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1. R

BESBE—RFHHFHEM (FDNPP) HHUC & U HMERRAAEE Lo LS 7 L1, RED
REIEICZIRELTWS, —AHT, HFMWERED 5D Cs-137 ORITIE, HTIKRBIZEL
THAOBRRICECFEIND Z ENTBRENTWD, FE, 27 LADOHW—DRALERME
TH% Cs-133 #' Cs-137 OFREOCRIANAGIRIEY X7 27T % ) A TEELERD—D & L

TFBINTWS, LA LAaA L, Cs-133 OoFREICEET 2B IEFE L TEREX T —ILICER
LbNTHEY, Cs-137 OLENBEELAFTMERIZIICEWNT, KGBRE L DBREZEDH MBI
—I)L®D Cs-133 DEREICIIRMAL AN E V. £ I THAIARTIE, FDNPP SHOEEZZ (S
T-HRMBERBANSRE LT, KR AR EDBEFKRICERL, kP Cs-133 ook
HxBAOMNICTHIEZBNE LT
RS SR FONPP 04t #5435 km (B J 2 A/ \LE&EKE, (EH#E @ 0.048 km2) TH 5.

WENEHICHNT, 2023F7A7BAS20254% 1 A 16 B £ TOREKE, KA, HTK
BELVCREZEGVICAE L., £/, LRPAFTICIROEAEZEML, HTK (9
B) BLEK (1 #HER) ZAKL7- HAEICIZAE, pH, BREEE (EC) #RFEL, FE
EHMOATE A * VB, B3 - KERTERMEL, Rn-222 BEH LU Cs-133 BEA DLz &
512, AARTWE LT —XEDEEEZBRNE LT, RARMEICE T2 TAE L UNEAKT
Cs-137 B, Si02 BE L N T /KRER%E FiTHFE (Iwagamietal.,, 2019; Sakakibara et al.,
2019) »w5IB L.

AR TIE, EICEBRGEBRINIBERRT — KL OBEZBMNE LT, BIHICERD
Ho-ABRERE, HTEOFIE TR Lz, TEBHT/AKE L WBAKTIE, Cs-133 BE
EEBEBHTAKLY S, Cs-137 BL UK+ EBWEDBEFRERL. —7, ”Jﬂx}:'f@"ﬁk’é‘ti

Cs-133 | Cs-137 BL UV K+ L OBABELGEFRERIGA >/, INoDFERIE, XEIC
Cs-133 2 #iL8iM % R E T DRISHICEWT, A FUBREZHED Kk - H%%Eh%%d)%%%%ﬁ
CRZIFTHEINTWEZEZRELTHEY, Cs-137 FNon7atEXICBREL TL 5 AEE
MAEZ LND, EREMTKTIE, INOOFEBIIRENTHSEERObND. FEMTKF
Rn-222 BEILREOEMICHE > TE<RY, HTFKERD Si02 LBEEMBEREZRL. &
nig, FREMOBRICHEVWK-EREMAETL LA EERMLTVWE EEZONS, £
1o, KXEGDLEBNLE LT-EBFEFICRY, 2B T/KAD Cs-133 (FHTFKER, Rn-222
BLUOSIO2 E—BLZEDERZRLT. TDIZ &1, Cs-133 BHITARENCHE D K-—ER/EE



fORBEHRE, BRE - BEEZECRICBEONT VY AEZRMLTHHBLTND I L ERET 3,
—7, KXEHHLEMNICEET 2R T T, NS ONGERIGHIFSNT, Cs-133 oz
BIIRBBEOVEZ CHTAREDHEERIT 5 Z EHRRINT:,
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1. pkR
R FNHREMBLUERT 2 M EDEORERA~OKRE X, BEDREOREETRE % KT
LS EBEREA>TWS, FIZ, 2011 FO RHAKREX IS EREBHRES IR
FHREREM FHTlE, Cs-137 %EtT%ﬁﬁ(%ﬂﬂ‘ﬂi?ﬁ‘r%ﬁ.rbf— VERIERABE I N
Too INETAIREICE T 2BEEMEOHERICOVWTIEZ L DWRIAEBEINTNDS
—A T, %%Fﬁﬁﬁli{ﬂb‘b@ﬁﬁ(%ﬂi%%ﬁ@mﬁﬁﬁ COWTIEREBIRG RAMKA L L TE L,
RHETIE, Bthh oD Cs-137 RHREDO—D2ThH 2 KH/KEGICEB L. RFEETILIC
HEOCETZAWT, BEAKBEAORHT 5 Cs-137 BEEDHTE L L O % DR HHERE ORZER
AT, IHIT, 2016 Fh o 2021 FOBAT — 2 2 EICBELCREHEER AL,
2022 FELUED Cs-137T BEOBIRMEICOWTHRIEZ 1T > 7
K HEKEEOmEAKIE, ZICEADOEH (Wh3 35 mE&) o DEKICHRT 2EE
e BLUOBERICERY 2EXER GhRRE LOCERIEK) O=ZFKoh 5B IND LK
E L7z, HTRKERERODEEICIE, Sato et al. (2025) (CL2#TFAFPYF VL (H-
3) REZRBW-FEEER LT, oIl RIMEB L7 AV TRERZ 3R & ERBEK
NEEL. TNFNORELEHE L=, INOLORELZREEGETIVCERT 2 Z & T,
%‘ulbﬂjﬂ/\ B3 Cs-137 BEZHTE L 7=,
Z DFER. 2016 Fh o 2021 FICH T 5 KHEKEED Cs-137 2E X, ERBEANH 50%.
FERHIK 30%, EERIK 20%% HHTHY | FICERFEADNEZLRHETHS Z
NN (Y
— T, 2022 D0 2024 FOERAT — XIS L CREERZBA L& 2 A, BIHK
2D Cs-137T REIC1F 2021 FLURI & (FER ZMERANFEBD O N7 FFICEERICD WL T,
2ARNTEREERTAROND & L HIC, B INTLWZRERE @EUNI‘EB@ THERF SN
TW2HDD, Z DREKRFEIIFEE > T, BERIICIE, 2021 F £ TOIRERE 0.047
23 Ly 2022 FELEIZ 0.033 ~NE{E T L TH Y. 4l Nakanishiand Sakuma (2019)
THE I N7=%% (0.040-0.097) Z TFEIZETH > 7=,
DT, 2022 FLEOEERICHT T 5 Cs-137 &fﬁ'ﬁi”ﬁ@ﬁﬁ 75:?‘?0 T-fER. HE
BEOWENHERINT, BHETEDHER, 2022 £ XU 2023 FI(C ZRHBRDDE S
2E1E. BRPEAKIY 50%, RERBEK 30%. EERK 20% &, 2021 fF—LXHU EREERT
Hot-e LDOLAD D, 2024 FIZEWTIE, BEREAKK 31%. RERHK 34%. EER
W33ne, EERBLUORBRHOTENIEKRT 2MERIZH N7,



COENDERE LT, 2023 FH &V 2024 FOERFENEAHK) 1,000 mm & LEEBEI D70 h -
T2 e o, BERICHD Cs-137 ORHENRD LIZaJReENE R oNbd, 7z, 2022 FITHE
I N7z D BEKEED, KHEKEE~NTRAT 5 Cs-137T BEICHEZ RIFL-AgEMHLRERINE, &
®ld, BICHERICHITS Cs-137 EELFHOXEERICOWT, S OLIHMAMBTEED D
WELD B,

. &

Sato, H., Onda, Y., Tsumune, D., Kohata, K., Okamura, T., Leaked tritium reveals the source

of 137Cs from the Fukushima Daiichi Nuclear Power Plant to the ocean, Water Research,

2025, DOI: 10.1016/j.watres.2025.124464
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1. R
ANKPOBB LR F IS 7 LAD—SEKFRE L TH®T 54, mOEics
WTZDO—EILTBFRANEBITLINEAN LB LT UL < (Kakehietal,, 2016) . —AT
AOBOEFES LB LW 2 RESE D (Ayala et al., 2008) 7=, HFRELT T LD
—EBIEILRE L CHERERICE EED ZLbMoN TS (Kubo et al, 2018).
FI T DSFEMER & DT D stickiness /87 X — R FIKIEICE £ £ 2 BB T B & BHE
L, BEHAEICPVWTREBRBZRIRTIEEL/NNTA =D 1D/2H, TDEZMET
52— RICEZTHEL, ZOLRDFAIIKPOBELICONTD, FEAEDHET
stickiness /¥7 X — X (IRHMTH 5. FEBEBILLITHE (e.g., Edzwald et al,, 1974) (2 &
Y FE L TE 7 stickiness DEEF R BERINERICEOSVLWTRES Y, L VYRSOHN T
ICHEL7T-FENERESIEE L2 BNE LT
BEEDOHIRBEBADERA S, Edzwaldetal. (1974) (CX VIREIN-FEIZENE DK
FEAWNRELTHY, RIS TRIEIND &5 B—ROLHEDFRICH LTI stickiness
DEEBENBIALT D ENBONERSTo, ZTDT-HE L DFEZE—HROHTICEHIC
WRTAHZEETERY, ZZTHSFEEDFETIE, —BROLHED T ISEABATEAHETE
FEOHEREEIT- 1.
AREDOEBARERICLBR > LEBNERICK Y, WIRA stickiness DETEEZED
DEREZFBERBE LTEEMNT DI LICHKII L. & L TiEkF L (Edzwald et al,
1974) ICBERBEBWEEEZMA S5 2L Y, £V EBEIC stickiness & #ETE A B
REFRFRERRE L. FRFEOUERILICHIZ>TE, BEICEHEE 2 bO—LT
= DHUENKIEEERZEM L 7-. FIFE 7 /LICIE Lagrangian cloud model (Riechelmann et
al., 2012; Nishino and Yoshikawa, 2024) %R\, BB FOREDFICIZIRE DRI
BEWAEEE Lo E S (Edzwaldetal., 1974; Ouetal.,, 2016) %52 7-. D
fER, FRMFEZEVICAWEES, 298P HIC2LWTH stickiness DHEFERZEIF 1 %
UTICHRoNd Enh -7, RAEHT CRRFEZEALIIGE, HEREILSONRERE
B, TNIEKBRBERLETHD. FFEFEOBRICIEIAHRROBE ICE
DWW HERB OHENVE LR DD, DHERROAEICEZALONS LISST +
Malvern Mastersizer [3HEFEFREEZ /NS KT H72DICTDHMEREZEL TS Z & HRER
T&EF . 13D, TTICRESNTLBREEF E0HEM (Kierboe et al., 1990) & D%#RE
LB, REOKEERBRCTHBEICKEL > 2FBERICOVWTOERDIT- 2.
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REERICOVWTIE, T TICHRXE L TEBEATHY, ARAEBRECETHNIGH TH 5.
SEEORREL L TBONELFRFELZAVDI LT, BEORAIIAZRTT 2BEBIWNTO
stickiness X7 A — X ZfEHI ORBEICTHET 2 2 &AL LS. ZDRER, AOD~RF
BICEWTRELTR & B IR T 2 MEYEDEZ TENICFHETZ 2130, L VUIR
ERABIEEREITS ALK DS S,
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1. BR

REREB—RFEOEBHRLARE, BEEICIEE L7z Cs-137 AR TRAT 52 Z LICk
D, WEEAD Cs-137T ERESNTE, RFARFIFEZXEEO—REL T,
WA NEEEYIRER R LK  BEEBEY OMF AT LT TH Y. FlaR
ERNBESHERBETEDIFEDT—AAEBEINT WS, Cs-137 £, T DORE - AHEHE
BLUORRELROYEBRFEZ KL T, AlK-BK-HEEY OB CEMLZEE %R
LTWBHDEEZOLND, ARG, BREXRICLIVFABINLERED Cs-137 DO
TR HICEDE, JA)IK-EK-HEYRE TD Cs-137 BX@fR 0% BiETH DT
5,

HRUEDOREEAK (FACEE 0.5 m) @ Cs-137 EEIZREHE 10 FRITEZICET
L. Z0®IEBNBEK (1-3mBg/L) ICHEWVEBE LM > TWz, LA L 20218 520 H

BENSBETH T2 &b, AIKIZEL S Cs-137 [MATHREND, AT, TR
BREEKD Cs-137 BEIIZFEHZ/EZRL, BEE (6-9 A) ILHEWMERICH 7=, BEE
ICRBBEKOEDMET T2 n, AIRADEMIC LS Cs-137 AMARLZ > TL
LEEZBLND,
HRAEXREBKD Cs-137T BEBLMELOT—2H AW, Cs-137 BELEAINHRE S
NTWBEBNEKE, D 0 SIRELIAIKOESGERAGY Z & T, Alllka Cs-137
BEARTE L7z, TR, Ak Cs-137 BE X, ERERNHREICED T, Z&
MM LBETERLTWAZ EAELMNICH >z, FHEEICL > TEH S NTA)IIK
Cs-137 BE X, BREBRAANNCE T 2ERE L FR—HL T\, BEREIICEHT
%m])117k Cs-137 BE & ZERHMBBNICTET §2 2 EAREIN TV S,
HRUEREMREY REAH,S 0-3 cm) D Cs-137 BEIREWRD 2 £HH HREICE
2FTCETAHITTW, FRSED Cs-137 EBEAEL, A/ A DBICLYERE
SERTORBHEEY D Cs-137T REBEXHE L /2L 2T A.2013F 6 BRATIL 160GBq
TH-o7=DH 2025 F 1 BITIE 84 GBq £ T. BEEHBITES L TV, ZOKREES
DDA TERKFISAELIZEREL, BKCs-137T RED LREZHTFS S L. [
EID 2 £ 7T 0.090 mBg/L, 14 F£%TIF 0.040 mBg/L TH>7co TN DITEREBBKD
Cs-1372E D 1/100 12ETH Y. #B/KD Cs-137 BEA#EZ % LT, BEASD Cs-137
BHOFEIEETEDLRILTHD LEREND,

REEL FANIKDORAE L Cs-137T BEZEET 5 Z & T, Al HiEAK~D Cs-137



MAB DI Z A D . TALAICIZL FIK-BK- R T D Cs-137 BB 2 #TE L.
HRE2AERTO Cs-137T HREDHEH T2 L2 BiEL TV 5,
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1. R
BRFHEBARIERERMN 24—k, BY 7 ViKEBE->T7 7> (UMBEFELIE
T KEZILE WAWEBS T—RMEBL TWS, hS W EWEBTIERADEIERIC L
V. TRk A0 D U ISKBEIESREICRAE - ML TOERBRL TV 5, 25 LEXRRAD
FEVRXTLICEWT U OBEERD, BESIN TV U OREEEZHEATE L 1E
1IF BREVUSITEEIND LELHRBLNDFRZRETT 5 LT, REAFEICEIT5T7 7
F/ANDENZZERT S L TCEERIAMEZE5ZX 5, INETIC, AElstr2—nkKE
BREICBVWTHBYFRICZCEENI KD U EXROEBICAKETLREEELERADZ
EHRTANERNMB ONT, — AT, HKILEDIELIBOBMETEMN (Eh)CEREE (pH)
IZI5 CTEFIREAEAL T 5720, KL —EEE I NZTTHRDZ D £ T ORE TREF
SN D &R S AL, %:?ﬁﬁ%?i\ﬁémtm%%@&%ﬁ%%¢®uﬁgv
M3 - #EEREE . BFICEh OB, LR LIBERZHRET D,

AR TI \ﬂémtu%%ﬁﬁmbt%é1m1®37ﬁﬂéﬁ%n\ﬁ%%nﬂié
N U oZ8 %, X BRINHHMES (XAFS)IEIC L 2L ERET & EREBR, SHS
IL7z, ATIEFRES b, ShE W WEFOME TH S [BILiEEEME (8-10m) ], B/
im(&&MLF%im(&mm\UﬂEﬁbU%%ﬁLt%t®¢ﬁﬁﬁ%%iwiu
BEE L7z [8E VB (3-5m) ). EICHIKOBRALRIERE L 7= [EREWE (0-3m)] O 58
THERIND, 10m o a7EReHE LTd, UnfiEs Eh oIS IZRELRBERIZES
nNehr->t, —H. HWEYDOIESIZOWTIE Fe otk (Fel)/Felll)) & U D%k
(UIV)/U(VD) offigk & ICHEREA RS b iz, BEMICIE, Fe(lDDEIEAZ LT E, UV
DEEL L MERICH D, £7-. HEEHHETIIHOEE LB L T U NBEEITEEL(RX
J& T 1000ppm). ZDEE L Eh OZEFIE KT L TW, m*FE (0-10cm, Eh
400~500 MV)ICFFTET BERITEIC 3O (7 UNA K ZA M =Y A4 M) TH S
ISR L. HEEY D Eh K E BT 9 %8 50-80cm B (Eh -30~200mV) T izﬁ%
HEECHKIY T 74 b RTFKZA M M 74 MOTFEDERS N, REEICU
BRETIEUNV)OHRTEET DDITH L, u,fijWﬁEh ISLTCEEEE sz
T D EPERSINT, ZDIERI \La%mﬁu . YR ORI IS T
UZZERWICHE LZ-ERTHERINTEY  EZ Utéﬁ-:<% a‘%ﬁ%ﬁlﬂ%iitx
> TWz, 7=, u-XRF-XAFS faﬁﬁu\f:é;\frﬁb\b%\ ﬁ;ﬁmﬁ’\]@ 50-80cm BiIcH W T, #%
EMBL AL URF(UO2 IEE) B, Fe(INiE~a U(IV)IRE (EE) & L8 IcHER S 7,



INODERIE, HEYTD U DILRER RO ZERD, SKILYO AL S THEY R E
DT & OREMBIHERE BZEICEEh>TWAZEAETRRLTHEY ., hanW-WESBICBIT2
U ORBITIZEM L Eh 72 1 TlEEmBBTCE R W E 2o A LT,
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AR TIE, F7roEE AV TRMEBRED ©— 7 E LD o BRR RN % 57
T2FE (I VEENTE) OFEICAIT/EBEZEEL, EEDNICAAXTH
HIEERR Z - ICHRE L, BREMAERORL S HLY A FOERE L VOZDOHHF
HEHAZ 1T > 7=,
Wk, TN KEZBVWIRMAEDIT TIE, RAAREREICHK T 2M55— 7 0EE
e ERIALE DIEEE L THIESINTE /1, LA LAaA o, BEL & RMELLOBERZ E
EMICREIT 2 -0 DRERRAFELT. EEDPMAOEREICIEFEBEIZRIN TV,
KRR TIE, COBRELZBRT 270, BHOBRZRRMNAKLLZE T2 HhLH 4 FEABOE
B &1T > 72
}#@’27}@%7‘/3&‘ VLB LB AINT T LKA RERAW, REALY T LZ2iTH I,
BoNERBHIOWTHMERXREINBS L7 D RAE 1T - -8R, BAERDO R
&%T«T@Jﬂ BWTHILY A FEBTHS I & ZHER L\ﬁ%ﬁwyvAw%%ﬁ
HBHTZ7AFAEBLUONTIA FORBERTDONGE D 7o, ZNICKY | BEEDE
WCE 20RO E TR L 7-FHEA AIRE & 4 5 7o,
AL A DTV AR FLIFEE—2 (891085 cm-1) (X695 12C1603 (2R
T, EREAICHMEBE—2 (91074 cm-1 L1065 cm-1) HBEEEICEAI S iz, &
NHLOE—7 ERMABREICHIGTZ2HDTH Y., 1065 cm-1 O — 7 (&
12C160160180 Il a5, L7=h > T, 1065cm-1 LT 1085 cm-1 D &— 7 @&
tbkx WS 2 & TRERMAELE DA RIEE 7 5,
B L7 BRI OBRFEMAEL T, RERUABESTEEZAWVWTAE - REL,
NoOFABHIOWT, RMEERE -7 -7 058E L (11065/11085) #EH L. £
VYA b OBERREMAELEE OBRRZIML 7=, £ DR, WEOMICIFRAEG—RERA
BOLNTZ, T, Bon/-EBlREROMEE TBA 3 ITEWVEZRL, REAF > HICF
ET23DDBFYA MWL T 2EMRE L TEENTH S Z ENHERINT,
UEDERIZ, 7w viEibztaiR e LT-BRAMALLOEETHEAFAIETH S &£ &R
THDOTHY., IV VEEPITEDEBERICETHEZLRAMRETH D, AFRICELY.
TERIFEMENFERICBE > TV I v v IC L DRNEETZ, EEMNFENERES
B 57D DERNHEILIINT,

RS TIEZEa L skt



Y-25-07

IBRK - HTKRDOIEFENIBIZICE S K Sl MLiEE T
(CmT 7=t

MIRLEE - mFE EA
2AWTILE ALk R
HEMRE  AF &

1. BR

BTILEFARERDFENLTH Y KBRGZBRNBAAFEE LIHE, LZOs@ED
MEICL>TIE, EHBEOLBICEKREZ -5 THREENTRREINTWS, BAKEDR
B IZE G ORI KRS bNTHY | BADOFIRSRZ L VB EREICIER 2808
EHOBENPBHEL INTWVWD, BE. ELILTIEMECER A & EICHERYEFH
BERICEDEANLEFPERINTWS, — AT, IIEKREICH T 2 RHCEBCESE
N2 LW, IR ZRIRRICE D CEEIFHMAILIZF L A EREIN T I Hh o7, L
ML, ELLEAIOKREEREIRICEVLT, KR LW bERICEVWAY 7 LRMKELZ R
TREHANERE SN (Aizawaetal,, 2016), FHICEVWTT I TEFED LA ZAHT
KRENBBLTWEZEDNTRINT WD, ZI TARRTIE, LFHERICEOSICEL
WOSEBE= XY > OMEILICAIT T, B ILEIORRAK - #TFK - BAKDILFHE
EZDRBFZRET L. Y/ YHERBEDICL D EFNEEOERLERL L COBMEELR
aF L 7=,

2023 FLARICE L ILAVITERENL 7251 75 38 CRERE/K 32, #TF7K 32, iEK 11) ZXR
2. KERIE., FEAGTAF VRE. K&k - BRRMEL., MERNIEL. BLOEEH
ADANY 7 LRSI T2 E R L 72, DTOFER, RERAKIEACED 20~40°C, pH=6.4
~105 OFE~TILAYETH Y . — AR ALERR FERRRA L) ICHRTIOERD
K<, @W pH #RT, K&K - BRRMEKLOBTA S IE, WTFhoR SRR
(GMWL) B LU BE—HILRKRISHA>THHE L TE Y RRERIZEARBH S DKES(F)
DBHEENRKETVWKRKTH D Z EDNRI NI, Tz BRAITHITACEKEL Y HIYA
FUBLORmBAFVRENELCEL RAEY 7 FEORE, L, #TFRBE TEE
LIcRKDFBE=RERE (V) —v 2 7E) doiiBk (KLRBK) DRECHEEDS
BRICED2FERZITTWDATREM A HERI I NS,
TIOTHREDBTEDIEEL L TAY Y LAB L UOHRERMEL %8BT L R, KEER
HIRICEWTR I YREBEDT S 2RI EWAY 7 LARAIKE (55 Ra) AR N, EE
ICBWTY I YHEHEKRDOKLAZINHTARRNERL TWDZEAWOTRRINT, =5
2. BB A F oA EREDRRKICE T DMERNMIAL (0*S) OBTHh L. ZDELK
BT 2ERANR SN, —HIEERBEK CBRAE) ICHETL2EEXONDE
WERE (+15~+420 %) D7 IL—7THY ., H5—FHIFBLEE (0%~ F RXE) O
TIN—TThHb, FII. BELUOBERICH 2KFILLUAD HEREL 720RRK 2 kL -5
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Cai Yu

DES

Short-lived radon progeny (***Pb/?**Bi) are produced from surface-emitted ???Rn, attach
to aerosols, and are efficiently removed during precipitation via in-cloud scavenging and
below-cloud washout. This wet scavenging generates sharp deposition pulses and can
contribute to transient increases in environmental gamma dose rate; such event-scale
spikes are important because they can complicate routine monitoring interpretation by
producing short-lived signals that may resemble non-weather anomalies and increase
review burden if their meteorological origin is not quantified. However, event-scale
spatiotemporal deposition patterns and their controlling meteorological drivers remain
poorly quantified. In this research, we have established an end-to-end WRF-HIRAT
workflow to simulate 2*Pb/?*Bi transport and wet/dry deposition over Japan,
leveraging well-observed synoptic precipitation systems and dense operational
monitoring context to support reproducibility and future validation.

We ran WRF for 2012/12/01-12/03 (=2.5 days; 48 km: 3-hourly outputs) and produced
gridded precipitation rate, 10-m wind (speed/vectors), and sea-level pressure. This
period was selected as a controlled baseline event window with a coherent synoptic
evolution, which captured the transport—-scavenging sequence while keeping the end-
to-end pipeline development and QC tractable before scaling to longer periods and
multiple events. WRF reproduced a coherent synoptic evolution with a low east of Japan
and an evolving precipitation band, providing physically consistent drivers for advection
and scavenging. We completed the coupling pipeline—variable extraction, unit and
time-stamp harmonization (UTC<+JST), At=3 h averaging, spatial interpolation/grid
alignment, and QC checks (missing values, range, continuity)—and successfully
ingested these standardized drivers into HIRAT. In HIRAT, the ?*Rn decay chain,
gas/particle partitioning, and wet/dry deposition parameterizations for 2**Pb/?**Bi were
configured and executed, producing maps and time series for further analysis.

Next, we will finalize deposition products and quantify key processes and outcomes.
Specifically, we will clarify the spatial and temporal variability of wet and dry deposition

of 2"*Pb and ?!*Bi, evaluate their relationship with precipitation intensity and movement,
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and assess the influence of meteorological conditions on transport and removal
processes. We will also quantify wet/dry budgets and precipitation-deposition timing,
and validate the results against available data. These efforts will support the
interpretation of short-term fluctuations in environmental gamma dose rates. Finally,

higher-resolution and sensitivity experiments will be conducted to improve robustness
and generality.
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RRBNEEE—RFHREMOEHICL Y, LS 7L (137Cs) MLEE LU
HIZEE L. BRLIED OFY~D 137Cs BITHERDFREL L TE LT, INETEY
7 L (Cs) &MLFBEUEZRE>HY 7 LA (K) ICX2BITEBEYEAmMONTEZ, —
AT, ACTETBREKERERETICEVNT, 4 Mo EH LY Cs AL < BITT 2
ZEMREINTEHY KITMATYARHFED Cs BITHRZRITT 20ENH S, H
BEIIINETOREI O, XA XBRKIMBBELY Cs z2BRICEHEEBTSH L %H
LML, RAEEDOEMA M EFE~D Cs BT IHT 282 "% L7z, LA LA
Mo, LROERIIELIBBERTZRAVW LRI SBONERTH Y, RAEL
EOERICL S CsBITHHRILI OB IFENVETH S, F7-. BRI TO K Hixik
BICET uETHRIIRoONTH Y, CsEmpxIcB L TIFRBATH %,

TR TIE, BUEHEDEEN Cs BITICRIFIHEAPESNICT I E2BE L
7z F7=. BRI T Cs ERXICEAL 2 BRI ETFOREZ B8 L7z, Cs AMEMAH(2.5 uM,
1.0 uM, 0 pM) E IR EHERB DB EA S 6 MWBR ZX(T T, Y XREFTILEYDOI YIS
# (Lotus japonicus ‘Miyakojima’ MG-20) %= & & v b T#H & L 7=, 1R #L
(Mesorhizobium loti MAFF303099)#:#@# 21 H T, # E&F, R, BIZEEL., TN o
DITFEATE R L7z, MA T, REBKDOERFRBBRITZIT > 7

£BII2TO CsMBT—B L T, FEX THERICEML 7z, — AT, #EEBD Cs BE
IFEEX CETMERTH -7z, HERHDO KIREILXCs LIFRA Y, BEEXTHERICEML
oo C—AFAYDOF MU T LIZEBEOFETEET. LED T AT K EEERICE
BXTERICEMLI-ZEh o, RNEEESRHET Cs BITNRERICISIaNs Z L%
RE LTz, £ REBROBLRFRIEBITH SR CTRIRLRT 2 KEXAEERTE L 72,
Zno KEZXAEOF T, Cs RMIMEEDBIME EHICKBERT 2MERAZRLIZ3 20K
EIXAELTFZREE L7e U LED LD ICAMFT T, FERERGICHNT, BAEEES
HTHL EERAD Cs BITAMIRI SN D Z LRSI NT=, I HICEGFHRIEEMN, . Cs ik
MREICISE L TR CREICHKIRENT 5 3 20 K @i ELF2RE L1z, 5%
id. INOBEBELFOXIBERKZRAVW-ECTFREBTCRERANATHRITZBL
T, RATD Cs EXDERBERCHF AN X LOERAZEET,
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HA4 L, BREE—RTFHRERER RO BERXFEAN T, FERE L TBRBRIN/I-ZFK
YHILDOBIHREERAB 1T > T35, MEHREEZBINTT 5 LT BRI & DFIL <R
EFHMIIAAIXRTH 5, B4 lE. TESHEAINLEVWHEEYOERBEROEIIIREZHEET
270, WOIFXNVEICHIHRICE > THERTDRKET P HILETEE L. REBEDHEMHE
ECIREZBERT 222 BIELTWS,

AR TlIE. 200Gy B OHIX<IREZTFEBYICOWTHEET 2 L Z#BIC. B
F b HmEE (Electron spin resonace, ESR) IC &k 3BT EDHEFEZIT>7, 200
mGy B DOBRPIFE TlE, WO T F X IIWERICERFET 2EEZ T HILD ESRES L
k7> HILD ESR 1:.77—75‘373 VES T2 BERRRY MVBTHBEE RS, 72,

EOERADTHHE FAFITNREZA MERICEWT, HEOTEY L LTEBRLTWD
RBEAF VICHRT DRET PHLVBIFEREDOEEEZZ T HAEEDNH D70, REIS
ZHIRICH T 2ERKRGFEOEREZRIA T2 I EHEETH 5,

2025 FEOMETIE, WEHIH TEERRRINZTFEZ R YIL3BEOEA, LT F X
WEREZER L, BBEFRMEEMITIDO Co-60 Rz AWTINREEZERL
7=, 100, 200, 500, 1000, 1800 mGy DAFMRUNIRE DL Z FR L, EILKF D ESR &
B (JES-X320) THIE L7ze X7 FIVERITICIZMB ISR L ZZ o DRI — N & @A
L. BIREOSWENTZERIRT 270, BT7 0 aLE T4 v T4 > JHEE T EICERRE
b L CTEHIE/ T A — 2z &l L7,

SEEOWREARE LT, ESRAIEROFS|[E#% 360 BIEE X THEMSE S & T,
BITICHE T 286/ A XOFEEHROICHIFI TE ST &R LT, FFIC. IAEATECDOC
’C“?Eﬁéﬂéﬁé%@@ﬁﬂ’\]@: 60 EliFsl LB L T, MERAZFHEEICETHET S

I L7 & IS, 3EFEDREISEHMIROEE DIEODEAH 6.3%DEEA ICINE
5 Z é:%f:EEE L7ze ZNICKY ., ZHRVHILICEITEREBROBEZ £100mGy (90%F
AIXFE) THET DICE>7, SRIII0ICRIEHZRmEL L. REFDELLIEER
FEEFERFEDO I oA D RAZER D,

AHFZER DRI, T. Yamashita et al., International Journal of Radiation Biology (2025)
H & O T. Hayashi, T. Yamashita, et al., International Journal of Radiation Biology (2025)
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Teppei Hayashi, Takuma Yamashita, Yusuke Mitsuyasu, Kenta Ono, Satone lwami,
Yasushi Kino, Tsutomu Sekine, Toshitaka Oka, Atsushi Takahashi, Yoshinaka Shimizu,
Mirei Chiba, Toshihiko Suzuki, Ken Osaka, Keiichi Sasaki, Taku Sato, Rio Isobe,
Masatoshi Suzuki, Tomisato Miura, Manabu Fukumoto, Hisashi Shinoda, "Optimization
of microwave power in ESR dosimetry of tooth enamel in Japanese macaques",
International Journal of Radiation Biology, 1-8 (2025);
https://doi.org/10.1080/09553002.2025.2534998
Takuma Yamashita, Teppei Hayashi, Yusuke Mitsuyasu, Kenta Ono, Satone lwami,
Yasushi Kino, Tsutomu Sekine, Toshitaka Oka, Atsushi Takahashi, Yoshinaka Shimizu,
Mirei Chiba, Toshihiko Suzuki, Ken Osaka, Keiichi Sasaki, Taku Sato, Rio Isobe,
Masatoshi Suzuki, Tomisato Miura, Manabu Fukumoto, Hisashi Shinoda,
"Development of an electron spin resonance spectroscopy code for measuring
carbonate radicals in tooth enamel and verification of its practicality using irradiated
Japanese macaque teeth", International Journal of Radiation Biology, 1-8 (2025);
d0i:10.1080/09553002.2025.2510676
MEF, ILTFEE, XREHA NFREAR sREE HER. 9BR. KFEE. BiR®.
EKRR, TEXRRE. HRBE. MREE,. fhe RE— B, $HARER. B4AY. &H
E 2RV YALEFPRBI P HILOBFAEVHEENEICEITEYA 70T —0
&i#1k] , Proceedings of the 26th Workshop on Environmental Radioactivity (55 26 [a]
[BRIBMETRE | HTRR), 2025-2, 71-76 (2025).
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Determination of Nd isotopic composition in water samples from
urban and mining areas in Central Mongolia

MR FKE : Batkhuyag Enkh-Uchral
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HEFIZEE  Tseren-Ochir Soyol-Erdene
Alifia Zaskia
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Surface water, including streams and rivers, is susceptible to contamination from both
natural processes and anthropogenic activities (Saeed et al., 2024). Industrial effluents from
sectors such as mining, agricultural runoff, and the direct discharge of untreated sewage
into rivers have significantly degraded water quality, posing risks to aquatic ecosystems and
human health (Fida et al., 2023). Therefore, it is essential to understand how natural
processes and anthropogenic impacts, particularly mining activities, jointly influence river
water chemistry in semi-arid regions, including Mongolia. This study investigates the
integration of chemical and isotopic compositions using physicochemical parameters (pH,
EC and TDS), major ions (Ca2+, Mg2+, Na+, K+, HCO3-, Cl-, NO3- and SO42-), water stable
isotopes (02H and 0180) and rare earth elements (REEs) to examine geochemical
processes in north-central Mongolia. River water samples were collected from three major
river basins (Tuul, Kharaa and Orkhon), which represent diverse geochemical characteristics
and varying degrees of anthropogenic influence. In the study area, pH values ranged from
6.65 to 9.41, and the river water was predominantly of the Ca-HCO3 facies, indicating that
rock weathering is the primary controlling process. The 02H and 0 180 values for water
samples in the region ranged from -113.1% to -92.4%. and from -15.0%0 to -12.1%o,
respectively. REEs were preconcentrated from the samples using a chelating resin (InertSep
ME-2), and their concentrations were determined using ICP-MS 7700 (Agilent, USA). Light
rare earth elements (LREEs) concentrations were higher than those of heavy rare earth
elements (HREEs), mainly in the upstream of rivers. River water samples have been
processed through sequential chromatographic separation using cation exchange, DGA and
Ln resins in preparation for the determination of Nd and Sr isotopic ratios. The research is
ongoing and isotopic analyses will be conducted. The expected results aim to provide
insights into the hydrological and geochemical processes within the terrestrial aquatic

ecosystems.
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Multi-scale Onshore-offshore Dynamic and Nutrient Transport of
Kuroshio onto The Outer Shelf of the East China Sea Quantified
Using Multi-chemical Tracers

MR EKE  Haryanto Julian Michael
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Using a spatial and temporal basis, this study aims to identify and quantify multiple
water mixing processes and related nutrient transport in the bottom water of the outer
shelf of the East China Sea due to Kuroshio Current (KC). In this study, traditional
tracers of temperature and salinity and modern tracers of Heavy Rare Earth Elements
(HREEs), and Nd and Ra isotopes were employed in the water and mass mixing model.
Additionally, shipboard and moored data from the Acoustic Doppler Current Profiler
(ADCP), microstructure profilers, and satellite-derived observations were utilized to
help interpret physical forces further.
Preliminary results are: (1) Hydrodynamic processes influence the distribution of
chemical and physical properties in the bottom water of the East China Sea on an hourly
basis; (2) Reintroduction of deep Kuroshio Intermediate Water during the onshore flow
was also notable for its high nutrient content, resulting in net Dissolved Inorganic
Nitrogen (DIN) and Dissolved Inorganic Phosphate (DIP) fluxes from the KC region 5.59
and 6.69 times larger, respectively, compared to the DIN and DIP fluxes from the
continental shelf water.

This is a crucial first step in efforts to investigate overlooked pathways and temporal

variabilities of water and nutrients in and out of the continental shelf due to tidal forcings.
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KR THADPRVBEO O IZ, FHREEVEORRICEBITZTRIE MY F7 L OFEFHE,
BLUOZDAEEDHFKETH 5,
BEVEIIRLADFHICEET2RNODEET, ENEBLIFINEFTOYWED 5 1FLU
FOFENTREINZ DD, ZDOEEKITHOA > TWERL, BEYEOHERREICH T,
BAHDNRMYBATHEOHNEERERE VLD FET, XENONnT EEETIL 8.6 M D&ILF
v/ U AREHBE ST oYy VEMHERMA 2 7)TERL, BEYELREOME
PG ICERT 2RRZBRMT 2L 2BEL TV S, BEMBELRHBAT L/ VLD
BREL— MIFEICIREUTEBRFINATLDA, BREBICHEUEDEINE TN D & BHR
ICEVBDESIMESNTLEL, BE/ A XERD, TDH, BREMHEEBE L T
PR L2RIBECOBANDETH B,
KBDERIAETH S YU F 7 LIIKREDFRKEI B EDE TREF £/ VITHEITA
Lo, TBABEERFEO—DLHEINS, FEFICHAVERE(107-25 mol/mol rZh
UF)ORM)FILTH-THRBEYERRICHEEZERA DD DZ DRTEEDRF
NROEGONTEY, AARTIE L BRIEFDO MY F7L/KRLEORE, 281/ v HDK
FR/F¥E/ CHORTEE WS 2 BEEZRBD Z L CHENICREROF ./ Y HIZEEND
FUFT7LOAEZBEL TE,
KEERFFEENSOMEE LT, ¥t/ HICEENIHMEKRZOIEEDREFE L.
BEORENEICHRYHAT, 4 %Q&ﬁéiﬂ777AhE®%ﬁ_%Obfbéoﬂ7
D LBERIIKRRFOREIIAWVERBEZF 27O, KRXNWEET HH A bLKEK
D H 7% ERMISEBSE B, ﬁﬁ CTHWAEBTIE. 7VIILT VYV EREHRAZENOEE
TREEIE, BRENADNMEBICL > TN Z1To7-, FEEEIX/REEI L L T 10ppb
(107-8) D %DmﬁﬁXTWF%ﬁaté EICRLTH Y, REERFICEBEDRE
BEHEEEOHDIETTINHRIZEBENYy 0779 R/ AXDRENER T, 74
—FRNy =T OEANCLYAEFDREE 001 EREDILDIICREIEDZ L
IZEXIh L. RRAVBE & LT hlppt TORIEZZER LT, SEERIFRENRE. T
FICITIRHERICE T A FUFUVLEICH L CHIRZEN T W Z &2 BT,
RIEBRP M) FULAEICEL T FEEEF TOMRICLEZIHMETHEA XY TOERY
A FBIFRREPDO MY FIVL/KREELOBEICOVWT, T—X0OEBEHE(CI—TF
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E.Aprile, M.Kobayashi, et al (XENON collaboration), Challenging Spontaneous Quantum
Collapse with the XENONnT Dark Matter Detector, Phys. Rev. Lett. 136 (2026) 120201
E.Aprile, M.Kobayashi, et al (XENON collaboration), WIMP Dark Matter Search Using a
3.1 Tonne-Year Exposure of the XENONNT Experiment, Phys. Rev. Lett. 135 (2025)
221003,

E.Aprile, M.Kobayashi, et al (XENON collaboration), XENONnT WIMP search: Signal and
background modeling and statistical inference, Phys. Rev. D 111, 103040 (2025),
E.Aprile, M.Kobayashi, et al (XENON collaboration), Search for light dark matter in low-
energy ionization signals from XENONNT, Phys. Rev. Lett. 134, 161004 (2025),
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[(ER9] U F 7L BH) IZRARE. ABREEZEOLIRERICHERET 2ETH 5,
BEF—RFEEWLURE, ALPS UIEKOBMHA EICK VIEFREFRD MU F7 LREAE
BE&EHTWD, L L, BKRTIEZOREIIELS, EET 2720 IC08 - BiECRE
FAIE R EEHLIMDBETH 5, BFBRAMELES Y =X [ M) F 7 LDHE] HERET
anf-p. HARORERMICO VLT TEFRRHCDE, 10 9~50 DRAIEZ#EYIERL. &
5T 100 ~1000 PFEIRRERNET 5.] L Hh-TH Y, BRI ERMBIZBAIZINTLA
Wo AR TIEFTEHIBEE Ny 77 77> N BIEDOREFRL O MU FVLZREST 7DD
REA—EO#Y R LUAERR (X 9x10[E AE) Z&iTLE, BT, PUFTLE
EAET2BROMTAEIC DT, 100~1000 28E (504> x 10 | %4 &) & EHET
STBEIL. TNTNOERAFHE L TRFTETS AEICOVTRE LT,
GEES)
1) s#A—REY7z Y O8ERM O
ALOKA # 8 LB-7 (/Nwv 225> K epm:1.5~2.0) ZAWT, EAZRE % Ni-Ni &
ISk AEMRERE (M) F 7 LRHEE 651 - IIERSHFEMIEEIC L 2 EHREN
(FUFYLEMERNI0E) 27 7HROREZITI 2 &2 8E L TR Z1T> 7=
Z OFER. Ni-Ni BRI & 2 BREEMEZIT> -H B OGS T —BORTERR%Z 50 2L L.
BAESnTEREICL2BHREMEZIT-HAOGEE T —RONERFHEZ 30 U EET
28T Ny oIV ROFBELERRE (1o UE) MELCBZ DD o7,
2) BT AEORERES
50 X10[EOAEZE 1A 7E LT, ZOREE 2V A4 71LT0, TNZENDOAEERD
HIEMROFEEZ KD, 1 YA 7 LB L 24 7ILEDORERICDOWT Student O t BEZIT
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Isotope effects in organically bound tritium(OBT) production reactions

OBATA Yui*1, TORIKAI Yujil, SHIMIZU Fumika2, ENDO Rikuto2, KARIYA Rikuto3 et al.,
KAKIUCHI Hideki4, ISHIKAWA Yoshio4

1Faculity of Basic Natural Science, Ibaraki Univ.,, 2Graduate School of Science and
Engineering, Ibaraki Univ.,

3College of Science, Ibaraki Univ., 4Institute for Environmental Sciences
*Corresponding author: yui.obata.cz30@vc.ibaraki.ac.jp

Seawater containing the radioactive isotope tritium has recently attracted attention,
and understanding its biological transfer processes is therefore important. Although
organically bound tritium (OBT) is believed to be mainly produced in plants, it remains
unclear whether an isotope effect arising from the difference between hydrogen and
tritium occurs during this process. To evaluate this possibility, the marine alga (sea
lettuce, Ulva Lactuca) was cultivated in seawater containing both deuterium and tritium,
and the concentrations of OBT and OBD (organically bound deuterium) were compared.
Seawater collected from the ALPS-treated ocean discharge outlet provided by Tokyo
Electric Power Company Holdings, Inc. (tritium concentration equivalent to 230 Bq/L)
was used as the culture medium. Heavy water was added to a final concentration of
0.3%, and U. lactuca collected from Mutsu-Ogawara Port, Aomori, was cultivated in this
seawater. The algae were sampled at arbitrary intervals for up to 60 days. The OBD
concentration exceeded approximately 20% after 10 days of cultivation and then
gradually increased, reaching equilibrium at about 40%. The OBT concentration showed
a similar trend during the early stage of cultivation but decreased around day 25 before

increasing again. Throughout the experiment, the OBT concentration remained



consistently lower than the OBD concentration. This trend may reflect an isotope effect
and represents a phenomenon that remains largely unexplored internationally. Further
work is required to confirm reproducibility and improve measurement accuracy.
Keywords: Organically bound tritium, marine plants, hydrogen isotope effect, ocean
discharge seawater.
OBT &R IS ICH T 2 BENIASHR DR EE
NEFERFL, BEHRT L BKXE 2, EEEL 2, FakEY 3 et al.. MAFEE 4 A
=4
1 SRS EREARSE, 2 REAPEETSHRA. 3 RHATESE, 4 A%YETE
AN BIER ISR
*E{E£EE | yui.obata.cz30@vc.ibaraki.ac.jp
BEEYETH B =FKEK (P FTL) PEINEKOEFEFEINTEY., £46B
ITRROERIIEETH D, AEFEEI N F VL (OBT) EEICHEY TERIND EF
ABLNTWBED, ZORRIIKEE MY FTLDEWNIL B RIMENR"DEND DO ILER
BEATH D, BERRE M TFUVLZEUBKATBEEY THL 7 A Y 2RBRETHIEL.
TAYEGRRECHEES 5 OBT L AiESIIEKE (0BD) ZEY % 2 & CRALAR)
ROl ZE AT, BREHN HD h oI 7z ALPS UIR% 0@ FRH O oIS 1
7ok (R UF 7 LRE 230Bg/LHY) ZREABAKE LT, ThICEKRE 0.3% L% 2
EOITARML, BHRECO/NIEBTHER LT FT7A Y25 L1z, FREEIEICT
FTT A Y REBKD OEINT 511Fe &K 60 BEE TEMBLI, FIBAKITHT S
OBD JRE X IEHAM 10 HTH 20% 2B R 7. FEPHICER LREIICK 40% T
£ o7z, OBT REITHIZEMHTIE OBD RkDMERA R o N7-AHIE 25 BEIC—EE
THICBVOLERL7-, OBTEEIZOBD EEZHBICTE>THY, ZOERAIFEKEKLE b
UF 7 LDORAMAENRICEEST 2ABEEDN TR I N, INIE, BAREAATHIZEAL
KEBPARER LR D720, FIBETEALO OBT AIERBEOHE L HIC, MELTT—%2%
BABRDIHEDDH D,

F—T—F I BEESE N F UL, BEEY. KRRUEHR. BFREBK

. X

X-ray-induced DNA damage spectrum in dilute aqueous solution: Selective protection by
amino acid addition Yui Obata, Chaozhong Tian, Shinichi Yamashita Pages 815-823 |
Received 25 Sep 2025, Accepted 20 Nov 2025, Accepted author version posted online: 25
Nov 2025, Published online: 01 Dec 2025
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Effects of long-term irradiation of low-dose radiation on cells
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EREBRBEHEAERICRIFIFEICOVTIE, WELTRICIEBAIATULARL, Th
T, BMEBZRNMEW OB~ DOEENTmD TINS L, BFHARETHD Z L IRAT S,
KR T SRR Z M 2B RS 2 BET /L E L T.GLRX-1 REHEH L O 0GG1
BEFIFMEZE ALV, ERERBIHROEYFE L NENICHET T2 22 BMNE LTW
%,

GLRX-1 5 L' OGGL 1&, WINHMMBEANOBLRTHAEF CEL DNA BEOBEICE W
TEEREEZE S, BFFEEOIIINE TIS, HeLaS3#AZICH LT GLRX-1 KIS
LUV OGGL BEIFEBEMABILL., o DMiEs v 8. BE{LKkE, BoNIERE
KREHRICH L TEWEREZRT I EZBO ML TE, AR T, 2o DMk
EFRWSZ EICLY, BEREXRBEHROEVEED S SR ZBPEXBRL TV,
REE(L, GLRX-1 Xi8MiEH L O OGGL BFIFIR £ Mtz AU T, EREFRKETIR
DEPHIE FELBIT L=, DR, 1Gy/day ® y HRIFICH LT, WFhoia
HReEaYy bR S LB L TaWER M E R L7z, T I, OGGL @F|FIF/NLRZ
—fRaEEEL L, Z OB % 50 mGy/day DIREXRT 20 AR (% HRE 1 Gy) BRa L7k,
ERERAZELC-MEOERBELATE L 7=,
E7-5%I1F. GLRX-1 MiBMfEICH LT, KREXRBFHRBHEZ ORI 2 v /N BEOERE
EICDOLWTHHEZEDETFETH D,

SEIERBER PLRICL Y MR TILEEEERE (reactive oxygen species; ROS)
MWELEIND, BFL ROS (FELR ML X%&F|EFZ L. DNA, 2 >/30&E, fgERE
DHIFARNDF 2B d 52 & T, MIEEORBECESTICOWA D, —H. KFEERKSH
BOEIBIHWR ML RATIE, TOFEIT/NE L, BEOMEETITEECEITANE L L,
AR TR, BERSRZHEMEEZRAVS Z L2k, BRE - (RRERKIHEA AN
RIFTEEL LY HFBICIRZA D Z AL D, LIz > T, AR IFERERBETR
DEMFEOHRPBPICET LD LHTFIND,
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