX 1-129 23R ic bR T, BEEL LTBTLY T L %
RET RERPE LN, COMWAERERT 5720, 2022 51X 2017 4 10 H 23~24 H
D HIK A X v M RRCHT T R o R ET s (SEK A 206 k mi, 145 1-129 YA & 0.093 Bq/
m) TEREL77Z 6 DOKRE OGN %21T > 72, KRB % AL T3l E X A0
AEHZ D WC, W £ C L RFRD /LT B 24T v, IEEE B ik ic < 1-129/1-
127 te%#I%E L, ICP-QQQ-MS % H\wT I-127 EE 2 HE L 72,

IAAFHE [-129 IR o P4 IL 0.13 u Bq/L, BEWH © 1-129 B O FH#{E 1L 2.4 mBq/kg
TH Y. BT oERE Kd O FEHfEIE 22000 L/kg TH - 72,1-129/1271 He o FHiE R
TRIFHETIE 5.0x 107 (-9), BEWE T 3.2X 10" (-8)TH » 7=, 1-129 DifiiE 1 32 kBq T
HY. TN 129 WERED 0.17%ICHY L7z, Th o OffRIT, 2021 SFRLICHR L
L 7= B IERT S o 2016 4E 8 HD A X v b L IZIFFRM AR TH o 72, 1-129 DIRFEEF
HlEs X iR IC oW T, FREYIE oMo T, 2021 FEOSITIC X > TR L L
FER L RIERICHTH)ITCIE [-129 2ARERE & L TRBITLR T W T & MRS iz,

BIEEE B L ORE Y E o 1-129 EEoOREIZ{LicowcHs@d aEmii Rl a8 c
R ol, 2016 FED A RV | T iﬁ%@%%ﬁ”@ [-129 IREE A ER 2R L 7223, 2017 4F
DA XY PTEERENL 2%, 12IE—EOff %Ttto WEYE ORFEE. RS
TA—2 L DBFRERTY, ﬁi“MEEEJ%T? WL ZHEHIZGED ONARD 5T, BN

- SR DE DY [-129 ORERFZLICKILE T 3 A[REEAE 2 b 5,

%@m L C. FrEB) I & o eI B3 CHiIITTIE 1-129 2 ERE L L TR TLP T »w e

EOMER I N, T OFERIZBRIEE AR BISIE R ICKIET 2 WREME 2 RE L T

-11



%, COWEMEET 27201013, 5% S LI 129 EREDSKE W EE 2 LB
TERHLL 72K - B E AR O 347 - BT 2175 TETH %,

=N
2. W

-12



E-22-07
T2 HIBRE~ DS & ¥ L DR S L BB DT

KA : ml Sefs
ZAWFEE © Fl GEK
HFEWTTEE

1 A

T ®IC
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2019~2021 4F 0 3 4 [l CERHL X L 72 SRR T O Cs IREE 13123 1 75 Bq/kg-
dry. DK FHET Ba/kg-dry TH Y, WJIDOTIHENZ &2 b, LI N
SR T h O RURTE Cs 0% < i3i)Ildskcd 3 U;Wﬂzzém‘:o ¥ 72 RERL O
BHE Cs DWETIIE IR A F+ v 5XifiiE s X O HERE, 1T 1 %FERE LR 2 & 289320 o 7=,
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Analyzing dicentric chromosomal aberrations is considered the gold standard of cytogenetic
biodosimetry, as it has the necessary sensitivity for estimating acute radiation exposures. In
addition, higher dicentric frequencies have been observed in cells of humans or wildlife
inhibiting areas of chronic and low dose rate radiation exposures (i.e., areas with radiation
doses higher than the average natural background radiation). However, dose response of
dicentrics requires consideration of dose rates and is still relatively unknown if dicentrics have
the utility to be an effective radiation biomarker to subjects inhibiting these areas exposed to
chronic radiation. In previous years, we have collected and cultured blood from 307 wild boars
to analyze dicentrics in lymphocytes. Then, our goal is to estimate whole body absorbed dose
to each subject using our study’s calibration curve and the frequency of dicentrics in each
subject. This process requires thousands of cells to be scored for each animal and an extensive
amount of time. Thus, the analysis is still on-going and will need to be completed in the future.
Currently, we have found no dicentric chromosome aberrations in the wild boar in Fukushima
Prefecture. Thus, chronic radiation exposure to each subject may be too low to cause
dicentrics. These results need to be verified by increasing the number of cells scored per
animal especially at lower doses.

Concurrently to conducting the dose assessment using dicentric frequency, we have estimated
the absorbed dose to each animal using modelling approaches (i.e., ERICA 2.0). We were able
to publish a paper with these results and will use these estimated doses to compare to doses
estimated by the dicentric assessment. In brief, total dose rates to wild boar ranged from 0.02
to 36 u Gy h—1, which was primarily attributed to external radiation exposure, and dose rates
to the maximally exposed animals were above the generic noeffects benchmark of 10 u Gy
h—1. Using the estimated age of each animal, lifetime radiation doses ranged from <0.1 mGy
to 700 mGy.

2. WX



E-22-09

PR KD v 7 L DEBYICE 2 3 E O

~2017 SEEBRATT IIFMK K 2R e LT~

Rt TP R
EINIE = RE N SRR NI
SR -

L R

In April 2017, a forest fire occurred in a difficult-to-return zone (Juman-yama, Namie,).
Forest fires in areas with high concentrations of radioactive materials in the environment,
such as areas affected by the nuclear power plant accident, can have a significant impact on
society. The heat of the fire may act on the litter layer on the soil surface and the ontogeny of
Cs in the surface soil. Leaching characteristics from litter and soil may be altered, especially
in terms of hydrological transport. Therefore, we thought that we could experimentally clarify
the dynamics of radioactive Cs in soil by using fire-extended and non-fire-extended soil
immediately after a fire. The purpose of this study is to clarify the dynamics of radioactive Cs
in soil, especially the effect on solubility, by using the spreading and non-extending soils
immediately after the fire.

Kd decreased with increasing fire temperature. Ash produced at higher temperatures may be
a source of dissolved 137Cs. The Kd obtained from ash samples at the post-fire site ranged
from 2000 to 6000 (L/g). Therefore, samples could have been produced at temperatures
around 250° C.

This study investigated the dynamics of radioactive Cs in soil due to forest fires in
environments with high concentrations of radioactive materials. The focus of this study was
on issues in areas affected by the release of radioactive materials from the Fukushima nuclear

accident.
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W EBENEEE IR T REHTO BRI X 0 BB & L2 i EE I X 2 #51F <
DEVIFIEN DSBS A ITbNTE =, LAL, 2hbDiffE0EIL, Fipio Sy
27TV ET=EBRUMLTHELiCH b, Th4X LFTEEE - KRB IC I
RCILL 72K, F 7 HUSREREIC X 0 OISR % 7 2 WREE S E 2 b 1L 5. AIFZE T, /)
RIgHHECH 2WET H A X IR RRE LT, NHEIEL FHE DNARK T —74 7, /&
HHHEGRL T — 7 4 7, PR RERE, T OB 217\, FREAN T IR O
F AR T o HBERi o Ny 2 77 v FF—2 28T 3L 2 HNE T 5,
2022 fEEEVE, ST RN OB A A X L AT k% BREERL AT ST & T b &b ¢ 21T
W, BRI o IFRIC O TR L 72, 72, AESX X I OFFEICHE & 7 DR A
i CHARREPE A X EHRGE, SARTR I EEGHE RS I REMWIIL), =\ EAbdpk
EIEERARNRETTAGEE) 21T\, FHEH A OEE D720 O FHHE LT - 7.
FEBREF LR R 2> & D B A 3km IS 3 % BRESE AR A Se i o - 4 b 1
FHEAMBEECH Y, ZERFREIESRIL 0.02-0.03 x Gy/h TH otz v r—<v Ty 7%
HEBEL, THAZXIBIWPL A3 X I ONMMBHER I N2, £ 72, IRRIELEEEZ 2 5 D
JLPE T ) dkm (ICOLE TS VA4 b 2 IZATER L SHEM OB A O R Y, EHEFREEER T
0.02-0.04 g Gy/h TH o7z, ¥ =< b Ty TEHGEZFHAETIE, A3 X IDARM
¥inr-,
X oI, —H oA TARER AR & B AL D B AR O AR 2 MEE L, B & 3 5 AR
L& BREATRE 72 & L AR T & 72, 1%, v TR R 7 1 % EHE B L 13k 5 2 &
g, 7 4 —n FCoORBEHFLE P RENT O APkl 2 A2 T 2 R E %50
RNy 2 7oV FF—20lE EfT 5,
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1. R

JUIRITO MEETEE L, TURICH > TRET %, “FHIC 1 HTF 0.1mm, 1+ HT 3-
dem RERET 2L EONTE, BTHEZXLEDLETIC 34 v ARE» 222, 207
O, EERHENCE EN AL FEBEZHL 2203 5 2 & T, RIGFRED b O % FHi <
XML D B, Lo L, ZOWHHERE LI N Ty, 22T, TUHBE R E L7
ICP HENHTat % v 7 TR T FiE 0 72 © O PR EFEIC O WM 5,
KIFEcoNERILEIL. Na, Ca, Al, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, As, Se, Rb, Sr,
Mo, Pd, Ag, Cd, Sn, Sb, Te, Ba, La, Gd, W, Pt, Hg, Tl, Pb, Bi, U ® 34 JtETH %,
JTGAEHY 10mg % 3 BIFEH L, 1 B3 2 o@EERo/KFIREZ P Y 7V UEMRGEERS G 7 7
A2 E BB Z W THIE L 72,

JTGREHY 100mg 2 HNO3 ¥ ImL IZA2> L, 3%HNO3 & IC 72 % X 51 20 54§ 5
&, Zn |34 0.5ppm BEIC R 2 LHEE I N D, AEBOFIE, 3 HOPEFTIZZ DIRED
507D 1T &)tk cEzbnwi b, 20, T 2ENE QWL (RIFE
ICICITERERLETH 5,
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1. R
S H R IFEER A S 10 U E238E L, AL K IciAd L Tw 3
Z o, NLBESHEMRIIC X 2 EROFREFHNIC B WO RS2 & D E % €
BRICFHE$2 C L BEREICA->TETCWS, N2 LD L T2 HARICHEET 21K
BHERAE X, BRI OFFEL T Y Z L8 % IEfEICIE T 5 2 & i3, AT
MOEMERAEICORARELEZONS, HRICE T 2 PN REIT FViRE R, BHA
Tk v 2 —HEE L 7= 2EFHE ORI X Y 5Bq/m3 & FHili X 41T\ 3 (Oikawa et al.
J. Environ. Radioact. 2003), ZD X 9 ICKAFD T F ViEEIIREN L R TEWZ &2
o, % OEEEBIIT 272013 IRHRAERS X VR W T Frye= 203088 L 72 5, BITE,
B BRSUEAS 0.5 Bq/m3 #21 & Fe A E 0 FIEED 1 MK WEELFF> T F V£ = XA
IRENnTHh, Kaho 7 FviBEAEICHEHRHE WS (B2, Environ.Int. 1996),
WEEEE X, K& 7 F v e = 2 Ot It 3 2 i IR R ECE BART R F8% 13 { EER A
FICRBEINT WS 7 F VBB ZFH L CGGHiiL 72, KEEIX, RAHF 7 FvE=%T
FONDEHEEEDL L T F VIRE~ORRE 2 BIEFEIC X VI L 7z, X 51, BARTHTN
ICBWTREAH T F ViR oM 8Ll % BA%G L 72,
AHFECIIHIROBHEMER 7 Fve=4% (ERM, ICHEHF TEKEH) 2HV 7, 11,
MRIEEFRICLVRIEI N DT, TOTFvE=X(X16.8 L OffifE F—2%fiix. i
N —A1213+3000 V OFBIESHI I T 5, % OFEHR, Si ik 8 o £ i3 A
MICEHDANA T AL YVIEICHBELTWS 7 F Y FHREETH S Po-218 g2 &
DTE B, YRR DT L IART R AL < EFHREITFATICERE I N T3 7 F VIR
BCcEML 7z, HHET Vv 2ICiE N A4 v E R S (BIS) CERIE X /- SR
A7 Fve=%TH2 AlaphaGUARD (LA AG : Saphymo, F A4 W)z H w7z, AG %
7 N VRGBS PICHKE L, FFICRFSNO 7 v 2% ERM I 1 L/min 0% v 7Y v
IR CIERE 7z, RO NRER X 0 | HRLRE (CF) ZCF=0r X Y FHliL 7=, 2 2T,
Clx AG TIHEoN727 FViRE., rix ERM T AG & OFRIFRIIE CHELNEEBETH 5,
RIEEEOFER ERM T b W5 HE 2 & 7 F VIR~ O AR {RET 2.8E-2 Bq/m3/cph
LR X N7z, X HIT, BIE L 72 ERM Z aART R AR IEEADTFERME 7 FSICERE L. KRk
NV IREE OB 2 S L 72, 2 OfEFR. KD 7 FVIREIZIHT 756 H g 210 T
K20 R ORI FTICH T T EAT 2N HE# 2R L7z, oI, fho 7
FYIBEIIE»LORICHIT RS 2D, B oKICr T C LRI 2 ML 2R L 72,
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Research has been conducted to speed up and simplify the 90Sr analysis method in water
samples based on the importance of 90Sr measurement for environmental monitoring in the
event of a radiological incident. To optimize the measurement with ICP-MS, which enables
rapid analysis, we examined the pre-treatment conditions when cation exchange resin
chromatography and Sr Resin solid-phase extraction were used. Sr was quantitatively
recovered by cation exchange resin from 1 L synthetic water samples, and anionic components
such as Ge and Se were efficiently removed. In addition, under the elution condition using 3
M HNOZ3, it is possible to suppress the elution of Zr with a small volume of eluent. The eluate
from cation exchange chromatography can be used for successive solid-phase extraction of Sr-
Resin directly, which provides further Sr purification and concentration sufficient for 90Sr
determination by ICP-MS. Verification was performed on real samples including high
hardness bottled water. We confirmed that the results of the synthetic sample analysis were
reproduced, and that Sr was quantitatively recovered (96-100%) and coexisting elements
were removed sufficiently so as not to interfere with the measurement of 90Sr. 90Sr was
concentrated by a factor of 100 during chemical separation procedure without any
evaporation step. Processing time for more than 10 samples was 3 hours, which is fast enough

for emergency response in the case of radiological incident.
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1. WFFeRcehds

BREGAEH O BRE AR N U F 7 200 21T ) G, B RN B K EZBRE L.
HUAEHZ IR 2 BRBE & & CHRBEK % BREL 3 2 RTALBR 3 A B2 & 7 2, BT O fRC REHINE 7
Y = X CHOWNFERIZIY £ D 5NT W B8, TEICHIG L 728556, 25 7 i ULER I IS
ZELTLE S, InE CHFEINIE CHILEFEOWR 217\, @ 1,2 22 H 2220 5 BiflLE
THE%Z 1 BEMRREICHN S 7z, Sl AU v 72 Psiss TR calrbgik 2 4 2
LIk, HERORENE R, T, RERGITEIT O, BEETROMENE
ATz,

HFASH R TRICB LT, PMGRIce 72 A% 1lom 1 GREMRN 6cm2) 225 8cm2,
10em2 FEEOMA T & I v FIRE T 4 EHORICY) Y 53 J iRz 2T 1R Z & @
HEZHET S LI X VEEFLEE COREZHENE L7z, v 72alBhE i3 T IRE %
1Bq/kg- AR L BE L 7 A2 L 7x 2 5 EHR (20g) & V> SRR R 2 1T 5 72,
SLERIC 2o 2 o 72 W5 1em A (6cm2) FRFE T 22-24 BEMIFREE, I v FIKT 15-16 RefIFEEE
DL CHEBICERET 32 2 EBHL IR o7z, 2D L LMBNARKES S 72
» OFTILIR T H 2 Fidhs 2> & BAEEZ O TR 2 HA 5 3 HEEE CAWERREIc AR 5 2 &
DR X L7z,

METARICEWTIE, Py NI X 2MBEZ IR L KD 2 2 L 2 HE L, BRBEREE ICFE
WHRAET 2 HERYING % TG-DTA CTHIE L., R Z#ERL 72, & 7 X3 kEHC 2w T, 60°C
FREEC LR T34 L, 500°CREEE CHEYI D 3R his 5L L 72,

Z OFRERA B H KBRS IRz % B A3 856, 60°CLAEC i i i B A3 2
THDI Wb ot, £, BROIREFEROMBE TR L 1357 5 53, ABERE OR%
ZEMT 5 2 LI XD SR R ABEIC BB SRR E AR S LB L R X Tz,

2. FwxX

-21



