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[DES

W ENEESE T HRERFERIC X > T, BERIC Cs-137 213 Lo & T3 AT
O R DB I L 720 O ORLFR I % A L TR 2 & i~ & B AT
LCTw 328, kA oFIEEIc X 3 Cs-137 BiTIcB W, WS KE L HFE5T
5 EpmE I v B (1], HKIAM D KEZCICHE: 5 Bk Cs-137 JREDZEAL
ICBIL T, 2 E T [2] e E IR o —HEaI T d 2 K [3] e LTl T T b
28, HHKIC X 2 KB 23 FEBR AR 2 22 72— 7 L T 28 % W —Raml 1 T DR 13 A 70
Vo Z 2 CARETI, BERO T H 2 BRI <, BB O KA Z I
5 R E D IR B E b D Cs-137 IRE S OB E D RLE 5347 D Z2ic DT
ZOBBRIEOTHL2ICT L HHNE Lz, 185 R AR o W) s
T, 2023 4F 11 H 7~8 Ho /KA I, 2 R & L icimIZk Z2#) 60 L #RELL 72, 0]
JIKEEID 5 H5) 40 L #@EEH— Y v 7402 — (fLEE 1 um) TARBLOD
B, Ge FEEBREHMEHANTH—F Y v D Cs-137 ZHIE L., BEYE D Cs-137
EEAZREB L2, B omIKEERI20 L 13 A v 7L vy 7 4 v &2 — (FLEE 0.45 pm)
THELT=Db, 74 V% — FOREYE 2SR L < BERE LCHINL 7,
Z DB D> O 0o (12,860 X g, 30 73fE]) KR OBHASEZIRIC X o CHEEYE 2 HLY
L. KA hrEEE (LA-960, JI5HUERT) < REYE O R H0 %2 IE L 72,
el & LT, 2022 48 8 H~2023 4E 12 H oo 5 b, FiHIC 1.0 mm %z 3 &N
DAL HZFEO, H 1R QS Cml) 1K &2 FRI L . R ICHE 2T - 72, —
KIRT A X2 BIFTco 11 H 7~8 HO#RKkE I 33.0 mm T, 205b 11 H7H
5~10 K DI 31.5 mm DREKA A STz, ZAMKABFTORIIKALIZ, 11 A
TH6WD 2.65m2b2MIic ERL, 11 A7 HI3KHIC4.37Tm 28l L 20 b, &
IR L7ze JJIIKALD B & & b I BEYEIRIE (17~388 mg/L) & #AiHHE Cs-
137 32 (19~261 mBq/L) 3 ERF L. kAo (2 Nz 4~28 mg/L, 2~
32 mBq/L) &ML TH. 1ML EED o 72, WJIKELD EFIC X - TRk L 7)1
W Lh O REMERKBEICHEALEZbDEEZ NS, —77. BEYWE D Cs-137
IRJE1Z 810~2580 Bq/kg iz D i< H b . FIKIAM 0 HPHN (460~3520 Bq/kg ¥2)
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ICH o7 BWBROKRITORERI3] L FERIC, —HFToEEIITb ., BEYEIR
& & REEIHE Cs-137 JRIE & ol icHE R IEDMBARR 2 A b 117z (R2=0.55.p < 0.01),
BEYE ORI ARIC DWW T, KA ER LR 72 11 H 7 H 6 R IS E 13K £ D
KEWHF (>50um) OFIGD% < KA E -7z 11 A 7 H 12 e BEYE 128
ZoO/NE VR (<15pm) DEIGD % o T2, ndk. BEYE O bRk & BEYE
D Cs-137 IRE L ORNICIZAMERBERIEIX A oD o7, SRIE. RGO N
AEHC oW, SRS AR &EA &, KRR OERORINAERL R &5 21T,

BEEORIFICOWTHOHEEZITW2 v, BIHAXHEL [1]K. Taniguchi et al.,
Environ. Sci. Technol., 2019, 53, 12339-12347, [2]1f&={E], KFIRE, 2017, No.354,
19-31, [BIf@AER o, HARFEGCE B1 OKT4), 2015, Vol.71, No.4, 1_1195-1_1200

S
. Hif

Fan, S., Nasu, K., Takeuchi, Y., Fukuda, M., Arai, H., Taniguchi, K. & Onda, Y. (2024).
Transport of radioactive materials from terrestrial to marine environments in Fukushima
over the past decade. Pure and Applied Chemistry. https://doi.org/10.1515/pac-2023-
0802
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2011 4F 3 A 11 HICHE L 2 HARESICHE S B E ) (R mEE /%S
FrEiic X v, KED & 7 4137 (137Cs) %13 L0 & 2 UEHEWE 235 BRBEh ~ i
H & N7z, 137Cs OYHRRHRIAZH 30 F & Bz o, APt 2 RIAN 24513 <
MEZIMET 2 5 2C. 137Cs DB HhIC B T 2812 2{EET 3 2 L 3HEECTH B, T
DD WIENLTA A v ED X5 TR CHEE L 72IRE (AERE) H 2wk
PR @ L3R -7 &g S ke (BEAE) <4173 5% 137Cs o) % % iuiz
TEZERHEHME L. 2011 H£~2015 4FICH F THIBARFEDS, 2015 4ELARE 1348 B LB
BALGEL v 2 =28, WEBRNZ RN 2K OBEE € & v L RE % fke i ic 8 L
Twb, ARFFEFEICH I RS ZE] S HEEE L., Mittod 25kl L0
F—2ERET 5 2 LB TE, %N L CTHE~EITT 5 137Cs 08 % 2 {EE T
22 RHAME L, BRI DZ > CTEUMIL - @58 137Cs #BIE. S@wE. W
B LofiRze b i, WINCE T 2 HEHE v v 40 RIPI 2 8158 K& O L 3A] AR
e OBREHOLICT L DT, 20124 10 A2 5 2020 4 12 HE T, fmEE
WEEI 2> & HFE~D 137Cs BATR ZHEHI L 72, W0 BREHE 137Cs 13, FHIKE
%D EEEE (3.2~5.7 X104 Bq/kg-dry) 2> & 2023 4 10 AW &S -ClE, 1/10 225 1/100 %
TET L 7= (PR 117K % 333~6995 Bq/kg-dry. ¥ Y 3])1 179~19122 Bq/kg-dry).
2023 4 7 HIRF R D EA7RE 137Cs IRFE I FIE R 7K % T 0.00056~0.011 Bq/L, #%i# Y
11T 0.0021~0.058 Bq/L T& v . HADAKIERE (10Bg/L) XY 2~4 H{&AH -
720 I D RE RE 137Cs IR D AME ] D M IX Y=al e-klt+a2e-k2t i X Y
WM CTE ., SO L IcE a Y k1 1%, LRI A R - BRI o E
BBRENE ZATRKEDL o7z, —J7. k2 1%, LHFIAIETROEEGMEWE 2 AT
KE» o7z, EEIRAEE (9W)I, 11 #) 1<3B1F 5 2012 45 10 A 5 2020 4 12
H ¥ CoE~DBEE 137Cs BITRIZ 17TBq L #E I Nz, &HS o FiEwI vk
BEICN T 2 BERE 137Cs BATRIZ. lHANICNE 220722 2512 0.1%., K& o7
LA LTI%TH > 7z, FHAOMEE 137Cs BiTRo@E W3, FRikicEs 1T 3 £ 4
R OKR/N (B OMEE) & FERAIIRED %S (EOMHE) TG Twd eE 2
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bz, AFEHFICE T, FIKP ORBUERTE € &~ 7 LRSI IR Lk 1T

T3 2 RERMNORNT Z & THNIIKDLE: - LR D IEMFEE 21T o720 72,

AAERNL A Ai75E Pure and Applied Chemistry 12 f8# & 4172, (Fan, S., Nasu, K., Takeuchi,
Y., Fukuda, M., Arai, H., Taniguchi, K. & Onda, Y. (2024). Transport of radioactive

materials from terrestrial to marine environments in Fukushima over the past decade.

Pure and Applied Chemistry. https://doi.org/10.1515/pac-2023-0802) , A& 238K
DERN M ICETS L, oM EEDISR T 37— L OGEHEhTnZ

EMIRE TR 5,

. AL

Fan, S., Nasu, K., Takeuchi, Y., Fukuda, M., Arai, H., Taniguchi, K. & Onda, Y. (2024).
Transport of radioactive materials from terrestrial to marine environments in Fukushima
over the past decade.  Pure and Applied Chemistry.  https://doi.org/10.1515/pac-
2023-0802
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KRR OHEAE L BRI © 137Cs O EARE DL 2R

KA c B e
ZAWEE - BRH B

1. B

2011 4E 3 HORES—H T WRERERICL Y, B0 v L0581 dic
RO & 7z, MRS L 72t 2 o ¥ 203, Bl EBR TIclE LCEE SN D,
—HRD 137Cs (ZMJIAKIC X Y PEIEA HUEEICEITT 2 2 e Ao T3, mEDH
IREE 137Cs B D WA B O KREMRIA % 3 2 7201213 KR & & 0 /KB @ 137Cs
DEEZ AT 2 C e kp b Twb, HTh, A 137Cs & BN T D /3Bl H)
ICOWCOHREZRD 5 2 L% OBEMIHOH L 72 2, BIEE TIC, WKR, K%
EO%H L DNRERDP KD LN T WD, ZORBICX 2L, HADHEKTIZZ D
104~108Lkg-1 T TRELAFH T L BHL I I NT WS, > T, DEEHD
Bk T 2L - IR ERZH OS2 IcT 2 2 EBEETH S, 137Cs DK
SRR BT DO D S Bl Bh1d, A (b Pl e B2 2 L3 TE B, T Y
B, 7 AR RO CEEARMIETH 5 LE > 7 L (133Cs) BSFEAR 7 b2
LT3, FHE, EEEOHEMK T D 133Cs #E1Z 11-700 pmol L-1 icxf L T
137Cs 1% 0.2 pmol L-1 (200 Bq L-1 icfH4) LA N ¢ b FEEIRYIC 133Cs A G\ K
SRR & SRR (B 2 \WITHERY)) ORiD 133Cs o & & O° 133Cs & 137Cs DR
D [FRLAAHT A AL L T B EARES % &, 137Cs TR & 7z 0l @ Kd 13 133Cs
DIREDOBHIC T 2 2 L0393 h o Tz T DRI ZERE T L, KDoA TKI N5,
log Kd = - log [133Cs] + C Z &, [133Cs]iZ[ERF7ic b 2w GrllKkiz &) o
133CsiETH b, T2, CIREHTH 22, BEKTHD Cs 4+ vofiaH 4 +o
PRI GERU T 1T, BRERL T h o] BE 133Cs #EE) 2K L. [\ U4tk o sk 12
EOGEEBIC R 508, Rizo -EFCIFEAY A MBEXEET 2, HERK.
Ko Bk (B Ny FiHECTKd kol A, 20 L kg-1 THotz) @
137Cs DABLERIZ Z OBIRCTHIATE 2 2 LWL I o7z, HRDEKF D
133Cs IZMEKEETH 2 BRELKEHLTH Y., ZNADMEROEH O T E 22 HK D
—D LI b,

2. G
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ZEs LU0 e — v L —F—FHAZER L 72008 L KIEER DL

K4 - A% &E
ZAWTEE - BH B - hgkEshse

1. BR

MR DK ERRE R 5 2 28556, RO 2R - BifI RIS Y 2 & 2 2 BB H 5,
7o & AKX 7 e 2 2R TlE. HARL v & RHH X, & 51 i3/h s (5
NI R—=) Vol NAT =V TOREBEMNEBTONTE 2, TNLDIfJETIR, AT
— R HIEEFIC X WKL T B v ASHETH Y EN A TIES2% ] b RE W, Th
ICRFL T, EAERTR & 72 2 KIFIHEISRE O AR L, A L D F & F o 72 HiH R &
5. UWIBIAKD X 5 I PO KEN K CKEREH 2 5O 72O BEFEH L b
BhE L T\ 2, B A TR E 2 256, S 2 E BT 2 488 Tl 5,
Z 2T, IR T — L TOHRMIRGE & B E PO IR & MK 7 1 2515 % O 7%
F2Z e RHMNE L, HFWEHORZE LMK L 72 RO K ERRE O FH-Aff 1< A 1
T, BRMIREE L AKX T v 2 A2 B T T BB H 5, LA L, iz R e Lz
Bt NI A% o FIREBMRAE ENE 2 & RO A% 5 FIEE %2 ZB L -/HFHK
KL TR ABRETH S L EFED L\, Z 2T, SRR THER S 1L 5 Fi
AT =L TORFAMEREEZ B L L, HRWIRE 2 E R L 72 7858E 7 L OREEE T
vz, AR Z Pl & L 2ENAoBEETE (65 ) L U7 —4~_—2
(FLUXNET : 38 #4 +) OoF — & 8L, & - CAREE - BfE (B - L3
) L OBHR AW L. R L KB O WTOET LR EMBL 72, MA T, KW &
BEEIC X 2 8MT &S FET 2 2 & T, MEMBICE T 2 k= OFHEi25/T 2 %5 X
I Tz, %D BT, SRR CIZMENT & SIRERE, AR < IBET & i & o
BRAEHL2IC L7z, ZABICOWTIIBIEPXILO A A D@ ) L3 X 2R 316582 DRIfR
o, KigeT o (figb<v~y - 2v 74 —2RX) 2HELL, chboETAEC
PR 72 & OBHRMIERZ G L 72 ReT %, BN O FHETH S o5 R & ik L 72
Lok, RiFaBAEEIELN, 20X S ic, BEDT — 2 2 OIS 52 &
T, KRB HEAE D Gl I LB & 72 B IR C ORI R 2 ATRE & L7z, X 6T, /K
TR EAE DM CEE & 72 2 HIERO i 2 0EEL D -0 ic, ML —F
— G & F V> 72 S RRE O SRR R REFAE HAN 280 L 72, SAuC X 0| B & BE 0K
JEAm I, £, @EMS (1000 A&, ha LLE) CIAZERIMK 7 & D el Fi D i
BUCH T, Fu— VEET LIDAR 9~ L F 227 kIS X 2Nk & 2 KR
72 & DR EE ORI O ST L 72,

2. W%

P-6
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Rg— 7 H R ICSE L 7281 BT 2IRER K+/Cs+lignX&E# o Bt

KA PaE
ZAWZEE A

1. B

(H] MRS 3BT Co+id K+ DU - Bkt % /v L CEM T 5, fPIHE K+
FRcEEINS &, B b~ K+t G 32 2 & ¢ Ke Rz [HkEd 5 &5
AbnTwd, L2 LEBROLEETIE KtiZAE—Icafi LTk 0, KHREDEWE
BWIC® 2R AR OCFEIC B 2R T K+/ Cs+IRINEEIC LD X 5 WD H 5 D213
LRI TN T W\, AT TlE, KPS R 2 W 7R3 0 328k X 0 35— K5
fra L, & K+inkBE g FoRHE2HEST 5 2 & T, A — K+5M4ic k1T
LHEY) D K+ X RlnED A A= X L% HLPICT 2 2 2 HIE LT,

(773%] KBRS © 4 BB L 72k o Rz —Ficnd, 2hZhz+KE&Es L0
-K&fricw#EL, 0. 1. 3. 5. THHICRE I v 7 ) v 7 L7z, 825 RNA % il
L. RT-qPCR IZ X ¥ K+¥ikBhaE{nr o R HE 2 A L/, 5l b0 K+
ICBE D BlEAR & LCEBMMEKS: F 7 v 2K — % — @ HAKS 3 X MBI K+F +
A ® AKT1, 1RA 54 Ef~o Kk & 1 2 fikik & L CmBifitE K+ b 7 v 2K
— % —® NPF7.3 & X WMEEAIE K+F v £ 4@ SKOR, % L T NPF7.3 ¥ X O* HAK5
DFIIFHE % 4H 5 EEEHIEIK T & LT MYB59 2 &R e L7,

(iER] (KB K+F v A D AKT1 ORI S 2 — v I3 R 3 K &Mool ciEviz

Ao b, —STTHEAME K+ b 7 v 2K — % —HAK5 13-K &FEotic s nwToirFH

LWHRIEEE AR I N, DI Lo 2?50 Kelt, +K &Fcld AKT1
23, -K &t Tla HAKS 322l ) L FE 2 bdz, 2 E T MYB59 1Z-K&tHhTto
ARENFEIND Z EPWEIN TP, R — K & it -K a7z b F+K
FUECHORBOFENRD bz, T, &2FMY 77 ) v Ik ) K T oR
P H+KEHTOW~K R Zy 7 ﬂ-/me_ L72Z & RBEWRLTWS, 2 0 {KHM
M K+F ¥ A1 TH5 SKOR OFFITHEL 5 K LM CEWREDL - -—H T, &
B K+ b 9 v 2AK—%—TH 3% NPF73 O0RBIFZL L A+K L cHEBEICEH N2 &
BHL 2L o7z, Thid, NPF7.3 OFBBKRMORKTIC X » +K TRIE, H 2\
Kcifldn g 2 &<, & KHEEOR CREMIC K+ TUNAER E £ 5 & & 2R L T
%, THNIIREFGHECENZRNTZLEE R 5,
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Hen AR VRERECH 2 720, Z DIERE R FHANI EAMTIICREE T B 2, KB OHE L 4ridic
B 292113, RERMI AR DR 13 (C-13) itk A& (RT) DK% 14 (C-14)
7213 FE 11 (C-11) BrLr—F e LTHuLRTWS, HFEELIE, ChETic®
%320 L —% (C-11, C-13, C-14) FEhx[F—~2 Y v FCTEMTE % X 5 IcHE
Bk offi— L x24T o TRz, RFFETIE. 3 20T 3 % C-11, C-13,
C-14 ORFE b L —FEBEANICMA T, ZNZ NG FiEERAET 5 2 L THf
LWEBKERZMHELT 2 2HME LTEMLZ, BRMIC, QST - FIEH i
11CO2 ZHWT F = F DD LR FE~D 5 HAREY OlnEEfRE% ) 7L X4 LT
AT 3 2 & T, B (~3 B Ic BT B RE~NTAT B A REY) DR < &
— Vv OIEE T 72, FMEARAY v FEHWT13CO2 % L —% & LTEh~ b DEIC
Gz, R (F) 24 B dsiii s 2 7=, ZCRER LML, FUERE»IE T
% C-13 sphr#E (IR-MS) ZHwC. &&#EICE T 5 13C DR D SHTICHEEL
Tzo T2 PUEKHET A v b — TEREERENIE v X — It W e A Y v FT
14CO2 % b= F DEEICH 2 | ) 24 R, ELREL COME 2 BRIL ., WY L7
HEBEAND C-14 D9dik 4 A= v 27 7L —1F (P) #HWCH§{LL 7=, * Dk,
L% L O O I 2 L, EE 2 r~< 77 7 4 — (TLC) T X % Al
PeRsy D oBlEs X Otk v FLr—vav vy z— (LSC) 12 k% C-14 fitftaeE D
EREITo7, ZNED C-14 DN ITEEN & L - #EERHBIcEFR L TH 0,
fh DHEE R TR I e 02 o 7 FRETERT @ TLC EER DR, C-14 T I L
AN DOY b R —R, I —R, TALZ P —ZDY T FANY FRBIPICX
ST I Nz, ZNZNORRIELECTRE L0 ERLTEY ETIIRA /-2
PEHEI T, ZTR 77 =2 I oz, 2O EF, STV L
e xA LKA v (C-14 £5 2 4 FftR) IcBWT, IV ATHx 7 C-14 AR
7a—2 (GEHkE) & LTE~DBITRIREALKRTEY, Jva—2 707 F—2
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I\ v L — 2RI, CEX-ZRERROER A =2 — ) O HERER R
EDOFLEYIR AR A RKR T 2 -0 IKEA K IS Tw3, A v 4 48 (48Ca) %
a7 vty LIREROREMEFR T 2 2 L3 TE, 48Ca DIEEZ IR T 2
TEBTENEREED “EHS— XERERFEREET T80 TE S, “HN-—
Z RO R L BIRE R <A S RN & & 0 2 I A I X 2 R — &
Ay =BICK DNy 27T PRRICK > THIREIN TV 25, “HEH—XFi#E
DREEE FAZIE, I 1021 L B E 2 bh, ShITHIGT 3 72 » DS EAR YR
FE Rt 2 IR IE 238U 35 X 00 232Th icowTwiFid 1 ppt MUTFTH % 2 & 2K
INTWw 3, AFFE T, CaF2 fEfICE £ 5 238U 35 & 18 232Th 2 6§72 0 I f
EfRATIC X 2 AR EONR AT Lz, 7 vk vy v AR EEMLT 272012
iR LIcEB T 2 IETAIEEZHAFF L. BEX 9cm, EE0.9cm ORREMNZER L O
fbDNHICY Z v BX M) YV LADRERELS AT I I %R L, V7
vEXOMN) Y LOREIZ, 7 vty v nEREL CHEIE T2 L, ICP-MS i X
S TREXRIE L 72, ZDOFER, v 7 v ORBICOWTCIIFERAE & HICREA EF L,
NEFFCARAT 23 EA TV B T e DR SNz, L Lo, P v LAIcD»Tid ICP-

WCEAT 29V TVEAERT 28R CEREE D O DG RBIEE T V| 7272 L0z
ETHIENTERDPo7-, 7ZvibAiny v azodoiiiftd 33RO
FrLAshC Iz 720, 2 DRI Z ML L 72 IcB KT 2 HikEREL -, FRo—o
Lty Loffift AT, EY)RF L — PEERZERHLCY 2 v e MY
VLt e THREZML, ZOfESEKERTICEENI YT VvE )Y LD
JE% ICP-MS THlE L7z, ZDfEHR, v I vicowTiRMfbic k> T 2 Hna<i@d L
Tl EBRMER LTz, 72720, P T LADREEICOWTIE, BIEIMEWEFETH - 727
DBEIEICHIES 2 2R TE o7z, REEOMIEICL ST, VI VORKEZIEL
CHIEFT 22 L3 TE . PV Y LADREICO WIS B ORI 7 &7 #l
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K. Kotera, A. Kozlov, S. Kurosawa, K. Nakamura, R. Orito, A. Sakaguchi, A. Sakaue, T. Shima,
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2H5H (VE—Fa) 3. HER > v 7L — 2 —ofiftic o Tl (REE— #F
Feex TREHRET BN & IRME R AR |, RERESER MY 7 7 4 F F % v ¥, 2023 4 10
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20243 H 19 H 2. =i CaF2 BXIicm ) 7z CaCl2 offift |, . EG#E, (RAE
—, RN, SINARMUER, INSFfER, B, IO D, SAlE—, BEX B0, IIREF,
PREE, HAYPEYARE 78 [MI4ER KL, ALK, 2023 49 H 17 H



P-23-08

BiEGR 1-129 0BESOZo0SI FL—3 T X5 EERER O

KA 3 R
ZAWEE O %

1. B

[(BF] EEFE A TIX. ALPS LK O 255G S vz, 0 1610 4
DOREHE X 5 3% 1-129 (3, WHKFICHFET 2 REED & 2 D 1 D CRAEFHlixT
RelpoTn5b T b, MuRBIEHAREZ ICP-MS % H\» 720 WTik 0 B i 231 &
T3, ICP-MS IZ X % [-129 O ERTIX, 50 2 HIEME ERRICED b 3l
L3 57200, 1-129 OISR % F2GEE & 3 2 FRGHEEYE (CRM) % v (i
MEZICIVERTIORYEE L, L Lo, BURATFAHEZR CRM (3, BT
%2R0, NISTSRM HOHiAFDATH 5, & H12, BUYCEFHEICH W2 [ X 5 HFEE
R 2. B EOTTAICES 0 S N EEYE o g 23 v, [HIY & EER] ICP-MS
D — I 7 E BIE T H 5 BERE T IEE B o HLHERR 2 CRM 552 6 3% L CHlE
L. sHBCR EIBEOBRERET S, Lo L, BURATAIREZ 1-129 O iSTHERRIE 0 72
A% &> CRM 12 NIST SRM 4949d D A TH %, % & T, FEMEED X 5 BIEHERg

(I-127 RIMFAEFEIZ1E 100%) 2 REPHE & L TR, RIEEAH a2 EN:
DIEL RN TE B L E 272, KK TIZ. HADEF BIEHEKE ©H 2 ERIT
NMIJ 2GS 2 @il EYE X 5 £iEH Y v 4 (NMIJ CRM 3006-a) 75 1-127 fZi#E
R L REROEREL 52 2 L ©1-129 SR o BRI S 2RI 52 L %
Hig L7z, [#558 & #%] NMIJ CRM 3006-a % FURME & L CERK L 7= 1-127 1=HE
Wo [Xo%K] & LTOREIX 682.91 mg/kg, ILRAMED X DM EIZ 0.022% & 72
D TR AR X CHE-CX 72, 2 1-127 BEERR IE, SURHC T WS L <L &
THMR L CTHREMROERICHERT 2, & 2525, ICP-MS I 5 2 BE A 1-129>1-127
LB 7 OMIERRE L 725, Z T T, X9 REMBISEVERERZ b 27 VVFIALK

(Te-124, Te-125, Te,-126, Te-128, Te-130 72 &) % HIE L TEE D&\ OHFIE % il A&
2o TANLANAERIZ, BBEa ) Yarvea—F (Xe-129 2BE) THLEEELOLEL
THIEDHRETH o 772, HHE X CEEZNMRMEREEZEH &/ (Am2 T
0.974), LA L, 7 e X5 RIIMOILHETH L5720, 5%, NISTSRM @ [-129 &
11127 Z#EHE L =Ll GHCER AR T2 2 CREOITNGTA KT 2 2 L 2k
WY LEIHTH 5,
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1. R

MREERECTC=a—F) Ol 2 E— X FHEREERZ{T > CT\» 5 KamLAND-
Zen EERTIIZ X 570 2 HEEER D 72 0 IR SR O BUKHGTRE(L Z5HEI L T 5, K
T KamLAND2-Zen FEEiCldftigtikle LKV zFLvF 7 2L -8y v 5
L—v 3 v 7 40 LR RN (Bis-MSB) 7z O FHY 2 F\v 2 512 H 5, 245
AHEVITICE TN RADHBMEIINEEIC X 2G5 03 0E v 7 Frickhs 2 e
5 238U © 232Th ICOoWTEED EREXED N THWE (v FL—va v 7 4L
LITDT 238U, 232Th & b 10 ppt AKiifi, IR A2 DT 238U (% 30 ppt, 232Th
1% 100 ppt Kiili), AWFFETIZZ D LA DHHEYTH O RS HITERIE F ko % H
P& L, 2023 FFEIX CNE CICHET L 728 B ot 2 G CHIE 7 r v R I X 2T
WD FHAfl 2 1T 2 720 <WIIE 71 & 2> HIEREHI S 52> LD HILKFETHH R EDT
g% L2 BRE L, FERFOEBREC~ 4 7 v LR E % v iz 21T
v, BRI L 72 b 0 2 EBONEICP-MS) CHRIES 3, <@l ikotr>
HERKERED I T & 72 2 B0 & O ENG ROK % 1T 5 720 DKL - iR LICH
WERAEE —h —DWEHE U TOFIECTITo 72, (DM 77 FNcETL¥EM
EE 1.5 mol/L I L 28 b H D FE < (2) v —h — 2Kk T3 w2, Hil
IKTMAL AR LHEHDTELS Q) —h—%@MKkcd+ &, MHERX T 105
FML 72 TMSC #HIC > E S (DFEHERTIC 2 ) — v Ry FRICE W MK TS
TV BEREERRE 152 mol/L 1 mL 2 —A—Iclz. WEz¥> kol e —
H—FPE->THET 2, 5)27 ) — vy FHCEMEERTE 0.15 mol/L2mL % F\wC
FRRIC e % 2 [TV, RBICHEMKTICTTE, 2 ) — v Ry FHTIZBESE 5,
<77 v 7> ERFECHEE L —h— 2w iR B b 7P ok 20
75 v 7 BT o 72 fER. 238U % 232Th O FIRIZE ppt TH 5 2 LA Hh o
7=, ICP-MS o ¥%:&E F kot TR 1.1 ppq (238U)F X 18 8.1 ppq (232Th) TH b |
%I HICEBREIRO 7 ) — b xR 179 2 & TX Y fE o 238U, 232Th HIlE % Al REIC
352 xHIET,
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1. AR

BEKPOY 7 VvOEREL LT, a A2 o) —RFERELS T I AEE
INTERRNEEE LTRAIATW S, BMEOY 7 v ot ng o Maits
% =D, BREIKD b ORMFEFEICK 2822225 b, 7 7 VIERIAA R W95
Wi RIFEZ 23 5, AT, BEKFOv Iy, P v ABXUVESETLEY,

HUHFE M ICE BT 2 F R0 A e L=, BEKPIcE W T, Ths IBME o
T 2720, TR oWEM %R 3 2 EMHMEE &, WOt R a2 B L 24
X — S EIEE X B TEEE 2 A S D, il - A E Bk ORISR ICHLY FLA
7 Atk 1L i, MR RE A EER XSTC-331 (Th, U 2 & 29 k2 &)

% 0.1~1 mL #FIL, 1~10 pg/L OEHEUKGURIZFAEL L 72, SR KT oIt o i I
X, wrw— RHER A & 32 F L — MMBHERE M IRY CH-1(F L X b)) Rz,
BEiE 7 v & =7 LR C© pH 2% L 2 ffiEikbk 1 Lic, 1 go CH-1 ZMAT5
~90 3 HHE L 72, WM & B L T 60 °CT 24 BRI X 7=,  OREEKREE
ZEE v T AL, SO X BRXRF) T I L 72, 6% © 5 L F — 43 Bk
X #5Hr#E & (Epsilon 5, Malvern Panalytical) iZ 5T, —k % —7%7 v b #f Al, Fe, Ge,

Zr, Mo, Csl Z#ER L, HIERZ 600 F & LCRRIIL 72, —77, RN OITHRIEE
% ICP-MS (Agilent 7700) C/ER L, WEMIC BT 2 HiEEL2HEH L=, CH-1 1%
XSTC-331 L& EN 2% DICE L EMNR T L 7z, W& IZIEF ICHL, 1g Dl
MERWT, ®FET25 90 %Ll L% 30 4 CilitE+ 2 2 L ASAlRE L 2 b, BRI <
MEICED 1000 (MRS KR L=, 72720, TAh) - TArh ) HEERITES LV
As, Se, Mo, Sb 7z Ef2 A A ¥ TR T D ICRICTOWTIL, RS 10 %A T & 7k o 77,

WoEM % XRF GHHI L, &ooEot FIRE GHIREH 600 #) 2B L L 25,
fRics T UL 0.0l mg/kg & 720, ZHUIFERTCIX 0.0l ug/L IS L7, $72
KBETHERED 5N TS 11 J6FED 5 5 Cr, Mn, Fe, Ni, Cu, Zn, Pb iIc 2\ T,
A% SRS 2 o ic oy i TIREZMSE & iz, 5803, KBIRPClzf 4+ v e LT
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Pseudo isotope dilution as an approach for quantification of Np-237

in environmental samples by ICP-MS
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1. AR
Pseudo isotope dilution as an approach for quantification of Np-237 in environmental
samples by ICP-MS Jian Zheng, Ning Qin, Tatsuo Aono Host researcher: Aya Sakaguchi
Plutonium in the environment is a well-known tracer for contamination source
identification and for study in biogeochemical processes of radionuclides. Another
transuranic isotope, 237Np (t1/2=2.14 % 106 y) also has great potential to act as a tracer
since it has a similar behavior of 137Cs. However, 237Np has presented limited
information in the environment due to its low-level radioactivity and great challenges for
its analysis. The challenge for its analysis is mainly due to the lack of suitable Np isotope
tracer for the quantification of 237Np. The use of 242Pu as a pseudo isotope dilution
tracer has been proposed for quantification of 237Np in environmental samples. However,
due to the chemical property difference between Pu and Np isotopes, this approach often
resulted in ca. 10 % lower recovery of Np than that of Pu, mainly caused by the chemical
fractionation of Np and Pu during the sample pretreatment and subsequent chemical
separation processes. Neptunium-237, owing to its long half-life (t1/2=2.14 X106 y)
and similar conservatism to 137Cs, has the potential to replace 137Cs for water mass
circulation studies on decades and even longer time scales. A new method for the
determination of 137Cs, 237Np, and Pu isotopes in seawater samples was proposed to
solve the difficulty of 237Np analysis in seawater. The developed method includes the
separation technique of ammonium phosphomolybdate (AMP) adsorption for 137Cs and
anion exchange chromatography for 237Np and Pu, measurement technique of gamma
spectrometry for 137Cs and SF-ICP-MS for 237Np and Pu isotopes. 242Pu as a pseudo
isotope dilution tracer for Np, the negligible chemical fractionation between 237Np and
242Pu of 1.02 - 0.06 (k=2) was obtained by implementing sophisticated control of the

redox system and chromatographic elution optimization. The analytical results for the



International Atomic Energy Agency Certified Reference Materials (IAEA-443) agreed
with the reference values, showing chemical yields of 65—88%, U decontamination
factor above 106 level, and improved sample throughput (5 days for 12 samples).
Meanwhile, the lower method detection limits (MDLs) of 237Np, 239Pu, and 240Pu
were 1.3 - 10-3, 0.065, and 0.15 puBq L-1 for 15 L seawater, respectively. Results
obtained by the developed method can be used to evaluate the impact on the marine
ecological system of the planned marine discharge of Fukushima decontaminated
wastewater. Working towards that purpose, we are the first to report the 237Np activity
concentration in Pacific Ocean seawater sampled near the station site and we obtained
the value of 0.122—0.154 1 Bq L-1. Publication 1. S. Zhang, Z. Liu, G. Yang, J.
Zheng, S. Pan, T. Aono, A. Sakaguchi (2023): Rapid method to determine 137Cs, 237Np
and Pu isotopes in seawater by SF-ICP-MS. Anal. Chem. 95, 16892-16901. 2.

N. Qin, J. Zheng, G. Yang, K. Tagami (2024): A comprehensive survey of reference
materials for their use in quality assurance for the determination of Np-237 in

environmental samples. ]J. Environ. Radioact. 271, 107328.

S
. Hff

Publication
1. S.Zhang, Z. Liu, G. Yang, J. Zheng, S. Pan, T. Aono, A. Sakaguchi (2023): Rapid
method to determine 137Cs, 237Np and Pu isotopes in seawater by SF-ICP-MS. Anal.
Chem. 95, 16892-16901.

2. N.Qin, J. Zheng, G. Yang, K. Tagami (2024): A comprehensive survey of reference
materials for their use in quality assurance for the determination of Np-237 in

environmental samples. ]J. Environ. Radioact. 271, 107328.
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1. R (SR HM] BeHE= e v F 720 (90Sr, 89Sr) &, JET-FIlEs% D it
ME=Z Y V7T 2EEAMHERETH 5, Zhdi3Hi~— XD /-
| ETHEHIE RIS D TTHE D O S 2 A B %, (R Entk, i cR
el D VE R 2 0B & 375, X 0 i el e b Bk o RS E I hTn 5,
Ha 7 AW Y v L (BaSi205) 2 EFrETEA MR YT U LNGER (EaT %7
L®MAq., HARMZETHEMR) %W REEORFICH Y HA TWE, AH =X LD
HETE 2> D WO ATl 78 HUER LR 5o ARUUE A% F W 72 K U SradbdiiliE
B e L. BRIFRE 5 RFRIFRE T 0.6Bq L-1 ORISR CHIECE 2 2 & 2 W& L
7= GRC1)e RiffFE Tl 2 oFEE. L VR L L O HE Sr R o kiR #
TEZLEEHME L, [FEER] dka IM HCLAY ICHHE L, SrUEHIy =7+
7 L°MAq L L bIC 4 WL 2o bE L7z, B2 T AV T —va viRELE
DBIEDITEEIC XY Sr DGERE BEEIN L . Y HAEE A RE Lz, 2 B R
L 90Sr-90Y D FfiHE#, Sr [NEHIA 5 Y 2L 0Bi L <EIX L., € BG #2711
— 717 v % (LBC-4601, Hitachi Co., Lid) & 2 Widififks vFLr—vavih v v 4

(LSC-6100, Aloka Co., Ltd.) ZFH\»T90Y @ B MEHEE L7z, DY b2yt
TE% . KR 100mL % HIFEYE & L, 90Sr-90Y, 90Y , 85Sr b L —# —Z R L T
MEfL7z, €27 %7 L®MAq % EDTA CHEEL -0 b HCLEEME L L C o A4 BEIEVLR
ZEREL. Y & Fe lcHpt X &, 24 4 v ZHalifig 7 7 2 T Fe ZFREL. Y 2K
BRIt & LTl L7z, 85Sr Ik 3 Sr MICRDMEE X, &A=+ Hv~h T v &

(2480 WIZARD2, Perkin ElmerInc.) # W CTiTo72, [f55H & &%) Y ofbEo0E
BEICBWT, 7 A BRMEB O BRI 12 BB EO R % 221 32 2 & T Si,Ba %% <
PrECT& T KBLYIB AR ORISR IS S22 2 & TFe ~D Y 0L %2
X, STBREERSLPY BIEZ FRIE 2208 TE 7=, Sr BREFKIL99.9%, Y



EUNEIZHT 60% & 7o 7c, SHOBEIE, Y ORIEZ I Iclmsts2L, Y &
Sr & ZKRHEIColES 2 2 & (EEOfIg LI X UCREREMESE T o b, T HITK
ARHE GL) ~oifZHEL T2,

2. G
TSNS A, HOTRCE, NBEE, HIETTR, BEREE" S A BN Y A% B & S
B SrULHTE IV 2 BBDK R D BAHE R b 1 v 59 A @FEHSHTE” Radioisotope 1Rt
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1. A

[BR] BRERMETIE, WTERECED O Tw 3 FHBEYE O EEERERC =
2— M) DRV ESR - ZREREEBIC W TEE RNy 7 77V FTH 5,
Z OBRE T O EEBIINCITRE Y v F L — X — RS A RETH b, Lo L WK
VT L= X =B OBEMICE T N A b DT VT TNy 2 7
77 v PO T EBRE OBREE T O EEEIINC IR ZEI L Ty, [
FED HI] RFZEClEL MRy v 5 L — X — iR 2R DA O h O G EA MY & F
BEHEL, TAV7 78w 2 7oy FoRERRE L3, 2 LT, 205 %
XA G R ROV R VEMIcE T s oL T TAT RN 2 STy v
FA& 1HHEI L. H MR E CoBRBEh o a2 EH L - v»,  [J5ik] 2023
R, Wk v F L — 2 =R O D 5 b ik v F L — & — DU
A ER B ORI E A 72, BRIICIE, WiEY v FL— 2 —offift sy 27 L8 —
TAINT ANR—D—FETH LB 7 4 V2 —%F7z iz, MACLEEE 1T -
7oo  [HER] FEOMILy X7 A THIKY v F L — X =% L, U R DIRKLTH
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INERERE LEFECEITPTH 2, (3) 7 FVIREREDHE : 77 AR T, /h
R MEROFERTI FVREAHE L 2, HRTOMEDL TV v 77— TI
EL., BEEEE ESEAAE L2, 7 FViREOME 113, #HEs ek 4~2000
Bqm-3 OHFHTH o7z Pk X OHERERZ: 290 £ 173 Bqm-3), 7/, TAXF
Tt [EED 19% T7 FVIRESHESERIR{ED 100 Bq m-3 Z#Z., 7 7 AR Tk
TRCOFEERZOHIREZEZ TE 2 L2 o7-, 7 F Vi, 100Bqm-3 #
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ZFH—EHET 7 ANTIIENT FviREREL, @FE LD Y 27 25| %2 36
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[iZL®ic] % 50 FRIC D 7z o THAMBIEE/K DK EA & SRR 23810
Ih, AFLWREAIC X > THRBOFRBEERLFHE DV 20H 2 LR BINTY
%, HRFICB T, G L= — 2 CRE - EEEROZ(L 2T 5 2
(E. EAE OHBRIRBEA I 5 WEEER D ICEE R B O A 1037 5 L CEETH 5, Bk
TR EIC X o TR I N B ABEIED 1-129 CERIA : 1,570 F4E) 1. HAMEIC S
WORES WL B X BT Z N LG S L, KB P L —F— & L CoRIH
fFENnTwd, HRBICE T2 Z0 T At 7 v X LR OEREZET 2 43
BB 5, AFZEE. BEERYE D 1 2TH Y FiC 1950 F LA OZBNRHELIE 21452
BRICEENT 2 1-129 iICoWC BRHABSR IC B T 3 EBEZHZHO T3 %2 H
e L7, [BUREHER]  REEREB L EEFEOMEA L 2011 FICHRINE Wiz tfE
RHEREYIC DOV T L em B HE L 72 HEREY) & o0brad Bl & U 7o 391U L 72 i)

(oM 1 15 g ) %27 7R F v V7 REICEH L, @K% LLRL © Ge J38 1k
B # % T Pb-210 & Cs-137 ZHIE L 72, HEREPF 1-129 0Bk iR IC X 2
i & REBLZ 1-129 N 2 275 7 v FAMEWEIR A LLRL CHEi L 72, &Y (0.5
g) POERLIZREEN A% LTy T LT AR VERICH L, 1mg D 1-127 ¥+ V7

(Deepwater iodine, 1-129/1-127: ~1x10-14) %Nz CHEMAGRET - 72, 2 ¥
Fa IR - S R L EERR AL <2 VLR Z — 7y P RERIL 72, S
PR DNHEEE BT —7 v b D 1-129/1-127 H % #HI%E L., Purdue 1 (1-129/1-
127:8.38x10-12) #HZ#e L L CTHIMIL L 7z, ICP-MS % H v Cill o 1-127 325 %
GE L7zt 1-129 REA B L 72, FRHCREE LS OWEHERY Ic L, Cs-137 & Pb-
210 DEHREE ARG RICHD < HERE O T & E IR IR R 2> & K5
TR I NS 1-129 OWEBREB 2 fiEit L7z, [FR & EEK] &R oMaHt
TEYIH D 47 Pb-210 (Pb-210ex) 1 13 K& 2> H ¥R 30 cm 1T 51T 84.2-739 Bg/kg

GURHRILH IC S RIES) O FFHICH V. PREE 29 em DR CIIRIRIECH o7, H
EEE (Mass depth: g/cm2) 123 % Pb-210ex D RS % He o HERS S % fif b L
7RG, KA S 0.836 g/cm2/yr (B 0-7.5 cm), 0.0638 g/cm2/yr (FFE 7.5-15.5



cm), 0.192 g/cm2/yr (EEE 15.5-25.5cm), KX 0.0522 g/cm2/yr GERE 24.5-29.5 cm)
EEAL L T2y —T5, Cs-137 B 1ZFRE D O HE 29 cm IC B W T 8.6-71.2 Bq/kg (GAK!
BREH ICHEERIER) O®BEICH D, FE 22-27 cm (LI R Z R THRED R TH -
720 Cs-137 OfRASEIX, Pb-210 2> b5 L 72 HEREHE 2 3E1C 3% & 1966-1978 4
FRK & 7= & D5ran o 72, HEREWIH @ 1-129 12 0.13-93.0 pBq/kg DHEMHICH b . ik
HEICHES 2 & 0.004-77.8 nBq/cm2/yr TH - 72, 1-129 L& 13 1946 ELLRTIC 35
VT 0.004-0.025 nBg/cm2/yr E{RWL N TH o2k L, 1946 FELARERE ML |
1978 4F & 2011 fFICHR K Z 7R L 720 Z O] IE 1950 4F LARE ORZIARFFFALER, S OF 2011
FE DR B RFE R - T R&URH & v7z 1-129 oiE BN % £ L T 2 A[REMED R
e X L7z,
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Rodrigo Mundo, Tetsuya Matsunaka, Takuya Nakanowatari, Yukiko Taniuchi, Mutsuo
Inoue, Hiromi Kasai, Kaisei Mashita, Hayato Mitsunushi, Nagao Seiya, A review of the
oceanographic structure and biological productivity in the southern Okhotsk Sea,

Progress in Oceanography, 194, 103194, 2023.
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JRFESHIC X 2 BRETBUR R A Y 7 U > (Paramecium) J& D TERE - e s> SLHE - &1
TEIFICAEREZFERL COAREEZHL 2 ICF 2720, FEERMCKAER) T
Paramecium caudatum (V' 7 U 4 3) & P.bursaria (3 FU VYV ALY) ZEREL, #
DI ZLEREE LAl LA 7 v L T OREEZ T~ EERE A & iR L 72, $ 7=,
EEEDOHKZ 50 mL O 77 X F v 7 O0EICANR, REELL umDFAfmvy Ay va
THEHZZEW Cilic—EMIFME L, BIEIC, EREOR UKo Y 7 ) Ly LR L
7o PEHERMOREOE S 1Tm O ZE[/HEIX, 2021 A% 25 pSv/h, 2022 4 10 A 15
H23%9 19.9 pSv/h TH o7z, 2021 FEICHZERMA HEE L 72 P. caudatum (3EEE
[E 1% DR > ZHFE DMK < | KERE TR T 2 L 8 3 mIE L 72, LA L, 2022 4
JEIX, ZORROBBNEDSS N T, Ml ZEE L, KEIRGECIRE OZLDFZE D
KEWAREEDS IR S T, — 7, REEICHERM 2 58 E L 72 P. bursaria |3, &
DAL D MIEAILAE 7 v L T OBEAMEL . IO IEEDRTICR > THIEL T,
% ., 2022 £ I3 EERZE O P. bursaria (Yadag IN #§) % Bijif O FFR A &8 12 AL THE
Rz 48 HiELw . &L <7z, Lr L, 7L 7 0REBICECIZE» 57z, L7z
235 T, 2023 FEE I, BTEE X W RO 65 HERLD ., 427 0L 7~ & L
720 E77. TEIRMD SEREL 72 P. bursaria DE 7 v L SR EZFRZ, EH 5
O P. bursaria THIHAE T v L 7 OEE DA L 1E EMIE R ~DRIAESFHEI T
Wiz, ZORGRIT, BREBSHRE SV e HE 7 v L T 0B E L IlENEEESZE T
5ZlaRLTWD, Iz, RESROEOHELFE ST 2 VBRI O TiEL LT,
CONEPFITE s Z e inEd g, HAEZ v T OE TN TOMEDOLEL
k. 7 v L 72wl iEFEHRORR R (perialgal vacuole i, PV ) &£ I Fav
FU 7 LOBEEIHKFET 52 DT, 2024 FFEURIZ. Z OBREREBUR CHE I
BIRR DR ZLT 5, 72, SHROMEICIT, FE T LI hFER MO 22 i Bl E 53R
PICX o TP LT B 2L ICEBBDE L o T2,
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Suzuki, M., Kubo, K., Hachinohe, M., Sato, T., Tsukada, H., Yamaguchi, N., Watanabe,
T., Maruyama, H., Shinano, T. Effect of cattle manure compost application to the crop
growth and transfer of cesium from soil to crops in the field physically decontaminated
the radionuclides. Science of The Total Environment, 2024, 908, 167939.
https://doi.org/10.1016/j.scitotenv.2023.167939
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[Research objective] In soil environments, Cs-137 is typically tightly bound to finer-
sized particles rather than larger ones, and this association with soil clay particles is
resistant to removal through conventional remediation methods. Consequently, the
separation of soil particles containing the majority of radionuclides from those with
minimal or no radioactivity could be a valuable strategy for minimizing the volume of
contaminated soils. This study investigates the impact of the surfactant sodium N-
dodecanoyl-taurine (SDT) on reducing the volume of radioactive waste by facilitating
the movement of fine particles adhered to larger ones. Furthermore, the research aims to
evaluate the retention behavior of Cs-137 contents across various soil size fractions both
before and after treatment with Milli-Q water (MQW) and SDT. [Experimental] Soil
samples (collected at a depth of 0-10 cm) were obtained from Minamitsushima, Namie
machi in Fukushima prefecture. Suspensions comprising 10 g of soil (with particle size
<2 mm) with MQW or SDT were shaken for 16 h at 60 rpm and passed through sieves
of 500, 212, 100, 53, and 0.45 pm sizes. The soil particles collected on the sieves were
oven-dried at 50 ° C for 24 h, removed using a sieve brush, and dried at 105 ° C. The
MQW- and SDT-treated samples were analyzed for Cs-137 activity concentrations in soil
size fractions, and the impact of SDT as a dispersing agent was assessed. [Results and
discussion] Treatment with MQW revealed that around 18% of the total soil content
(within the < 2000 pum size range) contains 2.5% of the entire Cs-137 content. In the <
100 pm size fraction, the retention of Cs-137 was 79 £ 1% with MQW treatment, which
increased to 83 £ 1% after SDT treatment. Dissolution of Cs-137 in the dispersant was
minimal, accounting for < 0.4%. The FTIR spectrum analysis of both untreated and
MQOW- and SDT-treated soils indicated comparable absorbance peaks for the

representative functional groups, with variations in absorbance intensity.
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10.21448/ijsm.1230316
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1. AR

5 B IR IR FE BT AE 5 K A DG E & > ¥ 235 SR 3 2 MK SETEE) o (R
EE W MEZIZ TV 3, IR S 12 EL E2SE L CTw 323, Kk AaILiEK
LR TS BRVIBE CTHEME Y 7 a3 X 5, BEFELNICTEEIFERH % H
RIS RONKEEEICL o T, COMBIZRZAFEE L > TWn»d, 2 2 TAWIE
T, WAKIBICB T 2 BYMEO LA a0 —fETh 2 =4 v v F F o8 & ikt
Mes v LEEOBREZEY . BBROPKAHESEEICETZ L EZHME LTz,
AT, 1SR DV UKEONE TH 2GR & . 2 ZICHRAT 2 H A %2#E
L7z =RV U FXOBEIZHEN27z01c, BNIOEFE#TH 2 PIT % 7%l
L7, HFAIcBWwT, Ry a vy h—2HoTiEL 7z =+ v v > F 655 filif (&
% 95-709 mm, {RE 1-679 g) IC PIT 2 7% %E&E L=, £ LCH MO DX X
h EiiooKigic PIT 2 7 0% EKEZ&E L., RIAEZ R #8e=x2) v 7
AT LR L 72 KA, WEAEEE AR T N B ORI N TR L 7= AR D U 2 o v
LB A WE L =455, M1 (1.1 £ 0.2 Bg/kg, N=5)Iclk~THT A5G4 £ 1.4
Bq/kg, N=8) CHEICE»>7- (v + 4 v b=—D UWE., p<0.01), SHELIZ
P v Ik HTAINCT 11 EEZ, I < 3 fEEEICGEM L, 2HHhcdh 5,
O =% vy FFOHHEMEM v v LRERE B, gk Ter v LA
REREVEMOE Y% BT »w3 2 e, ik cIiRKRiclkxCTey v 2ok
PECEMMA D =X LB LT EBEZLND,
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1. R

Hi 2011 o R EREE R /7B EiARE, K2 5 132 v v 4
(Cs) % I % B & U iR o ¥ &G R T (CsMPs) 23 & 7z,
WG N — T DO 5, CsMPs (3RO LEE I WIINCHA L, )ik
DIREHE Cs I C BRI O — R R NER & 72 5 & & MR S iz, S oW
KD Cs BE~DR8 - CsMPs OBfE Tl % #E 2, W)l Lisic 515 %2 CsMPs @
SR EEECH S L EZ LN D, REIIRE RN O IFR KX I N O FRK, R ic k%
FICE 2 TR B ) BEI2E 2 & 1 5 AR © 158 % 5 R i< CsMPs O 434 i
BExfTo72. ik BRMRHNORW &N 2 FRAHE & . R JT M2 TRk &
B, #HiEE2HET 2 b7 v 2 FiEZITo 72 AR TlE, SfRHMcswTr 7 v+
7 v #E % 3 A, BRI T 5 EEIc 2 I T 4-5 M RN A T o 72, T8
13588 0-5cm OF+EHFE 0-30ecm FEE D74 F— B2 ZnNZF NI 72, BRI
Bt (74 7 —FAEmmEo LBES cob)h b &), kb o Cs RE
7o~y LEEREEG CHE Lz, £72, CsMPs B2k Cs B2 4 XA —2 v
TV —=rEMOWIA = IVF T T 4 —ETHE L 2, AFETIE, A—FFUF
7774 —EICETERT YUY OEER Y Y LEREN EU LORT % miE
JER ey A EER T LTHEIIL 72, R RELEZHWZZHATEANO Cs
B XU CsMPs o 43Ai IcBA L <, A L& L e, B FE8 oW IRAHE D 138 cld i
fLAIREY 72 0 @ Cs 5 X O CsMPs H12k D Cs JREE (CsMPs i2%) 23K <, MK
DEIKITHES BEEMICX Y Cs & & bic CsMPs 287 L Tw3 2 &R I N7z,
¥7z, A F—EHBoatricsvyc, #HE EET Cs IREO HENIRES O — 2
X HgERBICALNS D, CsMPs iBE 0 v — 27 13 H38EEE & +38 10cm LUEDTH G
T A O NS EAG S FAFE L 72, Cs D534 O [FIERHOH 13 FLEHY 1) o HERS L HEEL %2
ZFTCnnweERINLE 720, ZofEE»L, CsMPs 12 HEMRS2BE§ 2, *
I IXFOLBEEY OB EIC Lo CEETIEICEHLY 2 2L ATRBINE. &
B, YZER O CsMPs & b 2 ki1 % B A AT T BEMEE % F W THOMT 247 - 7228,
HEEL 20T AEIE I 7 eFRNTH Y, I I XFOERENC X o TTE MU FIkRL

MNIC CsMPs 28HUD AN T W B T L BRI 7z,
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1. B

WK DA TIA A v B REAFA Y v ERIET 2L, VA4 A vt E T
IvHEST 12) BEL B, RIEDHTEIC X % & ED b RA~D I VHRBHD S &
CORIGICHRKT 23 v HEFREDPRDIRELFGE2FHOLWMEI LTS, Vo
T, kP v ESFRFET L L, KPR EICL T, BRI vVHELT A
BRETZLIEZLNT S, AWFFE TR, Kb O I LA A v & RAFF+ Y
VORIGICER L 72 GHI VRS AORKERFARDL 720, KAV v ERIGEE S
BENEREZTo7-, AV vRERICLY, kﬁ¢ﬁfvﬁﬁkﬁﬁﬁ®ﬁ7V(%
ppb~) ZEL A A% LML T, 4mL/min TH/KIGT v ¥ 3=k Y | 7K 100 mL
2 HRER G E €72, AV Vv RIEHED? S 3 HUERET 2L, 20477 AENTY
I—Fxxv (CH2I2) ¥ 5 Z LRSIz, AV VRIBHR I3 HEETY I —
FAZYPE2, ZORIIMEZ o7z, ¥ —FA XV OFEREIT 0.9 pmol TH
o T FEERICMER L 7= BRI 1T 6 2 v Koo 2 7L 4 4 v 43100 nmol/L 13 &,
IV HEMEA A 2 400 nmol/L 1FEE TN T3, BRIKICI VWA 4 v Z2HFN
(+900nm01/L) L CREDFEEAITo728 2 A, VI —F A X vOFAEED 3.8 pmol
CUHE IS A T, kTR o 2 A4 v A Y v ARBIL LTI U ESTARE. 2D
AYESTERTARYORIGICE DI = F AR YRRELZZEDEZ LN,
HARWKICA T R/EA A v ZHM (+4 pmol/L) L CHEBEDEEEZITo/2E A, ¥
I—F XX OFEEN 1.6 pmol ¥ Z 7z, ZOERIL, HKPEKIVRELEA Y VK
JGIC X 2 v ESTFORECBEL T, Wkboa vHEEA A Vv BEGS LW %
AT 5, T, ﬁ#k%ﬁ@aﬁfﬁ% BT ARG T o e R R RIBT 5
LICOoR b, EEIvRD BEOIVERKICEFH L ICEET 20T, S%. 2D
W7o e R e T 2 B R D 5, ¥ 72, REFFEClE. 32— F X X v FEITHK
T OBRFHEBEYBED X5 IS L Tw23Dh2RRN5 -0, ANTHKICHEEY % T
MU CRIBRD R ZAT 5 72, Z DEE, FEEREND b HMKICREA T 2 BRIEEEY %
£KF 2 HMNT, NI3EAKIC UV-C % 30 rLA RIS U CHEY R E 3 2 AL % it L
7o AW 7V =i L NLHKIC, TAXVEEC7 T vBERRNMLIzE 25, 72V
BEAIIX TlEY I — F XXV REDPHER I N, L L, ZOBEEIZIAS 2> TldZz e,
S HEF M) v Ll BEYOEEEE 2 T, AR ERE MK T 2 FETH 5,
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1. R

i S EOBLEEIT o+ 5 LU 0 ZE R 3 D AR W IS & iR & 3 2 BT 1T & SRYCIT o L
Y 22 AR B o o U 2 ik & 3 2 I I & AR A SN B K R o
B ER > v 24 (Cs: 134Cs 5 X N 137Cs) REEIX, AHFRE Cs IS Tl Rt
RECs 77 v 7 DFERKENT EBPALPICR>T S, L LATRE Cs DRI
DVNTIE AT HZER s I NT VR, Z 2 CZERFRER R R L 2 Fi o IEER] Cs i
EOBFHENICOWTHRHEEIT o7, BIHJIL F=HJI & @RI 30T 2 & o]
JWKFED S 7Y v 7T, RO Cs IRE (AfrEs LR T8 ox=
2V v I REML oo KRG ORTRE Cs 13 HIEEBIEE 21T\, KT8 Cs ofL i
REL A/ L7z, FoNERLY, C 77 v 7 Z(MBq/month) Z#EE L, & EuEEIC
P KRR FEAE L 72 2019 EfER & 21T\, BRELLEH L 2212 Liz,,
2021 25 2022 Fic2 F TRE ER T Cs-137 DRE L 2D 7 7 v 7
(MBq/month) (3] 75% DL 28l 7=, —J5 T, RE DR THRAT 2 RAKkD
Cs-137IREE 13 2023 232021 FITHRTH5 51 L E L o 72, FiD Cs-137 IR 1%,
EICHERT 2-3 5@ WRE T, 2 TiRICAR S ICoNT, 77 v 7 AEL o 5 {HEHA
D B o7z, 2023 FEOM)IKF D Cs-137 BEDOAFERE L K FREDEIG X, BT
50% CdH o7z, R THE Cs-137 IRELIE, BRER T (Kif%:0.45-1um) X b d/hRT OB
Flum b)) o Cs-137 BEREWHEANICH 572, 7 4 V2 —ICTHIE S Lz hi 11
DWT, IM FFET v & = v LR &ERRKFKE TR ER 2T L 25,
SRR 1720 O X PHE RIEH 250 ST o 7205, NP Tld A 4 v IREREICHT 15%.,
HHEIEICH 30% DIEH 3320 b7z, Rifk 63 um LUT OHEREY) CTld 4 4 v B REICHY
5%. AHEEEICH) 15% DIEHAERD Tz, SHIIF O N7z it R & 5k 188 Cs-
137 @ X b IEHE 2l 23 g 3 5 .
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BARIG T~ DR E T

KA EfE R
ZAWTEE - Al 'Y
HEWTEE - RiE & - PG 53

I e S
KWFETIZ, TAXRXIT ) L~DOBRGEHUNBEDHE ZHHE ST 5 2 L2 HIVE L T,
Scaffold & L TOAEEINTWE Y ) A FOBEIETFElTEZBIFE L 7=, Scaffold &
LT/ AP E SN TS50 FHIO 20 OMiERII VLD 3 Hehsd, &
FlROEL_ALTor ) AERSHAER X v 0B X 0T ) Lo 7y BN
Bl E T 2 3B L~ v 28 Scaffold B D& 1T 2 v ¥ 27 H b Scaffold Fox 7
VUbNBEn TRy, R 2 =7y v AEOHEEN#EIZ Dde Novo BT
H L @QxvorEEoFIERE O2ONENFEET S, e 3: Dde Novo
BEFTHTIEZ Y VOS2 v I THlE N0, @F 7 sicxiL Tz
7y vl Enge 2 o3 28 e OMEERZR I DNA O3 4 X RERL LT
REOCEGHEICIETRERG GRS, —J7, BURCHBERRILIL, TiloM Y T©h
%, @OuEkgko z v o7 EiEEHARE C . Scaffold o= 7 v v Edh % S5 ©F
HrfgECch 5, @M <TIE, =7 Y VEERIIERICTh 5, AFETIE. Th
S DOWE LRMAEHHEE LT, ko & v o5 7 BEHCHITE D5 % FIFH L © Scaffold
Fox sy il EEEECTFHIRREL T2 08N H 572, AWFETIR, FHIZT
d7ewic, FTROFIEAMELL 2,  Ofafk DNA 7 — & % 5p&1(100 J5HER 1< 5 Hl-
1 IS EHE) L. DNA OGRS %2 & v o828 % 7 =) & L 7= tblastn HHFMZR I
WIET 2 F—RIC LTz, @FtT. X VoS 2 EIESHARED % v o8 7 ER 2+
2720, BEOBRWZ VN7 EHYy FEEH L, 2hid, AL ok 2fEciix v
NIBET I BEIIERICEBOEELR LN, Z0FFTCRAHATE RO TH
5, QFFEVAZHEOEEER 2O, 2V N2EOT 1 BRSO R &
7 7AXALEFEML 7z, @fi\C, HUERD gff 7 — X ICHO W CHAER D X o3
78Ry YT I BEAICHEIL 72, b oI owT, v ool
F=2D7 7 Mt T 2 HEMRREE TRl X ) icEiL 7z, Oz Y LT 2
VB Ry Y v I HEIL T -2 2 EK L @D% 272 WEYIAREXICH



L7727 ) LDNAT—X% T —X~N—2 L3 3 thlastn HFHMEZFEM L 72, @~
TR E Ty b XS REREE cHEMRROFEEZ AL 2, MR E LT, K
LTIy b aRELEGS, FRFIHOICOWT, 9.6 ifFox v 7 BH2RKX9.6
JitED & v ok 72K —92.5 {EF D blastp fHFRIMERRERASE R 2 5 19866 fF0 7 7 A & —
ZEHR L. 816 ko7 v YT 3 VBB ZER L 72, 2NHDTF—XTD X
voRJBE L 7 L DNA @ tblastn 1 X 2 HEIPEME Z i L 7246558, 7 v b X vy
He 7y 77 aclix, =7 vy PHlOEREL 99.6%THY, 7y bRy I HE=
T AT ) LTDTICDIEMRRIL 88.6%THo7-, 70T LETDR®DENHEIC
T 1 EE DD o 7228, FERIICIZ, B 16 itkoxr v v e RETF ) LT — 2 =R (T
X % tblastn % FrEERE[H] 6 FIFEEE CHRIT TR 2 K9 ICkh o7, RO iEZH V5
TEIXY, THARIT ) L~ OREIBURRE DO E L HE T 25 C L 3AlREL T2 o T,

EZaN
. Hif
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BEROBEREGRMIC BT 2 7 X ~v% 27 7 OIEFRM. Fic 90Sr HFHICT DWW T

KA« B /&
ZAWgEE - H B - RE W
LFEWIEE « HAR #
1. B

2023 FEREIE. RS RONEERRRILAT R O RS T 2018 fFICHiEL 2T X~E 27T
Mogera imaizumii 7 38D F5HMM & . FiflE @HE F 72 138EE) OLKER PRV F 7 L4
LIHFHER b a v F v L (90Sr) DR A RN EHAVE BoATECERII L . BE ORIE
I a e (LUF. B St bb) %#1597-, LSHEM O BEFEIREED &, MR A% fnhE

I (% TERR) . T (R 1EE 2 ERH)., T (B2 4EUE) XS L7,
BRI 1 BEZFR< 6 SHO THAF M & HiCE OFHIfEORICIZ, “EAR PR Y F U 4
B 5. 90Sr iR, 90St B & B Sr ko v i b HEE I & Lk h o 72 (Man-
Whitney ® U #E, P>0.05), FIEIEA 723, BHE T &IRICHTEE O finhe T KO 1T
DEAR DRI E I I1Z SrIEE OB NIEEA R LN T (FEHET(N=6):3.32£0.68
* X 10-11; RILHT (N=2) : 4.05%x10-11, 4.94x10-11), —J5R7LHTEE O e I DA
RizZzn o X0 bmEwe SRR (11.2x10-11) &R L7z (P EEERGE) . U
BRI B W CElRDE 7 7 23mE 0 SriREHZ R T oIk, ZOBRETICEWTE L
D 90Sr BFAEL . AR DIRNIC BN T, X VBB HEA TV S 720 TH 5 AlaEM:
238 %o IRILHTCIE 2014 FLAREHREE T IS 3 2 A DL A L CH 0 | BhEiE
B O T AR & 5 25, SBFHRAEAIEI U, Fr it B i PE o il I, IRYLET
FEDRGHE I Ok BT LTI, ZomA X VHECESZ b FHINS,
—J. THETIEINRED 7 Vv~ = LEERB R CHIE L < 72 Y34 o f
W OURTE R > 7 LR (134Cs+137Cs) 1id, BRHEIC X 5 SrilRELIE & DiE 53
72K L AFEMHE - CHEE R0 A b v (BT 1 17.92~26.68 Bg/kg;
IRYLHT : 269.15~324.21 Bq/kg) . itk ic i3 HEEh iU M€ o ¥ LB I K & 7l
W2RH Y IRITHTAY X 0 @&, (RNICRIIICD 72 o TERE T, FRHBI S PEH %20
Bty vaicsnT, BEFORENLT X2 7 ZHRNOREICH KL T
EEZOLNE, TAYEZTOMEI N HB-CHIREEICEDY &<, llgox /7
AT & & T 2GR L U St I 355 W IE O MBI A 6 4172 (Spearman D
NERIAHBEFREL 2 0.25), 7 X~ & 27 7 OHES T O iU Sr lb o i 1% £ 72 igic L 2
BonTuhwds, HRFESE—TH 370, HARWICHUETE Cs YDA 72 BE T
TIIAEHE Sr kb m AR H 2 & FHI N DT, 58T X~ 7 DIiELFTC

D TIET R EE St LD HIE D X, oD L VBHLHICRBETHS S, 2.

WL T oEtbTh B0, ML,

2. &
DR TH 3720, FHM7% L,
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1. AR

({521 EWN® I Fv (222Rn) iAo FEAFERE T nTw3, Darby 5 i3,
EANZ F Vg 100 Bg m—3 &7z 0 OffiziA U 22728 16%IEM3 2 &35 L7z (1],
PR AR (WHO) 12BN T FvilBEicn$38#1L <1 e LT 100 Bq m—3 %
RELTCW3I[2], 7 FvoiFttkififisacd s a7 P (AccuStar) 1E, &5 HIE S
ELTRENDZESH T FviBEoMECFHHINCE L, LAL,. Y27 FOENT
VIBED R 7 ) —= v ZEE LTCOEMERETL I N T Wy, —, BT OREY
BICH LTl 227 ) —=v 7R [3-5]2 R & T\, % 2 Cld, fEllic ELHERE, ek
ICHRREE 2L . [BREHIRR & 2 0 95% FHlX[ % ko | FLHEEED OERR ©H 5 KD
95% Tl X[ D FIRMEDKGEIEZ 77 v b+ 7 e LTHEBLTWw3, &y b4 7{lid,
RERFZMHEFRICTNZ LW TE 29 Y A2 RIRT 2720 CHHINSETH 5,
TV LIC, AT VHRENT FVIREORZ ) —= v 7@ LTHMTH S
DIRET L 720 RO RAHIIE, WERTHROBA ZHRE=2 T — 250015572
DI ENT FrvrHOEERE=2ioRIEA a7 FCET L Tch b, [
Rl TR UvEEUHTIKREREE LZARMZ Fvrr—=2 (120) KFELZv a7
M 4RI, 7F % 48 RfiIEFE L 7z, [IRfIC PMT-TEL (Pylon) T, &' 27 F[a[{H]
6 B0 7 F Vg &k, HHEHE CS Bqm—3) & L7z, BEEL/-v a7 Fic,
Wik vFL—% ([ vRrZ27a—75 X, PerkinElmer Inc.) % 15 mL &L, &
Ry vFL—vavhv vz (Tri-Carb2300TR, PerkinElmer Inc.) T 60 43 [H#IE L
oA RO T FLEE T P viREE R ([6], BEEE C(Bqm—3) & L7, i,
PMT-TEL I3 3ARTRFAMIE K ERREWIEFTO 7 F VIREG oRiE L7z, [FR - #
K] ARE I Vv r—2NOBEY ., 7 N VOEEBESED LN THAHIFANICH 5
32%—T74% I FET L [7]. FF 24 [M%EER (48—114 Bqm—3) L7, 7 FvigfEopki
fill 2 B I B D . AREERIC X 2 REEME % ftdh & U CHEBIRR X2 ER L. IR iR iR &
95% VIl [X [ % K> 72, #MEHEA 100Bqm—3 (WHO ZEL ~L) oL &, HAEfEHD



il 99—121 Bqm—3 D 7=%, 100 Bqm—3 %z 2 A[HetEDNH 5, ARFEERCR
0 7= BEEED 95% Tl X[ % v ¢, FEHEE 100Bqm—3  (GRERS) OFF, # v b
F 7fEiX 83 Bqm—3 THH, X HICHGEEES 83 Bq m—3 D& &, FLHE[H O HiPH T
79—100 Bq m—3 T, 100 Bqm—3 Z#Ex 3 H&IE 5% A L7, fiame LT,
PicoRad o4 v bA 7z DY v $#ECTic k) 80Bqm—3 &7 o7, ¥aJF
X, 1y bA 7% 80Bqm—3 & L THESTLIZ, WHO ZFEL XLVDENT F ViR
BEERA7Y)—=v /T 5-00lERE LT, ANTHL b ok, [HEX
k] [1] Darby, S., etal., 2006. Scand. J. Work Environ. Health. 32, 1-84. [2] WHO, 2009.
WHO handbook on indoor radon. [3]/E4A 574, 2012. BT OS> v LR Y
Y —=v 7 p7.[4] Commission Regulation (EU) 2017/771 of 3 May 2017 amending
Regulation (EC) No. 152/2009 as regards the methods for the determination of the levels
of dioxins and polychlorinated biphenyls. O] L 115, 4.5.2017, pp 22-42 (2017).
https://eur-lex.europa.eu/eli/reg/2017/771/0j (Fi% : 2024 43 H 21 H) [5] United
States Department of Agriculture Food Safety and Inspection Service. Office of Public
Health Science. Screening for pesticides by LC/MS/MS and GC/MS/MS, April 2022.
CLG-PST5.08. (2022). [6] Wakabayashi, A., et al., 2019. Radioisotopes 68, 317-329. [6]
JIIAA. In: Proceedings of the 24th Workshop on Environmental Radioactivity 90-97
(2023)
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Yasuoka, Y., Takemoto, J., Omori, Y., Kawamoto, N., Goda, N., Nagahama, H., Muto,
J., Tokonami, S., Hosoda, M., ; limoto, T.,; Mukai, T., Practical cut-off value for radon
concentration in indoor air using an activated-charcoal radon collector, Radiation
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BBV IC 31T 354 R & v X =SB OET
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ZAWZEE =i B
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[H] B2 RIE L L2MlEh o D2 7/ Faic & o T JEBRIE < M i ey
B EZT 20X BREERTHRE AL RV X=3hRE w5, ZOBRIT, W
1F < /IEBIE  HIEASRAE T AR BIIE C It wT, 2 DB R IR X ¢ 3 AlEEN: %
e, EERIICIE, R & Wz Mifld o &R 2 JEIRGTIIC I 2 2 TS e nC
BY, BT TICE F2SAMRERSLIER ¢ Mk E W2 HES L 2 hiv 5, —J7
T, b RS FRCEEBIY CANA R 2 v X RS HER I N EHIIS R (-1
yRTHFL €, =VvR, IVva, THFRXIF) THH, "M 22 v X311
EL R I N T 2 2 T2 IRARIZ > F DV LTy, RLFohE T iz L
7=t Mo R ER Y, FEIE o =k v FEAMBL. T 54 < fila, 7oA X I
fidic DNA 85 %5 ¥ 2 TR EH T 5, AIFZETIE. MIfERY 7 F s ic B S
LCwaiilesbhg (=2 vy —2) ciFEH L, e Mililddsko =7 v v — 2% B L
Db, =R VYN, TIA T, THFR IMME, IR L S A4 22 v X =B A5
R INz %N LT, gL ERTEIRZAA R Z v Z—2 T F 0
DIFIE R G L 72, [WFEss 3R] e FIf@(HDFn) i 0Gy (sham-irradiated), 4Gy
(1Gy/min) X #ZWEH L =Db, 48 BB 21T o =B, O L7 V Y — L & il
32, 0Gyfsthr 7 v v — 2 AGy BHt =27 v Y — 2%k N4 22 v 2 —ffifd (=&
VLM (mff441), 7 5 4 7 <flE(PL033) 5 X 87 7 4 X T#HINI(N3(1)) ) ic#
NENWUEL 24 W 21T 5. 20, N4 2 X2 v X —flillic s 5 /MEatls &
DNA —H#iVIlto~—5—Tdh 3 y H2AX DO GREst gt 217>, DNA HESHEE D
ERILETo72, ZDHEHE, 0Gy e 7 v Y — LB CIRRUEDO N4 22 v &
— AT & Hele Ui IME o HBUSERE . 3 X Y y H2AX 7 4 —H ZOMliflad 72 b o
FIFR NG o203, 4Gy BE T2V Y — LD R TT, T2V Y — LR
/0Gy WSt = 7 v v — LUEEEE X 0 @A CIUIME L y H2AX 7 4 —h ADHE &
N, $72. =27V Y —2s4hic I b3 F Y7 DNA (mtDNA) 28850014 3 2 & 2348
Liz7zo, =77V —24I1 mtDNA oWih (ND1,3 X WNND5) 2H AL 723 D EERK
L. XL & LCH: DNA ol (SLCO2B1,3 X O SERPINAL) %#H AL 72% @ %{E
L., b MIAICLEE L 722 2 A, mtDNA WA 2L L 7z co B, y H2AX 7 + —



HADFEEI NS, BERIC, 202 VY — 2 mtDNA 25k F LSO MfE < b B
BEHC X > THIMT 222Gt Lz 25, 4Gy XMBEICX 5T, v Millls, 77
F X I T 2 DD, =F v HF A, T 74 7 <#illdTlx mtDNA OBIHNIZRERE
TERD o7, BPHRIRIECIC X 24 22 v X =R % FHES 3K+ & LT mtDNA
ICH H L7223, mtDNA 2384 2 % v X —RFThH % 0G0 1 IEIC X - THE7% 2 v ReN:
BB AL 7=

S
. Hif
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WK T 7 A3 X I OREFEAREERHE IC 38 1T 5 UM B AN A A~ — 7 — DR

KA ik #5008
ZAWZEE =i B

I e S
BT#RIE. DNAHBEZ T TR, 2y =27 4 v 7 Mild—Hilg o8 AR,
JOEE R EDHEND L T ERMEINT WS, Lo L, MPEEKICE T 2GR EZ
PERE IR FOFET 2 DL 2 I TN TR, S E T ERAN OBl % % 1F
KT A X IREHE T BTIRICERE T 2857 D5 % RNA-seq iEIC X D
HAREMICHANT U 720 2 DRGSR, 8T A4 X 3 0 BIEIAE S <X, Lspl, Ptprk, Tspear
DFBIEH, IEFTENIE FIC 5\ Tk Fmo2 28, WX oz Wb fEICHik L THREICE
LTl LZHL2IC Lz, AWK TIE, BT 1 A X 2T BT 2T AEERH
IO EET R RERZEANA =D — LR VBRI rErERN T2 L %
HigE LT, AEETIR, HBOT7 74X IRREZ HWORE L 285 iexd 3 7
7A4~v—xy b OoAMUE RT-PCR ICTHEI L7z, % OFEHR. RNA-seq T2 615
b7z Lspl, Ptprt, Tspear 35 X U Fmo2 DR FIEAICEE T 2 BZTIcx 3577
A~—%vy F OAMESTHERI N, SR, T AIAXIBEEZHTInD
BT BT IR O IS m EZ N4 A ~—H —1c 7 52 RT-PCR XU g-
PCR i< Tikhi L TGS %,
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1. B

o — TS ARSI BRI B2 & o T e A~ D ARFRE 18 T <
DB L TR L L TSN AR LA E W, EREBGHRIC X 2 BT s
X OEFRABRICOWTIEHL 2T > T 328, (KAREIRMEWIE L & 5 I3
I X 24815 % Bk L7 A TEMAE O BUE TR M - FEAERBICBIT 2 0 T A A= X LI
AHATH B, R, SRR, DNAREGZ T TR, 2y =47 4 v 7 a2tz
FEFT L EPMEINTE, TNE TOMFERED S BEHRERM I RT3
J AR I ORETIHEBLRTRIFCEAI»EZD b, —J, KREFRKEGIHE L 72~ 7 X
BRICEWTZ e =i DNA A F U2 =y 3L Twa &L hIC L
T, LEDZ bh o, BEHEAATEMAICGEE L 52 2 HeERH 5 2 L ZRE L
TWwd, TV 2T 4 v 7 5BLD—~>TH2% DNA X Fabid, FHEMME. %
K. #4. HMUERICBE S 5720, ML E I BETH 2, AFEEIL. KREIE
PHIE BT RO Y 24 T 4 7 AR Z I A 2 720 O Y] 72 5% % B
R ERIC X 2 28y 22T 4 7 ARBADBELC TR RRELES =0,
DNA @ * FALIC B G 3 3 {5 F Dnmtl, Dnmt3A, Dnmt3B, & X F ¥ D X F A4k
ICBH 53 28T Wdrs IcoWw T, E&EI PCR AW CEIEFRIEZ T L 7,
X 51T, DNA O 2 F AL % JHlli§ % 72 0 1B 7RI E S 2 G HgfER I 5 0
% A F MAUSERE DRIE & LT MSRE-qPCR 28S# I ATREA> & 9 2o MREt L 72, % DGR,
EAREBEHRIC X 5T, DNA DX F b, e X+ v D X FMICBEG 3 2 BIET 0%
HRENEAT 2 EPHL2 TR oT2, T2, A TF ML MHIREESR 2 FIFH L 72
MSRE-qPCR & E&EM PCR OfEH, Sox9 @ 7'm®— & —fHKICE T 5 X F AL
lZ. LDR THEIICHHD L. Sox9 DBEETFHBFAAEIC LA L Tk, 5%, 7uE—
& —fEIIC B 1 B DNA 2 F b8 & — v DfFfrico W TRET L 720,

2.
Uemura I, Takahashi-Suzuki N, Kuroda S, Kumagai K, Tsutsumi Y, Anderson D, Satoh
T, Yamashiro H*, Miura T%*, Yamauchi K, Nakata A*, Uemura I, Takahashi-Suzuki N,
Kuroda S, Kumagai K, Tsutsumi Y, Anderson D, Satoh T, Yamashiro H*, Miura T%,
Yamauchi K, Nakata A*. Effects of low-dose rate radiation on immune and epigenetic

regulation of the mouse testes. Radiation Protection Dosimetry (in press).
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1. HCR

B4 ¥ 7 a ottt v v LREOME  KREFHEEA). ILTEEB)(A), ZHER(C)
(A) HALKRSY: - BAARZERE (B) BALKY: - MIEBEAE - FAEEEM. (O SARTK
5, BRI ERR AR L FL®ic 2m1$3ﬁ1¥5$k$“ FES
W ENEEE KT IR EIER (CARE, AR % { DIFHEYIE H3K
%*Kmméntoﬁ%$ﬁﬁ%i\%B$%ﬂfﬁ%®m% B0 HOE & 1, tEA
ML 7 o7z, JRFEFRDS I3EM AL, £ ORELFPCEL T& 228, AEX
7 aDFHRIHEN TS, BEHIRN TS BT, KR, Bk, SAlig. =k
Y, e, SEETcALF 7 a2 o HEfHliR2s 2023 4F 10 A 10 HEE T3
[1], & i3, LB F 7 afifra e LFEc, BWRENOEAEF 7 2% 2011 42> b kY
ICERILL , 0B Z AL T 2, F—HICR—SIcRRE hzF o x 7 2
1Mk E T 2L, InFETIK4411 RE, ITRER 2 EDRVET L L, 612D
A ¥ ) a BRI 72, 95 & 4ER 300 Mikicxt LT, 200 FEOEFAE F 7 a A3
WMENTW3, HE, 3Lz 10HOH L WEOHAEF 7 a3 I X v, HAER LIS
TRINE N84 * 7 ad b, MELBIC LRI NV EX adbh b, &
DIz FHEICT 5 &R S IR R 0 v, 2 2 C, s i ek
v U LR OSEN T OERE T Do HulBIE, SCHRFAE D 2011 4E 7 H 2
Ay —~ A I X D HlE S h-fiB~ v 7 21T DiERL A DX L7=d8-> T,
3007 N—7 MliEEaf sl FEERIbEs - Al ). TR LM 129013 72,

MlEERBE L X, ZEMEBREF 2011 4 7 H 2 HIAET 0.1 pSv/h DL C, =R
P CHRII U T & 7 L DIRE D s o - MU C 5, [EBRIRALER -tk |
1%, 0.1 pSv/h LAE 0.2 pSv/h LUF CRURE 770 — 223 LFETERIC 2 U 7 IR RERRIC X 0
B v ABRME Lz E2 N LM TH 5, TR (X, 0.2 uSv/h LA
FoEBENTHNILERDS 2> S TH 5, 2. OB & E T
L 72% 7 23, REOTCEDEREZ T 4 > 2 =— Kol {EWY | REL I 2
R EE LT 5720 EARBELE50° Cod—7 v Tzl X 27251 L. 100 mL @
MO 77 25 v 7 REicE—ICiEd 7z, ¥ 7 I 3iBIc X v, FE2 10 50 1 2



T o7z, el UL, BURERIE #RICH IR CIRTF T & 5, k. BURBEUSL O HIE
DOR[EEMEDE 2 T, T IFEROFRHE LT, 2TCoOMREKEMRIEL TS, ¥/ aF+t
DIFHFREHLNER U b 7 bk, 2N Z DT F /7 2l 4 1T o 72, Bl & £ 5
TR RE D HIE 1. KGR OARI O HRED FHE X CHIETE 2 EiE T LV ~=7 L2
HiRRA (HPGE) % 7z, HPGE DI IZ, KADBUF B Z i3 2 720 JF i
(J£& 10-15cm), $ (A1 cm). & (F5cm). 72 Y (A1 em) DA (BEHRIC X
D A4 U 2l D b DFHE X B2 X ik T 2 2o Nl 2 KR #5135 5) T
FHo7ze SHICX Y, RERDIIKRIC K 250 7 7T 0 v N OIERED 2 M1l L 72 23,
ERAFOERII 1eiEiIC2 %, 3. MRLEHE 2011 F5 5 2023 4 £ TITHRI
INzF 7 a2 ORURE D OHEIP % . FRINX 7pHFEIC £ & o T, F OBz 2 5 L.
HOLE AL T RBLASS DT C IRk IR L L C—ik B oI HEfED 100 Bq/kg Z#E A T
Wiz, $7e, HUEDZEB)IL, PIBARERIIC X 2R Z D Z L, BIETEDfEE
mole, E7z. 13 EMDHERECHIX G OFH R ORI DWW T, Il TRERE X T
DF ) ARDRDDFHATHRICIEA T35, X 7 o ofUtEv o v LR
NI EBRRKEL, AR/ L LA EmBEZ IR H Y 2 5, TR
I IICPY LT ONERET IR H 50, RELOBERZHELEZT — 20 HE
oG iowgErxbhr ) T {2 diEH%ZL Twb, References [1]
http://www.rinya.maff.go.jp/j/tokuyou/kinoko/qa/seigenmiyagi.html [2]
https://radioactivity.nra.go.jp/ja/list/362/list-1.html

. L

1. “Estimation of external dose for wild Japanese macaques captured in Fukushima
prefecture: decomposition of electron spin resonance spectrum”, Yusuke Mitsuyasu,
Toshitaka Oka, Atsushi Takahashi, Yasushi Kino, Kenichi Okutsu, Tsutomu Sekine,
Takuma Yamashita, Yoshinaka Shimizu, Mirei Chiba, Toshihiko Suzuki, Ken Osaka,
Keiichi Sasaki, Masatoshi Suzuki, Manabu Fukumoto, Hisashi Shinoda, Radiat Prot
Dosimetry 199, (2023) 1620-1625. 1.  FEH R, JeE, (LI TFEEE, KiFEE, R
B, BIRM. SfEE. BHE, 4 A -V v 27— P 2RO 2 B0R R R R R
EEDRFE. KEK Proceedings (55 24 [n] [BREEAETRE] 784 Proceedings ), 2023
(2022) 115-120.
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. AR

KRR FNKED B 7563 MR- CHRUR#R R COHER + 7 7 UFRIC X
D, ZDIVRAZL_VICHT LIMIGL ZALZ W E, JOGLTLE I A4 HE L
IS 2 HE L, WA ITBEEDENINCORGFEFT) - U O F ] DJFE TR L <
&/, ZOJFRRDVE DI, BEHRY 77V —DREREIBH 5 L b h T b,
ARWFFETIE, REMNRBREMSRY 77 > —2HET 2200 FEOVED L LTH
BEBHICEH L, MAEE D A7 53, EFRT 2658 C OREHAE B3 5 FEkikig %
BEtL. ZohRaeaotr L, BRIk, 7Y 7 - KPFERUEGEEE o 2153 <.
AT B T 2 U OEfIRIL 2 A L. C ol k e L CORED A%
59, BEBIOFEIC O EH L CEET 2 2L 2ild 7z, B, BEM ORBEHRICEE T
% H. BRC B, EERICRE Tl 2BEHEB IS 2 EFE ORBUERBRICN 3 5 %
KRR DOHECERE, FIREOZLZET v 7 — FAE L., M2 EED.LEED L, K
FIERICBE T 2 BBEMRZ @D 2RI VB IO WCTEEIREST, v4rarzy
Y DOFFGAERIRE, 7 7 AR —iEZBMELER Lz, ZhETD74 )Y,
RL—=Y T AV R T OREEERS BT OREEERFHE RS T v — A
DFFFTIC X iE, FFET N ERERE L, TR 8w 5 3B oA E IcBI L <
A 2SR E DG 23K Kb 37 & 5 & AfED Lot A EEEMET 3 2 Hm 25
RicAabhiz, (W) 1.Ai SHUHARA, Ayako MORIMOTO, Jo
NAKAYAMA, Rumiko HAYASHI, Ryuta TAKASHIMA, Takeshi IIMOTO. STEAM
Educational Development of Risk Management Education Framework for Secondary
School Students. Jpn. J. Health Phys. 2023; 58 (1): 5-9. 2. Hiromi Koike,
Takao Kawano, Takeshi limoto. Estimation of Radiation Field Produced by a Coin-
shaped Naturally. Radiation Environment and Medicine. 2023;12(1) :74-79. 4.
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1. HCR
7Be KR LJE (BJEE) [cHFET 2HEHE (O) BLUEHR (N) AFHMBICL S
B OGIC X > TAHEK X N2 UM CcH 2, XF0E (K1) @ 1600m Bk
ICIETE L T 288K (Ice Monster) 1T 13 7Be 288 T\ 5%, "Be IZBAHE X v v 7 H
SHFREICET L, KRDOWNIC X o THEICREL -2 E2bN5, £F (11 H~
H3AE) IBPREECH 2 Ee — 77 = 4 Hs ITEBRAET (5 1661m) DIz A
Bl e — 7S L 2 BRI L 72, skl % BARRIFE X . ATLEZT>Th b
7Be ZHIFE L7z, #E - BERAK S ATHSE MODIS Hi{R, [R7T— %, FRF
BT ZEIROL AT 72 &% F VT 7TBe DIREARES, R T 2 [AREFICOWTERL 72,
(1) "Be g (14 Bq/L LU E) o5& N4 A AMHECERIESFEL T %,
SNA A NHOILPNTA TV 2 FBARA % v, (2) "Be 23 (8~14Bq/L) 0¥
& ASAANBECESEREEL TV 2, A A ORI TV 2 FRER
%\, MR OIR T Y ESEQILlo A2 B RE F v v 7k, 2, mREIC
BB RREEEIEI D IS > T3 2 e b, RO E 0 25@E5UE DALl D /723 Be
BEOEWESHMABECRELeTwEEZLNS, () Be 2MEEE (8 Bg/L
Kii) DA A4 AAHREICEREDSHFE L TE o3, BUEE D bt X h 2 Be
DIEFET I D > T20 S A HVIIEHE £ CHOT W 2 FBMRA D 72 <L oS4 A BT o
"Be 1B DO E WSS EICOER S T Wb, WEE ECEE MR T T 2 R %
W s, EEINTEZBe EHFCTHICE N LR EREZLLND,

=N
2. i
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1. HCR

e & % 238U 23848 LT 222Rn & 72 V| 222Rn 28825 L € 210Pb & 72> TK
SAICHEEE 5. —J7, TR X 3 ERARIC X o T, PEALES £ v I e
Vo 72 T VT DN PR QP EHIAT) CYEE U 5 KHICHREL 72 210PD
FERICAE L <, S e IIc KR 2 BB 2 2 L itk b, @BEHKE & B2 EE
1600m Bk (HHKEE) dbs 4+ 7V 0 bTc—RMULLTREARKDILE 2o
7= b O 23K (Ice Monster) TH 5, fil7Kic i3 210Pb 84 F N T\ 5, IWEEEEICH
BT e — 7y = A Mg I TEER AT (B 1661m) D37 AZEIEf v — 7o il L7280k
REILL 72, W - ME(LFMEL 210Pb . RY VT LA—=T7, FUF VL, KE B
RIFRNARDRIE 21T o 720 2T IRIMRAENT - A LR MODIS #ifg% T 210Pb %
BUEDOBELERE - BEISAEMREI L, (1) R O, SRR
ARG 2@ 2 2 & T BTl ESRAE L CEETREDAEI I NG, KA
MOBEHICER BN L2 bRFOFELZIT Ty, (2) W o
B, WEREAHE 2K RE @M 5 & & T E TR R AE L T EE IR
BAlENn5, KERWOBHTICERH B 2 Lo, HWO—EIMEICE KT 2RIk
ZrHICETFLEZEEZLND, (3) HiREOGE. BT ERE
DEELTEHE Y i ETCEWESFEE L CEETREDIEE NS, KA osE i+
ICERENC L0 b, BEOEELZZITCLWanEELZLNS, (4) KEED
By, KA 28 L CThian, 3 vid, KA E@EiE L Tv 3 28
DB REL TR WAREREZ LN,

2. G
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1. B

B -KBIEREEIC B T 2 E OBIRE I 5 22 1T 3 720 1T 1E, BnE A T B 2 kD ZEH),
TEEEREZEZ O2ICT 52 L IFEETH 5, &ERIGE Y il < I3E T I RENE
HOCHEIR 3 2 U PEVE I 1C B3 2 7 — 2 S { ARSI T 323, KRG
I DWW+ & 13F 27\, RIFFE Tl REH R I FEFTIC HRE Wi
Y I B C AR 2 BRI L . 2 okFR -BRFEMEHEEHO 2T 52 L %
HrvE L7, S REH ORI AIE 3 2 IRICHT & RN ALE 3 2 & T
ICHBWTHZ & icBokiEB 2 8 5, RIS 7= 3kl 2 2= ic ik L. pH. EC,
K- BERLERMAL, P F Y LB XOEEA A VYESOHERTT), P F VL
ICOWTIE, BEMECC EBTFHING 2 L2, BRIELZIT o 2RICHIE L 72,
I TCREBMX RIS WA ABBKD b ) F 7 LBEERRT, BEE R THR
BATEM D O 1 EFF0E L 72 2012 48 10 H 225 2021 4£ 12 H £ <o HEBEKS + V)
F 7 LRFET 0.10 - 0.85 Bq/L 0#HPFHTH Y, HFFICH K EFITKL 7 2 BHIZHIE
23388 b7z, 2013 45 2021 FFOFFEHRE L 0.39 — 048 Bq/L TH V., HA
TRl NG Ny 7770 v FRELRBECTH 572,

2. %
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Indoor Environment Radiation Assessment and Radiation Protection

in Veterinary Hospitals

K4 mit B
ZAWETEE M B
HLFEIWTFEE © AR & - /Wt 5435 - WANG Xueqing

I e S

EFOEW I AR IC BT 3K EO—B L LTl &2 o, EHRI#oD
e e L CIEEBRR R #EZ B s (ICRP) 2535 [k Mo EYE] oFkil
HITINE 213 F 13 <, T2, BIERICEH T 2 5HE 93 < 0. JRT 1 SEERFOBREE
BRICEZAINTLE S X5 ABEHO#EDE 2 J7 OB v, AHFZED 5
DO HEEL, BIEWICEE L 72U e AT 22 L (R T r v R 2 /HE
Lol 2 BRIICHIE L, Z ORD 720 DR EZHL T E L ich b, i
FEMYVFEDO R 5 FEITMERRIRICEE L, B& L L TCoERBYELES %
LY EL AT = AN E— (EEEFEE) ORGHRECBL < FFic s otz
PRI OB O OERELZAS T3 7 n e RICEF L=, BERICE, H
NOEERBERE~D e 7Y v 7%l U CARIME Oiar 25k L. B bl o ik
REEBCEICLZEHGZHEL, =y 7 2f3EEe CT REEMHF o LIRS & B
(R ORURHRE %2 205 2 L 4bic, BUENBREEET R 2 — F PHITS I X Y € 7 V@t %
TEEREI AR 7o, THICHD & | R LA ICERBERER B I 5 10 5 313 < WP R#E 0 S
B O E 2 Ell T 2 L Hic, ET AT OB 2D 2, F 72, BIE FIickT
OFEE LR B DORF. ALARA %l T 2720 DA T — 7 FA X —~DH L WHH *E
Vo= L H (Bl VR OFAFE D METoxfRe §2) oAb MEL T, W
JeRlH%Z X 0 B L Tw <,

2. W
1.Kazuji Miwa, Takeshi limoto. A Source-Related Approach for Discussion on Using
Radionuclide-Contaminated Materials in Post-accident Rehabilitation. Journal of
Radiation Protection and Research. 2023;48(2):68-76.
2USHFIE, KIHHE, MEAE, SRARE. Fr% 1F FioZEl L HVE I 1F Figo
% B E 2 Wi OTEY 5. BRR T2 M3GE (ATOMZ) .



3. ARG, EARZ. NBSEIA, NS T EAEE R ARRE. ARG EY S [
v 7 AROE  FiRET WG EERE—E 1 aFle v 7 2RI oM
L B EH—. Jpn. ]. Health Phys. 2023;58 (3):141-150. 4.@= M= EifE, ARE
($H24 « 4635) | U PR, BVEA 2023 48 11 A 5 H. ISBN978-4-524-20394-
9.
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1. B

(e e H] B 10Be(1.36x1076y) 13 58 > Ik 1A HC 5 1 4% f
7Be(53.35d) & Fic KA LJFIC B W TFHM L KA & ORIGIC XY EFRNICAERKL .
KEIEERIC X 0k S R - il ~F T3 2, Fexld TR PFFEOEERAICE
T 7Be, 10Be A3 K SIERR D F I (20-30°N,S) CHUKfiE, _E5H48(0°, 50-60°N,S)
THUMEZ RS Z L 2L LTz, £/, KIGHKT 7Be, 10Be iRIE H KPR &
ML L 7280 2R3 2 & S 2T L7228, IRETE O R S 8RB o
728 10Be WL DL IZFRAAE & i/ ME D AV N X WA T H o 72, WK D Be
DR RENZEL 100 4 & HEE T N TH Y. B 10Be (3LE AR 9Be & %
B HiC L, A IZIK D S IBIKICRRE S WK IcERB S b, AWFgTidt
KFFEICE T % 9Be, 10Be DEREM % KD, M & O K% 1T i EEEER 1B
TEZFL—H—¢  LUEHAT2 L 2HME TS, [FEEER] 2012-2017 i
RAPFEALER 47N AFE (B — N v 7 — o8 =) 1885 W TR L 72 7KEURHT D v T 9B,
10Be R DEE AR HIE % 1T 5 . 10Be 137K (250/20 L) EEHURF IC Be $H{4(2/0.5 mg)
ZMAFILYC XV EUXL ., Be o4 HERER . K MALT 235> C 10Be-AMS HIE
#1790 9Be 12K 250mL % > U A7 A 1 7 2% F v TR L. SARTAK IREM i
BT ICP-MS 12 X Y 9Be IREEHIE LT 5, BIFE. 10Be IREEHIE (I RK T L Tk
D | SEERE I3 KGRI D I - PEHERRIC B CABER O N EE R 2 AT 3 Fik
ZHESZ L C 9Be IREMIE 21T o7z, ALERALAFE 47°N Ic k15 % 2012 4:(KH-12-4
BDO09, 11, 14:171°E, 180°E, 170°W) 3 X U¥ 2017 4£(KH-17-3 CL02, 04, 05,07 : 160°E,
175°E, 170°W, 160°W) @ Be [RIf7{A&D $RE /A7 (ZBERH A ICHELL L 7204 CTH 5 72,
9Be, 10Be D#NE M 1ZERELIAMIIZIZF L TH . 9Be #2E (x10M10atoms/cm3 X 1%
x16.6pM), 10Be i/ (x10"3atoms/cm3) 133 JE < 0.3 X T 0.5, 300-500m {41 cHic
~1, ZDRBIZITHERMIICEII L 5000m LIEcHic~2 TH - 7=, 10Be/9Be(x10"-7
atom/atom) |% 2000m LA%E . BDO09, 11, 14:1.10, 1.12, 1.07, CL02, 04, 05, 07 : 0.93,
0.91, 0.94, 0.97 BB H—ETH Y. JLAKFHF(25.0°N170.0°E) i< 35 1F 5 SCHRfE
1.23£0.10[1] 1T EAF 57z,  [1] M.Kusakabe et al.,,EPSL,82(1987)231-240
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1. R

2011 4EICFE L - HEE B — IR R HEHUC X o T & AL 72 U A A 1 o 72 B vh
KRB LW b0, 20E=XY v 7 ORBIBRIE IS S 5, 2z @ik
2 7= BRI X 2R BREEE = 2 ) v BRI TH B, R 90Sr IZUKIATE
EL, KAV Y LCHEREI NS HRNICID AT e T WIEE 2 b, FRHD
9L RV b, T—20EAMM TS 2T O AR DOIREZSE b fiRiA
TE LR D 2. AR CIIHEBBR P OGN - ZEA v v F v LRE LIS
g szl BREPOMNEKEOBELEITLT 2 FiEkoM iz Hisd. SHE
1% 2015 4E 6 FICHEEEHNOWITIRI L 72h 7> v Y a4 2 fiikz ot L7,
Hid % R Na © 1 B RIRELE S 2 2 & ©, EEZBREL. BEF I A ZHW
THREHICH > THBMMARZHIY H L7z, 90Sr #2E1X DGA L v % F v 72 [E
HiE (Tazoeetal., 2016) IC X VETH ZfT W AR 70 —Ah 7 v XCHlIEST S Z & T,
NEFEL Y QAFICHET 22 B TEZ, TNHDOEERIAFTRFICTHEML 72,
90Sr IHTICMA T, AT v Y a A DRREEELHEST 2701, RO %W
RLERINAR T ICHE U 72, BERLE RN AR 00T 13 O R AR KU R L
T2 FEHRL AT v a4 B 90Sr A IR E{ADIF 18.1-26.1mBq/g. {E{FED
1% 25.9-50.2mBq/g T& - 7= (BREUHICIHERHIE) o #5007 5 W 517 T 90Sr IREIC
BB 2l (X & O b Tnd o Tz, SEIDIHTICHE T, HOFL Z & iC 90Sr D
AR ONGE D52 HE LT, AT Yy ah 4 oERIINEEL Cw244E
DIEMREL Tz 2 b FHCIERAHE C OB L 22272, E7o. ERESEL ., &
F o fric it U 72 50kHE, 0.3 g/BlRbcld Hor R IR E 33 S T n T L 7x &
Ezbhiz, BERERMKLITOERLO D AT > v 2 A DEEREE A E N
TEDL Lo TS, SRIFFERIOMEL L. BB o MRS L OXICZAT 5
TET, TKHEMREL 72 90Sr BREBDEIELHEICT 5 Z L HIET,

2. Fwx
N/A
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1. B

FRTIRKRAZ T v YA DYELIERIEZ 3720, KA Tu /Aoy —x (k)
Fizidv vy (BIUE) & LTERT 2, =7 r ki, RAGRER Y
I & 2 R P BRI L 75 &I X D BREGE = L ST RetEs H 5. HAABURTE
VWETHY, HHATH 27 FvidHE» o RKAbh~Bukans, 7 FvizR&dics
WIS, HE L & Ry GEME 2 VAR RTERL. KRR T
o Y NVRLFIATE LIl ((HE 7 F VAR BT 5, FRICE T 2 NI
BWTI FARX—AF VIEESIHRILL D b Ew T L A3 & 7L (Jayaratne etal., 2011),
FD O OR[ZT v Y AOBIIC T P v B2 23 B8 G- L T 2 ATREE 23R 2 X
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DlE. ETHNICT 2013 FFICEHE L 2R 23, BIEECHRICEGATICHFEEL Cwb 2 &
HER L 7=, HETEMR 50~80 SEFED T Y X TH V., 7V F DRITHRED 720128 L
Wt 10 mIig Y EFS T3 213, REARESY, B, Blo@Eye o
PriERR R &3 & A LB L e\ & & B L 72 BRI O Cs D MIE 1ZR D
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v, Xe IR KR OBHIBEH AL LCw 3, 2020 4£, XENONIT i 2soillic 5T
THEAEFEEIEN TN, ZNREEMEST 7 o4 v ougeEsrd 2 28— T
FYF UV LOR—ZFHEIC L 2ERFROEVDH o7, PIFVLICKEZ ANV I
7YV FELTRAL 2L LDEAZRGECHETASAT M) F 7 L0HIEZT
HREROMMELED 5, 2. i <XENONnT & LT - /Ik> BN
HBLTCMIVF v LNy 27Ty v B3R XENONNT S5k IC T 3 REME 239020 o 72
7=, ZOWNEKEITR -7, BN, BENIC HTO, HT 2807w P AR L L
TIFEL S 720, BHIEIC X &/ v 7 A OKERELEE (7Y £ —) OFEPHE
flics L SHHSBLAOIEOBEZEG &, I LICHRERICEE TV M HZADER
RAITo 720 SR % E RIS © 2 TS, BB 7 — % %2 & % & XENONIT
TN 1/6 138Dy 2770 v FEDTE T2 LICHIIL, 2020 fEDiEIESHE
Rix PV FULHROFEEELRE WV RO T2, <REMHCET 2 ) F Y LER
Sl N> B XA XD T - T vy VAT TRIL 29 R_RTCo% v T
LD HIET Lize ¥ v 7, BEC ClElE 2TV, Wik v FL—vavhy
VE—=%HWCT M) F Y LERAROERAZIT o 72, WEFEEICHERES v T LT
HBTTVHy Y TOKF Y IAFEEIEL, HTO 0.63+0.11Bq/L fEHE21E 5 H
RTOEEIZIEFRL Z & MERTE 72, HT D HiEEIX HTO DHETEEX v b5
105 fEmv 2 EAHAREFEA £ ) 7 T ¥l CTHIE S iz,

2. Fx
“The XENONnT Dark Matter Experiment”,arXiv:2402.10446 Eur.Phys.].C < £ &
(433 : Kobayashi Masatoshi, Masaki Yamashita)
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RRECHAET %, —J7. AARIFEE L CRT Il E & bRE~HE S h w5, B
Biho b ) F v L g e LT, KRR, R KER R EKIRE Y F 7 L %3R
L L7 EBILEL TN T w3, —H T, KaHD + Y F v 4t KESKIKMHTO). 77
FHRMHT), RALKER(Fic CH3T) THELTWE Z e RHbNTWE, Zab %1l
FIZBERNC A BIHIE U 22 0F5el i3 0 72 < L RGN RS2 H 5, il 2 1E, 1k
FIEM OB R ik, 7 FIRPRILKFERD F Y F 7 aB3@mw i ee 2 3 5
TERHONT VB, ZOHERIIAS A ThV, T2 TR, FEA L CBE@EI LT
2 REFOKFEMH2)PHRILKFECHDICER L, KAF Y F v LRE L R 5
HT % CH3T OAERGERIEMIAZ A 2, ik K&RF Y 57 ZEEOBIHN. 5
REEHBATE L AL ETERERI b ) T 7 LR E 2 vz, TaRAl (2L ¥ 27— —
7 (MS)3A) & B Ui % fH 4 b T BRE 2 70l L 7z, eI Z 1 A& L. #li
LK ZRWEY v F L —v 3 VEHEEEE (T v A7, LSC-LB-7, N4 7V &E: 20
mL, ¥ v F L —%: Ultima-Gold LLT, FHURfE]: 1500 4. #H MER{A: ~1.0 Bg/L) T
HIE L7z, BEOFMIISE I 22Bo b, KAMERT I, A7~
7 7 %i& (GTR Tech, G2700F, fHigR: KFERA F g, 28E7 7 40 MS-5A,
PorapakTM Q) & =Tt ABAER (Y = 4 4 = v X, TRD-1) #flAEbw. HEER
BUEEZAAT 2 e TCIMMItoTF—2 2 0US L7, fEE: WEEEICERL 2K
SR HIE > AT L OKFE A 2 v —BLIRFE % NR) % ARERE S ke L CERM L.
BT — 2 DERBEH#ED 7=, T2, REWMER S OME L HTLC, 1 b LIFEA
fBDWME & L CTILFEERERIRG T t Y F 7 LB DRIE 21T - 72, B L 72 2022 4F
6 H2>5 2023 F 12 A co7— 2 &2t L. K5H + Y F 7 245> (HT, CH3T) & K
SR K (H2, CH4) & OB R L 72, % OfEH, HT & H2 & ORI IZIfE
B 2SHERR X 7 > o 72 (FHBEFR%%: 0.04), Zd Z Lix. HT o ERGERE T H2 o ERGE
FELIZ® R0, MICHBIESTFET 5 2 L2 RB LT3, £/, CH3T & CH4 O
BA-Cld. 59 HHBEASHERR & n7- GHBIRR % 0.43), BUIRTIE, KREAME R o8l 7 —



2L HBATRE R KA P U F 7 LRETF — 2P hnwc bbb, SH oMk L 72
BT — 2 DINEZHED, REFEOBHT -2 2 MATEILARIERETI TETH
%, [3#3R] [1] T. Uda et al., Fusion Eng. Des., 81 (2006) 1385-1390.

2. G
Masahiro Tanaka, Chie Iwata, Miki Nakada, Saori Kurita and Naofumi Akata,
“Chromatographic analysis of molecular hydrogen (H2) in the atmosphere for

understanding atmospheric tritiated hydrogen (HT)”
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HUKOWFER O A2 RGEL. BF 5 4 8 AX Vit vis iz &b, b
FULEIZLDE LKOBSREICEE T 242 AL EE o Twd, 2ol
o, BBERE=XY Vv IOMEFEREMITD & XY DWOEHEMEMERS X ) —EEE
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T el L7z, ST, BREEEORE L MK i 238 L <L AT
WL E SN TV 2 HKEAE M Y 577 4 (AT TOBTJ & 9) iIDon T,
AR E /RO EIT) T & & Lz, ik, WMEBRREEAR L v 2 —Tlk, OBT &
FCBE 2B Z L iz, £ FIEHNTREE - trdfiom L2 Hiy e L <. B
LRI OB S - HAHEED D & U F v AT L 72 AR 05T 217 o 7=,
3. ARk (e 7 X)) %o - U L, 88D Lot icpElo |, 2z i
FUF vk (bYF 7L 109.1 £ 1.5 Bq/L) 2L 7z, Zo#EfFicky. fA
B o, B3R, BMREFIHEE T 2KER, HIREOEHEG T Y F v LIcsds
2 (LUF, oz TP ) F 7 2888 Lv9.), b F v AERL 23k iz
B, FRRICHER L2 P Y F o 20k (BUF, TSR Y 7V 20K]) Lvd,) ZEINT 2
LI, ol X 7 kA Tl E SR I XD RSB N CRRE X B, BRBEK
AL 7z, BN L 72 88BE K ik b -~ U v 2% 02, BIFE#E (E-23-17) o Tk (UL
TS ZEE ) Lwvwo,) ZEEVRTCLICXOVERL, ik vFLr—vava
v v & (LSC-LB7,ALOKA) Tt VU F v LREZMEL 7z, —J7, BIULL 7285 % b Y
FLKIF B VIEA) Y L EINA T R OB R & BRI X R,
FERIC b Y F 7 LR ZMIE L 7z S0 HTAESR I D T LotDId#ABEK 20.3 = 2.3Bq/L.
S b U 77 LK 86.9 £ 3.9Bg/L. Lot@I3#AlEK 17.8 £ 3.5Bq/L, 1k b U 7



7 17K 85.2 £ 3.4 Bq/L. Lot®I3#ABEK 16.8 £ 2.7 Bq/L, #Ei#k# F U 57 £k 81.4
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WY F 7 4K 052 £0.02Bq. Lot@ld M U F 7 47k 0.66 £ 0.01 Bq, #AE/K 0.06
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Sl % &, —HEOEIEAE L TR 84 %~90 WIRED b U F 7 L &[N L 7245 R &
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(HW] bYF v L0HORNVEIZEMCH 5, GEDEEOEE, MkAEHKE
Y5 (TFWT), fH#EET Y 77 4 (OBT) OEZSINR LT 20, 24
ZNEREGFRE . RBEEIC X 0 1E o iRk (H7k. OBT #bek) % REHLE
TERERD D, b OEPKICITERY 2% &, @B X 2 L i
FATF. K283 2, RTEoA b, bz, EEAEEYT O C-14 FigLE
HECTHEMDOD 5N (UV) HENEOEAWE 2T L7z L &b o, LAl —%
PAMBMKGE 3 2 ik aMaat L7z, [EER] 2022 ERERE (ERAN F-22-76) 12T 5
7= UV IBEErE GURK 10 mL i H202 % 0.1 mL #hntg. UV B85 60 43) 25, &
DOC ¥ 52>k pH TH 2 OBT BBE/KICETRIRETH 2 22 WA T 5 7=, failkl
D OBT #BEK & Z 1% spAILER L 72 30RbK (bl & OBT #ABEK) 1o wT, kit
DM TR A 1T, DOC, pH, UV 22 P L ZHIE L 72, UV IS E 13 Metrohm
705 UV Digester ({171 500 W) #F\ 7=, 72, JflEA OBT #bE/K 50 mL <>
W, R R TEEE & 72T Lo BBAR SN TREEAT (MnO4) %N L mzk
B S 2 JEIC DT, 2% WS 2 INERE Rl 0 % 17>, DOC, pH, UV
27 PAEREIE LT, [fER] 3kl OBT BEK L hfliEA OBT #AlEKD
DOCEE I EMICHET 2 2 LB TERDP -7z, BHIZEI TR ARV, <~ Y v
ZDFED L L AIPAIHEEIEICT Na202 #fH L 722 I X W% ED Na g EnTtwn
BB L FE 2D, UV BRHOREIKD UV 2<7 P A ZHELZ L T 5,
OBT #Be/k & vl A OBT BBk D &6 & b IR % 3 B & L < b G0
EARF5rTH o 72, UV HEEE IIREE A K O G Y 0 R 2 18 RTRES 23, fa OBT
BRBEKICILBEH CE R\ e B0 h o7z,  — MR & & BEALAIR I — 23 PAME
B S 3 J5iE T2 NE WA DR ZIT > 23Kk D UV 2<~27 A ZfllELEZE T
5. ZNZFh 8 I & 24 BEE o MR CHEYI O R IZHTHh o 72, 7272 L, OBT
BEKICE TN 2 AR R IIMEHREE TR R 5 720, —RNZRT A ETIE 8 R
TO AP EBA T RIGER D 5. BACHIAIN—ZPHMBKIE 3 5 /7 ik 135 e
EOwv v A LHIRICR Y, FHDDP o FHATH S,
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WL, WK HRFE, EHR, KFEEWMVALEEY & L CEET 2 & FRFIC, Eik
Do fFe G 2@ U Cifkhic e e 2P T 5, AW TlE, ~ =2 v 7 Saccharina
japonica ICX 21 —FK Y ==a2—F IVDOHBMERI T 270, vav7lEFEk (AT,
WA EPET 2 HBYIF ORBNREFEE T2, & b, KREIFULIRAERS O A5
Bt nsS s B ic U A AT 2 b ) FU Lo~ a v TEEN~OBIT % Rl
270, HARKFEMOZIECBEERICYMAL, (1) KRS T ok
HHEY) D REEE et 2023 4E 6 Hic e o/NIEES CEIE L 723k % 15°CIcfr -
7= 35L ok 1 HERRE%IC GF-75 THE@ L, XD EERTIE 144 KoL
H (AR 50mL) 140 mL Fo0EL, BSMEMRER T BILRFEELRELAL 2%
IC 144 Ko OLOEEEICEREE T AVEI I REL, e Lz, &%
1,5,10,15,20°C o fEifE I 36 A+ of L, #5857, 13, 28, 53, 75, 144, 201 HHIC &
EEREOREE 6 RFOMO L, #kThoLHRSE (TOC) & ATP 0&H &%
HIE L7z, C OfER, A2 Xz TOC Offlfticid, 5k OBk St
TEBRNAD b Tz, RS T Cld, TOC 1355% 28 HH £ Clc &L 7zo
HLRELZEMBAONR L 2D, EEFETRHIC 2.19-2.54 mg/L OHiPHICH > T, (K
1% LI 3% B> T H o 7o, ATP IZEERFIIRIE I 2 L 7223, 13 H H1IZ 1% 20 pmol/L
Rt D% R Lze —7, BEREMHET T, TOC 1HKIRIE LD 235k 5T, FBR
KT HFIC 2.95-3.41 mg/L DHIPHICH > THRASLE Ficlk~Nmuwiiz R L7, %7,
ATP 1355% 144 HE £ TREC IS L 72, AFER2 S, B HEHT 2 Y 2K
I CHEFBREMECERO X ) ABEICHX T 5 2 LT, X0 RUIR, wEhicRE
EEECE 2 X0k LRI Nz, (2) BAEOFEKFIISHEER oMK
HENCEGA L 7R % 27 ARRECL, ERK 3 cm ICHREEEIC EKEFINEAK (2000
w1 molD/molH) D /kflivh < 35 HiE¥E L 72, Zoic 3-8 HE Z & Icst 7 |, 3 flfk
T ORI L, S OISR B & Bk R (NxOBD) ZHIE L 72, 2 DR,
WA o NxOBD 13, EERBIIAKF O 152-154 umolD/molH 2> 5558 14 HH T
774-804 p molD/molH I L 72, % Dk, SENEEREL TR Y, FERK TIRIC
843-980 pmolD/molH D#iP %R L7z, AR IE, XA L, Cmax 28 823
molD/molH ¢ FHE &7z, NxOBD (u molD/molH) = 823*(1-exp(-0.0743%t))+153
t BB AR, WIS X2 M) F U LFEEDOEIICOWTH A RMALES
ZEMBTE T,
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TR L | AV EN R OO RRICET 5 2 L 2 HNE T 5, SHFEEIL.
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T 7=y a v EMINL MRS X O Y TV RIEER) 07 —4_X— 25 XU
ERDN—=F ¥V ATAFRAF Y F =% ATV ZMMEETIED 7 +—~< v FICD
WTHRET 21T o7, T BIT, 7 — 2 X — 2 D BB 2 17\, MR RBHIC T 72 M fid & Brsh
Lo TNETICEBL CELERIY T — 2% T — 2 _X— 2B HIIEREEZ A 72T
TV T —va v~ EL, HERAZIRL T —~y P TT =4 T L TART
% & C, ENADOWTFEREBEIC 35 CEIR T O R MER A ATRE & 72 0 | U U R 7 5HliiC
B 27 ARG nalRetEAB I c& 5, [Z% 3] R. Semba, T. Morioka, H.
Yanagihara, K. Suzuki, H. Tachibana, T. Hamoya, Y. Horimoto, T. Imaoka, M. Saito, S.
Kakinuma, M. Arai. Azithromycin induces read-through of the nonsense Apc allele and
prevents intestinal tumorigenesis in C3B6F1 Apc(Min/+) mice. Biomed Pharmacother. 2023
Aug;164:114968. S. Yi, T. Morioka, K. Daino, T. Nakayama, M. Nishimura, S. Kakinuma.
Ionizing radiation promotes, whereas calorie restriction suppresses, NASH and hepatocellular
carcinoma in mice. Int ] Cancer. 2023 Oct 15;153(8):1529-1542. H. Yanagihara, T. Morioka,
S. Yamazaki, Y. Yamada, H. Tachibana, K. Daino, C. Tsuruoka, Y. Amasaki, M. Kaminishi, T.
Imaoka, S. Kakinuma. Interstitial deletion of the Apclocus in 8 -catenin-overexpressing cells
is a signature of radiation-induced intestinal tumors in C3B6F1 ApcMin/+ mice. ] Radiat Res.
2023 May 25;64(3):622-631.

2. @ sl



ST REIRIE B AE - B2 EE (M
oy b7 — o HEEHEHI S (ERAN)

FY2023 Final Report
[ 3F/Young EAFZL)




HFH#

R %2

RIRES 3 g ESEA HEHRE 2AHRE BN
. BRI ACCBRRICRIFTHED T T LTHE : FR
Y-23-01 | e EEAEATE PR A i AE #— CRIES
I BB IC 3 15 K3 - BT — 2 20T
B Bk 0 R5 5 LA A HNE Y B EE & KRR
Y-23-02 |FENG Bin TU Wien BHE#m— CRIES
137CsDHEH IC5 R 5 7%
. FMHERBICE T 2HRHFEZ Fr A2 L —Y—¢ LT |EHEK BE#w— CRIES
Y-23-03 |i#E B— {EMKE N . e f
AWHTFARE - BEE Yy ey RN N BE CRIES
BARRFHHERFERE (> 7 74 b OFREOE(ICH S BREF ORI
Y-23-04 | 4 o T LT o WL 155 CRIES
1 IEDBIT - REFH DR
. Effect of yeast-based magnetic nanocomposites on
MAAMOUN Japan Atomic Energy . . . o .
Y-23-05 ) trace elements levels in water at old uranium mill  |HF Fb L {58 CRIES
Ibrahim Agency . )
tailings site
W\EP ?F.ﬁz
V-23-06 MUNDO Jose K Uni i 1291 - 228Ra - 234Th/238U% b L —H—& L7=HA i);l:l ;; e CRIES
-23- anazawa Universi [ . “ B !
Rodrigo Yy om0 £ R .
WA BHE
[N )
) _ IRBFEENWIEZ AWM S 7 ROEFERER
v-23-07 |=% 18 B R E}EjL -7 " lmo & N CRIES
WA BHEE
BERAKEAERR |ABIARI B S 5 LIROTN B 5 R~ | T e
= E FI\ A R ) 7 - F%HE N PPN
Y-23-08 |12 @K - ! ” g ” WL M s IER
% HUHE S 9 L DB (TR DR e
BEE B
_ s _ | BREEWIEICE T RREEDOREEL > T LIEE
Y-23-09 | M it BB RAEE R R . = A e IER
EBYIROBEMR
N BEEKEBEARL |WIDHICE T 2BEKPOBEEL> v LENEICET H B IER
¥-23-10 |58 59 ” }m RN SR
v — Y = T IER
HRML
The University of . - HASAN Md Y
Y-23-11 |CAl Yu BAARREZIZH T 5210PbD 22 E 57 & ZEIZ L D fZHA FE K- IER
Tokyo Mahamudul
JIN Qianhao
Graduate School of Study on Influence Factors on Radon Exhalation B S22
Y-23-12 [JIN Qianhao Frontier Sciences, The |rate from soil - the improvement of accumulation ;K . [iNm oy IER
University of Tokyo chamber technique and back diffusion effects e
. - s s FRREHICERT 2 I8 /7 VIREDERTE ||
Y-23-13 |34 899 FURAF AR LT S lem R %7 #E IER
1=
BARBRITEDNEOFME NI LR BAES |B S5
Y-23-14 [/t BAZE HRAY KRR ER) IREM
= B9 B HTR R 12 i
= g
Design and realization of a smart survey meter
based on low-cost electronic components for Said
aidou
MBARNDOUKA Institute of Geological |simultaneous ambient equivalent dose rate and KR B IREM
Y-23-15 o i 7 |OUMAR BOBBO .
Jacob and Mining Research [radon concentration measurement: Calibration with Modib #HE E¥ IREM
odibo
a stable radon gas in low, medium and high
concentration
Saidou
Centre for Atomic Environmental radiation exposure in the Fukushima |DANIEL Bongue _
BACHIROU ) ) ) KR ER) IREM
Y-23-16 Molecular Physics and |Prefecture and in a radon prone area of the SAMUEL Guillaume .
Soumayah i o . HHHE B3 IREM
Quantum Optics Adamawa region in Cameroon Bineng
ISSA Hamadou
KRR B8] IREM
V2317 OUMAR BOBBO |[Institute of Geological |Establishing the first radon and thoron detectors Said M| EF IREM
_23- aidou
Modibo and Mining Research |calibration system in Africa: Second step KR B IREM
Kranrod Chutima IREM
) ) _ |Determination of seasonal correction factors for KR B IREM
HEBSIA GOURDA |University of Yaoundé i i . OUMAR BOBBO .
Y-23-18 Eri | radon and thoron concentrations in the different Modib HHHE B3 IREM
ric odibo
climatic zones of Cameroon Kranrod Chutima IREM
Nati I Institutes f Alph ticl t ing FI t
ationa ns-l utes for pha particle spectroscopy using Fluorescen Bk BT IREM
Y-23-19 [HU Jun Quantum Science and [Nuclear Track Detectors and confocal laser X
Kranrod Chutima IREM

Technology

scanning microscopy




WIRES 3 g REL HEMRE ZAMRE N
YVETTE FLORE Siaka
Tchuente
. Faculty of sciences in |Study of environmental radioactivity in Fukushima o
FAYETTE Sime ) . . JOSEPH EMMANUEL  [FRR E&) IREM
Y-23-20 | . University of Yaounde |prefecture, JAPAN and in a rare-earth element o .
Kitcha . . Nkoulou li Ndjana Kranrod Chutima IREM
1 bearing area of Akonolinga, CAMEROON.
SERGE DIDIER Soh
Takoukam
Establishment of on-site culture system to evaluate
Dalat Nuclear e
Y-23-21 |TRAN Thanh Mai . cytogenetic effect on human and wild mice in ZHEE IREM
Research Institute
Fukushima
. . ) . | Tritium concentration in natural water samples TIBOR Kovacs IRE H 8
Y-23-22 |HEGEDUS Miklés |University of Pannonia | . » . IREM
using ultra low-level tritium counting system SUDOWE Ralf Anderson Donovan
i &h
. BERAN DR TR L ARBEDER : BLBZBIE ([ NUT Y A7 _
Y-23-23 | kI P BILRSAPER T = = . mE % IREM
L< B
B SOt
i &
JOKAM NENKAM Distribution of radioactive materials in freshwater | Fi5 #7
Y-23-24 |Therese Line University of Toyama [and transport dynamic from land to the coastal JbiE MEfE HaE 3 IREM
Laure ocean OKTAVIANI Ade S
KHATUN Mst. Tania
DEVETUPTITET T UT ETTETTIVE CUUTTTETITEaSUTES TOT
V-23-25 HASAN Md The University of radon exposures: usage of the air cleaner and room gk R Bi— IREM
Mahamudul Tokyo air conditioning as tools for sustainable mitigation of
- KR BE IREM
. EVYTFALAY I 2L —Ya v EROERER K _ .
Y-23-26 |EHE iR EBAS o &(D.ﬁuﬁjix s = A e @ E3% IREM
= AITES ]
- e =R IREM
T STV, N 2 o
—REFEEA BAHH |REBELSOBBRTFONHIRECBLTEREL | alicl= i JAEA
Y-23-27 |@E 24 - o : B AE
RERRAT MAISET 2 Y BEIE DA = 1% AR RE JAEA
Y-23-28 |fEH 1% HBERFRFAFI [(ERERFIFIRE ICH T 2 ERPHEEE~ OB TE |FH &5 b —2 IES




Y-23-01

PR DK SGRRR I B S E 0 & 7 VR

FERILITTEHER M IC 31 57K « BT — & 2T

KA @il Bl
ZAWEE - BRH B

- OBCR

FRARERIR C D JURH PR E B8 o BUIRIEHE - Frk Tl id, W% 2 58 3 2 IR D
—DTH HKIEH) - lrAOHI & FHIPNEECTH 5, % O@EMICIZ, BUHl - Ehaz@L
7o BIRBRRIC N 2. RFZEREICHEER L 7235 Ok &4 7SI L BISR 2 I3 < % 5 KTG
BRETNMCX 2P LETH 5, Lo LIERDET ATl KOBREEDOIRF 221534 D
RIS N7 A — ZPRICH - 72 7 Vi O 72 & EEERo i © 2 o 2t
IR L 25l 23T A CZ o 7e, £ T TARIIFETIZ, NI XA =2 ERETOTZD
BT O FISERE 2 AJNCOKIEER % SR RE £ 7 L 2 B L. FEHI~ DB - WREE & 2L
fEFEERIC X U FBEE & 2 0L KIEERIC KT S B o R Z B & L 7=
BIFET A ORIZ 2T TD ERAN %@ L HEEE 2B L 72 01 B o /K G BR ) R &
7 )L BLock Aggregation of Darcy’s law Elements model (BLADE) T» %, A4 (X
BLADE % Sl 7 — 2 © & 2 1A () 1RGSR, 49 ha) 1@ L. 8
X NI T — 2 BLACKEE L 7263, X7 XA — XK T 2 2 & 7 oKk B8R
SR DIFZEE A %2 SR EL IS 2 2 L ICE L 72, I hic, LEE ISR
iIc#% 5 BLADE OFiEziGi L. EEZFET 255G LEFREL ZVWEADOZThEIC
MNLU~nrazEgEey 7 hraik (1000 v 7)) x4 IMEFmEiT5 2 & T, il
DHBEESLC NI A—ZEES LI ZNL OAHEEEICH LESOZEREL ED X ) 7
R DI T RIFRFURICER U 2285581, a2 E R T 256 077 23R IcKiii &
RO BB & (L a2 B R L 2 0nBHa i RO kY - @K 2 @Y HEE T &
W EDIHL 2T o7, F 70, HEE X L7 IS T AKAL O RFZE R A |3 R T 2> &
HEIND2DDLITELY, AT RKIZELZ2EKBELFFOZ EARBI N,

. L

o

Y-1



Y-23-02

B o IO Rix 5 THAIR 5 EY E S L R TIR 137Cs offiic 5 2 2 8

K4 : FENG Bin
ZAWFEE - BH B

OE S

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
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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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Tokunagaa, K., Takahashic, Y., & Kozaia, N. (2023). Arsenic and iron speciation and
binding in the surface soils in Ningyo-toge mill tailings pond using X-ray absorption fine

spectroscopy. Journal of Nuclear and Radiochemical Sciences, 23, 14-19.
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1. Bk
Ningyo-toge mine, located in Okayama Prefecture, was used for uranium mining, milling
and refining for around 18-20 years, until it was closed in 1982. The site is disclosed as
radiation area, originated from the mining residues discarded and left after closing the
mine. Currently, the Ningyo-toge site is planned for cleanup and the prevention of any
future environmental contamination. Applying water treatment technologies in the site
(e.g., Ba sulfate co-precipitation, and natural attenuation by ferrihydrite) can contribute
to lowering the levels of trace elements of main in water, including uranium (238U) and
arsenic (As). Meanwhile, yeast cells have been utilized as biosorbent for the removal of
heavy metals, dyes, and organic compounds from wastewater, owing to its low-cost, easy
production, and high sorption abilities. Correspondingly, magnetic nanomaterials (e.g.,
zero-valent iron (Fe0), bimetallic Fe0, and others) have shown remarkable performance
in reducing 238U and As concentrations from real Ningyo-toge water samples, with
removal efficiency > 90% (ERAN-FY-22-03). Hence, in accordance with such research
aspects, the main aim of this work is to investigate the effect of yeast-based magnetic
nanocomposites on lowering the trace elements levels in real contaminated water from
the old uranium mill tailings site. The yeast cell suspension was used for the synthesis of
yeast-based magnetic nanocomposite via chemical reduction of iron precursors,
considering two approaches (i.e., pre-synthesis (annotated YFe0-Pre) and post-synthesis
(annotated as YFe0-Post)). Batch experiments were conducted using the synthesized
nanocomposites for the simultaneous removal of 238U and As from both synthetic water
(initial concentration: 10 mg/L), and real mill tailing pond water (initial concentration:
20-238U ug/L and 7-As ug/L). A dose of 0.1 g/L yeast-based magnetic nanocomposites
(YFe0-Pre and YFe0-Post) showed faster 238U/As removal compared to that of bare Fe0,

yielding full simultaneous removal of 10 mg/L initial 238U/As concentration. FTIR
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spectra of the freshly synthesized yeast-based magnetic nanocomposites showed an
abundance of amide I/II groups in both YFe0-Pre and YFe0-Post, which could have
contributed to better adsorption of 238U/As species. Unlike YFe0O-Pre, typical Fe0
crystalline peaks were not maintained in the amorphous YFeO-Post, resulting in better
238U/As simultaneous removal efficiency, which was depicted by XRD patterns.
Furthermore, the XRD of spent YFe(0-Pre showed several peaks attributed to iron oxides
and U/As-Fe complexes. In conclusion, the synthesized yeast-based magnetic
nanocomposites showed enhanced performance in the simultaneous removal of 238U/As

within real mill tailings water samples.
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1. #5558 The southern Okhotsk Sea is an excellent fishing ground, producing 352 kton
/ year of scallops, crabs, salmon, etc. Fed by the Soya Warm current (SWC, high salinity)
and the East Sakhalin Current (ESC, cold and low salinity), surface water of the southern
Okhotsk can be grouped into Coastal and Offshore areas. Previously we found that 1291
is carried southward by the ESC. Likewise, in the surface waters 1291 (Offshore >
Coastal) anti-correlates with salinity. The Cold Water Belt (CWB) is formed by the
upwelling of cold subsurface seawater. Hence, the CWB exhibits high biological
production (Mustapha and Saitoh, 2009). The formation mechanism of the CWB have
been studied leaving 2 theories: 1. The upwelling due to resonance and 2. The elevation
of thermocline through baroclinic-wave adjustment. However, both theories allocate the
source of the CWB before and after Soya Strait (at the intermediate cold water, ICW),
respectively.  To elucidate the nutrients’ cycle at the southern Okhotsk Sea, it is
indispensable to clarify the formation mechanism of the CWB. After an identification of
the different water masses based on their physical properties, we found that 1. The
highest 1291/1271 ratio was observed at OSW’s subsurface (1.33-1.53 x10-10), which is
modified by Sea Ice melting. 2. Dense-SWC, as Japan Sea’s winter-mixed water, has
higher 1291/1271 ratios than SWC, but lower than Okhotsk Sea surface water (offshore
area). 3. It is likely that ICW do not have a high 1291/1271 ratio. 4. The CWB had a low
1291/1271 ratio (< 1.10 x10-10), even lower than ICW’s. From the difference in
1291/1271 ratios of the endmembers, it can be concluded that the formation mechanism
of the CWB would be the upwelling of Japan Sea’s subsurface waters due to resonance.
Such mechanism has been previously theorized as follows: when a stratified barotropic
flow passes through the shallow (50 m depth) Soya Strait, internal Kelvin waves cause a

nonlinear resonance with the seafloor, provoking a large boundary surface displacement



that causes the lower layer to rise (Mitsudera et al., 2011a) at the Cape Krillion (at the
left respect to the passing flow), whereas the baroclinic adjustment generated after the
strong upwelling causes a strong baroclinic jet in the surface layer along the SWC axis
and a dome-like structure in the subsurface layer (Mitsudera et al., 2011b). A further re-

analysis will be performed when chlorophyll-a and macronutrients data becomes available.
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Mundo, R., Matsunaka, T., Nakanowatari, T., Taniuchi, Y., Inoue, M., Kasai, H., ... &
Seiya, N. (2023). A review of the oceanographic structure and biological productivity in
the southern Okhotsk Sea. Progress in Oceanography, 103194.
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R, RERUHAR O 137Cs BEZMIE L, BRILL 727K IZ7AFRED 137Cs IRE %
HIE L7z, 228 20cm Kiii D 7 74 L IKEFEICO W T, 137Cs IBE DL 5 & Btk
iRt U7z, 137Cs IR DRI & 7 7 4 AR EZ B L, 2 hThok
X & RN OB CHEHET 2175 2 L CHERL 72, I b, EET L DR TD
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DR BTz (T, p<0.05), IARIC 31T 2 AR & v 77 A4 A RE2ER
W, WK CRBOTIA — B X L, KA & o, B Z L, v 7 4 TRBOTI — 1)1 &
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NLWEL TV Lrb, BHAEYEDZ OMOERICOWTHBETL T,
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BERNRIEIC I T 2 KEEY OBE L > v LRE L BYIEOBER

K4 0 A it
ZAWSEE « FIH B
1. BR
B RAINEIC B 2 AR OCERAED O E > v ZRE K4 04 Mt 2
ABFFEE « fIH B RS ArE 3 2 PSRRI < B 2 I 3. B
Gk, WKL) Ottty v 4 (v 4 137, LU, 137Cs) B BHE T 21
S ANEE (LU, AMEE) &L TRV ERIC S 5, 72, AXF Lateolabrax
japonicus @ 137Cs B IZ B M OIAEE X Y HIEFITUEWIRIETIEH 2 28, FMHH X Y
HIIFHCTHO T ICm W EA2 D 5 ()11 1.70Bg/kg-wet, 7K 0.98Bq/kg-wet) .
ZOEBEL ZERICOWTREEDH A OEETT 2720, WL MEEcoORX*
K OZNENOHHRO RV EY 2 N RICHE 21T o7, 2019 4£~2023 FFI1T21F T,
HNIHE & IS B3\ TR X F R OBIRHEY) % 840 L . 137Cs IR D JIE K O H 3 - %
FRREFMAL (§13C KU §15N) OO EfTo7, AXFICOWTiE, &F.
R, REZHIE L, BNEYOBIE21To72, AXXOHNEYOHBKIZ, i
TIRAEHST9% (b AR IF AT 34%, =472 15%, % DflhaE 30%)., )]
IR 77% (5 b 7 I8 45%, T v 19%, % Ol H#HE 9%, 77 =% 4%)
TH Y, SR EIHTIEENEYOMKAKE L R > Tz, WITHICET 5
BEEMEYI D 137Cs IO WTCHERICH ZICHE L 72, TvHoavF ARy e
1% 0.48Bq/kg-wet, H=FAD XN/ 7 7% 4V H="7T 0.43~0.91Bq/kg-wet TH - 7z,
MNEHO AR FicowC, FIH. WlgaT. 5. KRMNED 4 #5159 T 137Cs IR
% Wi 3 % & FIHIZ 0.6~2.68Bq/kg-wet, Mil#RTIZ 0.52~11.7Bq/k-wet, =11 0.78
~3.51Bq/kg-wet, KM F 0.63~3.3Bq/kg-wet TH v . ML IC 1ZEE D WA FHA
LT3 S CIE S TE Do, AXFAEE L THVERR IR N
LhEZOND O, EREY E A CER L 137Cs IBEE T 2 & & BRETL
Tw3, CNRERMELIHOREE, IH ORI AEY D § 15N 1% 9.84%0 TH4iFD
2R % DEEIAEYITH B 47 2% (5 15N:9.04%0) LT ETH Y, 6 13C 13— 14.45%0
TIIHD AR F (513C:—15.50%0) XY bEhoTz, DI LLIEBTKEL -
AR F (513C:—17.08%0) 2SAJIEICEA L, BITE O BEEEY) (6 13C:—14.45%0)
RIBEHT 2 -0 MIHETERlE N S 2 X% (613C:—15.50%0) D §13C 234MEX Y B
El B DRI NS, T2, 613C & 137Cs IR ICTFOMBERH 2 2 & 225,
HREHR X O AITHECEIB X 112 A X F @ 137Cs IEEAE W OIE, BHED0ENICE S D
DIZLRBI NI,
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1. AR
PEIRICVLE L 72 137Cs oI & R L CHUKIR R RIS~ LA T 228, %
DM 7R BB I X R 23 B % . BEAERFZE T IR BREDK D 9 bR~ 4 7
o g (SML (Sea surface microlayer), 7KFEM2*S Imm £ TOfE) KUFEHSOET
K OKEER 0.5m) ICEHF NS 137Cs I IX, BB EREEO W Ld SML AE
TKIDENZ &EHEINTWS (e.g. Calmet and Fernandez 1990), AHFIE Tl
BREKT D 137Cs iR O A Ic 5720, 20224 10 H 14 H A& 1) KU 2023
10 A 11 B GA#E 2) Il o N TEHRE 1 #im1C 35> T SML S OVE 7K % $2HL
L. AR RRED 137Cs IRFEE R HIE L7z, SML I3BRKER %2 Fl v TRy 6 BERE 2> 1F
TERHLL . ETKIE SML REUD Hijf2 I AR K 8 &2 F VTR L 72, BREDKEURHE
0.45um 7 A VX—=ICXYABEL, 74 VX —% @l 72d DEIRFRE, 74 04— L
IR L2b o2 RERE L LTl L 725, IBFR8IL AMP IRIEEIC K VLB L, Zh
Z3 137Cs WEZHEE Lz, 72, FAHSICE W CHHER ICHEREY 2 5L 72, HERE
P EHI | A1 X 0 BiKULER % 17 5 72 #4. 137Cs I D MIE 217\, [Falklo & H
HUZZEERE2HCCHEREY 0 0 137Cs BEICHE L2, SML OFE Y- D
137Cs IREEIZE /K X 0 b A RE(SML:11.3~11.6 mBq/L. & F7K:4.69~11.0 mBq/L)
JOERERE (SML : 13.3~25.6 mBq/L, E F/K : 1.91~5.40mBq/L) & b I &\EHR
DR T N7z, IRMEGREL (SML / ET/K) 2R L THIRLZZE 25, & 1 DR
REITFE 2 L 0 DIATRE (I 1 :2.05~2.48, F#E 2 1 1.03~2.11) LU @kiEmE Gi
1 :8.09~13.4, FFAE2 :2.46~4.12) Ly iITEEHASHER S -, $7-. BiEkE
DEFEY 7Y D 137Cs EETH FEkOMEM A4 5 1, SML Tl 513~882 Bg/kg. &
Tk Tl 423~588 Bq/kg. IEAEIREUIFHHE 1 <k 1.50, ##E 2 Tlx 1.15~1.21 TH -
7o HEREMI D 137Cs 21X 18.3~22.5Bq/kg TH Y, Hilhe (EEY7=V) D 137Cs
BEX VAL P ITENETH 2 & & RS iz MBS T 2 HERH O 1 5
MW T —2 Lk LzE 2 A, #AE 1 LRIH O 112ecm, 101em, 94cm,
94cm, 103cm, 117cm, 133cm &AL, 5l E Wi bMOFELZ T CTWb EE 2
b, FE 2 oFHO#EIN X 47cm, 53cm. 67cm, 85cm. 104cm. 120cm, 129cm &



EHL, MbMOFEDARAZITITEEEZLNEZI L L, BT X 2H)IIKPifK
DIAD R OPFEMOEDER O —> L E 2 bz, Stklt. BIEHHR K.
o) LU TS 2 & & bac, 51 WIS, B EIREIC o1 72 SML B Z 1T 5 &
&C, WIC X 2B DL FEHEICONTHMEEL T <,
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L. Bk
In response to concerns regarding radiation exposure, particularly in regions like Japan
where dietary habits significantly contribute to internal radiation exposure, recent
research has focused on unraveling the dynamics of 210Pb deposition. The Sea-of-Japan
experiences notably high levels of 210Pb deposition during winter. This has led us to
conduct a study aimed at elucidating its deposition mechanism. To address this, a
combined WRF-HIRAT model was utilized to simulate atmospheric dynamics and 210Pb
deposition across the Northern Hemisphere. The simulation spanned from 2012 to 2015,
focusing on understanding 210Pb residence time and deposition flux. The results of the
research revealed significant insights into 210Pb deposition patterns. The model
successfully replicated observed deposition patterns across the Northern Hemisphere,
particularly along the Sea-of-Japan coast. Analysis showed distinct variations in
deposition patterns based on season and latitude, with winter monsoons significantly
impacting deposition in Japan. Mechanisms behind high deposition in the Far East-Japan
region were also elucidated, attributing it to the transport of 210Pb from upwind
continental areas. Overall, this research marks a significant advancement in
understanding 210Pb deposition dynamics. By mapping deposition distributions,
analyzing seasonal and latitudinal variations, and uncovering deposition mechanisms,
this study offers valuable insights into radiation exposure in Japan and informs strategies

for mitigating internal radiation exposure risks in affected regions.
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Study on Influence Factors on Radon Exhalation rate from soil - the improvement of

accumulation chamber technique and back diffusion effects

X4 : JIN Qianhao
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L. Bk
Study on Influence Factors on Radon Exhalation rate from soil - the improvement of
accumulation chamber technique and back diffusion effects Qianhao JIN, Akihiro
SAKODA, Takeshi IMOTO Report In this research focusing on the potential
environmental parameters influencing the measurement result of Radon exhalation rate
using accumulation chamber technique, we have conducted the a long-term in-situ
continuous measurement of Radon exhalation from outdoor soil surface in Ningyo-Toge,
Okayama Prefecture, where nearby the closed Uranium mining site. By parallelly
measuring the soil temperature and soil water contents of the soil surface in and out side
of the accumulation chamber during the continuous measurement, it has been observed
that these two considered parameters shows 1-2 hours lag inside the accumulation
chamber comparing with the outside environment. After precipitations, the water
contents of soil inside of the chamber reduce slower and cannot recover to the same level
of soil water contents of outside environment. As in past research, soil water contents is
one of the important factors affecting Radon exhalation rate from soil surface, and
showing inverse-correlation with each other, same as the result in this measurement
presented. This illustrated that during a long-term continuous in-situ measurement of
Radon exhalation rate from soil surface wusing accumulation chamber
technique (ventilation type) without enough refreshment of covered soil conditions, after
precipitation, the measured result cannot represent the Radon exhalation rate from soil
in this area. We also compared the model corrected result through the temperature and
water contents of soil in and out of the accumulation chamber according to past
laboratory experiment with in-situ spot measurement of Radon exhalation rate on
uncovered soil surface. The provided model shows a slight effect on decreasing the

scattering of the fitting data of Radon exhalation rate, but shows a good result on fixing



the data of special situations of sudden increase of Radon exhalation rate in the beginning
of precipitation. Based on the result, we noticed that the model according to the past
laboratory experiment cannot correct the influenced data sufficiently. In the future
research, the correlation between soil conditions and Radon exhalation rate will be
continuously researched both in laboratory and in outdoor environment, to provide

improvement strategy on Radon exhalation rate measurement.

S
i}



Y-23-13

FIRREHICAER T 3% I8 77 VIR 2 BOBGHEE

R - A R
ZAWGH T W5
SERTFAH © T 45

. AR

Vi i PR 0 [ X S 2 o ] TR P v R s 1%, IR C I3 AU 0 5B S & 28
& 57 L (e.g. Tsudaand Ide 2005), BEn7-EW%HEE+Ry P ARy FTH D]
BEVER SV, — T, TR OHIKCRIFERFROFEICLY, v IFHE T Lo EYREOME
HWEBELLET L2 WOEE XS 225 (Mpller et al. 2013), D FERE, & Ik
R NI D ML B GRS 13+ iciHii E hTwn ey, % 2 TARIfgEC
i, I 2 Mz A IBI0e 7T v ENRIC, AHURICE T 3 REOEGHE
EERFHET 2 2 &2 AN, DOf#EES XY v 7ARE, 2) EMEEARNT, 3)
EEIRN - AMEHISEN & ok ZfTo 72, BB L OCREFT25725 27T, Lk
il 2 FIC oW TR AR L 20 E s X O - )T D BRE % 15 5 RN
i CEML 7, FELEY Y 7 uh 5 DNA 2L, BMEET2Itav Y7
DNA i 2T, COI (Folmeretal. 1994) ¥ X 1f 16S (Simon etal. 1994) fHEIk o K
fAfgs % T, BT —2 2B L7, £ LT, KIFFeEE S caE&Hchli&H
H-REL T2V A IBIRe 700 2 MoEET—2 &AL, £HE
(BRI 2 T\, 150 2 Tl 08 (R % BRI B (R 1 D W CETiMfi L 72, Iba
¥ F U7 DNA i o0 BiafEiconT, 5y A€ ITiE, BEENEEEER
At % Uik L 72 54 OB S ERIE IR ©H - 72, &FET 126 o~T o x4
THREh, BEBENTALNEAT B XA 7L, HALHIR & FEED b D 3% o 7,
—77, €77 v T, REBRN L EEEIMbIE % i U 723856 O BRI % R 1 R
fET, T 25 T u x4 TR I N, EHEOER T, 2021 425 2023 4F
D 3FEMITH 72 O WIS v TAEREE L Cw A HLE TH 543, 2021 B X U 2023
FEICRE L 722 S HIER 2~ 7 a2 4 T E Nz, 2oz &pb, RS
HE MR I oW T lE, i OBIRC RS CORE LD 5 X 51, B BN O EY%
Pdy b ARy FThDAREMEATRR I N7z,
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1. AR

RO P 72 &R AN 3 2 EIREM o NI iZ. BRI oMEHIC X > THAR
W YEE B ERE T 2 2 83D 5, % OFEHR. U RED EIX 37 IR < v, Hig
I R 2 ATREMED B 2, Z 0O DEMEWE CTH 3 L IdFBA I T ICHEDED Y
ICTFTE L. 2 HZERITHEHEYE & LRI & v, HiBiA 7R & DU HRICBIIH A o fiE
W2 — TSI T BRIICH B, T DX D R L . MR IEEEDS IR H o
H SRR EYE o FAR W 7 R I A, BCENICHAAE 3 2 HERY B L <. JIE -
A D HEICIG U 72 BURBE D & BRI 2 0E ik 2 Bt L 72, BAREICIZ. SR EA
LR IIRBT 23T B HERERIEE > V) — X [1] 2 3£ i NORM o it BERIE 128
L7z Fik - e %8 E T 5 72010, OFNIESHATFRETH O . QA Bk 4 7 iifdic
HIGATRE T, @ EDFE - HEICHEL L T, 2 w) 300%&EHREL, 2h
O &7 IHE B AR Lz, @E N HE TR ICE W T, NORM DB HEHIE
ICRRICKRERPEL G 2 2HEEME - IEEZFE L, ZOREZFHE L7z, %72, AW
TDOT—AAZT 4L LT, FRCFHIN TV T =L FR 2 HMERES K E »
BOE NHERE S S L E L= Fiil [2] 2 ffeo T B, Ge REABRHIERIC LS ¥y A~
JhaA ) =BT BEIAA L) OFECIE, FHTN - R coE=2 ) v
ICB T BRE L MR B 720, v — 2 SRR A B B BRI B EEHERRR
LAEER AR Z 2 2 & BRINEEARY) — D E A ELY FR & SRR LA DT
L7z filED 72013y 3 2L —> a VBB BETH LD, ZDETAEED 720 ICHH
R - REEDIEIR D /-0 2 D ik 2 MEt L7z, 1 DHIZ CT ZHwT
KRG CTIRE ZIEE T 2 75, 2 DHIIBRE 2 (b3 2 75iETH 5, Fric 1 oH
T —ARAZT A L7 AR, HRRYNO R Z hBHOAR, K& X - JEX olFR
#5223 TEEDY, @BICX2 -2 —Fo v 7 HBELEROFEE T CT 7—%
RO T VOEBIZHREECSH o 72, 5121, BUEIC XL 2 A7 P L OE{LORE
DFH %, AFEOBEH ATREREF OFEZ FEM L T <, T, fhoBEFIEIC OV T
b, EHICFEDORE WER ORGE % M L. SHETFEORICE H 3~ 2 IHH oL
7>5. NORM DBURBERIE AR ORER L HED T <,
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Design and realization of a smart survey meter based on low-cost electronic components

for simultaneous ambient equivalent dose rate and radon concentration measurement:

Calibration with a stable radon gas in low, medium and high concentration

X4 : MBARNDOUKA Jacob
AW - KRR EA] - fiH EF
H[FEffF5E4E : Saidou - OUMAR BOBBO Modibo

1. AR
A study was carried out to assess the indoor radon/thoron concentrations, radon in soil-
gas ambient dose rate and primordial radionuclide in soil samples (226 Ra 232Th and
40K) in the radon-prone area of the Adamawa region, Cameroon. RADTRAK and
RADUET detectors, thoron progeny monitors and DTPS/DRPS are used for indoor
radon/thoron and their progeny measurement, while the RADONEYE Plus detectors are
used to evaluate the daily dynamic variations. A Passivated Implanted Planar Silicon
(PIPS) detector, type Markus 10 were used for radon in soil gas measurements. The
ambient dose measurements were carried out using the RADEye detector (Nal (TI)
scintillation detector). The indoor radon and thoron ranged from 80 to 538 Bq m-3 and
from 17 to 1000 Bq m-3 respectively, while radon in soil gas ranged from 26 to 166 kBq
m—3 with a mean of 80 kBq m—3. The daily maximum value of indoor radon
concentration was observed overnight and the minimum value during the afternoon. The
inhalation dose ranged from 2 to 10.3 mSv y— 1, with an average of 5 mSv y—1. Radon
and thoron progenies’ contributions to the inhalation dose are 72% (3.6mSv y—1) and
26% (1 mSv y—1), respectively. The average value of the excess lifetime cancer risk is
about 14%. The radon map was obtained by using the ordinary kriging and the inverse
distance weighting methods. It was observed that both methods give acceptable results

due to the lower root mean square error (RMSE).

2. #wxX
HAR D BRI RE & T #] [Internet]. [cited 2023 Mar 9]. JETREMIE L V) — X,



Available from: https://www.kankyo-hoshano.go.jp/library/series/ 2. /INih5A3E, B2 fm
B, SARE. SEACE FEM TR & 7z B IR O BUN PEHEREY < B 3 2 U BRB
AR e & ERE. (R 2022;57(3):140-5.1- Soumayah Bachirou, Saidou,
Chutima Kranrod, Ndjana Nkoulou II, Bongue Daniel, Hamadou Yerima Abba, Masahiro
Hosoda, Kwato Njock, Shinji Tokonami (2023). Mapping in a radon  prone area in
Adamawa region, Cameroon, by measurement of radon activity concentration in soil,

Radiation and Environmental Biophysics. https://doi.org/10.1007/s00411-023-01042-3
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Environmental radiation exposure in the Fukushima Prefecture and in a radon prone area

of the Adamawa region in Cameroon
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1. AR
Design and realization of a smart survey meter based on low-cost electronic components
for simultaneous ambient equivalent dose rate and radon concentration measurement:
calibration with stable radon gas in low, medium and high concentration Nowadays, the
prevalence of respiratory diseases is very high and one of the major causes is residential
exposure to radon and its descendants. Real-time monitoring of radon in homes should
be a priority in every country in the world. In Africa, the process of measuring
radioactivity or radon is taken care of by international laboratories, as there are very few
calibration systems for radon detectors on the continent. This delays decision-making for
the protection of populations against radioactive gases. The project on the local
production of survey meters and their calibration based on radioactive sources such as
Cs137 and radon at stable concentrations, aims to : * Promote the local
production of measuring devices based on low-cost electronic components;
Mastering techniques for calibrating radon detectors and ambient equivalent dose
rate in Africa, specifically in Cameroon; * Realize survey meters made in

Cameroon in collaboration with Japan.
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HAR O BRI BE & U # [Internet]. [cited 2023 Mar 9]. FUNREHIE S Y — X
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Establishing the first radon and thoron detectors calibration system in Africa:

Second step

X4 : OUMAR BOBBO Modibo
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1. Bk

This work aims to develop the first calibration system for radon and thoron detectors in
Africa at the Research Centre for Nuclear Science and Technology (CRSTN), of the
Institute of Geological and Mining Research (IRGM) in Cameroon. The radon
calibration chamber, radon source, references devices have been provided to Cameroon
by the International Atomic Energy Agency (IAEA). Using these materials, radon
detectors commercially known as Raduets have been exposed to three different level of
radon concentrations (Low, Medium and High) either in CRSTN and in the Institute of
Radiation Emergency Medicine (IREM) of the Hirosaki University in Japan. Those
concentrations were 132.46, 468.65 and 899.24 kBq h m-3 respectively in CRSTN and
193.05, 549.03 and 923.69 kBq h m-3 respectively in IREM. The determined calibration
factors were 3.85 £ 0.21 and 3,74 * 0.17 tracks cm-2 kBq-1 m3 h-1for low exchange
rate chamber and high exchange rate chamber, respectively for the detectors exposed in
CRSTN. And, 3.43 £ 0.23 and 3.30 = 0.20 tracks cm-2 kBq-1 m3 h-1 for low exchange
rate chamber and high exchange rate chamber, respectively for the detectors exposed in
IREM. The calibration factors obtained using the CRSTN calibration system are similar
to those obtained using IREM calibration system and indicate the reliability of the
CRSTN calibration system.

2. i
HA DB HE & i #t [Internet]. [cited 2023 Mar 9]. B BERIE KR S Y — X
Available from: https://www.kankyo-hoshano.go.jp/library/series/ 2. /INth5AZE, FHZEfE
BH, BiAREGE. SEECE FEM CREN & 1172 B AR IR O iU M HERE Y 1< B 5 2 B AR
FELIN e gm e & RS, PRIEYIEE. 2022;57(3):140-5.0umar Bobbo Modibo, Guosheng

Yang, Saidou, Hirofumi Tazoe, Naofumi Akata, Chutima Kranrod, Masahiro Hosoda and



Shinji Tokonami (2023). Environmental radioactivity measurements in soil using
inductively coupled plasma mass spectrometry and gamma-ray spectrometry in various
areas in Cameroon. ] Radioanal Nucl Chem (2023). https://doi.org/10.1007/s10967 -
023-09033-w
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Alpha particle spectroscopy using Fluorescent Nuclear Track Detectors and confocal laser

scanning microscopy
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1. Bk
Aluminum oxide doped with carbon and magnesium (Al203:C,Mg)-based fluorescent
nuclear track detectors (FNTDs) are a novel type of small crystalline detector, which have
been successfully applied for neutron dosimetry as criticality dosimeter, for absorbed
dose measurement on photon fields in micro-beam radiation therapy, for single-track
measurements of protons and heavier ions. This detector can also visualize individual
alpha particles and simultaneously measure their location, velocity direction, energy and
LET with good accuracy. The main obstacle to applying FNTDs in radionuclide therapy
with alpha emitters is that it has not been known how to achieve an accurate and in situ
dose assessment for in vitro cellular experiments. In this study, we developed an
automatic 3D track reanalysis algorithm (ATRA) to analyze the alpha energy spectra in
FNTDs. The algorithm provides an excellent track identification rate and an excellent
track linking rate (0.961) without significant variations in various track densities. The
algorithm also achieves a reliable track detection rate exceeding 0.927 for track densities
at the level of in situ measurement, and it successfully measures the alpha energy spectra
for obtaining the absorbed dose. We also confirmed that the track overlap clearly
interferes with accurate track reconstruction for track densities beyond 1.5 X 106 tracks
cm— 2. We provided a correction equation that can be used to obtain the actual alpha
tracks for high track densities; the equation may also correct estimations of absorbed

doses due to alpha particles.
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Study of environmental radioactivity in Fukushima prefecture, JAPAN and in a rare-earth

element bearing area of Akonolinga, CAMEROON.
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1. Bk
INTRODUCTION Human beings are exposed daily to ionizing radiation of
natural and human origin. The earthquake and tsunami of March 2011 led to the accident
at the Fukushima Daichi nuclear power plant, thus causing the massive release of
radionuclides into the environment. Environmental radioactivity has therefore become a
subject of major concern for public health in this region. The project entitled “« study of
environmental radioactivity in Fukushima prefecture, Japan and in the rare-earth
element bearing area of Akonolinga, Cameroon »” granted by ERAN FY2021 is
subdivided into two parts: the first in Cameroon and the second in Japan. This project
has been maintained for the year 2023 in order to successfully achieve the objectives that
were set and particularly the objectives of the work in Fukushima prefecture. In particular,
collecting soil samples to measure the activity concentrations of Cs-137, Cs-134 and
other artificial radionuclides; measure rare earth elements in soil samples taken from the
site by XRF spectrometry and compare the results with those obtained in Cameroon;
evaluate the radiation doses received by residents more than 10 years after the accident;
measure exhalation rates of radon and thoron. RESULTS In Cameroon, 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 mSv y-1. Radon
concentrations in the soil in the surveyed rare earth elements area bearing vary from 5.4
to 75.5 kBq m-3 with 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. Several trace elements were identified by
XREF in this study and their average concentrations showed a wide range of values. Their
classification in ascending order is as follows: Fe > Ti >Zr > Mn > Cr >V > Ba > Zn >
Nb > Ni > Pb > Ga> Cu > Co > Y > Br >Sn.  For reasons beyond our control, the
work to be carried out at Fukushima in Japan did not take place this year and we hope to
carry it out in the new year. ~CONCLUSION Finally, this project has been
partially completed. The part to be carried out in Cameroon has been completed. A
publication on trace elements has been submitted and another on indoor radon and
thoron is 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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Establishment of on-site culture system to evaluate cytogenetic effect on human and wild

mice in Fukushima

K4 : TRAN Thanh Mai
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L. Bk
Biodosimetry is recommended by the International Atomic Energy Agency/World Health
Organization (IAEA/WHO) to investigate biological effects for radiation victims. In case
of large-scale radiation accidents, estimating radiation doses by the dicentric
chromosome assay (DCA) is a reliable method. In IAEA’s protocol, human blood is
cultured at 37 ° C for 48 h in 5% CO2. Those conditions require electricity and an
appropriate laboratory with specialized equipment. But blood samples need to be
cultured as soon as possible after collection and the number of biodosimetry laboratories
are limited. This situation is intensified during emergency events, making timely and
optimal blood culture even more challenging. For example, in the Fukushima Daiichi
Nuclear Plant accident, biological samples obtained from humans 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 simplify conventional culture methods that
enable blood culture for on-site DCA. Peripheral blood was obtained from healthy donors
who had not undergone medical treatment such as CT scans or radiation exposure before
the collection. Whole blood (WB) was cultured following the DCA method described by
the IAEA with other optimized culture conditions. First, different aspects of the culture
process were investigated, including the chamber used, container type and positioning,
CO2 provision, radiation dose, with the mitotic index (MI) serving as a metric to assess
the efficiency of each condition. Subsequently, the viability of pre-dispensed medium up
to one week was tested, evaluating its ability to support sufficient scorable cells using MI.
Additionally, to simplify the cell harvest protocol, hypotonic treatment and fixative
procedures were conducted at room temperature (20° C) instead of 37° C, with results
assessed using the MI. Finally, the most suitable conditions were then applied on-site,
considering the potential for contamination. In the initial experiment, there was no

significant difference in the MI between the IAEA conventional protocol and the closed



culture protocol for both irradiated and non-irradiated samples. In the second experiment,
aging the pre-dispensed medium for up to 7 days showed no impact on cell culture, as
indicated by comparable MIs. The third experiment revealed that harvesting at room
temperature had no effect on MI. Finally, on-site cultures remained uncontaminated
across all samples, even when conducted by different operators. Consequently, these
findings suggest that a simple culture is viable for on-site applications, requiring only

minimal laboratory equipment.
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Tritium concentration in natural water samples using ultra low-level

trittum counting system
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1. Bk

The Fukushima accident created large stockpiles of tritium containing cooling water,
which is to be gradually released into the Pacific Ocean, gaining attention from
surrounding countries, environmental groups and local residents concerned with the
possibility of increasing tritium concentrations in the water and food cycle. Establishing
baseline concentration levels and monitoring tritium immission values are important for
assuring public safety, providing data for scientific research and risk communication.
Japan uses multiple sources for drinking water, including river bank filtration from rivers,
lakes and reservoirs, springs and wells of various depths. Tritium concentrations in the
environment are very low, therefore tritium measurements require enrichment in order
to estimate the radiation exposure from drinking water intake and provide information
on the water cycle. Natural water samples were collected at Tomioka Town located south
of Fukushima Dai-ichi Nuclear Power Plant. Samples were enriched by distillation,
electrolysis and re-distillation to preconcentrate tritium to measureable levels. Tritium
concentrations were determined by a low-background liquid scintillation counter. The
observed tritium concentrations were relatively low, rainwater had a mean value of 0.40
Bq/L, freshwater samples showed similar concentrations, while saltwater samples were
below 0.13 Bq/L.
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Distribution of radioactive materials in freshwater and transport dynamic from

land to the coastal ocean
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1. Bk

Research Report: Distribution of radioactive materials in freshwater and transport
dynamic from land to the coastal ocean [Y-23-24] Author: Therese L L Jokam
Nenkam Affiliation: Graduate School of Science and Engineering, University of Toyama,
Toyama Gofuku 3190, Toyama 930-8555, Japan. Date: 15/03/2024 1.

Introduction Nuclear accidents like Fukushima released radioactive Cs-137, raising
concerns about its transport in water systems like the Kurobe River Alluvial Fan (KRAF).
KRAF serves as a crucial water resource, but recent trends like dilution and nutrient
depletion raise concerns about its long-term health. Despite its importance, our
understanding of KRAF's hydrogeochemistry, the interaction of water with geology, and
land use exacerbated by climate change remains limited. This research aims to address
this gap by analyzing, for the first time, the distribution of Cs-137, neodymium isotopes
(Nd-143/Nd-144), strontium isotopes (Sr-87), and rare earth elements (REEs) within
KRAF. These tracers will provide valuable insights into water movement, interaction with
aquifer materials, and ultimately Cs-137 transport, shedding light on KRAF's overall
health and future management. 2. Methods 2.1. Field Sampling and Analysis:
Sample Collection: During the summer and autumn of 2023, groundwater and surface
water samples from 35 locations across the KRAF aquifer were collected. This aquifer is
the biggest alluvial fan bordering Toyama Bay in the Sea of Japan and consists of multiple
layers. Field Measurements: In-situ parameters including water temperature, pH,
oxidation-reduction potential (ORP), and dissolved oxygen (DO) were measured at each
sampling site. 2.2. Laboratory Analysis:  Standard analytical procedures were
employed to determine the concentrations of major solutes (HCO3-, Cl-, Na+, Ca2+,
K+, Mg2+, NO3-, SO42-, Si02, PO43-), rare earth elements (REEs), and water stable



isotopes (6 2H and 6 180) in the collected samples. 2.3. Future Analysis:  Cs-137,
Nd-143/Nd-144, and Sr-87 analyses will be conducted in the next phase of the research
to fully address the study's objectives. 3. Preliminary results The total REE
concentration in the Kurobe River was higher in summer (around 247 ng/L) compared
to autumn (around 97 ng/L). Groundwater REE concentrations also varied seasonally,
ranging from 2.62 to 219.27 ng/L in summer and from 5.26 to 185.26 ng/L in autumn.
The REE patterns in water flowing on the alluvial fan exhibited distinct characteristics.
Our analysis identified three main groups of patterns that effectively explain the observed
variations. These variations are likely caused by factors including substrate geology. The
most distinctive characteristics included negative Ce anomalies, light REE (LREE)
depletion, and heavy REE (HREE) enrichment. The observed variations in groundwater
REEs might be due to a combination of local precipitation (influencing river recharge
and infiltration), weathering processes, and REE input from human activities (agriculture
and industrial production). Under the neutral to slightly acidic conditions of the KRAF
aquifer, REEs, particularly LREEs, are susceptible to removal from the water through
adsorption/co-precipitation reactions. The presence of a Ce anomaly further suggests a
link to the oxidation state of the groundwater environment. 4. Future work The
research will continue with the analysis of the collected water samples. Additionally,
137Cs, 143Nd/ 144Nd, and 87Sr/ 86Sr concentrations in surface and groundwater will
be measured. The expected outcomes include: © Understanding the distribution and
transport pathways of Cs-137 within KRAF. ¢ Elucidating the role of
hydrogeochemical processes in Cs-137 fate and transport. *Contributing to the
development of strategies for monitoring and managing radioactive contamination in

similar environments.
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Development of effective countermeasures for radon exposures: usage of the air cleaner

and room air conditioning as tools for sustainable mitigation of human effective dose
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1. Bk
As a continuation of the previous ERAN project (Y-22-24), the effectiveness of indoor
room appliances (air conditioner and air cleaner) has been newly investigated in this
fiscal year to reduce the effective doses of radon exposure. In the previous fiscal year, a
preliminary experiment was done using the air cleaner. Alternatively, a deeper
investigation of this research in coupling with air conditioning was done this year. The
spatiotemporal behavior of indoor radon and its decay products have been estimated to
be used indoors in Chiba prefecture. The obtained values determined radon dose
parameters of equilibrium factor, F, and unattached fractions, which were measured to
understand the effectiveness of home appliances in reducing radon dose. As a result,
using the air cleaner, a relatively stable indoor radon concentration was obtained. The
purification stage of the air cleaner might affect absorbing radon gas, which is a new
research topic to investigate. Alternatively, the air container operation reduced the F to
around half compared to the air coming OFF condition (0.3 and 0.6 respectively). The
air cleaner reduced the average radon concentrations by 25% after its operation due to
its spatiotemporal variability with indoor ventilation. Diverse time variation of indoor
radon decay products was observed between two sides of the air cleaner, possibly due to
the airflow direction to/from the air cleaner. In the case of air conditioning, outdoor
ventilation significantly influenced the filtration effects, altering the radon and F. Using
air cleaner altered the indoor ventilation rate to 0.4 hr-1, which might influence the
attachment mechanism of ambient aerosols to be filtered by the purifying stage. Overall,
both the air cleaner and air conditioner reduced the F significantly. However, the
unattached fraction increased while the filtration occurred due to the extreme filtration
by them. The effective dose calculation in developing the effective countermeasure of

radon by these two home appliances needs further research incorporating with



simultaneous indoor aerosol behavior estimations, which will be adjusted in future
research. Moreover, in the future, the results of this project will be adjusted with the
large-scale indoor in-situ radon measurement in Bangladeshi dwellings where such home

appliances are used.
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Hasan, M.M.; Janik, M.; Pervin, S.; limoto, T. Preliminary Population Exposure to
Indoor Radon and Thoron in Dhaka City, Bangladesh. Atmosphere 2023, 14, 1067.
https://doi.org/10.3390/atmos14071067
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Yuki Tamakuma, Mizuki Kiso, Aoi Sampei, Hiroki Hashimoto, Chutima Kranrod,
Masahiro Hosoda, Sohei Ooka, Masahide Furukawa, Shinji Tokonami, Site-specific dose
conversion factors for radon progeny based on ambient aerosol characteristics in an
outdoor environment and a tourist cave, Radiation Protection Dosimetry, Volume 199,

Issue 18, November 2023, Pages 2207-2211,
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Collaboration with Tsukuba University on Radiocesium Migration and

Nutrient Dynamics

K4 : JOHNSON Edward Thomas
ZAWEE - BH B

1. A

Radiocesium Migration and Nutrient Dynamics in Fukushima Prefecture

2. i

None at this time
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Remarkable progresses have been made in decontamination and recovery after the
Fukushima Nuclear Power Plant Accident. The transport of Cs-137 in terrestrial systems
has been extensively studied over the past 11 years after the Fukushima Daiichi Nuclear
Power Plant accident. So far, the major transport pathway has been associated with
particulate and sediment transports. However, there is still a concern about the long-term
mobility of Cs-137 in the region, particularly in the forested region. C-137 has been
mostly migrating along with soil particles, but it also migrates towards in soil as a
dissolved component reaching groundwater and surface water.  In this study, we will
perform a preliminary investigation on dissolved Cs-137 transport in subsurface by
synthesizing exiting datasets. The US Department of Energy (DOE) Savannah River Site
(SRS) F-Area (South Carolina, United States) is a nuclear material production site
mainly operated during the Cold War. The SRS F-Area has three unlined seepage basins,
which received approximately 7.1 million m3of acidic, low-level radioactive waste
solutions between 1955 and 1988. Currently, an acidic contaminant plume extends from
the basins to about 600 m downgradient, moving toward the Fourmile Branch creek. The
plume contains various radionuclides (e.g., H-3, [-129, U-238) as well as nitric acid. It is
estimated that 8.2 TBq of Cs-137 was released into the basins. It provides opportunity to
study the long-term transport of Cs-137 We synthesized Cs-137 discharge data and
groundwater and surface water concentration data at the SRS F-Area. Our results show
that the concentrations in groundwater rapidly attenuate within F-Area from the basin
locations to the downgrading near the stream. We also estimated that the inventory of
Cs-137 in the stream was smaller than that in Fukushima coastal region’s catchment (14-
536 TBq), but the concentrations of Cs-137 in sediment within SRS and some
catchments are same order of magnitude. The Cs-137 concentrations in surface water
(1km downgradient) were ranged ND to 110 pCi/L (4.1 Bq/L) during 1996-2015. Based
on these observations, we may conclude that the groundwater pathway can be quite

n

limited.
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Forecasting radiocesium migration by overland flow during high intensity rainfall events

4 : COOPER Russell James
AW B

1. AR
The project brought together the expertise of Onda’s group in radiocesium migration
with the modelling tools of Cooper’s group to produce new understanding of the controls
of soil erosion by subsurface drainage and overland flows during high intensity rainfall,
in order to better forecast the impacts of rainfall events on radiocesium wash-off. Rainfall
events were simulated in the Large-scale Rainfall Simulator at NIED in Tsukuba over two
soil-plots, one consisting of granitic soil, the soil used in decontaminated areas in
Fukushima, and the other consisting of Andisol, the original, parent soil in Fukushima.
The results revealed: (1) The granitic soil had fundamentally different hydraulic and
sediment characteristics to original soil in Fukushima. Namely the granitic soil had a
higher infiltration rate and poorer water storage capacity and experienced enhanced rates
of runoff and erosion in comparison to the original soil; and (2) This difference has
important consequences for agricultural productivity in decontaminated areas in
Fukushima, making the landscape less resilient to erosion and landslides during the
typhoon season, as well as having potential implications for the transport of soil-phase

radiocesium.
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The use of 137/133Cs isotopic ratio to determine long term behavior of 137Cs in forest

K4 : COPPIN Frederic
ZAWIEE  BHE #%— - g 55 - &fE AT
HEfseE : HURTEVENT Pierre

L. Bk
Due to FDNPP fallouts, Japanese forests have been contaminated by 137Cs in 2011. This
study aimeds at determining if the distribution of 137Cs reached an equilibrium state in
forest ecosystems 12 years after the accident. One of the objectives of the AMORAD
international research program (2013-2022) was to improve the efficiency of the Cs-137
transfer modelling in forests at different time scales. Specifically, the model developed by
IRSN (TREE4) allowed identifying the transition from a transient post-accident situation
to an apparent equilibrium state. The TREE4 model is based in particular on the
quantitative description of the biogeochemical cycles of 137Cs and its stable chemical
analogues (133Cs and K). The temporal evolution of the 137Cs/133Cs isotopic ratio in
the different tree organs informs about the achievement of this apparent equilibrium
state, which is reached when the 137Cs/133Cs isotopic ratio remains constant over time
for a given organ or flux (e.g. canopy weathering flux). The comparison of isotopic ratios
in biomass organs with those measured in the soil fractions (bulk, labile, exchangeable)
should determine which pool has to be considered as the bioavailable stock in soil. The
analyses were conducted on samples coming from Yamakiya forest sites. To make the
analyses and estimate the target equilibrium 137Cs/133Cs isotopic ratio of each site, the
total amount of 137Cs (Bgq/m?) and 133Cs (mg/m?) were estimated for four sampling
campaigns (2014, 2016, 2016, 2018). The total amount of both isotopes was considered
for tree and added to (1) the total amount in soil, (2) the water available fraction or the
Ammonium acetate exchangeable fraction of isotopes. Finally, three targeted equilibrium
137Cs/133Cs were obtained : total, tree + soil water available and tree + soil
exchangeable. The total ratio was almost stable during the 4 sampling years suggesting
that input of 133Cs can be neglected. The results are presented for the three different
sampled sites (Mature Cedar plot (MC), Young Cedar plot (YC), and Broadleaves plot
(BL)). The 137Cs/133Cs of different tree organs were compared to the equilibrium
137Cs/133Cs ratios. The 137Cs/133Cs ratio depends on which fraction of soil was



considered. As expected, due to the presence of 133Cs included in the mineral soil matrix,
the total ratio is the lowest, whereas the tree + soil water available fraction is the highest.
Concerning the 137Cs/133Cs ratios of tree organs, different behaviors with time were
observed. For the organs directly impacted by the initial deposit (Needles) a decrease in
the 137Cs/133Cs ratio was observed. In contrast the organs not directly impacted
(Sapwood) an increase then a decrease was observed These two behaviors are those
theoretically expected for these organs. For roots the ratio seems stable whereas for
heartwood a difference in behavior for the three stands can be observed. Finally, the
accuracy of 137Cs/133Cs ratio in tree organs is higheris only water or the exchangeable
fraction of these isotopes in soil were considered than the total fraction. Eight years after
the accident, evolution of the 137Cs/133Cs ratio suggests that equilibrium is not totally
reach at the stand scale almost for cedar plots. For the Broadleaves plot it seems that tree
organs present the same 137Cs/133Cs ratio already two years after the accident.
Additional tree organs were sampled during this project until 2023, their analyses will

permit to complete the actual dataset.
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Extending the Fukushima Radioecological Observatory’

K4 : Wood Mike
Z A NW9eE « BH #5— + Anderson Donovan

JER

The Fukushima Dai-ichi Nuclear Power Plant (FDNPP) accident in 2011 necessitated
the establishment of radioecological observatories to study the long-term effects of
radioactive contamination on ecosystems. This report outlines a scoping study conducted
to establish an additional Radioecological Observatory in the Fukushima region, aiming
to facilitate coordinated, hypothesis-driven research in radioecology. Radioecological
Observatories serve as natural laboratories for coordinated research on the effects of
radioactive contamination on ecosystems. The European Radioecology ALLIANCE
proposed these observatories to focus research efforts and collaborate on studying areas
affected by nuclear incidents, including Chernobyl and Fukushima. Several potential sites
were initially suggested by the European Radioecology ALLIANCE. However, due to
logistical constraints, an "Observatory site" within the Namie area of Fukushima
Prefecture was selected. This site is located 23 km northwest of the FDNPP, with an
initial deposition of 4,727 kBq/m2 and annual precipitation of 1442 mm. The area
comprises Japanese Cedar stands with a tree density of 3,300 trees/ha and brown forest
soil. The selected site underwent initial characterization to assess its suitability as a
Radioecological Observatory. Plausible locations were identified, and data on
environmental parameters were collected and published. Although motion-activated
cameras and acoustic recorders were initially considered, logistical challenges prevented
their deployment. Instead, game trail cameras were deployed at the site. These cameras
offer high-quality images and video recording, durability, and animal detection
capabilities. However, they have limitations such as a one-time high cost, lack of sound
recording, and the need for periodic SD card changes. The scoping study for the
Fukushima Radioecological Observatory lays the groundwork for ongoing research into
the long-term effects of radioactive contamination in the region. Despite challenges in
acquiring equipment, the deployment of game trail cameras represents a significant step
towards establishing a comprehensive monitoring system. By fostering collaboration and
sharing resources, the observatory aims to contribute to a deeper understanding of the
ecological consequences of nuclear incidents and facilitate informed decision-making for

the management of affected environments.
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Soil biodiversity and functional processes in radio-contaminated forests

(Fukushima Prefecture, Japan)

K4 @ GILBERT Franck

ZAWIEH + #E # . - Vasyl Yoschenko

HL[FEHFSEE : BONZOM Jean-Marc - ARMANT Olivier -
CAPOWIEZ Yvan + IRIBAR-PELOZUELO Amaia -
BENOISTON Anne-Sophie

- R

1- Soil biodiversity and functional processes in radio-contaminated forests (Fukushima
Prefecture, Japan) Keywords: Fukushima Prefecture, ionizing radiation, forest, soil
communities, functional processes The objectives of the collaborative French-Japanese
RINSHO project are to study the in situ effects of radio-contamination on both soil
biodiversity (microorganisms and eukaryotes) and two associated functional processes:
leaf litter decomposition and soil bioturbation, in forests of the Fukushima Prefecture
(representing approximately 70% of the total radio-contaminated land area). Indeed,
those two integrative processes are specifically investigated because they are related to
the transfer and the transformation of organic matter and are carried out by interacting
organisms belonging to various soil biological compartments and ecological niches (from
bacteria to macrofauna, epifauna and endofauna). Our hypotheses are: (i) radio-
contamination has an impact on soil biodiversity, (ii) radio-contamination has an impact
on the activity of soil organisms and the processes they drive, (iii) the impact of radio-
contamination is dose-dependent. In the November-December 2023 period, six

Cryptomeria japonica forest sites of the Fukushima Prefecture along positioned along a

radio-contamination gradient were equipped with experimental units (five units per site).

These units were composed of, among other devices: - fine and large mesh C. japonica
litter bags to quantity both microbial and all-decomposers litter decomposition); -
deposition zones of fluorescent tracers (luminophores) to quantify soil bioturbation; -
TMS-4 TMOS dataloggers to register surface and deep temperature and humidity
patterns during the experimentation time; - dosimeter columns to measure the

radioactivity profiles within soils. Samplings for both eDNA (bacteria and eukaryotes
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compartments), physical-chemical and radioactivity analyses of soils and litter were also
realized. Collection of experimental devices and complementary samplings will be carried
out after six (June 2024) and 12 months (nov-dec. 2024) of experimentation. 2- No paper
on our still on-going project has been yet published, but the project has been presented
as a poster: 10th Annual Symposium of the IER, Fukushima University "Forest and
marine Environments in Fukushima now" - 28-29 February 2024 - Fukushima (Japan).
Poster: Soil biodiversity and functional processes in radio-contaminated forests
(Fukushima Prefecture, Japan) (Lambert Q., Armant O., Benoiston A-S., Capowiez Y.,
Hittenschwiler S., Iribar-Pelozuel A., Kaneko N., Lamothe S., Nanba K., Yoschenko V.,
Wada T., Bonzom J-M. & Gilbert F.)

- L
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Effects of environmental radiocontamination in Fukushima Prefecture

on tree frog physiology and populations

K4 : BONZOM Jean-Marc

ZAWIEE - i B - AkE WF - AT B
HLFIF5E# : ARMANT Olivier - GILLES André -
CAR Clément - FRELON Sandrine - MIURA Ikuo

[

- BCR

Objective/Context - The objective of this research project is to better understand and
quantify the biological effects of environmental radiocontamination in the Fukushima
Prefecture on wildlife. For this purpose, we have chosen a model species, the tree frog
(Dryophytes japonicus). In June 2022, we captured 214 tree frogs in Fukushima
Prefecture at 11 different sites (i.e., corresponding to 11 populations) along a
contamination gradient (ambient dose rate range: 0.08 - 6.9 uSv/h). We collected about
20 male tree frogs per population. In this call for ERAN 2023 projects, our primary
objective was to analyze all the biological samples (transcriptomic, genetic analyses) and
to calculate the dose rates of each individual. Dosimetry - For each of the 11 tree frog
populations (named S1, S2, etc.), the average (= SD) total dose rates (as well as the
range) that we calculated are in u Gy.h—1: S6 = 0.001; S7 = 0.002; S8 = 0.003; S5 =
0.005; S2 = 0.006; S4 = 0.03 = 0.006 (0.02-0.04); S10 = 0.03 = 0.008 (0.02-0.05); S1
= 0.06 = 0.04 (0.04-0.21); S11 = 0.18 £ 0.06 (0.13-0.32); S3 = 0.21 %= 0.14 (0.10-
0.71): S9 = 0.80 = 0.25 (0.62-1.74). For sites 2, 5, 6, 7, and 8, the total dose rate is the
same for all individuals within the same site. Indeed, since the internal activity is below
the detection limit, the total dose rate corresponds only to the external dose rate.
Transcriptomics - A reference transcriptome of Dryophytes japonicus was produced de
novo from organs (testis, eye, brain, heart, testis and liver) dissected from 3 individuals
captured in non-contaminated site in the Fukushima prefecture. The testis and tibia
muscle of 200 tree frogs exposed along the radio-contamination gradient are currently
processed in order to generate mRNAseq transcriptomics data that will allow us to
characterize the potential physiological state on tree frogs. Energy metabolism - To

investigate effects of exposure to radionuclide contamination on energetic metabolism of
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tree frogs, the activities of three enzymes, citrate synthase, cytochrome c oxidase, both
linked to aerobic metabolism, and lactate dehydrogenase, relative to anaerobic
metabolism, were measured in the thoracic muscles (involved in calling mate) and in the
liver (detoxication and energy storage organ). In the thoracic muscle, a dose-related
increase of citrate synthase and lactate dehydrogenase activities was observed. No dose-
related impact was shown on cytochrome c¢ oxidase meaning that the number of
mitochondria does not appear to be affected by radiocontamination. On the contrary in
the liver, dose-related decrease in citrate synthase and cytochrome c oxidase activities
suggest aerobic metabolism decreases (not significant trend for COX) whereas anaerobic
metabolism seems to be boosted to compensate considering the dose-related increase in
lactate dehydrogenase activity. Genetics analyses - A first test of dRADseq was performed
on eight individuals (two sampled in 2012, two in 2013 and four in 2022). 1,704 loci were
compared between these individuals which show strong differentiation between at least
three different lineages. These lineages are not congruent with previously identified
mitochondrial haplogroups and probably reflect admixture processes. The dRADseq of
other individuals is underway and will enable analysis of mito-nuclear discordance,
admixture processes and other evolutionary processes inferred from the variation in

nuclear genetic diversity.

afti 3L

Publications in progress
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Distribution peculiarities of sediments and radiocesium on the Abukuma River

floodplains and in the Ogaki Dam Reservoir caused by typhoon Hagibis

&4 : KOMISSAROV Mikhail
Z AW9E# + Alexei Konoplev - gl #52 - 7ja KRR

L. Bk
A huge amount (about 6.4 PBq) of radiocesium (r-Cs) was deposited in north-west of
Japan after Fukushima Daiichi Nuclear Power Plant accident. The environment in
Fukushima Prefecture was seriously subjected to ecological stress, for example the
Abukuma River — the longest (Iength 234 km) river, and Ogaki dam at Ukedo River — one
of the biggest dam in Fukushima Prefecture. The initial contamination levels of both
objects were considered as high. The abovementioned water bodies represent an essential
water resource for the local inhabitants and paddy field irrigation; therefore, the r-Cs
concentration has important implications for the “health” of humans and biota. During
some erosional natural events (intensive rainfall/snowmelt) the turbidity and r-Cs
concentration in water bodies could increase, especially due to typhoons. 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 in Fukushima Prefecture was nearly
600 mm in 24 h (mean annual precipitation is 1200 mm). In such conditions the large
amount of contaminated sediments is delivered to the water bodies. The siltation rates,
features of transport and redistribution of sediments, their texture and concentration of
r-Cs (as well in water) is required a detail study. This is a continuing study of a previously
supported by ERAN research proposal (I-22-08). In 2022 the investigations were
conducted for different parts (from source to mouth and elevation: floodplain, 1 and 2
terrace above the floodplain) of Abukuma River. All field and laboratory works were
completed. In 2023 we analyzed the obtained results and prepared articles for
publication; some data related to Ogaki dam was also used. To improve the reliability of
findings, the additional sampling of sediment cores and water in Ogaki dam is planned
in 2024. Analysis of obtained previously and compiled results suggest, that the max
137Cs inventory Abukuma River valley bottom in 2018 was ~ 950 kBg/m2 (~ 600 in

2019), it is indicated a high washout of r-Cs from up- and mid-stream to mouth and
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ocean. The thickness of “fresh” sediment deposited on the floodplain in the case of the
ordinary flood is in the range 1-5 cm, while it increased up to 40-50 cm after the extreme
flood associated with typhoon. The high r-Cs concentrations were found in sediments
both of Abukuma River and Ogaki dam with domination of fine fractions. The sediments
of Ogaki dam contain in average 5% 104 Bq/kg of 137Cs and ~70% of silt (0.05-0.002
mm) fraction, whereas in Abukuma River — 2 X 103 Bq/kg of 137Cs and 50% of silt.

S
. Al

a) Konoplev, A., Wakiyama, Y., Igarashi, Y., Nanba, K., 2023. Fate and transport of
Fukushima-derived radiocesium in the environment: Key findings and challenges for the
future. International Journal of Plant, Animal and Environmental Sciences 13 (4), 75-90.
https://doi.org/10.26502/ijpaes.4490154. b) Konoplev, A.V., 2023. Physicochemical
mechanisms of dissolved 137Cs seasonal variations in freshwaters: Fukushima and
Chernobyl. Radiochemistry 65 (6), 708-714.
https://doi.org/10.1134/S1066362223060127.
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Landscape modeling of the fate of radiocesium (r-Cs) in the basins of small pond systems

in the vicinity of the Fukushima Daiichi Power Plant (FDNPP)

G4 @ LINNIK Grigorievich Vitaly
Z AW9E# + Alexei Konoplev - gl #52 - 7ja KRR

L. Bk
1. Report. Closed and semi-closed ponds in the contaminated zone of the Fukushima
Dai-ichi nuclear power plant (FDNPP) accident in March 2011 are the most suitable
objects for radioecological monitoring of the secondary redistribution of 137Cs as a
result of erosion processes in different landscapes. Radioactive contamination of
reservoirs was formed in March 2011 because of the deposition of 137Cs on the pond
water surface, which led to water pollution. In subsequent years, changes in
radioactive contamination of ponds occur as a result of input/output 137Cs processes,
which are typical for Funasawa and Suzuuchi ponds. Unlike these two ponds, Inkyozaka
is closed filled fire extinguishing pond, i.e. radioactivity in this pond can only be added
by surface runoff from its catchment. The cartometrically obtained data on the water
surface area of reservoirs, as well as the catchment area, clarify similar data presented in
[1, 2] and will later be used for appropriate calculations of the intake of r-Cs into
reservoirs as a result of wash-off. The area of Inkyozaka water surface is 0.74 ha, whereas
the basin area is 2.53 ha, the ratio basin/pond area equal 3.41. Whereas for Suzuuchi
(irrigation pond), and Funasawa (recreational urban pond), these ratios are 8.4 and 16,
respectively, which indicates that the potential secondary pollution for these two ponds
may be significantly higher than for Inkyozaka. However, the data of 2017 survey on
137Cs inventories in catchment soils and bottom sediments for Inkyozaka, Suzuuchi and
Funasawa revealed a more complex picture of 137Cs distribution, which cannot be
explained by a simple basin/pond ratio to assess secondary redistribution processes as a
result of erosion processes. The actual ratio of the average 137Cs inventories in bottom
sediments and catchment soils for Inkyozaka, Suzuuchi and Funasawa in 2017 was 0.7,
1.63 and 1.52, respectively. The actual erosion and the corresponding wash-off of 137Cs-
137 into ponds depends on many different landscape factors, including geomorphological,

land use, vegetation. Based on the results of the analysis of digital elevation model (DEM)
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derivatives (slope, curvatures, LS- factor) and modeling of hydrological factors from
DEM using GIS SAGA and GRASS (Flow accumulation, Effective flow length, Sediment
balance), an evaluation of radiocesium wash-off by soil erosion as a potential 137Cs-137

input into ponds was performed.

=
.
Konoplev A, Wakiyama Y, Wada T, et al. Radiocesium distribution and mid-term
dynamics in the ponds of the Fukushima Dai-ichi nuclear power plant exclusion zone.
Chemosphere 265 (2021): 129058. doi.org/10.1016/j.chemosphere.2020.129058

Konoplev, A., 2023. Physico-chemical mechanisms of dissolved 137Cs seasonal
variations in freshwaters: Fukushima and Chernobyl. Radiochemistry, 65 (6), 708-714
(in English). https://doi.org/10.1134/S1066362223060127
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Nickel(II) complexes of carbamoylethyl derivative of octamethyl isomeric macrocyclic
chelator: Synthesis, characterization, biological evaluation, and applications in radioactive

waste decontamination

X4 : ROY Tapashi Ghosh
Z ANWF9e3 « Ismail Md. Mofizur Rahman
HEHFZEE : BEGUM Zinnat Ara - RABI Saswata

1. Bk
* Research objective *  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 selectively isolate r-Ni from the waste matrix. The current study was
undertaken to achieve the following objectives: a) Preparation and characterization of a
carbamoylethyl derivative of octamethyl isomeric macrocyclic chelator; b) Preparation
and characterization of its Ni(II) complexes; ¢) Carrying out a study on their biological
activities; d) Using the new macrocycle as an absorbent of radioisotopes of Ni.
» Experimental +  The macrocyclic chelator was mixed with the Ni(II) salt in a suitable
solvent medium to prepare the metal complexes. The chelator and corresponding metal
complexes have been 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. The antimicrobial activities of the chelator
and corresponding metal complexes have been studied against some bacteria. The
antioxidant activities of the prepared compounds are also investigated. * Summary of
findings +  Current work has the following conclusions: a) A new carbamoylethyl
derivative macrocyclic chelator and its Ni(II) complexes have been synthesized and
characterized; b) Remarkable biological activities of the prepared compounds were
observed; c) The new macrocycle is found to act as an excellent absorbent of Ni(II)

during complex formation.
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Assessment of prospective Beach Sand Minerals and their Radioactivity along the

Thoothukudi to Kanyakumari coastal area of Tamil Nadu

K4 : ANANTHANARAYANAN Chandrasekaran
Z ANWF9e « Ismail Md. Mofizur Rahman

L. Bk
* Research objective * Coastal sediments contain a variety of radioactive mineral
deposits generated by the weathering and erosion of mineral rocks. The activity
concentrations of U-238, Th-232, and K-40 in the Earth’s crust are determined by the
dispersion of minerals such as monazite and zircon in soil, sediments, sand, and
construction materials. Natural radionuclides, specifically U-238, Th-232, and K-40, de-
excite to their ground states, producing natural gamma radiation. This radiation is a
primary extrinsic irradiation source for animals, plants, and humans worldwide.
Continuous exposure to gamma radiation has the potential to injure tissues by modifying
cell structure and destroying DNA, which can lead to significant health problems such as
cancer. Therefore, this study aims to (i) assess the activity concentration of U-238, Th-
232, and K-40 in sediment samples from the southern coastal area of Tamil Nadu through
gamma-ray spectrometry, (ii) evaluate the heightened level of radiation hazards by
examining radiological parameters, (iii) compare the obtained results with globally
recommended limits and similar studies conducted worldwide to comprehend the
distribution pattern of radionuclides in the coastal region, and (iv) identify the primary
radionuclide contributing to background radiation in the study area using multivariate
statistical techniques. * Experimental + From January to December, samples were
systematically collected from Thoothukudi and Kanyakumari (21 locations), with
Kanyakumari located in India’s southernmost region. A gamma-ray spectroscopy system
comprises a NalTl scintillation detector with 98% counting efficacy, and a 1024-channel
computerized multi-channel analyzer (MCA) was utilized to measure the activity
concentration of radionuclides. Efficiency calibration was conducted using IAEA-
approved reference-grade materials, including RG-U, RG-Th, and RG-K. Energy
calibration was achieved by inserting known-energy gamma sources, Cs-137 (662 keV)
and Co-60 (1173-1332 keV), into the detector. The activity concentrations of U-238 and
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Th-232 and their decay products were determined using their progeny’s photopeaks,
which were 1764 keV for Bi-214 and 2614 keV for T1-208. The concentration of K-40
was determined using a gamma-ray transition at 1460 keV. - Observations + The
activity concentrations of naturally occurring radionuclides, namely U-238, Th-232, and
K-40, were measured in the southern coastal area of Tamil Nadu, India, using the
Gamma-ray spectroscopic technique. The findings indicate that elevated thorium levels
and the corresponding dose rates are attributed to monazite-deposited beach sediments
in the study area. The strong positive correlation between thorium and all radiological
parameters suggests that the radioactivity is primarily due to the Th-232. On the other
hand, U-238 and K-40 do not significantly contribute to the overall radioactivity despite

their elevated levels in the coastal area of Tamil Nadu.
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Synthesis of dioxo complexes of molybdenum, an important raw material

for nuclear medicine

K4 : PALIT Debashis
Z ANWF9e « Ismail Md. Mofizur Rahman
HFEIRFZEE : RAKSHIT Sukla +- BEGUM Zinnat Ara

1. Bk
* Research objective * The isotope Mo-99 is an element used in producing
technetium-99m (Tc-99m). Tc-99m is used in research into a multitude of ailments.
Roughly 85% of medical imaging in nuclear medicine uses this isotope. Mo-99 is
produced by the fission reaction of low-enriched uranium, which results in high-specific
activity Mo-99. The universal means by which Tc-99m is made available for clinical
applications is from the elution of generators containing high-specific activity fission-
based Mo-99. However, the fission products are a mixture of different radionuclides. So,
it is essential to separate them, and it is done by various means. The complexation of Mo
by ligands can separate Mo-99 from the fission product mixture. So, we have planned to
prepare some Mo-complexes with some new ligands and characterize them.
* Experimental * Five ligands were prepared by the condensation of S-
methyldithiocarbazate with cyclopentanone, furan-2-aldehyde, thiophene-2-aldehyde,
pyrrole-2-aldehyde, and acetophenone. The ligands were then allowed to form a complex
compound of Mo by taking Mo acetyl acetonate as a precursor. * Findings *+ The
ligands were characterized by IR, NMR, UV spectroscopy, and different physical
parameters. [t has been seen that all the Mo complexes are black-colored and diamagnetic.
The IR, NMR, and UV analyses reveal that the ligand coordinates to the Mo dioxo moiety
by azomethine nitrogen and thiol sulfur atom. IR and NMR spectroscopic data also
proved the presence of Mo dioxo moiety. The presence of the OH group in the Mo
complex was also confirmed by the IR spectrophotometric method. Hence, a bridging

structure of the Mo complex is suggested.
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Assessment of natural radioactivity and function of minerals in soils of the ship-breaking

area, Bangladesh, by Gamma Ray spectroscopic and

Fourier Transform Infrared techniques

K4 : BARUA Suman
Z ANWF9e « Ismail Md. Mofizur Rahman
HEHFZEE : BEGUM Zinnat Ara

1. B
* Research objective ©+ Commercial vessels typically enter their end-of-life (EoL) phase
after an average economic lifespan of 20 to 30 years and commonly undergo dismantling.
Annually, approximately 2% of the global inventory, comprising about 45,000 ocean-
going ships, is processed within the ship-breaking and recycling industry (SBRI). In the
last two decades, South Asian countries, including Bangladesh, India, and Pakistan, have
become favored destinations for end-of-life vessels. The issue of coastal contamination
arising from ship-breaking activities at open beaches has been a subject of active debate.
Providing an objective opinion on this matter necessitates a health risk assessment of
ship-breaking activities. The current study aims to evaluate the impact of natural
radioactivity resulting from naturally occurring radioactive materials (NORMs: U-238,
Th-232, and K-40) and mineralogical characterization in the soils of the Shipbreaking
and Recycling Industries zone in Bangladesh. + Experimental ©+ From January to
December, samples were systematically collected from five Shipbreaking and Recycling
Industries (SBRIs) and one designated control location. Each shipbreaking yard was
divided into three distinct segments based on the conducted activities: beaching, cutting,
and storage. Notably, the cutting and storage segments are particularly exposed to higher
activity levels during ship-breaking operations. Samples extracted from the cutting and
storage segments were amalgamated to create composite samples, which were
subsequently air-dried and preserved. Following established protocols, these preserved
samples were analyzed using Gamma Ray and Fourier Transform Infrared spectroscopic
techniques. * Observations © The concentrations of naturally occurring radioactive

materials, namely U-238, Th-232, and K-40, were measured in Bq/kg using the Gamma
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Ray spectroscopic approach. These measurements exhibited variations across the pre-
monsoon, monsoon, and post-monsoon seasons. Additionally, Fourier Transform
Infrared spectroscopy was employed for the identification and characterization of
minerals present, including quartz, microcline feldspar, orthoclase feldspar, kaolinite,

montmorillonite, illite, and organic carbon.
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Synthesis and characterization of Co(IlI) and Ni(II) complexes of N-pendent derivatives
of an isomeric octamethyl tetraazamacrocyclic ligand and applications in radioactive

waste decontamination

K4 : BISWAS Bushon Foni
Z ANWF9e « Ismail Md. Mofizur Rahman
H[FEffF5E# 1 BEGUM A. Zinnat - ROY Ghosh Tapashi

1. Bk

Cobalt (Co) and nickel (Ni) are essential micronutrients necessary for a well-functioning
for human body. However, several compounds of Co and Ni are also considered to have
chemical and/or radiological toxicity for the environment or individuals. Co-60 (half-
life= 5.3 years) and Ni-63 (half-life = 96 years)) are radioisotopes, which produce high-
energy gamma rays with a high chance of penetration into the human body to cause
internal irradiation in the human cells and may cause cancer. Radioactive isotopes of Co
and Ni may be released to the environment because of nuclear power plant operations;
an accident occurs in nuclear power plants; radioactive waste dumping in the sea, or from
radioactive waste landfills. Therefore, effectively removing these radioisotopes from the
existing contaminants is critically important. For the future development of effective
chelator-modified sorbents, it is essential to investigate the complexation behavior of
Co(III) and Ni(II) with different chelators. The current study aims achieve the following
objectives: 1. Synthesis and characterization of methyl substituted ligand salt, 2,9-C-
meso-Me8[14]diene-2HCIO4 (L-2HCIO4) and reduction of the diene to Me8[14]ane. 2.

Synthesis of N-bis-carbamoylethyl ligand LBM from isomeric Me8[14]ane (LB) and
its characterization. 3. Synthesis and characterization of Co(III) and Ni(IT) complexes of
the ligand, LBM. - Experimental ©+  Condensation of 1,2-diamino propane with
acetone in the presence of perchloric acid furnished a 14-membered octamethyl
tetraazamacrocycle, Me8[14]diene.2HCIO4, which further produced a mixture of
isomeric ligands, Me8[14]anes (LA, LB, and LC), on reduction with NaBH4 and
subsequent extraction with CHCI3 (pH > 12). The isomers were separated by fractional

crystallization from xylene. Interaction of LB with excess acrylamide afforded an N-
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pendant derivative, LBM, in which two carbamoylethyl groups were attached to less
crowded nitrogen atoms. The complexes of Co(IlI) and Ni(Il) with LBM were
synthesized by a non-template method. The complexes were characterized using FTIR,
NMR, UV-Vis., and X-ray analyses. * Observations * Upon the interaction of LBM with
Co(III) acetate in presence of concentrated HCI produced six-coordinated octahedra
complex, [Co(LBM)CI2](ClO4). The reaction between LBM and Ni(III) perchlorate
produced six-coordinated octahedra complex, [Ni(LBM)(CIO4)2]. The study suggest
that amino-functionalized macrocyclic ligands could be efficient for removing radioactive
Co(IIT) and Ni(II) from wastes.
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Modelling of the transfer of radionuclides and their uptake by marine biota due to

hypothetical accidental release of the Fukushima storage water

K4 : BEZHENAR Roman
ZAMGEE - mH
HEWFsE : MADERICH Vladimir

1. Bk
The open-source Lagrangian model Parcels was applied for the analysis of trajectories of
radioactively contaminated water released from Fukushima storage tanks to marine
environment. For this aim, virtual particles were released in the coastal zone near the
Fukushima Daiichi Nuclear Power Plant (FDNPP). The Parcels model simulates the
movement of each particle using 3 components of velocity in the particle location at actual
moment of time. The model uses different interpolation schemes, as well as integration
schemes for simulating the particles movement due to advection, vertical diffusion,
horizontal diffusion etc. Results of simulations can show trajectories, along which the
contaminated water will move. The modelling area covers the whole North Pacific. 3D
fields for three components of water velocities (U, V, W) were taken from the KIOST -
MOM model. They are monthly averaged; so, we used 12 sets of (U, V, W), which were
repeated every year. Particles were released from one point near the coast in front of
FDNPP at the depth 10 m. One particle was released every 20 minutes during one year,
26,280 particles in total. Simulation was continued for 40 years. Results of simulations
were processed to obtain trajectories of particles, which reached selected locations in
different parts of Northern Pacific. 11 locations were selected to analyse minimal time
needed the contaminated water to reach each location. According to model results,
particles will reach Alaska fastest than other locations, only 1.4 years is needed for this.
The box model POSEIDON-R was applied for the dose assessment in the area 10 x 10
km around release point. The release scenario was selected as normal release of
Fukushima treated water during 30 years. In the POSEIDON-R model, the dynamic
processes for water-sediments interaction and for the uptake and retention of
radionuclides in marine organisms, which form pelagic and benthic food chains, were

employed. The POSEIDON-R calculations were carried out for 50 years (30 years of
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release period and 20 years of post-release period) to emulate the real-time scales of the
treated water release. It was realistically assumed that only treated water was routinely
released. It was conservatively assumed that the discharge of treated water is governed
by the maximal allowable annual release of 3H equal to 22 TBq. Since the concentration
of radionuclides including tritium in storage tanks varies, the water discharge rate will be
different for each tank depending on the concentration of the tritium to achieve the
annual release of 22 TBq. Then treated water from tanks with lower concentrations of
tritium could be discharged more intensively leading to a higher release rate for
radionuclides other than tritium. Obtained in the model individual doses to humans were
well below the 1 mSv per year limit for the general public. They were also below the dose
constraint value of 50 * Sv that was set by NRA for domestic nuclear power plants, and
even below the annual dose of 10 * Sv, which is considered by the IAEA as a dose below

which there is no negative health effect to be expected.
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Establishment of FISH probes for dicentric analysis of wild rodents in Chornobyl

K4 : BURDO Olena
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L. Bk
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. Using extracted DNA from liver of bank vole (previous study: [-21-11) as a
template, the candidate centromere-specific tandem repeat region, Msat-160, was
amplified by PCR (referenced by Jernfors et al., 2021) and mounted fluorescent dye to
create a probe. Then, chromosome spreads of cultured bone marrow cells were prepared
for three related species, grey red-backed vole (M. rufocanus), Northern red-backed vole
(M. rutilus) collected in Hokkaido, Japan and bank vole collected in Chornobyl, Ukraine.
After labelling each centromere, all of chromosomes with the exception of the Y
chromosome were successfully stained for both Japanese vole species. However, for bank
vole, some chromosomes were not stained (previous study: 1-22-13). To establish new
probes, Msat-160 motifs were extracted from whole genome sequence data of bank vole
and primers were re-designed. Amplified ladder band by PCR using three species of DNA
as template were fluorescently labeled and centromeres of bank vole were labeled by
FISH method. Some chromosomes were labeled but some were not, like previous results.
As for the next step, we will check sequences of probes and identify the chromosomes

that each probe labels and consider using mixture of probes.
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Assessment of the effects of ionizing radiation in bees - BEERAD
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L. Bk
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: In
2023, six sites were finally selected for hive installation: 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 took care of the identification of land owners and the obtention of
written authorizations for deploying the hives on the six sites selected. Hives were
installed in April 2023 and were sampled in April and in July for Cs measurement and
biomarker analyses. Honey was collected in June for measurement of radioCs and
pesticide content. In October, the sampling could not have been done due to hornets,
who devastated the hives. New hives will be installed in 2024 from April to July.
Concerning the laboratory experiments, one irradiation experiment of small hives was
performed in April 2023. The irradiation experiment lasted 21 days. Bees were sampled
every week for biomarker analyses (still in progress). Analyses were supposed to be done
on newborn bees, but the queens stopped spawning while they were inside the irradiation

facility. New irradiation experiments will be held in 2024 on queens and larvae.
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RADIATION MAPPING SURVEY AROUND RADIATION FACILITIES IN

THAILAND FOR RADIOLOGICAL EMERGENCY PREPAREDNESS

AND RESPONSE

K4 : ARAMRUN Kitkawin
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1. Bk

In March 2023, There were two radiological incidents in Prachinburi province, Thailand
which were interested to public as well as both national and international medias. The
first emergency situation was a missing radioactive source of caesium-137 (Cs-137)
contained in a metal cylindrical shielding from a radiation facility, and the second was the
detection of metal ash contaminated caesium-137 at a metal foundry. It has not been
confirmed whether those two emergency situations are linked to each other. However,
people are concerned about radiation health effects and the release of caesium-137 into
the environment, which need to be considered in radiation measurements around the
affected areas. The car-borne radiation mapping survey is a technique that can be used
to assess and investigate radiation levels in areas of public concern. Therefore, the study
aims to develop an effective method using various types of active detectors for measuring
radiation dose rates around two areas: the radiation facility that the caesium sources
missed and the metal foundry that metal ash contaminated caesium-137 found.

Three types of active detectors with global positioning system (GPS) receivers (i.e.,
two sets of 2-in X 2-in Nal(T1) scintillation spectrometers (Rad XP, SI Detection,
South Korea), a 2-inX4-in Nal(Tl) scintillation spectrometers (SPIR-Pack, Mirion
Technologies, USA), and a 63-mm x 63 mm Nal(TI) scintillation spectrometers
(AT6101C, ATOMTEX, Belarus)) are used to measure radiation dose rates together with
latitude and longitude positions of each dose rate record. The radiation measurements
are conducted within 10 km around two target areas that emergencies occurred by using
those three detectors placed in a car with the car speed not more than 40 km/h. Soil
samples are also collected to estimate the activity concentration of radionuclides in those

soil samples using gamma spectrometers in order to consider the relationship between
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dose rates and activity concentrations of radiation measured around the target areas.

The result of this study is the radiation levels around the radiation facility that the
ceasiem sources missed and the metal foundry that metal ash contaminated ceasiem-137
found that can be used for assessment and communication with the public about the
radiation health effects of the people living within 10 km of the areas and also radiation
effects in the environment. Acknowledgement This study has been supported and
granted by Program Management Unit Comprtitiveness (PMUC), THAILAND:
Technical Support EPR Network Development for Nuclear Regulatory Authorities for
ASEAN and Environmental Radioactivity Research Network Center (ERAN) FY2023,
JAPAN (Grant Number: 1-23-21)
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Development of Iodine-131 Absorption Efficiency Methods from Charcoal Filters with a

Variety of Adsorbent Materials that are cheap for the safety of Thyroid Patients, Nuclear

Workers and the Environment

K4 : SUHARIYONO Gatot
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1. Bk
1. The Results Introduction This research aims to develop a charcoal filter efficiency
method (activated charcoal) for the absorption of Iodine-131 in hospitals and nuclear
installations, to obtain a charcoal filter efficiency result close to the efficiency of a
charcoal filter added with TEDA (Tri Ethylene Di Amin). A charcoal filter with KI or
NaOH as an adsorbent is cheaper than charcoal filters with TEDA adsorbents. The
efficiency is close to 99%, so it can help the burden of hospital thyroid patients from an
economic and safety perspective of radiation workers in hospitals, nuclear installations,
and the surrounding environment, as well as utilizing local products considering that
Indonesia is a large producer of activated coconut shell charcoal. Methods This research
consists of making activated charcoal filters mixed with lodine-131 adsorbent material
and testing the efficiency of the filter making results. Making variations in the
concentration of each activated charcoal filter (charcoal) is weighed as much as 30 grams
and placed in a beaker glass. Potassium iodide (KI), and NaOH were weighed
respectively and varied in concentration (0%, 5%, 7,5% and 10%). The methanol
solution is mixed with distilled water, then put into a bottle. The weighed KI, and NaOH
were put into each bottle for each concentration. The solution is put in a heating furnace
at 40 oC. The activated charcoal that has been dried and cooled is put in an activated
charcoal filter container. Each activated charcoal filter container is labeled for each
concentration made. Active charcoal filter efficiency testing was carried out using an
Todine-131 generator. The iodine generator is opened, dimethyl sulfate ((CH3)2S04)

and [-131 are put into the iodine generator. Measurement of the adsorption efficiency of
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[-131 at an energy of 364.48 keV on a charcoal filter using a gamma spectrometer system
with a Nal(TI) detector. The Results The quality of impregnated activated carbon
decreases if the percentage of impregnated material exceeds 5% by weight. Charcoal with
mesh 8-20 (A) is better than mesh 12-30 (B) because the efficiency of charcoal in A is
higher than in B. Charcoal with KI compounds has a higher absorption efficiency of I-
131 than charcoal with NaOH compounds. Charcoal efficiency with KI and NaOH
compounds at a concentration of 5% wt. was better than concentrations of 7.5% and 10%
by weight. 2. The Paper I don’t have a publication yet, but [ hope that [ will make a paper

this year.
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Development of a test bench for the electronics of ionizing radiation detectors based on

FPGA and microcontrollers.
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1. Bk
Development of a test bench for the electronics of ionizing radiation detectors based on
FPGA and microcontrollers Kountchou Noube Michaux, Saidou, Mbarndouka Taamté
Jacob, Folifack Signing Vitrice Ruben, Omgba Abanda Zacharie Steve, Hamadou Yerima
Abba, Shinji Tokonami, Hosoda Masahiro The primary objective of this project is to
develop an efficient and low-cost local test bench for verifying the correctness of
electronic circuits in ionizing radiation equipment. Additionally, the aim is to reduce
maintenance costs, minimize breakdowns, refurbish existing equipment, improve staff
performance, and enhance laboratory capabilities. The test bench will also facilitate the
adjustment of pole-zero cancellation and study the pile-up effect. Within the framework
of this project, our team has been dedicated to the development of a cutting-edge test
bench tailored for the electronics of ionizing radiation detectors. Our primary goal has
been to create a solution that not only ensures the accuracy of electronic circuits but also
addresses the overarching objectives of reducing maintenance costs, minimizing
breakdowns, and enhancing the capabilities of CRSTN and IREM laboratories. The
project began with an in-depth analysis of requirements, involving extensive discussions
with stakeholders to understand their needs and expectations fully. Based on these
insights, we meticulously selected appropriate hardware components, including FPGA
and microcontrollers, ensuring they met the stringent criteria of performance, flexibility,
and cost-effectiveness. Additionally, careful consideration was given to selecting analog
components such as ADCs, DACs, and op-amps, essential for signal conditioning and
data acquisition. With a clear understanding of the requirements and the chosen

hardware, we proceeded to design the system architecture. This involved outlining the
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interconnections between FPGA and microcontrollers, defining communication
protocols, and allocating responsibilities between different components. For the
continuation of this project, which is still in progress and will continue in 2024 (FY2024
ERAN), our team will embark on the development of firmware for the FPGA,
implementing sophisticated signal processing algorithms and digital control logic, while
concurrently developing user-friendly software interfaces for microcontrollers to
facilitate seamless control and data acquisition. The integration of hardware and software
components will mark a significant milestone, culminating in an exhaustive testing phase.
Rigorous testing protocols were employed to validate the functionality, accuracy, and
reliability of the test bench. Calibration procedures will be meticulously executed to
ensure precise measurements, laying the foundation for robust performance in real-world
scenarios. Upon completion of testing, we'll focus on validation and comparison. We will
carry out comprehensive comparative tests, benchmarking our test bench against
reference equipment such as the Bladewerx microPulser in Cameroon. The results will
validate the effectiveness and will contribute to significantly enhance laboratory
capabilities. Documentation and training will be a priority to ensure seamless adoption
and utilization of the test bench by laboratory personnel. Detailed documentation will be
compiled, covering design specifications, implementation details, and testing procedures.
Training sessions will be conducted to equip maintenance staff and laboratory personnel
with the necessary skills to leverage the test bench effectively in their daily operations.
Looking ahead, our focus will be also on further validation tests, gathering feedback for
continuous improvement, exploring collaboration opportunities with other research
institutions, and closely monitoring the performance of the test bench in real-world
scenarios. We are convinced that the test bench to be developed will serve as a

cornerstone in advancing the field of ionizing radiation detection,
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Spatial uranium distribution in Mamuju
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L. Bk
Spatial Uranium, Thorium and Potassium Distribution at High Natural Background
Radiation Area, Mamuju, Indonesia Wahyudil, Radhia Pradanal,4,, Ilsa Rosianna2,
Agus Nur Rachman1, Andeva Jenisa Putri3, Eka Djatnika Nugrahal* Chutima Kranrod4,
Yasutaka Omori4, Shinji Tokonami4 1 Research Center for Safety, Metrology, and
Nuclear Quality Technology, The National Research and Innovation Agency of Indonesia
2 Research Center and Technology of Nuclear Fuel Cycle and Radioactive Waste, The
National Research and Innovation Agency of Indonesia 3Department of Chemistry,
Faculty of Sciences, Sumatera Institute of Technology, Bandar Lampung, Indonesia
4Institute of Radiation Emergency Medicine, Hirosaki University — Japan *
Corresponding author: ekad001@brin.go.id ~ Mamuju is an area that has a high content
of uranium. Uranium is geogenic and has three isotopes, i.e., Uranium-238 (238U),
235U, and 234U. Of these, the most abundant is 238U, which makes up about 99.27%
of natural uranium. The adverse effects of uranium on human health are due to its
radiological and chemical properties. Radioactive elements with a heavy metal nature can
deliver a trace quantity of radiation dose to the population. For the present work, surface
soil samples from the mineralized area in the high natural background radiation area
(HNBRA) Mamuju are collected at 3 locations with different soil depths. This study aims
to understand and evaluate the possible interactions of various naturally occurring
radionuclides in the Mamuju area. Moreover, the samples are measured using gamma
spectrometry with a HPGe detector for determinations of 238U, 232Th, and 40K. Then,
make the statistical analysis. The activity concentration of 238U, 232Th, and 40K ranges
from 984 to 14507 Bq kg-1, 858 to 4503 Bq kg-1, and 177 to 285 Bq kg-1, respectively.
The U/Th concentration ratio in the surface soil was from 0.34 to 11.56 and for the
bottom soil 0.58 to 12.90. The research was conducted at Tande-Tande, Botteng,
and Palada Villages, Mamuju — West Sulawesi. This tropical region has dry and rainy

seasons, and the shape geological contour is hilly land. A study of the spatial distribution
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of 238U, 232Th, and 40K radionuclides in the area was carried out taking the soil
sampling with variations of depth, and this study assumed that the radionuclides of U-
238 and Ra-226 are equilibrium in the soil. The samples were analysed at the Laboratory
with ISO 17025:2017 Accredited. To calculate the activity concentration of 238U in
samples, we used the full energy absorbed peak of 214Pb (Ey = 351 keV) and 214Bi
(Ey =609 keV). For 232Th, we used the full energy absorbed peak of 212Pb (E y =238
keV), 208T1 (Ey = 581 keV), and 228Ac (Ey = 911 keV), while for 40K, we directly
used its single peak of 1460 keV. 238U concentrations in Tande-Tande, Botteng, and
Palada are relatively homogeneous at various soil depths as well as 232Th, and 40K. Ratio
of U/Th at Tande-Tande and Palada has almost the same trend, showing that the two
locations have almost the same conditions. This condition differs from Botteng, where

the U/Th is quite large so Botteng may have uranium deposits.

8

Car-borne survey and dose assessment from external radiation exposure in Bangka Island
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Development method of Radioparticulates measurement in the Mining area
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L. Bk
Inhalation of Radon (222Rn) and Thoron (222Rn) progenies in the domestic
environment contributes the greatest fraction of the natural radiation exposure to the
public and workers. A large proportion of the inhaled radon progeny deposits in the
respiratory tract of the lung, while almost all of the gas and fine particles that are inhaled
are subsequently exhaled. Nearly the entire lung dose arises from the inhalation of the
radon progeny aerosol and not from the gas itself. This research activity aims to measure
radioparticulate in mining areas contributed to inhalation dose due to Naturally
Occurring Radioactive Material (NORM) and develop a simple method to measure
radioparticulate Particulate matter (PM) 10, PM 2.5 and PM 1. The first step is to
develop a simple method of radioparticulate, including radon-thoron and their progeny.
This method will use an integrated measurement between radioparticulate and
EERC/EETC using the improvement of the impactor and measure with Total Reflection
X-Ray Fluorescence (TXRF) for direct speciation of elements. Moreover,
radioparticulates will be measured in the mining area, especially at the refinery
processing in the tin mining industry. After that, estimating the aerosol size distribution
were calculating. The result of he Aerosol size distribution as shown in table 1. Table 1.

Aerosol size distribusion

2. &
Pradana, R., Nugraha, E. D., Wahyudi, W., Untara, U., Wiyono, M., Devriany, A., ... &
Tokonami, S. Car-borne survey and dose assessment from external radiation exposure in

Bangka Island.
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Study of the relationship of radon and airborne particulate matter to lung cancer

incidence factors in the high background radiation area in Kanchanaburi
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1. Bk
The Provincial Health Office, Tha Maka district has the highest number of lung cancer
cases in Kanchanaburi. In addition, Kanchanaburi is one of the provinces with high levels
of PM 2.5 dust and is in a health hazard category. Therefore, in order to determine the
factors that may contribute to these symptoms, the study focuses on radon-thoron
measurements in 52 volunteer homes to correlate them with the data and select an area
for measuring the concentration of their progeny for each dust size. The passive
integrated radon—thoron discriminative monitor (RADUET: Radosys Ltd., Hungary)
with a solid state alpha track detector (CR39) was installed for measuring indoor radon-
thoron concentrations in the volunteer houses along with the estimation of gamma dose
rates indoors and outdoors for choosing the five highest gamma dose rates in each sub-
district. Indoor radon-thoron concentrations were again measured using an AlphaGuard
detector on five volunteer houses based on the gamma radiation dose rate received at the
beginning. Meanwhile, radiation aerosol samples were collected with a Cascade Impactor
to separate aerosol particle size using CR-39 and separate the energy of the nuclide based
on the Mylar aluminum film thickness. From the results, the measured gamma dose rate
values were in the range of 0.11 - 0.25 u Sv h-1, with the highest value in the Tha Mai
sub-district for indoor and in the Ulok Si Muen sub-district for outdoor, which the values
were similar to those in other areas of Thailand. The average values of radon and thoron
from RADUET were found to be in the range of 13 - 81Bq m-3 for radon, with the highest
concentration at Phra Thaen, while thoron concentrations were found in the range of 2
- 52 Bq m-3 with a maximum value in Phra Thaen. The average equilibrium equivalent
radon and thoron within research area buildings as measured by a cascade impactor for
separating aerosol particle sizes were 1.9x10-5 Bg/m3 and 3.63x10-6 Bg/m3.

Considering all the data obtained, it was found that the radon thoron levels did not exceed
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the limits recommended by the World Health Organization. Therefore, it is possible that
the radiation concentration in the area may not have influenced the factors that cause
lung cancer. However, additional data or annual data collection is needed to compare all

values over the long term.
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Construction of Fluorescence in situ Hybridization (FISH) based Translocation Dose-

Response Calibration Curve for Evaluation of Health Risk of Nuclear Workers
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1. Bk
Accidental or occupational exposure to ionizing radiation poses a serious risk to public
health and safety (Ahmad et al. 2019; Zielinski et al., 2009). According to Barnes et al.
(2018), this radiation is a well-known carcinogen and clastogen that damages
chromosomes. For the purpose of biodosimetry, a few useful biomarkers can be utilized
to show and evaluate the development of radiation-induced alterations in the biological
system. In order to triage exposed individuals and implement prompt medical
countermeasures, this tool is necessary for quick dose and risk assessment (Herate and
Sabatier, 2021). In biological dosimetry, the measurement of chromosomal aberrations
in blood samples, mainly dicentric and reciprocal translocation, from exposed personnel
is regarded as the "gold standard" and a highly sensitive biomarker (IAEA, 2011). It has
been demonstrated that chromosome painting using fluorescence in situ hybridization
(FISH) is a reliable and quick way to measure structural chromosome rearrangements,
such as chromosome translocation, in human lymphocytes (Shakoori, 2017). The FISH
technique, despite its high cost, is thought to be a potent tool for identifying particular
chromosomal abnormalities because of its high sensitivity and the speed at which the
assays can be completed. Methods The peripheral blood samples were taken by
venipuncture from 3 healthy donors (BD vacutainer). All volunteers were male and
non-smokers, with an age range of 40 to 58 years old (average of 51 &= 9.64). In brief,
whole blood was exposed at RT to X-rays (dose rate of 1.0 Gy/min) at doses ranging from
0.0, 0.1, 0.25, 0.5, 0.75, 1.0, 1.5, 2.0, 3.0, and 4.0 Gy. Samples were cultured at 37° C for
48 h, in the presence of 180 pg/ml phytomemagglutinin After 48 h, the cultures were
fixed, and the chromosome preparations were labeled with a FISH probe according to
Abe et al. (2016). At least 800 metaphase cells for every dose of irradiation were scored.
Metaphases were captured using the Metafer Image Analysis System (Metasystems).

Metaphase spreads were scored blindly for types of damage, which included only a
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specific type of stable aberration such as translocations. Fitting the dose-response to the
linear—quadratic model was carried out by the method of iteratively reweighted least
squares. Results In this experiment, chromosomes translocations were observed
among 36,654 metaphase cells painted with chromosome 1, 2, and 4 for all doses of X-
rays under a fluorescence microscope. We found that the frequency of cell-containing
translocation -positive metaphases is increasing with the radiation dose increment, where
these frequencies became much higher due to exposure to the highest doses (2-4 Gy).
There is a similar tendency to increase the frequency of cells containing translocation
among the three subjects. It can be seen that subject C is less responsive compared to
other subjects (Figure 1). There is a quite large individual differences in the frequency
of translocation, especially in higher dose than 1 Gy and in subject C who is youngest
respondence, it seem affected by confounding factors such as age which is also depend
on life-style like smoking. Figure 1. Relationship between the frequency of cells
containing-translocation with dose of X-ray radiation among three subjects (left) and
example of multiple aberrants (right). References Abe, Y., Miura, T., Yoshida, M.A.,
Ujiie, R., Kurosu, Y., Kato, N. et al

afti 3L
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Optimization fixation time for detection gamma H2AX as biomarker of DNA DSB

after low dose radiation
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L. Bk
Effect of Different Blood Anticoagulant to y -H2AX Expression for Biodosimetry and
Genome Damage Biomarker Application lin Kurnia Hasan Basril*, Dwi Ramadhanil,
Mukh Syaifudinl, Sofiati Purnamil, Tomisato Miura2** 1Research Center for
Radiosotope, Radiopharmaceutical and Biodosimetry Technology Research
Organization for Nuclear Energy National Agency for Research and Innovation (BRIN)
Kawasan PUSPIPTEK Serpong Gedung 11, Setu, Tangerang Selatan | 15314 Banten |
Indonesia 2Department of Risk Analysis and Biodosimetry Institute of Radiation
Emergency Medicine, Hirosaki University Japan *email: iink001@brin.go.id **host
research supervisor ABSTRACT Background Biological indicators are used for
assessing DNA damage and repair in cells exposed to ionising radiation. DNA double-
strand breaks (DSBs) have been known as one of the most significant lesion-producing
lethal and mutagenic effects in irradiated cells. This biological marker for DSBs is the
presence of y -H2AX foci in the cell nucleus after exposure to ionising radiation. y -
H2AX formation was analysed in human lymphocytes with the problem being finding the
best incubation time, temperature, and anticoagulant type for collecting blood from
remote areas before being brought to the laboratory for y -H2AX analysis.  Method
The blood was obtained from three male donors and irradiated by X-ray with a dose of
0.5 Gy and held in heparin and EDTA anticoagulant for 1 and 24 hours of incubation
time at temperatures of 40C, 200C, and 320C.  Cells were fixed with paraformaldehyde
and spread on a microscope slide using a Cytospin. The slides were immunostained after
an incubation period. The number of foci per cell was scored automatically in about 100
cells per dose using Metavision with foci counting.  Result The mean number of
foci/cells before irradiation for donor A = 0.02 and 0.05, donor B = 0.03 and 0.04, and
donor C = 0.03 and 0.04 in EDTA and heparin anticoagulant, respectively. One hour
after 0.5 Gy irradiation, the mean number of foci/cells was A = 0.82, B = 1.21, C = 0.98
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in EDTA, and A = 1.13, B = 1.37, C = 1.64 in heparin anticoagulant. After 4 oC
incubation time, these were A = 0.43, B=0.34, C=0.13 in EDTA, and A = 1.58, B =
1.67,C=1.39,in 200C A =0.97, B=0.84, C=0.53in EDTA, and A = 1.05, B = 0.87,
C = 0.82 in heparin anticoagulant, in 32 0C A = 0.19, B=0.14, C=0.09 in EDTA, and
A=0.71,B=0.42,C=0.16 in heparin anticoagulant. No statistically significant number
of y -H2AX foci from the A, B and C donor before irradiated in both EDTA and heparin
anticoagulants. One hour after 0.5 Gy irradiation there were statistically significant
increasing of y -H2AX foci for all donors both in EDTA and heparin anticoagulant.
Twenty hours after incubation in 4 0oC, in donor C there was no statistical increasing of
number y -H2AX foci before irradiation but in donors A and B increasing when the blood
collected by EDTA anticoagulant, but in heparin anticoagulant the number of y -H2AX
foci from donors A, B and C showed statistical increase. After incubation at 20 oC for 24
hours, for both EDTA and heparin anticoagulant, there were significant increase of
number of y -H2AX foci from donors A, B, and C. After incubation for 320 C for 24
hours except in donor C, number of y -H2AX foci in heparin anticoagulant showed
significantly higher than incubation with EDTA. Conclusion After low dose irradiation,
the number of y-H2AX foci in heparin anticoagulant is higher than that of EDTA
anticoagulant and it recommended that anticoagulant factor should be considered before
the analysis of y -H2AX foci for application in biodosimetry and genome damage
biomarkers. Keywords: anticoagulant, y -H2AX foci, ionising radiation, human

lymphocytes, biological indicators.
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A cytogenetic dose-response curve for low-dose range gamma-irradiation in human

peripheral blood cells using three-color FISH

K4 : PURNAMI Sofiati

ZAWIEE - =il 5

L. Bk
Introduction Biodosimetry is a fundamental approach for determining the dose of
ionizing radiation absorbed by an individual. The FISH technique using three colored
chromosome-specific painting probes (chromosomes 1, 2, and 4) have been used to
evaluate the biological effects of low-dose range ionizing radiation on human peripheral
blood cells. In this study, we aim to obtain the reference dose response curve for
evaluating cytogenetic effects of low-dose range irradiations on human lymphocytes
using three color FISH Methodology Human blood from three healthy donors have
collected in Heparin-containing vacutainer tubes. Blood samples were irradiated with
five X rays doses (0.1; 0.25; 0.5; 0.75 and 1 Gy) then cultured for 48 hours continue with
harvesting and painting process. The number of chromosome aberrations have analyzed
by chromosome painting (chromosome pairs 1, 2 and 4) for translocation analysis.
Result The frequency of translocation was increased with the increment of radiation dose,
by following a linear-quadratic curve, based on the observation in three subjects exposed
to X-rays. When the data from all subjects were pooled, a similar trend was observed. The
equation obtained using the pooled data was: Y = 0.01283X + 0.0039 (R2= 0.9664);
which Y: Translocation per cells vs X: Dose (Gy). The increased of translocation with the
radiation dose was found, thus our study support the applicability of the FISH technique

for biodosimetry.

2. Fmx
Dwi Ramadhani, Devita Teriana, Sofiati Purnami, Viria Agesti Suvifan, lin Kurnia Hasan
Basri, Teja Kisnanto, Tiara Andalya Oktariyani, Dira Syafira, Muhamad Yasin Yunus,
Tomisato Miura, Mukh Syaifudin and Retno Widowati, y -H2AX and phosphor-ATM
enzyme-linked immunosorbent assays as biodosimetry methods for radiation exposure
assessment: a pilot study, Radiation Protection Dosimetry, 2023, 1-8,
https://doi.org/10.1093/rpd/ncad253
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Optimization of the tritium analysis method and its application to sea water samples
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L. Bk
[-23-33 OPTIMIZATION OF THE TRITIUM ANALYSIS METHOD AND ITS
APPLICATION TO SEAWATER SAMPLES: ANTICIPATION OF TRITIUM
DISPOSAL FROM THE FUKUSHIMA DAIICHI NUCLEAR REACTOR, JAPAN
MAKMUR Murdahayu, NUGRAHA Eka Djatnika, PUTRA Deddy Irawan Permana &
AKATA Naofumi Introduction Japan has announced plans to discharge more than 1.2
million tons of radioactive water from the waste treatment reactor of Japan's Fukushima
Daiichi Nuclear Power Plant (FDNPP) into the Pacific Ocean by March 2023. Disposal
of tritium waste is carried out on the East coast off the coast of Fukushima, tritium
radionuclide will be carried throughout the Pacific Ocean by global ocean currents, and
dispersed into the surrounding marginal seas. Tritium-contaminated water will enter the
waters of the Indonesian Sea through the Makassar Strait which is the main route for the
Indonesian Throughflow. This will have an impact on increasing the concentration of
natural tritium in Indonesian waters. Tritium-contaminated water can pose a radiation
threat to marine ecosystems and human health, including in the waters of the Indonesian
Sea. Thus, the optimization of the tritium analysis method from seawater was carried out
in this study and the selected method will be applied to samples from Indonesian marine
waters, so that tritium baseline data is obtained before the disposal of tritium waste from
Fukushima, Japan. Methodology There are many marketed scintillation cocktails
available for tritium counting, but only several retain a considerable amount of water, and
even fewer have adequate specifications for low-level counting. We compared the
efficiency of the Ultima gold LLT and OptiPhase HiSafe cocktails, which are now
available in our laboratory. Samples were collected samples from Halmahera Sea and
Sunda Strait were collected monthly from January to November 2023. Seawater samples
were collected using a plastic bottle. After collecting 700 ml of water, samples were
distilled to remove any impurities, to reduce quenching, and to prevent the introduction

of other radionuclides that might adulterate the results and use electrolytic enrichment
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to raise the tritium concentration to a detectable level. One-tenth of a milliliter of the
second tenth of the distillate was added to twenty milliliters of polyethylene scintillation
vial and mixed with ten milliliters of PerkinElmer's OptiPhase HiSafe scintillation
cocktail. We measured the tritium activity of water samples using LSC Quantulus 1220.
We counted each sample for three cycles of ninety minutes and then averaged the results
to determine the tritium activity. Result and discussion To create DWTS, the 3H solution
was spiked with distilled water. Samples were made using various proportions of cocktail
to tritiated water, with a 20 ml total vial capacity being made available. For each standard,
three cycles of measurements were performed in these tests, with a counting time of
ninety minutes per cycle. We were able to verify that the ideal ratio of water to
scintillation cocktail was 6:14 ml for Ultima Gold LLT and 10:10 for OptiPhase Hisafe
by evaluating the count rates for standard tritium solution. Tritium in the subtropical
and tropical regions, showing an average slightly lower activity compared to the northern
and subarctic transition zones, follows the overall trend of radiocesium, and based on the
annual global tritium prediction results from rainwater, the Indonesian region has a
relatively small tritium input (0.5 — 2 TU H-3) compared with other regions. The results
research show that the baseline data on tritium in seawater from the Halmahera Sea
(Code: TNT) and Sunda Strait (Code TJL) is in the range of 0.44 — 0.98 TU, (n=5,
triplicate) which will become reference data if there is an increase in tritium activity in

seawater in the future due to the release of tritium from Fukushima Japan.

At X
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Development method of radioactivity measurement in drinking water sample

using TXRF
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1. Bk
Water is a basic need for humanity Water is an important aspect for living things and
one of the Sustainable Development Goals (SDGs). A thorough study was recently
carried out involving 45 samples of Drinking Bottled Water (AMDXK) originating from
21 cities in Indonesia. This research was conducted by measuring the content of
physiochemical parameters, major, trace elements and anions. Physiochemical
parameters were measured using digital pH Hanna HI98107, EC digital Hanna DiST 3
HI98303, HACH DR 900 Colorimeter, TDS meter. Concentration of Major Elements
(Na, Al, Mg, K, CaPandS), Trace Elements (Cl, Sr, Cr, Mn, Fe, Zn, As, Sc, Cd, Sb Ba,
Pb, Th and U) were measured using Total Reflection X-ray Fluorescence, which was
first validated by the method using standard ICP multi-element standard solution IV as
a spike sample, determination of standard internal concentration (Ge) and continued
measurement by TXRF. Anion concentrations were measured using the Dionex Ion
Chromatography system (ICS-210, Thermo Scientific, USA). The results of
physiochemical parameter measurements obtained successive values for TDS, EC,
Turbidity, Color and pH) of 0-262 (mg/L), 0-532 (uS/cm), 0 NTU, 2-14 TCU. The
concentrations of major elements were obtained in the order of concentration of
Ca>Na>Mg>P>AI>S>K and trace elements Sb>Ba>Sc>Sn>Th>Br>U>Mn>Pb>Cd.
Based on the results of hydrochemical analysis using the Piper diagram, most of the
samples (> 90%) belong to the calcium bicarbonate waters. A small portion of the
sample (<10%) belongs to sodium bicarbonate waters. The results of the analysis using
correlation analysis showed that there was a strong positive correlation (0.61 - 0.80)
between Ca and -Mg (0.73), Kand Cl- (0.68), TDS and K (0.62), Sc and Ba (0.62), U
and Sb ( 0.67), U with Ba (0.66) and a very strong positive correlation (0.81 - 1.0)

between Ba and Sb (0.98). The results of the analysis using Hierarchical Cluster
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Analysis and Linear Discriminant Analysis, both of them did not show that the ion
levels in the bottled water samples matched the geological data. The results of the
calculation of the water quality index as a whole get an index of 100 in 45 samples of
AMDK which indicates that the water quality is very good without any threats or

disturbances and the water conditions are very close or equivalent to pure.
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Capacity building for development of nuclear techniques for analysis of radionuclides and
potential toxic elements in environmental samples collected from Ruppur Nuclear Power

Plant (RNPP), Bangladesh

K4 : RAHMAN M. Safiur
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HFEIfHZE#H : SUDOWE Ralf

1. Bk
Bangladesh grapples with a significant electricity shortage, making it imperative for the
country to bolster power generation efforts. Consequently, our government has initiated
a project to establish a 2400 MWe nuclear power plant slated for commissioning in 2025.
Hence, it's crucial to develop expertise in managing radioactive materials to ensure
radiation safety, mitigate environmental contamination, and facilitate remediation efforts.
There's been a growing interest in understanding the uptake kinetics of radionuclides
and toxic elements in natural systems to comprehend the dispersion of radioactive waste
and toxic elements in the environment. Monitoring radionuclides and toxic elements in
vegetables, soil, sediment, rock, and water samples across Bangladesh can furnish vital
insights for managing radioactive materials and trace elements in the environment.
Therefore, it is important filed of study and the following two graduate (M.Sc.) students
have completed their thesis under my supervision and their manuscript will be published
accordingly.  TITLE: (A). The Level of Natural Radionuclides and Heavy Metals in
Ground Water and Health Risk Implication (B). Assessment of Natural radionuclides in

soil samples collected from industrial areas of Chittagong city, Bangladesh

2. FwsC
Two thesis for graduate students have been completed (A). The Level of Natural
Radionuclides and Heavy Metals in Ground Water and Health Risk Implication (Md.
Robiul Hasan (Examination Roll: 142324), Nuclear Engineering Department, Dhaka
University) (B). Assessment of Natural radionuclides in soil samples collected from
industrial areas of Chittagong city, Bangladesh (Md. Robiul Hasan (Examination Roll:
142316), Nuclear Engineering Department, Dhaka University)
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Anthropogenic radionuclides in the Southern Ocean
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L. Bk
Anthropogenic radionuclides are widely distributed in the general environment due to a
multiplicity of sources. Baseline levels were imposed by the atmospheric testing of
nuclear weapons in the 1945-1980 period, with a maximum in the 1960s (Global Fallout).
The routine operation of nuclear facilities and nuclear accidents have also introduced
radionuclides in the general environment but at local and/or regional scales. To date,
there exists an extensive database of anthropogenic radioactivity in the marine
environment in the Northern Hemisphere. By contrast, results for the Southern
Hemisphere are scarce. In this work, the anthropogenic radionuclides 237Np, 239Pu and
240Pu have been studied in surface seawater samples from the Southern Ocean using the
ultrasensitive technique Accelerator Mass Spectrometry (AMS). Samples were collected
at the Antarctic Ocean (51°°-67° S, 42.45°-67.29° E) by cruise KH-19-1 of research vessel
R/V Hakuho Maru of the Japan Agency for Marine-Earth Science and Technology
(JAMSTEC) in 2019. Pu and Np isotopes were analysed on the 1 MV AMS system at the
Centro Nacional de Aceleradores (CNA, Seville, Spain). The obtained 239+240Pu and
237Np activity concentrations levels range from 1 to 2 and from 5x10-4 to 3x10-3 pBq/kg,
respectively, in agreement with the observed levels in surface seawater samples all over
the world far from local or regional sources. Most of the obtained 240Pu/239Pu atom
ratios range from 0.17 to 0.3 in agreement with global fallout levels. Data which will be
obtained continuously in this project will shed light on the levels of anthropogenic
radioactivity and the behaviour of each nuclide in the marine environment surrounding

Antarctica.
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Comparative assessment and analysis of radionuclide measurement in fish of Fukushima
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L. Bk
The Fukushima Dai-ichi Nuclear Power Plant (FDNPP) accident on March 11, 2011,
led to significant radioactive contamination of terrestrial and aquatic ecosystems in
eastern Japan. Monitoring radionuclide concentrations in the environment became
imperative to assess risks to ecosystems, wildlife, and human health. Hirosaki University
(HU) and Colorado State University (CSU) started a collaborative effort to enhance
research activities and establish an international learning platform for students focused
on radiation monitoring, particularly in Fukushima. The collaborative effort centered on
comparing methodologies for measuring 90Sr and 137Cs concentrations in fish samples
from Fukushima. Both institutes aimed to validate their respective measurement
techniques and improve research capabilities. Fish samples were collected from the
Yunosawa River in Aomori Prefecture, Japan (control area), and the Ogurasawa River in
Fukushima Prefecture, Japan (contaminated area). Measurements of 137Cs showed good
agreement between the two institutes, with 3608 * 160 measured by CSU and 3973 £
28 measured by HU for fish samples from the contaminated area in Fukushima.
Measurements for 90Sr are still ongoing. The collaborative effort confirmed the success
of the radioanalytical measurement methods used by both institutes. This validation
highlights the reliability of currently used techniques for sample measurement. Future
research endeavors will expand the scope to include further comparative measurements
and improvements in 90Sr measurement techniques. Additionally, investigations into
isotopic ratios in field sites and a comparative analysis of mass spectrometry, gas
proportional counting, and liquid scintillation counting sensitivities are planned. These
advancements will contribute to refining measurement techniques and enhancing the
accuracy of radiation monitoring. The collaboration between HU and CSU helped by
validating measurement techniques and enhancing research capabilities. This
partnership aims to contribute to ongoing efforts in assessing and mitigating the impacts
of radioactive contamination on ecosystems, wildlife, and human health. Through
continued collaboration and research advancements, we strive to ensure the safety and

well-being of communities affected by nuclear incidents.
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NGRS 2 4 5 7 5-99CERI = 21.1 J4E) 13 2 oWBLEEE 55, &
TR LCRBICET 2= ) v/ R EEHINTH S, LA L, —lEREKF D
Tc-99 IZHEHHRRIHTLE BT O VLTI E VT HBUR 2 OlIEBSEEECH 2, T
FEICT, TNF T ~FE L ok EHE L LTz Te-99 D% 1.5 L TfT &
LAMREMEDSRR S N7z, Lo L, MEDWIE & 7 2 DREDB AT TH Y Z 0 FEH
ICIEE > Twawv, R CIE. REIICEESITIC X 2187 Tc-99 &=L %
DI L, TR IYEMBOIRED 79 D Tc-99 iftEiEk 2T Lz, £7-. Tc-99
HENWICE T 2 0WRCHBEREE R LD 7201 v 2 2854 7 {5 o =2 10
Tc-97CEII = 421 JT4E) B XU b L —H = O K0 Te-95m CEHE = 60
H)#% Nb+Li BIGIC & Y FRFICHIECTE 2562 BT 2720, TN ZNLDORIGIC
BT BRENESES L e LTz, (99Tc nEEEimE o) g8 ikE ICP-MS)
IC X % Tc-99 i DU E R AE (Mo-98, Ru-99) D X & 75 3 fRZE L 7K 5 b D Te-99 i
iz HKE L, TEVA LY vEB XU Te-01 L3 v & M7=k o OO EE - ks
X OHERERMA 7 Bl 10D W TRRET L 720 M BEEETIC B v T, i B ik E %
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HEd 2 —HORBRICE T, WiFEFEEEZSE 2Lk Tc(Re) DEIEE, Ru, Mo
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97 284 7 + Tc-95m F L —H—ElE) Nb oG rENR- ARy 7 X —7 v FIC
Li-7 4 A v e —2a% 29 KRS 42 2 & T, 52.4-30.5 MeV O#iPHIC 35T Te [HfL
HROBLEZIT o7z, WEHD Nb fHo y #HEIEIC X VHE S 7 Te-95m, Ru-97(Tc-
97) DFLETHE 2> & 1% SOCHIERE % Ko . 2 2 D B 2 1572, [REH & &%) (Te-
99 JrftiEiEEOBE) HOBHERICE VT, Rl L 2kiRE, eEEE2 151 o
WAKICHET U, D EERAE SRR 2 AT o 72853, Tc(Re) DEUEHIL 92.515.1% TH - 7=,
Mo-98 & & U Ru-99 DREFEITZ N Z N 7.3x10M, 3.0x10"3 TH H, Mo ® HEF
IREARERER L 72, KO EHEFECE 100%I1C0E Te OEINE %> 7 T Ru %
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BREGICHAAE S 5 U = v R o BB CREEEN R 2 B3 2 -0 i3, AT
CICHFIERZM D L PEETH 5, AWK TIEI VWA 4 v 2 EXULARNTIEC
XV EUL, ERET B ITEIC O TEBER~OBEA AR IC O W THE 21T o 72, EX
{LAHE 1, (FAEBICHERME (0.5 mme ). SHHEMIC Ag/AgCl EM(3M NaCl), xf
M ez IV CfT o 72, EBEIO0.1M MR V v 23 Fic, 1271- (0-100 4 M)
B 1251-(3 kBq) s L. BIEZ A CREVEEIE L 2280 @B ERE 1T - 72,
BRI CHMEE, 2 VA 4 VRS 22 Wh o 2 vk 4 4+ vigE
DRRRFEALE FLERk L 7o RIGHIRRDOBRZNZNICD T, Nal v v F L —&x =% H»
Ta LA A+ ViBE 2Rk 7z, FEARE LT, JURKREN OMEM THRILL 727Kk %
0.45pm O 7 4 VR —TH L 7z/KE Wi, BXRLFERNTFELE HPLC-ICP-MS LT
INENTREZHEL, 7uRF 2y 2 %8{To7, BREKL~roavys + v
TEEDRIRIC O WCHIMBIE DM EZ 7255, 450 mV D& TRIIELIL I-%
[T & 7z, & OFERIZ, AHEEICHE L7722 b4 4 v 2 EREICE DA TES
NEREREFICTH o7z, T, KIGERES 3 mL 6. 15 4 UNICRIGH EH
REL Tn o7z, SRMDOE X %# 5,10,15cm & K T2 & NGEER I 7Y A 4+ v D
IGEDS EF L7225, 20cm 04 15cm & 2L FUERAZ SO -, I v{tA 4+
VIR DI & RGEICIREMRBER S O N0, BICEILL 7232 vLA + v
B ERTIIL T, Bihoaviti A+ vigEs ko s o enTcE 3 Ll S
7o T20MDKEHGTI A F v ORI - EREEZAALTZE A, AFHEORKE
¢ HPLC/ICP-MS DfERAMAFHHA T3 L 72, Lo L, ElRAHE L 2o =2
AL A A v BB~ DRI IT, FIREO 2 74 4 v 2 & CREBR TR o
LT, 1/10 UTTH o7z, T AITERE OB EMICTE L CRIGH)
Ha T 72720 LM X /-, DL EORER X b | RESULARFE % FEREEURNCE
TR E. SR B L 725, AR TEIER R TR DOBIFE LW EEZ b5,
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Monitoring study in the forested areas in Rokkasho
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L. AR
Background and Aim The planned start of operation of the Rokkasho Reprocessing Plant
and MOX Fuel Fabrication Plant in FY2025 may result in releases of radioactive
substances into the Environment. This project continues the research initiated in 2022
at two forest observation sites in the area of potential impact of the nuclear fuel cycle
facility. Our preliminary results revealed low (background) levels of 137Cs
contamination of the components of the study ecosystems originated from the global
fallout. In FY2023, we aimed to obtain more detailed data on 137Cs distributions at the
experimental sites, which would enable the estimates of radionuclide fluxes in the cedar
forest and identification of the most contaminated broadleaf species as potential
monitoring targets for the period of the facility operation. Study Area and Sampling
The study was continued in mature cedar (Site 1) and mixed broadleaf (Site 2) forests
located approximately 4 km and 6 km northwest of the nuclear facility, respectively. In
2023, samplers of litterfall (LF), throughfall (TF) and stemflow (SF) were installed.
Biomass, litter, and water were sampled in Sep-Nov. Results: Background Levels of
137Cs in the Study Areas Based on the measurement results available to the moment,
137Cs deposition levels in the study area are estimated at 2.4 + 1.1 kBqm-2 and 1.8 + 0.4
kBq m-2 in the cedar and broadleaf forest plots, respectively, which corresponds to the
GFO level on the Pacific side of land of Japan. The 137Cs expectation depths (mass
depths) at the cedar and broadleaf forest sites are 6.2 * 0.4 cm (21 * 4 kg m-2) and
6.5+ 0.9 cm (25 + 6 kg m-2), respectively (sampling in FY2022). 137Cs concentrations
in litter are at the level of several Bq kg-1. Litter inventories account for about 0.3% of
the total deposition in the cedar forest and about 0.1% in the broadleaf forest,
respectively. 137Cs concentrations in the crown compartments of cedar (foliage, branch)
are in the range 1-3 Bq kg-1. 137Cs concentrations at the level of several Bq kg-1 were
measured in leaves and branches sampled from several broadleaf species, such as Acer,
Lindera, and others. Measurements of 137Cs activities in samples collected from other
broadleaf species, as well as in fresh LF and TF from cedar site, are in progress. ~ What's
next Completion of 137Cs measurements and assessment of the fluxes;
Elaboration of a routine monitoring scheme. Specification of the potential

monitoring targets (e.g., TF and LF).
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There is a need for scientific knowledge to evaluate the environmental impact associated
with the release of ALPS-treated water stored at the TEPCO's Fukushima Daiichi
Nuclear Power Plant (FDNPP) into the ocean. Tritium is a radioactive isotope with a
half-life of 12.3 years, most of which is present in the environment as water form, HTO.
Since atmospheric transport of HTO is the fastest pathway to organisms living on land,
it is necessary to first obtain actual measurements of atmospheric concentrations and
then evaluate the consequences of environmental HTO impact. On land, HTO is taken
up by plants and is fixed by photosynthesis. Therefore, information on tritium
concentration in plants is essential for environmental impact assessment. However, the
number of monitoring on land is small compared to the substantial expansion of ocean
monitoring. In this study, tritium concentrations in plants in the vicinity of the FDNPP
were measured, and the relationship between concentration fluctuations and
meteorological conditions was examined. Environmental assessment requires sampling
the same plants at multiple sites. In this study, Solidago altissima was used as the
monitoring plant because it grows throughout Japan and in many locations in Fukushima.
Tissue free water (TFW) was extracted from the collected leaves of Solidago altissima.
Traditionally, a combination of vacuum freeze-drying and distillation has been used for
the extraction. However, it is difficult to process a large number of samples
simultaneously and efficiently in a system consisting of a vacuum pump and a cooling
system. Therefore, a new membrane separation method using PTFE filters was applied.
Tritium concentration of tissue free water (TFWT) was measured by using low
background liquid scintillation counter (Quantulus GCT6220, PerkinElmer). The
TFWT concentration was successfully measured and ranged within the variation in
previous observations, although the TFWT concentration obtained was slightly higher
than the current background level in Japan. The findings presented in this research can
be utilized to evaluate the ecological consequences of tritium in the vicinity of a release

site.
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WEE T IREF R X > TR S iz RFar o 1291 CRIREA: 1,570 J74E) 1.

B LERETE R 137Cs & OEBDE W OB S, BED O EE~ OB & EI
MRS 2 2 L ARERGED 1 D TH 3, 137Cs ICBIL T, BEBEL R EICE
b7 ) H/KRFICEERE L L CHRICHRET 2 2 &AL T 525, 1291 o HKEFIC
B L EEEEBIAIL 213D 70, HIEEE O 1% 2019 4EEE, 2020 48 B B 1R
M (BE/KiERE 2800 km2, P4 1291 P & 0.041 Bqm-2) T 20184E7 H& 10 Hic
PR L 72 KGR, 2021 4R - 2022 4 EE 13T TR oo TS (BE7KTE RS 200 km2,
#1291 {5 0.093 Bq m-2) T 2016 4 8 F + 2017 4E 10 HICERELL 7= /KE0R 243
MrL7z. ZofE3. #rHJI<ix 129 T AR~ RiEHE IO 3 5 BEED
HAERBOC EDIRENTZ, 2D DD, 129] LEBESKE VIZ EBREEOFT G A
KELRBDAREEDLE 2 bz, T ORMAMAET % 720, 2023 FERE TN D 1291
MEBDPEHICKEVEEZ SN2 HH)I Lo TR 723kl 2 R e L
T, A EiTo7.  BRCFHIAIC 31T 2 8K X 206 km2 TH O FisECFE 1291 ¥
AHEIZ0.069Bqm-2 LHEEI Nz, 72770, TOMERIT. TN OHIE S 7
Wizd ENEHIT T T 3 A[REMEDY D 5, Z DM T 2016 4 8 H 16~17 HD Hizk
ARy PRI L 72 KR R F VT, 2022 4R F C & [RIBRICHTLER, hIE geE &4
Frigiic & 3 1291/1271 HLliE, ICP-QQQ-MS ic X % 1271 EEHIE 21T > 72, BT
HE 1291 JEFE D F3fE 1L 2.4 X 10-4 mBq L-1 (n=5) , SEWE D 1291 EE O IE
1.1 X10-2 Bq kg-1 (n=5) TH o7, 1291/1271 tb D FHfE1x, KFHET 1.0 X 10-8,
REYE T 4.9%10-8 TH o7z, O DML, HHJITIROFHTHIA COMEL Y &
CLMEMBICBE T 2MERBDECERKML TV EEZ LN, ZNTNOREEDRY
ML AR 2 &, ATFIE 1291 X EH L 722K T L, BEYE o 1291 B 13I8
L7z B0 EEE Kd Ol 5.6 X 104LBq-1 TH v, JFEHTHIS (2016 4F :
2.3x104LBq-1, 2017 4£ : 22X 104LBq-1) XV &L, MWEELS IR &R
ST 2 BERED RGN KREL AR LT WS, 1291 i EIZ 1.8X104 Bq TH
D, ZDIHH 96.TURBEIETH o 7=, Z DRIBREEIS S JRHTHEE (2016 4F : 92%,



2017 4F : 83%) ICHRTEWETH o7z, 2023 FFEDFER T, S 1291 LS =
DREVTURCIHEREEL L TEITLLT Ve LI RMZXFFT 20 o7z, &
. 2017 FICHRFCRILL 23Rt 2 rbricfit L. Z DIRER DR Z 1T TETH %,
¥ 7z eI 3510 B TS 1291 o ot B/ NG E T 2 TREME DS B B 72
W7 —2 %2322 LT X OMREEIT ). 7Zad. 2019 4FJE - 2020 4FLICfH5
nr-fERE L v T w T, Applied Geochemistry FEIC#5¢fE L. 2024 4 3 A 29 HITE
‘o TH 5,
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Hard tissues, such as bones and teeth, retain their shape and can be preserved for
extended periods, making them useful in species identification within the field of ecology.
Recent advancements in analytical technology have made it possible to extract valuable
information from archived hard tissue samples. In this study, we will utilize hard tissue
specimens that have already been collected to measure levels of radioactive strontium,
which is known to accumulate in teeth and bones, and CO2- radicals, which are known
to accumulate in tooth enamel. By doing so, we will be able to assess the radiation
exposure levels of wildlife living in the difficult-to-return zone in Fukushima Prefecture.
In this fiscal year, it was confirmed that CO2- radicals without impurities could be
extracted from the tooth of Japanese field mouse (Apodemus speciosus). Collected tooth
samples were divided into two groups, young and old, based on the degree of wear of the
molars. In each group, molars from 15 individuals were combined at a time due to the
small size of mouse teeth, making it challenging to detect radical signals. Subsequently,
the molars were powdered, and impurities were remove. Radical signals were detected
using electron spin resonance instrument. Intensity of radical in young and old groups
showed similar trend with estimated total lifetime radiation dose, i.e., the young group
was lower and the old group was higher. As for the next step, dose estimation is performed
based on the relationship between stepwise irradiation of the samples and the ESR signal

and establish measuring method to detect radical intensity for each individual.
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Tritium water measurements in small Fukushima catchments"
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In 2023, small headwater catchments with 26 potential sites were identified for potential
water samples and had an area from 0.53 km2 to 185 km2 at 18 site elevations ranging
from 57 m near Abukuma River and 1618 m with discharge from 0.02 m3/s to 2.88 m3/s.
On 12 Oct 2023, 19 river water sites (Fig. 1) and one monthly rainwater of September
2023 were sampled for H-3 measurements using Liquid Scintillation Counter after
sample distillation. H-3 in rainwater is 0.391(%0.15) Bq/L at IER roof and H-3 in river
water ranges from 0.002(%0.15) Bq/L to 0.832(%0.14) Bq/L with an average of 0.335
+0.234. Using 3H=0.21 (£0.14) Bq/L with 3H in Fukushima precipitation leads to
Mean Transit Times (MTT) = 38 years, but the MTT uncertainty needs to be reduced
by enrichment process of river water samples at natural tritium levels. Using H-3 values
measured at 19 river sites, the annual effective dose of the drinking water pathway ranges
from 0.02 nSv to 10.93 nSv with an average of 4.41 = 3.07 nSv, which is much lower than

the worldwide internal dose. .
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BORBENmES R IREROFHBIC X 0 BREE PRI S 2 BUR Y E I X B8
X DEYIF BN DS {ATbN T &z, Lo L., 2o OGO EIZ, ik
ROy 7277 FTF—=2BRAIL TR ZLICH D, THAX IIIfTERERSF - K
BUMHFLBIC L~ TR 7o K 7 Ml it i< X 0 MU 2 1F 2 mREE 23 & 2 b
%, 2023 LT, FARENANTINO 3R ZHEL., BREHNES LOHET 714 X 3
DL FIEL 72, L 72 8 lLD#F4T A 4+ X I (Apodemus speciosus) 72> 5, Hi
Mk, FFMEE. B, O, Aifi. Bd. A58 s X OEAHAR 2 BREL L . 7T — A A4 THERE L
TRFEL7., Hf 5 F£FF D ERAN v 77 —H 4 7IC&E#k L 7= (Metadata:
IREMS00007),

(B el D LEE - SRAFIRDL] ONFREL. BElEL M, (O KM @ 109 H il & v
~ V) VEER., AT R RIREE T 5720, X T 7 4 v el EHRR & R L 7z, Rk
I, AR R RO TR CH 5, F 72, Mk Z /N ICHlUE, RIRER TR
W L7z, -80°CTIRIFL T\ 5, QN : BAIEREE 21T REMERZERIL
Qe RBEMEE R 2 IS L 7, TR ICHER OIS FAIRECTH 5,  OIMIK - ik 7B
. WFEERCIEGHL 72, -80CCTRIFL TS, @HE: 77 vilik7-1d 10%
HiERE AL~ ) v CREER. YT 7 4 v e i L 7, 72 AR /DR icH
Uit MEER CRAEBHE L 72, -80°CTRAEFL T2, OUFIE: 77 ViR E 7213 10%
R R L~ ) v CREER, N7 7 4 A R L 2, ©: EEER (B #R) ¢
-30°CTRIFL T 5,
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SRR EIT O BEIFEE IR T 5 . S IAHERR 3% LR & 7z [ LB
K] DWFERHDFIR E NFz, Z D720 BREFICET 2 P Y F v LRE & Z DEEH)IC
BOAET > T3, BN EINS M) F v ok, HkEBK (TFWT) & HH
HAfry V5o 4 (OBT) ¢ LTCHELTWS, TFWT 36#Y % % < &bkilklc
HY ., — oKk Ffk R FIECHE S b, —77. OBT XA %EEL T b
VF v kK (HTO) & LTRULL 72810 Kalkl & [FEk 2 FIE T3 5 0 23—k
TH b, ZOMBUKEEZH W OROEBRUC X 2 T BE 253 2 7291213,
B R OKRIEEERAEE L b, /-, RENOKZEZET 2 2 & T, ik
AR OBERZIEET 5 2 L b TE 5, AfFE TR, AR OKE
EESEZEMBL, ZOREL~AZHL2ICT S 2HME L, MR e L7230k
. Ak lTcru vy, eI X AXFD3IMETHL, /-, l@WEEE LT VT
EF LD bIT 272, FNEFNDIED & AR AT /9 725, EZRHAEE R IC
X0 AHERE ok & BRI T 7, SIRARIEENT. Btk - IRA L 2 icoT Rt
(MT-6, Yanaco) ICX W /KFEEZHEL -, ZOMRE, 70y 4, e IF7 X, AXF
DKFEEHRIFZZNEFN 7.62£0.05%, 7.20+£0.15%, 7.09£0.09%TH o7, Vv =
LFUiE, FNEFN6.5710.24%F X1 6.83+0.05%TH -7, COMEIY, FE%
BRBEL 723556, Vv ave v DX ) huliii X 0 O TR E % 1§56 2 L 23T
RBLERD, 5% AT —%% U F U LOROBEIC X 2 NEHHIE  F 82T I %
VTCTBTETH 5,
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L ZCoic HEEGET I — A ki, — IR R Y 5 R 0 2% SRR 3R % e 1
i CIAHIPICHIE 3 2 2D IcH Wb 5, RIfFZE T, EEE O Nal(Th > v F 1L —v
3 VARZ e A - X HEHEICER L, ETV <AL X o TH Y~ HREE %
R L CHERD Ty LBEDNE~y ¥ 2 %175 C L A REEHEE 35, L
FOIYY LEEEHCEZ LIV EEILD T F VEURRETHEIT 2 2 LA TE
2720, 7 FvHGEER~ Yy TRERT 2 2 itk b, KR&lEE 7 L of@te 7 ¥ v
T X BN RER) 227 OHEEICTFES T2 2 ERTE B, AiffgE A% Nal(Tl) &
VFL—&iF, BEAICE o THEBEY—2AB N 7 T3 0 REREEE TS,
THIC, Y FL—R2DfARED B 2720 HEAEDAXI b A—2kHwTH v~
Mo Z PG R BS T 25513, KEY — 7 DfESGDEPEE L & 5, RER
HETIE, 3BEDARZ P r XA —20dREYHLPICT L L L I, HIEINZH Vv~
BV AP R AR L, SR E SR & IEE B E 9 A 6 JEl L 72 22 IR
BRAFWKT 21X, AROZYMEREEL 72, 20536 HEICH Wz 2~
oA=&t 34 vFHEE Nal(TDy v FL—v a3 vyRXRx~<27 o x—% EMF211
(EMF &% ~ v B &tt) ch 2, HE» o 1 moEsSic@ilo 34 (Hi A, B,
CDARZ PR A=REUWRTHEL, H V-V R % 15 53 RTHE L 72,
T, NN AEENTEICETIECI VT Y 74 =T AV L, TALF— AR
7 b v b A RIPIAR B & G L 72, 3 5 OMERR & H W CRTHll & 2172 22 SRR B 2R
ICDWT, R A ICH T 2848 B, COLARFIR L, &REd L, 72, 15 0HoHl
EDON. PO 5 FETHRO NI VRS ML, &F v v AL OFHIDR]
LB LItk 32005 SMMIED VR E S & 15 S EE ICHYS 3 5 %01
AP R~ 720 AR E N7z oV R E A > B IREITHIRIC X 0 22 SRR
BREFHE L, FEHEL § 28 A CIHl & W7z ERIARER & LR L 72, ARHEEE
BUC 3BT 277 v = o RRE A 13 R IRHORIIE O 9 2271 B CRE X 7z,
3. MR M OER FEHAICE T 2 2RRIERER X, 33-113nGy/h TH o 72, HER
AT XY A & 7 R RN E R I3 2R B 35 X O C i XY B & o ARER
DHIZ., ZnFN 1.01 = 0.01 (HiPF :0.99-1.03) X 0.99 = 0.06 (HiPH : 0.89-



1.08) THotzy TNLDFERLL, 3EDRARZ Fu A= IZEWTHL AT
ROONhoTe, £z, B AT XY FH X 7z 22 [ R F IS 3 5 AR v
AP A B FHI S - AREE o i 1.01 £ 0.02 (0 98-1.04) &2 b, HHL 27z
IERRD N o7z, AEORERIZ, ESD in-situ HIEICHENWTIHDARY bR
—ADO[FONDEAANVARES M BMICERT 52 Li3ZYTH Y, EEREZNE
CHW 2 2 & CHIERM oMMt 22 2 B TEB 2 L 2RRT 5, i, 2=7
0 A—2%HBEICERL 2854, BRI X 2050 E T REESRICEER S
Z5eEZbNDL, HEFETY — XA BB T 290 R E A A BB % 7 3
7=\ IIHE R 2RI LETH B,
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Estimating dose to wild boars in Fukushima Prefecture
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The study aimed to estimate radiation exposure in wild boars of Fukushima utilizing the
dicentric chromosome assay (DCA), despite its conventional use for acute radiation
exposures in humans. The necessity arises from the crucial need to evaluate the impact
of radioactive substances released into the environment on wildlife, particularly in
regions like Fukushima characterized by chronic low-dose rate exposures. Assessing
radiation exposure in wildlife poses challenges due to factors such as heterogeneous
radioactive contamination, variability in external dose rates, animal movements and
lifetimes, habitat usage, and food availability. These complexities, including the ingestion
of contaminants through grazing, complicate dose estimation for large animals like wild
boars. The DCA, primarily used for acute radiation exposures in humans, was used to
estimate doses in wild animals of Fukushima. However, uncertainties arise due to
differences in radiation responses between humans and wildlife. Wild boars in Fukushima
received a lifetime radiation dose of up to 700 mGy using conventional methods, such as
physical dosimetry modelling, considering both internal radiocesium accumulation and
external ambient dose. A discrepancy in dose-response curves was observed between low
dose rate (1.43 mGy/min) and high dose rate (200 mGy/min) calibrations. Using
dicentric frequencies in wild boars, estimated doses ranging from background to 750
mGy. Future research aims to increase the number of scored cells for dose-response curve
generation and focus on wild boars of Fukushima. Additionally, efforts will be made to
develop correction factors for dose rates. Furthermore, alternative methodologies like
electron spin resonance (ESR) will be explored for comparative dose assessments.
Despite the conventional use of the DCA for acute radiation exposures in humans, this
study demonstrates its potential applicability in estimating radiation exposure in wild

animals of Fukushima, particularly wild boars.
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