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1. BELEDN
2011 £ 3 RICRE L -ERENBEE—RFHREEBIAELICMHL. Cs-134 KU Cs-137
R EDREEMENRIER A E R S N7z, BEEICEHE TS Cs-137 0EEE 14, §9 2.7 PBq
EHETE I N[1], BEFISEE LSt > 7 Al A ZRALB~NEBITT S, 20
BATRR ZIBIE T 27-9.2011 F 6 A A HFER) KR THEARFEHIEIBEZFAL.
2015 F 4 BICREBRRIBAIE L X —H5| HE REL THEL CTREX1T->TE71,
2021 2 BETICEB LT —&IE. ERAN T — 2 R — X (CTERICABE L T w3 [2]-[5],
AT TIE, 2021 F 4 BHo 2025 F£2 BETICEB LT —RICOWTRERUVER
1T-7=,

2. MET—XRIZOWT

FIEFR)IIKZRD 17 R CTFREOEAZHEL., HMEZIT- 7,

(1)F R

FERD L, SR TREDY T —[6]FAVT, E4EREARZRINL 7z, EUXL
1o W) % B RERZ IR L. Cs-134 1N Cs-137 BEDRITE % Ge FE KR HE T, KENH
DAE & R FEPAEEE T, TNETNIT> 7,

(2)3A)117K

ARG, BHR CFKEFICE 2 BRRERIL 72, WAKKICHKE, pH RUOEREEE
ZRE LTz K LIZANKELS T LEZRY Y TRA—F) v 7 00 % (RP13-011,
HANA Y =) ([ZBKL, SHICAREGAF Vo RGEE (72474 C20, 72K
YR ICEKLTZ, h— b Uy DB L UBA A s IcE E NS Cs-134 KU Cs-137
EEDRITE R Ge FEAXBHIBTITL., ZNETNEBRE, AFREE L1,

3. BEBLUVSHBOER
2021 F£ 4 Ah i 2025 &£ 2 B E TICEUS LAZFARB)IKROEMET — % &, RIS
DORRE. BE. EakRIAEZED TCEE L, SEBHIC ERAN 7 — X X — X (TEHFT
Z2FETHD, BEEEBYMIFZ /NS _MA)IICEVWTHRAKOT -2 2B LTH
V., SHBT—X%EEHE L, ERAN T—EZR—Z~DOEFEBEERTFETH D,
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[1] Kato et al., 2019, J. Environ. Radioact. 210, 105996.

[2] Taniguchi et al., 2020, https://doi.org/10.34355/CRIiED.U.Tsukuba.00020.
[3] Taniguchi et al., 2020, https://doi.org/10.34355/Fukushima.Pref.CEC.00021.
[4] Takeuchi et al., 2023, https://doi.org/10.34355/Fukushima.Pref.CEC.00115.
[5] Takeuchi et al., 2023, https://doi.org/10.34355/Fukushima.Pref.CEC.00143.
[6] Phillips et al., 2000, Hydrol. Process. 14, 2589-2602.
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BEF—IRFHREEBMELUC LY HMRICET L7oBEE Cs (3. BIK &58E| :%*/—\L A
FAORMER>TWE, I nIT, BEZNL THREE Cs D EHAREEA LILET X, 22
R %Mb 4%, AR TIEHAZXF (Cryptomeria japonica) X5 (C (1) BiEsRmm O RS
Cs Z D S € 2R FBBIEDEEN & (2) BHANIBA~ DI Cs DILBTREE L A V155
BIROBHRHOBREZIT 7o, HBERREL . BELBEREZRART 2 2 F L2 HAL.
BIEORBEE % 9~23 F (F9 15 F8E) L#EE L7, HERAHOEEEIL. RREEP
SBERETCIISBATEY., BEENBRICEBOESUNTFET 2 Z LA TERIN:, BHA
VRO XA D % BR L, BRICL 2BIEEIEZ LR & L 7-ENERiiE O B R AR EZ
Hizo L, BEHE Cs ORBREATRLIED Z L 2R LT, —H. BRIABKICERES
% Z ET, MATE Cs ABIMARICILENS 2 AlRettE 2 R § 2 EIRER B/, INHLDERK
T*TR/ZEF'U)J%I%TI% Cs BIfBIL. FBEICK 2R L. BRHEN LI-AT~OBITLE VS EED
bﬁﬁfﬁ@“%%\%?ﬁ\ . BERREZR Y T ORBEINRE NI,
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(Effects of radiation exposure on residents living around nuclear test sites and uranium
mines in Kazakhstan, and animal experiments of radioactive microparticles)
M Hoshi (PI, Hiroshima Univ), A Kushugulova (Nazarbayev Univ), S Tokonami, Y Omori
(Hirosaki Univ), A Sakaguchi (AR), Y Onda (Univ Tsukuba), M Bakhtin, D Ibrayeva, M
Aumalikova, Y Kashkinbayev, P Kazymbet (Astana Med Univ), S Endo, N Fujimoto, N
Kawano (Hiroshima Univ), S Toyoda (Okayama Univ Sci), H Sato (IPUMS), Z Serikov, A
Klivenko, S Dyussembaev (Shakarim Univ), K Zhumadilov (Eurasian Univ), S Shinkarey,
(Biophys), V Stepanenko (MRRC), K Apsalikov A Lipikhina(SRIRME), B Grosche, E
Ostroumova(IARC), Z Zhumadilov
Our studies:
Our international research group has been conducting comprehensive research on
radioactive contamination, radiation doses, and their effects in Kazakhstan since 1994.
The content of this research is as follows.
(1)Assessment of radiation doses and risks around the people near the Semipalatinsk
nuclear test site.
(2)Radon and atmospheric dust measurements in the uranium mining area.
(3) The effects of exposure to radioactive microparticles through animal experiments.
Results:
(1)Radiation doses of the exposed have been estimated using archival data, Cs-137
deposition and etc. Risks will be estimated. We wrote two papers as follows and final
papers of individual dose estimation is soon published. By this final paper of dosimetry
we fill estimate radiation risks using about 30,000 registry of exposed people.
1. Stepanenko et al. J. Radiat. Res., 65, 2024, 36-46, https://doi.org/10.1093/jrr/rrad082,
2. Ibid, J. Radiat. Res., 66, 2025, 496-508, https://doi.org/10.1093/jrr/rraf049.
(2)The results of the radiation measurements such as radon have been obtained. Now
epidemiological studies are going on. From these data we made some advises for its

protection and further necessary studies. Our recent study related to the radon
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measurement and dosimetry are as follows:

1. Tokonami et al. J. Radiol. Prot. 43 (2023) 023501 https://doi.org/10.1088/1361-
6498/acda4l, 2. A. Bagramova et al. Radioanal. Nucl. Chem., 334, 2025, 381-387,
https://doi.org/10.1007/s10967-024-09839-2, 3. K. Zhumadilov et al. Environmental
Challenges 18, 2025, 101098, doi: https://doi.org/10.1016/j.envc.2025.101098.
(3)Animal experiments on exposure to radioactive microparticles using Si-31 have been
analyzed and found its uniqueness comparing with external exposure. Related
dosimetry studies are published in

1. Stepanenko et al. J. Radiat. Res., 2024, 65, 744-751, doi: 10.1093/jrr/rrae063, 2. Ibid,
J. Radiat. Res., 66, 2025, 16-23, https://doi.org/10.1093/jrr/rrae096.

About the effects for rats Fujimoto et al found gene expression specific to Si-31,
which led to the discovery of a new effect of radioactive particles on rats, following on
from Mn-56, which is published in 3. Fujimoto et al., Int. J. Mol. Sci. 26, 2025, 2693,
https://doi.org/10.3390/ijms26062693.

We also discovered a specific effect on the rat intestinal microflora, and a paper on this

is currently in preparation.
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HARSBRETZ2— M)/ OHAEWVW2EXR—ZREBEREZT>TW5 KamLAND-Zen E5

Tl OB EBRERROO ICHRHFOMEBIE(ZEFE L TS, KA KamLAND2-
Zen EERTCIIBHBMEE LTHRYIFL Y F7RZL— b UFL -2 a3 v 74 LLRER
Z 1% (Bis-MSB) 72 & DB #EM & AW B ETBIN ® 5, TN OBEYFICEEN 5 RADBHMENR
HMUEEBICLBESHIHES 7 FILICEE 2 DB 238U ¥ 232Th (DWW TERED EREDNTE
HOENTWE (Y FL—rary74IALIZDWTIE 238U,232Th &3 10 ppt ki, HRZ#H
IZ2WTIE 238U 1d 30 ppt, 232Th & 1 ppt K)o, AR TlEERIALEEZR V. BEY RO
FHETTR % ppt L NIV TRIE T 2 FIEDOHEIL, B KL OHEIL L 7-FEIC L 2 BEETRER B 2R 5041
DEEZBHHE L TWD,
2024 FEOMETERREBREIOMACNDETH 2 L HP L7170, 2025 FEILFEREHBF O
b7 0+t RO & ALIEREDFHEZ 1T > 72, 2024 FEEICHATWIRITIEIC L 2L %I
MA. BREOREREEZEN LE-BREREICL2ML bR, F/2. INOOFEEREY
RLBERAT S &T238U,232Th EQEBAR SN B A DO 1T 7=,

fRtmE% 3 g R LER L7-3RFo 238U, 232Th Exffl L7z & 2 A, T4 DFEHL S
238U 13#9 140 0> 1, 232Th 1349200 0> 1 £ TIEFLS 5 Z & A TE72A BIEEE £ Tl 238U
BIFEIHIC3 DD 1T, 232ThEIX 69D 1 IERT 24ENH Y. Mt TOEBREICETH
DEANFPRS5ND & HFIRAL 7,

BiE@mEICXk pi bz 5 [EHE YR L 7258 F D 238U 21447 46 ppt,232Th 2135 2 ppt &
EIREICIEFLEL B > 720 m4 OEBD L ZNZTNH 330 9D 1, #9430 9D 1 £ TERFZE
L7z, BiEGEEICE D 5 O TIHERENEITbOMERS RN, H KR TH
BEE%ZERTE S RIAANEONT, MBS ICEL THH 25g @ 1 [EHIC 10 HHERR
MrEEHEBEL, BERETIZ1IE»IZVE 206 2 1 BTHALTES Z &b IRRBEREN R
BTHD I EDNARHKRARTHIEAL 72,

SREEUES BEEEICL Mtz 8 ICH R Z Mkt L. KamLAND2-Zen EEBRADBIEK
%mﬁﬁ&@ﬁ%ﬂkﬁTt7DtX®ﬁJ§EETo
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7yt AN LOKMER EICBET 2R LT oz, ZVILALSTLICEENE T T
YELPMNITVLDEREZ 1 ppt BEUTETERSEZ 720, 7 vt hiLy 7 LADREE
ICBEND VIV BLV M VLADREZERS €2 A E%®T L7z, BRFIC. #HEHCE
NV UBLONYTLOEER lppt LW HEWEEZHECE2RETIHITS
FiEERFEL T

MFFEEE COMEBRICE Y BB OHEEREICE T2V 7 0ELUO M)V LDFR%E
B HENRBTHD L, V7V - FUTLORINAEEDHEMNEBRTHD I L%
R L 7=,
SEEITHARAEERBEDOELEH CI-O DREREHEETUO. SARERICHE S BRZITIT
TRICTBZENTEL,

RIS, 77y PUTLDBREAEICOVWTIRE Lz, INODBREICIIBIRICL2RE%
ToTICT 7 E MY T LZKBBRDORET DELNDH 7=, ZDBIETKRKEDRERZE
BT 20ELHY ., FROKBBEAICEIT/ZIXMEBRHDEZERBBETH > 7=, RAEICL -
T, RBEBORENMEVWGEICEWTHERET 28EZREL. INEFTEM OERENLE
TH-72£25% 1 M ODERICE > THoaitEzFs2erTcE, BELELTWE L
ppt DRLE ZFEMRT D Z L ITHKIH L 7=,

2. i
RE B— . XPMEK. D.Chernyak. STRZZ . MME. mEXR. kA R, HHE BiES, S5
ISUER, H L I, FEE EL, FA 8L, 58 B, MFEK, A Kozlovy, 2ZZN, KR

Z, RN 215, BEFHE F B, RO & IBES, A I TR RE B8R I8V,
BB LEN, LB RIE, LA #BFE, RE BE, 58 F, [FH - FRNFIFICE T3 BHE
TRBRERMZLA Lty F L—% osfEAM]. TBRERKREFESEE] Vol. 52,
No.2(2025) 52-2-04.
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RIBKPOTRATIL, £ FOREY X JFFMCRIBEFROER, £ERORLICER
THREELRRETCHY, ERVCIAVHRE, BEYOEGECERICEELZRIZT I LA
NTW3, HTLE, RAAFREXXBONEBZAVAIEBFORRELVPIATVERDOE
EZxFERLTHY, BERNIEICKY ERERDIMNRIEETCH D 2Rz, LAL, R
BARDEREIFEL EW=®, XRF ICX 2R ICIEEEEORIEE L OANTRAIR T
HD, FPRTIE, BA T HBIIEEZB W/ Y TIEIC & 2 SERERE TR ICEA
L, BIEAKFOIVESLUOHETEZOARLEEEZOMAEEZBEMNE LT,

BIALIE (2 1E, IR FE 4 o v a3 E Muromac XSA-2415 HG (BT 2 AL) %M
Wizo BERBF MY VLFAZIEIVRES MY 7 LAZBHNKISAREL, BERMNOZER
RzAB L TCEESARLZ, E—H—ICHFHEAK 5.0 L ?DJ:UBA/f F X HaifE 5.0 g &
AN, AZ—7—T2RHEER L -, —EREZBEIC, Bk 5.0mL = EL, ICP-
MS (Aglent 8800) TRESLVIAVEERELAEL, ﬁiﬁa ISR SN T BRAICTE 72
TROEEFERDEEIT- 12, BILE OB ILREREBICL Y EYNL, 40 °CT 24 BR#
BIRL, 85 20 g 2RBANZR T I F —DEE TN X o EE (Epsilon 5,
PANalytical) OBIEIZHE L 72, BIESHE L, XEEEREE 80KV, ER6mMA &L, XX
—4 v M #IZ Zr, Mo, Al203 Z BT, EH#EER 600 ~ 3600 # & L 7=,

B%EA7%% 10ppb L AR EBEZEIF L, ICP-MS IC £V 7 BKRF DREEZ L % 8
FElLiE A, ETEDBE (cps) IFEEE EHITHAL, 120 DEBEOERERIE, BF
34 %, 37HF 41 %ERY, MITENMZIIEENICEPEAFIRINDG Z L ’ER SN,
b B 1000 15 OBMENER S N7 2 L1275, XRFAER O H TRIEICD WL THR
ERAEZBLARTEEE LTEHLALEZA, BEA 0.1 ppb (GHEKER 600 #) ,

#13 0.3 ppb (GTEEER 3600 #) & 7o 7, %Ei@&&ﬁ%‘fu,&ﬁiHﬁiﬁa%?ﬁéﬁL, IEIHX

L7-#fs2 XRF TAET 2 2 &IC& VY, REMEFR LIS, RIFAERMEERL 7,
DlE&Y, AR THBEL /cBlERME-XRF AIEEIC , RIBKPOHETRE SR

EILEE TR RENT, BE, IX2T7LT74+—X% —«@mﬁﬁ%%ﬁe%ﬁb’(% Y,
EHXROHT~DEREZ LTS

2. WX WL
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AIBHERZEOFTH, 7L =TV LAIFBALRBHESELESVL O TEERTA
ERETHD, £7-. 137Cs LERY | £EYRREOEEY EAFHIHMEL S <. £
HWERIEFR L —Y—E LTHERLEZON TV S, 1960 ERLE, EEDEK, HEY
FIZEEND IV F =T L(239,240Pu) DAIEATTHNTE 7z, 137Cs & L& L Tigskh
D 239,240Pu SBE DT — R D CETHNL LB D7 L, BERESICE F 5 FEkL
KEFE, HICHABRDBE TENKKED EREEANKE CHEAB L RKRICRIERELOFEE
EZITPTWEETH D, AR TIEABILKFEEDBAKFD 239,240Pu DRFRYIT —
RICEBLTCZOEFHEMEL /-,

FEATICIZIUERD HAM T — R R—=X ZER L1z, 7, 1987 =~ n 2021 Fx TEL
REFDT —EZDEEND, FIC. BESOD 40° N, 144° E S FEEIEO 30° N, 147° E
TEARELEN LRI T —ZABLNTWE DO TERL

HEEICHIT B 239,240Pu OEHZIBE T 72512, REKFD 239,240Pu S2E D K
A ANz, AR FIIREL T2 L, BHZ2ECERREREFPICAERIN
ZEERFRERICOITONDS, ZOMRTIE, BRATHREREEEZY - 2EHERER O
B D 2 DDBIHICH T TR L7z, dbh@EFE=RICIE, Y TJoa7o "y Fo
239,240Pu SRE DA AT HONRENEHELRNICHDT5Z enbh>TWD, 1968
Fn 1980 F£E TIERAITOERKME 6.4 F TR T 2 Z LN -1, BEAFERE
TlE, BAKED 239,240Pu BEIZRFRDO BN ITOEBE TR L TWB Z EADH o7,
—h., BEFEHTIE, BT —%1Z27a0A, 2000 F£F CldFRmEmBE/AKBO 239,240Pu
REDNESWL AL THR L 7o, 2010 FLBE L. REBKF D 239,240Pu JRE I3 BHTHTE
RELRCENTOFEBRERM TR L TWEZ LMD 27, BEORIEZLEDOFEDH
TICE D & 21 HIBIC A>T BEALICE Y BBORNAIICS 7 P LTWDE Z EAHEL
MCENTWDBZ & AHEET S &, 239,240Pu DFERIFEHAGEEIBILSNILICT 7 b
LTWBRZEAERMLTWAS Z & EHERIIND,

&L
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. AR
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BEJIRETIVE 137Cs KRB F Y F DIREE

HIZAsRE &Kk F
ZAMRE D E2E KE

BEE—RFAREMBHICLY KRB ICHE SN 137Cs DEIE, FIADHHFE T 10
PBq tH#EEENTWS (Teradaetal., 2020), LA LAEMNSERBORIRESF U F1E
THEEMENKNEL, BEREAT — 2 25T 2I121E 15~18 PBa EH O RGMHA B E L
&N (Aoyamaetal,2016), AARIEZ DX v v T ZEH Z L, BEDEEZ TSRS
RKRETILEBETTIILOEEICL Y BLEICEXEIN 137Cs DASHMEY F U4 %FH
BETDZLemBEEREELTVLS,
BHRDF v v TIEERFOARTBEHEICIA T, BLTORTIETEINNILTHDHES
SN2, BEICBWTHMENBBET /O RLEELEEEZIONSD, ZHZHK
SETINGELOBKENEICHIRTEZDN, £ I T 2025 FEIFFFEEICS| &HiE
BEIRET VL 2BKOBRMEZIRIEL 7,
HEIRET/ILE L TWRFV.AL2 (Weather Research and Forecasting ; Skamarock et
al., 2019) = fEA L, B LEKEOBRMEZ AT, FTEBEHIIEBEA L £ ORAEET,
5 km #&FTHEF 193 xFEdL 203 0#FHEE L7z, 5TEIL 2011 F£3 A 1 BB & L
T, 11~31 BAFFHm#BA L L7ze AT —%X & LT, MODIS (X#FF), BEMBENT
(FNL/MSM), EmEmE (GHRSST) Z{EAL 7=, BAEWE L Terada et al. (2020) D
BHEYFUFEFEBL, KRB DXL ILEIF CAMxV.7.3.2 (Comprehensive Air quality
Model with extensions ; RAMBOLL, 2024) #2u&E L TEHE L /-, BHEE (Kajino et al.,
2019; Terada et al., 2019) #&%E(C WRF 0Bk 3 /32— ARL, fERERZIRT
L—&— - TAZXRBITRE (BERE 0.1 Ex]1 BH) BLUOMEES—~RA1I1CkbZ
FRERCHRL, REOBRETHME LT, ZOETINICKS 137Cs & 1291 OEAIRE
(Ebihara et al., 2020) & LB L7-& 25, WEMTIEENFRE L >72h, ZNUND
WRIFLCEGL TV, A, 129 o IF 1311 I3 22— EIREL THE R T,
SEIE, COBRZAVTCEESFBRAANDLEEEZ KD, BEET I EEET S Z & T
BFRORIBE S ) F DR ZEITHR > TW <,

AN
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BABEHOBFREOERER LREBHEDT —2R—R{LIcL 53

. R

nff

Eil5iE

mrzefiEE - BA RSB
ZAWRE EE KE
HEWTRE - R B, i T
AHE EA HE BEX

R Rt

AR TIE, BRAFRERBHREMR LY 2— RALY&4—) HEEL CE/RA
RBBORET —XIC2WT, ZORMNFERZ —BRET S L2 BNE LT, K
k%—@ﬁ&%ﬁﬁ‘ﬁ%ﬂﬂ% CHEFMER Y b7 — O HRAMTMS (ERAN) T—ZR—XED
EETB LT -2 EBOSEAZEET, AFOF T UM IV ROEREERIC
BAHTFT—20RHEEBNEMORRIIEEEZEL Y., &£ YhiF DOl (Digital ObJect
ldentifier) 25 L7=T — X AFIZ. IRT— X &2 5|AAJELZNERE L TUERMITS
FTEMRFEEINTWS, AR TIE, RALY X —MBICHEE - ERAL &7 —
AN—Z PRSI NS RABRET — X 2 /RIS, ERAN T —ZR—IX~D&EHB LV
DOIff5%2#EHD I LICkY, T—ROXEES LVOARMOR EEN - 7=,
EHMICIE. MAE VYR —DRETDAR - BF - BEICOI2RERUNT —2D 55,
EKBPOBGFEL S 7 LRE, BEOERERAT — 2 (BKE - BEH%). 2BEBEEKK
k3 (PAH) BER t“c:ou\r ERAN 7 — & RX—X|Z8R#H, L 7= LT DOl 25 L, 4B
MEREICLZFAEBE LT —XAHEBOBEAED /-, TNICLY ., RITERE
BINTWERT —2h, DBENNICHATREAE TREINIBE BRI N,
ERAN & mEER, NHT—X~ADT7 /AP LPE 7> 00— NEABEEITEINL, €
ROBBE Y X —BEMTORREICEART, K VESHBLEFBAMEEINTWND Z ENHER
Nico BEIC, BAEL Y Z—HBT—EXN—2DT7 72 ZHICMZ,. ERAN RETOXY
YA— FERIEKIBICBINL TB Y 7T — XMBOHLKICHT T 2 M SEEE DB A RE
Shiz, £z, DOIfFEICL Y ART—42 iR & L THkbH 4. Google Scholar D=
MIRBRY —EXICEVWTHAGRE L TRFIND LD ICh>72Z &, T—XRHDA
YEVTATRALEEVIBRNDLEELRRETH D, — AT, T EXHDEMICIZE
BNETOSILFICL OB N T 74 v 0 OEELEENDAREELNH Y. SERITA
BT 7R EOHF NG EFHAFEOBBHIBREEL LTE oS, 5B EHE
WRT—RDESKDILFTEREFHET — 2D ERAN ~DERBEMLEGEH 2 ED, T —8 N —
ZADPRUELFBEUEZED TV FETH %,

&L
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BEBHEET — 2 R— R ZHA LA EBRKFFICE T 28 FER

WrsesRE - JBiR RE
ZAWRE EE KE

KRR TIE, 1964 FEh o 2022 FEFTOBEDT— X+ v + (HAMGIlobal2021: Historical
Artificial radioactivity database in Marine environment, Global version 2021/doi:
10.34355/CRIED.U.Tsukuba.00085) #MH W<, BAEICH TS Cs-137 ¥ Sr-90 2 D
BT UEEO D EE ZBE L7z, 4000 T— XU EOEAT— 2% FER L7,

FF12 1990-2022 F (B ERLT CEHAIIN/ZIBEAHITEE L7z, £ OFER. HABMRE]
MeERe LT, BRBOIL EEAITIE, REMREOILBREICEL LVEWNHD L
MBS > 7, BABBREHROEAIO I Tld, Cs-137 DILECEE L 500 m TIEIT
ZELTEY, INEIREERDOER - SIERLBKDIZDITRE~DHNEDREN T H
5 &, REKTIIRBEFE—RFAREMAEKD Cs-137 DRAIFN TS Z L HRE
INTz, XWEEYIC, ALAIOHIETIEA L YR NVZRENR oM, 2021 Fh o 2022 FITHIT
THREURE (X 1500 m ITEL TW e, T OILBEURE OB, BWETFRILERICH 1T 258 0E
CERRFHFICE Y REANDRBEHENELI Y PTWHTHS EER oNT, FIC, 2011
FOREFE—RFNHKEMEBHREZELNAUANIC, Cs-137 OMHFEEREEIIREKD AL H
TEEKTCOEEENMRHE I N/, 2011 F 3 BIESEBISENRMEL . BEISREKE
ARSI N TS 2001 F L EREDERTH -7, Hirose and Povinec(2020) (%, =
S[EMEDBIC &Y Cs-137 & Sr-90 [FREBICEEI NS Z £ %RRL TW5, JCOPE 77—
RH EICETELIZBESHEHM 6. 2011 &£ 3-4 BICEEEEDO BN BABILASSICHE
ELTW:, 8UEMEDRICE - T, BKICK Y BARBREKITLE L7-HEME Cs-137
MNBRISRE X TEIXIN/AIRRMED D - 7=, L. 2011 FIC Cs-137 ZAIE L 728K T
EATRREEIL, BIFE 2010 F0RE LR L Tah >

AAREBDOAKE 2000 X — FILLURD Cs-137 LU Sr-90 DEE L, #EIXWE/-lgbhThH
ICEINY 2EMERL7c, oI, BARBEEHRE Y ALEITIE Cs-137 L O Sr-90 D A
YRV M UNELBEINL TV, INODZ Eh b, BARBERR &L Y £ LAl TIE Cs-137
BLOSr-0ABEBEINTWVWBRIBEEDNTR I Nz, 7o, MEIMRBEOHNXICEST S 2

NLOMEHL B, BRBOEEERVEE KL, HECRE ICH S RED (LA KIRL
TWBLHDEEZ HNT,
(B&E @)

Hirose, K., P. P. Povinec. 2020. 90Sr and 137Cs as Tracers of Oceanic Eddies in the Sea
of Japan/East Sea. J. Environ. Radioact., 216, 106179.
https://doi.org/10.1016/j.jenvrad.2020.106179.
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HAMP OB EIVROETE

mrsifisE®E - KA BT
ZAWRE EE KE
HEARE  BR R

[lZC®I]

BERTFHERTASBEIEC DREE A D 131 AEREFRICHE S, 2011 FIFEAR DK
ETH 131 A AN ROEHER O EE[E X L[] > 72, Muramatsu et al. (2015) 1385 R
NOREBLIEFD 1291 1o 131 ETEZHRA L 72H, HEMSULRENTH %, AHFR
TlE, KEOF VD v &G 2 /MUMTENRIC, BERELTOTEITHD 1291 A
YR MY —%B BHHRROETEZBS ZLZENE LT,

[F%]

Ak (U g— RELES LU 6m a7EKD) (32012 F~2014 FICREERMLTICH D
BEEMEMRR LY R—DEBEMNTT 1 —IL F 7 =27 ZTWERERL 723K (Mahara et al,
Sic. Rep., 4, 7121 (2014), Ohta et al., Sci. Rep., 13, 19627 (2023)) % L /=, 6m 37 (&
BB TN 25em ICh Yy T4 V7 %ITV, KEEFTHEEREEZITo72, VX —BLU0HER
Bl& 1) 2 —EH 5 50cm £ T 112E., 25cm~600cm £ T 9EEICHEL. TnhThos
B3 vRmEMAEZTILAY b Ty FICERBEZR T o7 DBELTZY R—B LV
B D 1271 (X ICP-MS TRIE Z1T > 720 —7A. 1291/1271 AR 2T A IS 3 7 REML
% Agl DLFER TR Z 1T, 1291/127] BRIk % iRFE E et GERAE AMS-
MALT) TRIE % 1T > 7=,

(& 3R]

KEDG M EFTOY X—BLVPLEFD 1291 1 Ry M) =D 5, BEBED 1291
BETEIED7H < EH 8ImBg/m2 TH B LRI N, BoN/-kEIL. APSORC25 TH
FKETo1 SHIF. KRV IaLl—Y a3 vy EEIMEOHEZEITS,

L
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yanFI—Er D Cs AR ELICEH 5 HKT EInFOEEERERT

DES

i

rsefisR®E - ul A
RAWTRE  H)I A
HEWTRE - P A0

GCE=LD)|
< XRHBY> AN IL—E Y (Lupinusalbus L) 1, U v REMMECTIEEEZE L. FE
DEEEZFBIRMICTINT 25MEZ/FD, £/, XA XEHRLCGERBICSVLRERSIEL >
7L (RCs) BRINEER RS Z EDFONTWEH, ZTDAHZXLIFEKRBATH 5, FTIT
METIE, YANFIL—EVICBEWTREF b UL (Na) BELH# EE RCs BE L D
MICHEAEBERIMEREINTE Y, HU YL (K) Iz, Na bEDERNICEITE 27 L4
(C)BREICHEAXEX 2EERBERNTHHAIBEENTREINTWS, Z I TAMETIL
RICHEITS Na EF LM EFA~D Cs BITOREEA h =X LO@RAZBERE LT, g
FEICBEWTEIZ Na DIERDEICBES T2 HKT @kiAICEB Lz, Y ANFIL—EVI(C
BT 2 HKT X EORES L O insilico BT (1) &, 77U hY X ATILIIEHHE
fax A7z Cs Bk B Ee (B8R 2) Z#FEML. Cs & HKT EkiA & OREME % REE L
7=
[(ER - Z%]
SANFIL—=EVT / LIIT B BLASTP f##iTic & Y. 2 2D HKT &E=F (LaHKT1;1,
L aHKTL;2) ARE SNz REBITORER., IoldY 777U — | IZHFEIN.
Na ZBE—8nXd 2] AR S Nz, 7. CsEXFUEIRE SN TV MHEYRED
HKT (GmHKT1;1 & U 0sHKT1;3) &E&o o L—RICET 52 &hn, Cs EinkeEx
B 5A8EEDE R o7z, BEAIRIEENT TIL, LaHKTL;2 [$7 7 X 2 — R # 3548
BTHINICHREBEL WD L, LaHKTLL ZFICRTELLESHRBEL TW:, 2D
Z e, LaHKTL1 (ZARICH TS Na BL U Cs @XICEAS5T 2B AR EBELE T CTH
EEZLNT, L LA, 77 UhYAHTIIVIREMEEZ B i-EEEFRHE
ICHEWT, LaHKTL;1 (3 Cs EikidE e RS AN -7z, I DFERIL. LaHKT1;1 A'Cs
DEARAPEICBEZERES LWtz "8 5, —A T, RICEHITS Na pEcae
T HRERMIC Cs O BT ZMERICHIHI L CU 28D EZ oD, L7=A > T,
SHRIFEXEEOFHARBE L LIS, ZEREEET A EZ2ERL. LV FFEHICHEERZRZ
EDDBENDH D,

A
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SRR EE S T ASEHAFOENFEICE D CRIERE LIFR
KEED fiZHA : CsMP o4 piBFHA & EhRERRAR

MEARE  FH= B
2AWTIEE Ll E8

HEWTRE - S MR
A A

1. R

1. ¥
2011 £ 3 BICREBE—REEDL L AZMH S N/ BETHEZE IS ITSRERSE Cs 88M
L F(CsMP)A & EFNTWIz, CSMP IE X)L b X VERICIFARTER L. 3 B 13~15 HIC
BA90% D Cs METBEBIE THRHE SN2 &M DD > TWDB, AL, RTAKEER
DREENICEIT S CsMP O mPERETICHE T2 Cs METRT SR, T 512 CsMP @
Rk - ORECISAmZBEONCT 52 L2 BRE L,
2. Fi&
AR TIE, 2011 F 6~7 BICEEINIXERFEY > 7Y v 7 RIS Lz 18R
D5 B, 100 #EmOFEEHIR L T CsMP E27A(QCP iR) # @A L. EHEIcH (175 CsMP
DEF S L OMETET 5 (RF B) D oD CsMP R ZER L7z & 51T,
WSPEEDI 2 & 25414 Cs ASHE S T 2L —> 3 VIEREBAVTEELIC ST 55
" Cs 7I—LOEESZMICOVWTRTZITL., LEEDBFREEGHLETTIL—LFD
CsMP 8% #i5t9 2 & &1 (2. CsMP O KK P ENEE DT % 1T - 72,
3. fER

100 # R 0B Z 97 L 7 FE R, CsMP ofE#s L OaTeER 53X (RF B) 2z h
=&A 52,300 fE/kg BLURA 2% TH Y. RFELSEADAR TEK RFMEEL S ICHD
HEL ) bEL< o7z, CsMP B 1E 134+137Cs ETEE~ v 7 & FBELL TUWW =AY
B BEOEWREFED HILFEARICE W T, BETREDIEINEIH L TR OEMEK (LKL 4
EANE o, RFEHET Lz, INIZIFEARICH T EKAMH Cs DILBEDFENK
TWHTHD, 2001 F3 8 15 HOMEMECs DATIE > T 2L —>a v DOERB L
U Cs LAERBRE QCP 2R EAEHLE D &, 10:00 EICEEA SEAMRICHH L
7= 7 — LIZE&RK 2,030 {8/m3 @ CsMP A%, 13:00 EHICEEA oEER AR L7
TI— LICIFERK 1,348 fE/m3, 22:00 BICRE A AL ARICHT L= 7L — LICIE&®
K 4,639 f@/m3 MNEENFEHESINT, Thh b, TI—LFD CsMP OEEEILH
e EBHICRELEFLTCWEZ ENDH D, £/, 2011 F 3 A 15 H 10:00 EICEREA~
FEL7- CsMP 25880 7L — LOMHEFHEIE 3 A 16 H 3:00 tH L #E S N,



EN
. Aff

4. fEam

X h &y @R TEML 7o CsMP DA - MHEKE®., 7/L—LPOEEE. B8
LECLBERDOD M EEENICHENTT S 2 EICh L., Son/ERIE. Y777
T FRRODERP CsMP ORE-ZRELNMICET 2. L CARALBRICES &E
A oMb,

https://doi.org/10.1016/j.jhazmat.2025.139670
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AKICE T BRE & 137Cs FERE DOREFR DL EMIREE

MRAKE - =
ZAMFEE  At+E BR
i &2
1. R

[(FIRDOER] FANIKFICEFEET 2BFREOBEIEL S 7 L (137Cs) BEIE. —#H&AIIC
NRDEENEE) L 2B ERT ZEMNETHRFICLVALONTWVS, INETHKERE
137Cs DELfREL & DBIRICOWTIE, BAANFICHE T 5 van'tHoff Ik 2BIRHAAIETH
D ENRINTES, T THERREICIE. BEYWESD 137Cs BE L ATFRE 137Cs
BELDOLERT ENTONBEELN L AL LONTWS, ZOHAICLZ2BREIL. B
T7HE 137Cs BEAZEM T 2 XXMM X HZX LD, BEYWE EAKEDBDA #+ > 3THa R
JCTHDEETETDHEDTHD, LHrLAENDL, EROAIIREEZDORG CEHAI N
DABREINEELEH N, RRETCOEARBICL > CTEEMNICERAETH DI HENICD
WTlk, INETHRIBRIENITHONTWEN > 7, RATMRIE. BEHFHETICEITS
BBYME L KOREHRT B LT 137Cs DERFEHMEACRDBEFRZFHMICIRIIL . RED
ANBREICEWTER SN/ATTE 137Cs BEDZEE BELBMIT A L2 BN E

L TEREL 7
FAES LUOERFE] ERICH-TE. BEROBFNIILEREBICHES 2/MERT
RERL 72A)li7k 7z A8 L, &okEple L TRW ., BBEYMEIC DL TIE, 2022 FIZHER
SNFEEBLOBROEEL. 2023 FICEIRESN/-FBR OFKESE L OHAKEORE D
HAEEERARE L, RBICHB T 2FKBEOBREBNERED 0.5~5mg/L THD I L&
FA,ARABRUETIELYBEARSZRZAD-OBEWEERES 10mg/L ISFRE L7
INL0EETES L, RRORBOKEZEEHHEICEHE T/ 5°C. 20°C, 30°COZEM
DERERICE T 48 BFEHEEET o7z, ZDH. FLE0LSuM D7 4 IILXEZRAWNTA
BL. 80°CHh D IO°CTEEEMEITO L TCREBEICHBIIINEFREEER LT, B
NT=DEHRE L BITEE OBMR%E van't Hoff SISEA L. B onmatlslotEs L H
b, ZERHIBITPEERIST VANV E—ZUBLTEERIST Y bAE—ZEZEH L

7=

[(ERERBLURANENER] ZERNEAHABROBR. BERIGT Y ZILE—ZLILER
BYERRC L > TEEFADH Y, -6.2~-12.2k)/mol DEFEZRL 1z, —F. BERET
PO E—-Z T o ZRWIEETH 59.6~69.6)/mol K & WILLL 7={EZRT
R ST, INODOERLY, FTXEHRHIFXAF-ZIIBICEADEL R D20,
FBMEA~D 137Cs ORBERIGH B EITT B Z R INT, £7- BERLT VR
WE—ZAARB T EICER DR E A -T2 & 13 BBEYE ORI 5 0 E A
HICE->TELD2ZEAFTF O LERBL TV, b, BERIGTY FAE—Z{H L
ITNHIAVMEZRLI-RUSDOWTIE, Cs TRARICKMBARBES 5 & L5 RISOIRAR



BRADZZALHWEHBETHBL VWA EATRBLTWS,

(BRBEHARER L ORBES L OCERDT] LR TEONEREAGRBOBR L. BF
DIRGER T — 2 2 LB LR, WSS T - ICEOVWTEHINZERIGT VX
LE—=ZAblE, -18.2~-50.3k)/mol £ - THEY ., INHIFVWTHOERESHBROGER
FYELEBHLOMNICKEWETH o7z, TN EEOHE)IIRIEICE T2 A87FRE 137Cs BED
ZEEN. ERNAROZLHRELY LELLKRKZTVWIEZEBHKRLTWS, T I THEAF
CRBOEORD DEEXRII LT A, Cs L OFRAUERTIEERBA 4> TH S K+
BEIIAEEEE LT 1.9 EREOEZHHIERAINIZ LH AT 137Cs BEDE
HZHREIBIRT 2—2DBRTHZ ZEMNREEINT, — A NHAHEEIZ 1 EM%E@EL
T Immol/LEKETHY ., Cs DA F U IADBFEIRTENERS>ND, £/, BERD
DEELE)LTEE Tld7 < KHEAE 137Cs DEEE A PERUEBRBYE ORI AL, EH &
NTBNFNRT A -2 EOMICHEEREBEZ RS AL -7, INHLOBRIL, BEYERX
HO7LAFTy YA MDEREELSTLTEAL TWAWREICHE ZEE2RLTO
%o

(5] AAEMRICEITI2RBHERE L OBRMERNT — 2 L OB, 5. BEY
BeoAFrinid. mICE T 287508 137Cs BERROXEN A7 At X Tk
BN EPTRENTZ, FLERECHERINIBMENLRRICEEH O A TIE, EBRORE
RIBICE T2 RBREEZHAHET S 2 L IIRAETHE, LA >T, B
BREBICHEWTIE, AT 137Cs OEREZHZEAIE I RAMOREFAA # > RIS
BUCTEE L CWAEBEMD B B,

. G

Tsuji, H., Nishikiori, T., Ito, S., Ozaki, H., Watanabe, M., Sakai, M., Watanabe, M., Hayashi, S.
(2025). Response of 137Cs dynamics in dam lakes to temperature and weather conditions.
Environmental Pollution, 378, 126445.
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W EBN ICBRE S 2 IR MA DL FEREA - RIGLIARLL DR
K4 5H FER
ZAMRE UE B

BRFPICEENIEBRUEDE L. WEETBZAZ LTERAL N —H—TH
%, Ic. EOEROHCHERE L., BHIEEDL S BRMMIICHRRIEDOTFEDHE
REIN, TNHPHERERE CBEICEEL WA I EAREINTWS, £/HF, BT
EBrBERTE L THENICEREL TV A REMNEEINTW S, AR TIEHEPEE
MAODBHLTWS EEZXONDNMPREBICH 28R - SLRKFOERME TR L ©HIH
MAOBZZIBE L, WRREE & ORRZIERT 2 2 & 2ilAhr, AMIZFEEBEARIME R
L 7=FRBEZT R L. B - /\RE&ERZEIC, LRlIEAR, BAlEATF LD T o s,
FIfF — /\RIBERR & £ DILFICTFITT 2 K0 — RRABERIL. PRESHE,Mro&ERL. £
DOIBAIIFEENEEZRL, LEHEH->TWDS, ZOLEEDILEIE, Wil —FLEE
ERT. ZOMOBEEF -BRMETE L. ZLOWMBYEBERENTFELTWS
ZOHEESOEBOREERZLTORRTCERMICENT 2512, i@%%@%ﬁﬂ@ﬁ(

DEFEFR TRREAE L OHHEA R ZREL 72, BRENET ORRKDICERDEE
¥ 100mg/ ¢ <. FEAF . Ca—HCO3 &X> Mg—-HCO3 & T/r& ﬂ%ttﬁﬁéﬂ/‘]bw
BEDORWHTKTH -7z, —ARXDEHFETTIEMN 308/ TEEAF M
Ca—S04 B*> Na-—Cl ﬂ@t@)deli}m%)P,ﬁﬂ(C%&bﬂ%ck’)&%ﬂﬁk’&n’\?’m%b‘
272,

RIRKDESR - KBRMAEL L, RAKREL Y bBRRRALMLAELEAESWMEZTL
EBMALEZEICERLIZREDOREDEEEZITTWD, [(EARFOHFNR, B, }_3:'?
DRI DBIERERA 5. ¥~ PILERBEDOANY 7 LA 66~T5%EEL TW5 Z &HHH
LNER ST, TDANY T LRGALLDRERIZ. BR ERRDRMUAFLLORER & L AR
THhbd, TNZTNOEFKEDEORMELEDERIZ. WAV THY ., REHr o LR
THOMEREDOFEELTREL TV, TNHDRROEIICIE,. BEEEN D ALAE
BRKDBED 3°CUTTHB I Ehn, KILTEEICEEL TORBRAEDOHE TH S &
FEZEEN Ehn, BBCRBERE EOHRBOREBICOBNIBHEE L TOHEELE X
LD, BREDEDORMALLDIERN O, HRREIFELL O EF L TWDE Z EHARE



SNTe ZOZEIIHMBOL D BRBRANMFEL TVWEZLEZTRLTEY ., ZORBNE
LIFHRFEE=R ) 7 & L TOFRMVARFTE %, 5% IE MENISAES 5 2 £ T
ZOEEBCH T REBMEDRERA W= RLOEPERAAD, /2. O LD RIECEE
BRTOFREOEE 3, BLZKERE LTTIRAL, ZOFRECENEEZOREED
MEERICHFEL, MR - BBEVSTTHBATORNFEZICHEET LI ehn, #
BEDRECT I b7 REVWST-HREEBIOE=X U VI H R I NS,

=A
. Aff

Kagoshima, T., Sano, Y., Takahata, N., Kawamoto, Y., Shibata, T., Li, Y., Morishita, T.,
Hiramatsu, Y. & Nakajima, J. (2025) Helium isotope anomaly in groundwater prior to the

2024 Noto Peninsula earthquake. Nature Communications. 16, 1, 10414.
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Simulation of anthropogenic tritium discharge into the ocean due
treated water release from the Fukushima Daiichi Nuclear Power
Plant
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Since the beginning of the discharge of water treated by Advanced Liquid Processing
System (ALPS) in August 2023, tritium concentrations in seawater and aquatic
ecosystems near the Fukushima Daiichi Nuclear Power Plant (FDNPP) site are
continuously monitored and disseminated publicly. It is essential to assess the long-
term safety threshold of ALPS-treated water discharge procedure in terms of tritium
concentration in coastal areas of Japan and the Pacific Ocean. However, there was no
global oceanic simulation with anthropogenic tritium concentration using a realistic
discharge scenario and, by extension, no projection of tritium concentration at Pacific
Ocean scale that accounts for the impact of current global warming on, for example, the
Kuroshio current, which is one the main ocean current near Japan. Therefore, the
purpose of our ERAN project P-25-22 was to investigate the tritium radionuclide
movement released from the FNDPP site in the ALPS-treated water discharge.

For that, we used the ocean General Circulation Model (OGCM) COCOQ4.9 to examine
for the first time the influence of climate conditions and horizontal resolutions on the
spatial and temporal distributions of anthropogenic tritium released from the FDNPP
site into the ocean. Compared to previous studies, we utilized a Tokyo Electric Power
Company (TEPCO) release scenario as input to an OGCM to simulate the contribution
of this anthropogenic tritium signal to tritium concentrations in the ocean. Moreover, for
the first time, the projected tritium concentrations for the entire 21st century was
modeled at global scale, considering the impact of global warming and horizontal
resolution. These two aspects have an influence of the ocean velocities and the
representation of the Kuroshio current, which are the main controllers of the spatial and
temporal distribution of passive tracers such as tritium in the ocean. Under the SSP5-
8.5 climate scenario, the shifting of the Kuroshio extension northward and the
associated enhanced eastward transport affect the temporal variability of the tritium
signal, without significantly changing the tritium concentration values (which remain
very low). The high-resolution experiment (0.25° instead of 1° horizontal resolution)

allowed to represent more accurately the mesoscale eddies. At such resolution, the



Kuroshio current and its extension are narrower and stronger, and the transport of
tritium is strengthened, allowing it to reach the western US or the Asian coast from the
release point in a shorter time. However, except near the FDNPP discharge site, tritium
concentration values are only slightly affected by the horizontal resolution, showing that
the long-term tritium concentration threshold is not exceeded with the currently
planned treated water release.

This study has been presented at several international conferences such as EGU, and
an invited talk was given at the Japan Geosciences Union in May 2024. This work has
been published in the Marine Pollution Bulletin journal, and a press release is available
at https://www.iis.u-tokyo.ac.jp/ja/news/4809/.

Cauquoin et al. (2025). Ocean general circulation model simulations of anthropogenic
tritium releases from the Fukushima Daiichi Nuclear Power Plant site, Mar. Pollut. Bull.,
https://doi.org/10.1016/j.marpolbul.2025.118294.

Cauquoin et al.: Simulation of anthropogenic tritium discharge into the ocean from the
Fukushima Daiichi Nuclear Power Plant, oral, EGU 2025, Vienna (Austria), April 2025.
Cauquoin et al.: Simulation of anthropogenic tritium discharge into the ocean from the
Fukushima Daiichi Nuclear Power Plant, poster, 11th Annual Symposium of the Institute
of Environmental Radioactivity, Fukushima (Japan), March 2025.

Cauquoin et al.: Simulation of tritium releases into the ocean from the Fukushima
Daiichi Nuclear Power Plant, invited talk, JoGU 2024, Chiba (Japan), May 2024.
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Nuclear Power Plant site, Mar. Pollut. Bull., 220, 118294,
https://doi.org/10.1016/j.marpolbul.2025.118294.



1.

DES

P-25-23
FT—IR ZAW/-E RSt 7 AFHET VORR

WEARE | ERR B
RAWIRE T EE
HEWIRE  BR =88
Al A
aH M

1.12C&®IC

[RFAFEBFROFBIC L VIRERARE SNG4 > 7 L (137Cs) 1 HEHEI A 30
FE R EP~NORBOLBT - EENBEINTWS, BY~D 137Cs B Y X7 DFF
flcHEWTld, TP D 137Cs (Ex137Cs)BENEERIBETH D Z LARINT WD,
LA L.Ex137Cs OMTICIEREE X b2 2T 270, EFHBE CORELN KR IN TV S,
FARNRD K2R (MIRS) I T EDO LA TR L RRICHEE TE L2 FRE L THES
NnTHY, Ex 137Cs OFHAE~DISABEARFF I NS, 137Cs IFTEAROEHERTIE R
W7z, Ex137Cs EEZR¥E L /=% 137Cs(Total 137Cs) BT IKIEFET b, £ D18,
Total 137Cs (X495 Ex 137Cs ®E|A(Ex 137Cs/Total 137Cs)l%. HIEDLZHIEFIE %S
KRG HIEEE Y 5 5, £ ZTAMETIE, MIRs ZFWTEEH D Ex 137Cs/Total
137Cs FRIET L BEL . FABEORIIZ BN E LTz,
2. Ak

2016 E£~2020 F£ICBEEATHINI N7z 839 mo HESEHC DL T, Ex 137Cs/Total
137Cs DIEZEMKER S L VEFBOE=-2Y v /T —2h BB L1, £7-. FA—
HBZAWT MIRs ICLB 27 FILAIEZERIEL 72(n=4), §OoNT-AXT bILT—&
% SiBRZ . Ex 137Cs/Total 137Cs = HMIZ# & L THH &P ZFEEF(PLSR)ICK 2 F
BETIVEBEL, T—F 1ty FOREKD 65%% ET/EERM. 10%% 7 LAER.
25%% ML LI=T A MBT —RELTee BELEETLERAVWTCT AT —X%EFAIL,
REBRBR)B LV ZEFHFARBERMSE)Z2BHT 22 & TETIVEEZM L 72,
InIC, TBXATMCDBELIZT 22y b THRBROFETETIIVEBES L UM%
To7=,
3. BREER

BRI RTCOAZT -2ty e LiHBE BRELAEETLDOT AT —RICHTT
5 FRBE L, R2=0.57, RMSE=0.12 TH > 7z, —H. TEEXA FIIHFELTETILZE
KL ZA BXRI7ETR2=0.75,RMSE=0.14 £ %2 1) . FRBEDE ENRD HNT-,
VIP (Variable Importance on projection)f#TiIC & W) ZEXA Y PILEROFA~NDEFEESE
HEME L& A, TEFOMIEYS L OEEYICHEET 2 EREENFRAETLICE

FELTVWDLZENREINT, BFICERI LTINS DOEBEROTSEH b0 L1E



2. &

BN
nff

RATEHBRLTEL, BRIV LB OMIHERS L UOBEERYRIED Ex 137Cs/Total
137Cs DT ICHF W THEER LICH S L - AIgEARR I N7,

4. Fe

AR TIE. MIRs & PLSR #1125 Z & T, Ex137Cs/Total 137Cs Z{RERD DT % &
DHALRICHTE TE 2 RIREMAITRRE NI, — T, RAMNBIRZEE L BHEICIE.
IoLLFAREOREAROOND, TD/H, IR CEEYEIE & W > 7o TR
MeZRLIBNFEERTTLIETTFHETIVOREZRDZRELNH D, KFEE
BEELS T LOBITUR7FHEICH TR ELR ) -2 FFEE L TDERHIE
FENd,



P-25-24

The development of CR-39-based alpha spectrometer
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CR-39, a solid-state nuclear track detector (SSNTD), provides a highly sensitive and
reliable tool for alpha particle measurement by recording latent tracks that become
visible after chemical etching. A significant challenge in utilizing CR-39 for alpha
spectrometry is the accurate determination of particle energy. This difficulty arises from
the complex correlation between track morphology (size and shape) and the incident
energy, which is further influenced by etching conditions, detector uniformity, and the
angle of incidence. Consequently, precise calibration under strictly controlled
experimental conditions is essential. By synergizing standardized irradiation
experiments with an advanced Deep Neural Network (DNN)-assisted analysis
framework, this study aims to transition CR-39 from a conventional passive particle
counter into a high-precision alpha spectrometer.

In this research, a precise energy gradient ranging from 0.66 MeV to 7.69 MeV was
established using 214Po and 241Am sources coupled with aluminum foil filters. To
ensure consistent detector response, chemical etching conditions were rigorously
controlled. The CR-39 chips were processed using high-speed automated optical
microscopy. Given the massive volume of tracks requiring detailed morphological
analysis, an automated system is indispensable to eliminate human error and enhance
throughput. To enhance analysis efficiency and mitigate human error, a customized
DNN-assisted track analysis system was implemented. This system leverages a
ResNet-101 backbone for robust feature extraction. Specifically, the anchor sizes within
the detection framework were reconfigured to better match the high-aspect-ratio
morphology of etched tracks, ensuring precise capture of tracks from various incident
angles. This optimized architecture allows for high-fidelity segmentation and elliptical
fitting of massive track datasets, providing a robust and automated foundation for high-
precision energy reconstruction.

i

J. Hu, S. Kodaira, The development of a DNN-assisted track analysis system for CR-39-
based space radiation dosimetry, Radiation Measurements, 190, 107565, 2026.
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J. Hu, C. Kranrod, R. Pradana, S. Musikawan, Y. Omori, M. Hosoda, S. Kodaira, S.
Tokonami. Evaluation of stochastic method on track density analysis for passive radon
measurement. Applied Radiation Isotopes, 225, 111998, 2025.
https://doi.org/10.1016/j.apradis0.2025.111998
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NTEEAESCARYCTWEELH D, ZEO—HEARIIT 5729, FITEEDHtEh



ERABRLTHELIEZA, 2T —2D 97% AARTEEDLESHEAICINE 7z, =
DOEVW—HEIZ, BYALrLONMEEN’RHEAZMbLT —ETHLILaRLTEY ., BEX
EZRARRT DL E ERICIRATWD Z EAETF I NI,

2-4. %5

AFFTICE Y RIFEZOHRE= X IEREBICHI-VATRFDO T NV EELE %R TIE
HICIBIETE 5 2 &P HERINT, BERMEPFDO—EDF 7ty MEZERET S Z & T,
BAZ FVREOEENAHLE 2 EEMNICEERGETH S, 2EOHEIE=XT—4%E
3452 &T, MBERITRRD X H = X LEEPFCKEERICAIT 8AEOMILICKE <
BE5ET L ENHIFEIND,

=
2. i
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BFEEMICE T DN RE X —HROBEN

MRARERE : BS KR
RAMRE =8 B

PR

=A
nff

BEL:S)

TSR E 7= > TLARWRZICE LT, BEHRABE I Nzh D &£ 5 4RI (DNA 845,
FLBEHREE, THRM=—YRBE) B ERIINIZBRENARZVZ—=REVS, &
NETOMEL S, b PUNDEYBE TR RZ Y Z—HWBOREIZD L "M 2RV
A —NRITEC ERFINTLEDENITEAE > EY L TWARL, INE TOEL O
Ik >T, BEHREBH L7414 b~Ft k7 (Patiria pectinifera) SIDEIE B/K % FEIG
SOIICINZT 24 BREABET 5 &, N XX X—3R (OI0fHias) MelEkezsh
%5z & HHEZ L7 (Chiba et al, Rad. Res.,2025), ZDfEREHI B, N4 XX v X —3hRIL
FRMRED D SEMRRIFINTWDEZEAEZLNEH, LA L. ZOMENEERM
ICBWTREINENIITBTH 5,

Z ZCAMETIE, BEHEEBE L7c4 b~F b FTIROABBKEBKE (/Lo <
/ 2 Amphiprion ocellaris) BBEB/KFICMNZ 22 & T, REBETONA ZZ Vv X —3R
WNBEEINIDIEDERT LTz, FT. ho Lo~/ 2ICET5 DNA EBEZBITT 57-
HOEBRETE LT, ho Lo~/ JITHEHRE 2Gy BE L7-t. 24 BEERICH 1T 268
HHf B K MRS B 1 2 INVERBRORET 21T > 72, 7=, 2Gy OIRETHRIBE L /=4
b~F b b TIOREEKE BKERATEKICINZ, 24 BEAIL I~/ IZHAB LT
DB OERERS L O MK ICH 1T 2 VIR Z 1TV EREEYOEGREICE T 5/34
AR X —NRBFEOAREMZIRETL 7=,

MR & ER

WEHRIEBFDO A7 Lo~/ T LB L T (0.0067+0.0058,n=3). 2Gy BHfEn7=7h
7L</ I0MICBVWTHIMZOEENERICER L Tz (0.056£0.012,n=3), —4
T. BEHRERE O b TIOREBEBKEHI LI~/ I LEZBEICH, B OE
ErERICEREL T (0.089+0.037, n=3), MEHREST (2Gy) Dt r FIRDEF B
Zho L=/ IR LIZBRIZ, BUNVZOSBEEIIRGTRIERF LY ITBERICER T 25
MEHRIERBSF O S TINOABEBKEZNEL7-HEL ) BMIROBEED LRIZR SN
mh -7z (0.018+£0.0069, n=4), AFER (L, NA ZEX VX —BICL > TENT D EE X
TWSBHREOMINZZ ISR S ETWD 2 ehn, ho Lo~/ JHEMEIZE H 75D
DEBBAKZTNEERD OBEELEEZITTVWDEIEAEZ LN, M OBEHREBEICL > T
E T OREINZBEEENEIERL TWBATERUEDDH 5,

&L
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7AaE—2—5EEICE TS DNA X FIL{LIREE D EFH

MIEEAERE : 7H &%
RAMRE =8 BE

LA —2
HEETRE L FE

1. R

RBEF—RAEHLE, EREBIHR ORI IL AR MRANEZ 2 EEIL. &Y
FH - 2RISR CTEELRBRBEL R > TV 5, BIRERFHENETERICS X % BENA
EAA=TJIZOWTIEZ L OHMENH 5 —H, BEREXRDEBMEREIE A E’fﬁ%ﬁﬁ’ﬂd)/\?%%%\
FICTES 227 4 v 7 BHIERICKIFTHEICOVWTEREAL SN Z L, KR T
T LEERD DNA X FIALR R — 2 ZERFd 272 IR ARG EBEHR TH % Dnmtl c:%
B L7, BMERBIICL > THEICHE TS Dnmtl OBEETFHERS L 0% OB TH
Z27AF—R—DAFIUEREICED LS BEZ BT HZRONICTHZEEE
& L=,
FRITICIE, 2023 F£E D ERAN HFEMFEICT, MEBRBHBEL OV TU V%7577
T ADEREER L, ERHE. BREXIEMRSEE (LD 0.076 mGy/min). HLUH
REXRZMEREEE (HD : 0.65Gy/min) OB BETZ1To7-, b, BEEOKEEL4
Gy TH5, BEABH, SHHE L7 RNA LU DNA ZFH L, Dnmtl @ mRNA RIBE%
FEHR PCR (qPCR) IC&k VT L7z 512, Dnmtl BEFO7AE—%—%85 (-0.5
kb, —0.6 kb, —1.7 kb ® 3 &EFF) ICHF2 DNA X FIALBEEAEHT 5720, A FIL
L B2 HIBRE S Hha | 2 UL 7z MSRE-qPCR =% £/ L 7=,
ZDfER. LDEICHE W T, Dnmtl OBEGFHRIREN I FA—LEF B L TERITH
SLTWBZENYIRR L., 7RAE—X—BEHD X FILETICE W TIE, LD B -1.7
kb fHEDMEH TA FIMLEDOERR EZAVRBOONT, CTOREDEBICEHEITZ A FIL
ftL~n EFIE, 8RNz Dnmtl BEFOXRRIH cBaDEBEZRLTEY, 7R
tT—% —Aﬁiﬁzo)x FIALLGLEIFH ZFE L TUL 2 AN TR I N/,
AFEICLY | ERERBETROBHRBRFI’BRICE TS Dnmtl OFRBHEHZEELT 2
T EMNTRE NI, Dnmtl (ZHEDEBDO XA FIAL/Z—> OERKEAIE—%85 729
ZDHBETIELT / L2EDO A FIACHETFORRER B E, RiFAABESINZ T ED
TAT AV VBROERZRIERIT IR EZREATLS
2023 E£E D ERAN HEMEDOBETIE, LD ICH LT Dnmt3A DBEFHIB OB A He
REINTWDE, ZD=H . DmtBA D7 OE—X — B ABETE2FECTH D, ULL Y.
TR 1L < IS & BETEME~DFE X H Z X LD RBEIHFSND,



A

. AM

1. Annaka K, Tokita S, Shibata J, Fukuda R, lkema H, Nakata A, Miura T, Yamashiro H
(2026). Seasonal switches in testicular gene programs underlie spermatogenic
plasticity in the large Japanese field mouse (Apodemus speciosus), Theriogenology Wild
8, pp. 100147.

2. Miyajima K, Daikuhara H, Shibata J, Annaka K, |lkema H, Tanaka S, Sugiyama T,
Nakata A, Miura T, Yamashiro H (2025

). Shortened non-breeding period and extended reproductive activity in male wild mice
during a context of increased temperature, Mammalia, pp.

3. Yonekura S, Hasegawa C, Ochi S, Kinoshita Y, Shibata J, Kobayashi M, lkema H,
Nakata A, Miura T, Yamashiro H (2025). Effects of reversine and proTAME treatment on
chromosome segregation during mouse oocyte maturation, Zygote 33(4), pp. 195-202.
4. Goh Valerie Swee T, Anderson D, Fujishima Y, Nakayama R, Tran T-M, Takebayashi
K, Abe Y, Kasai K, Ariyoshi K, Nakata A, Yoshida Mitsuaki A, Miura T (2025). Cytogenetic
Biodosimetry in Radiation Emergency Medicine: 6. Cytokinesis-block Micronucleus
Assay and Its Role in Biodosimetry, Radiation Environment and Medicine 14(1), pp. 17-
36.
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AV F F77MOEBRABGFHRHIRICE TS 7 22 X I OB FRREEF
i

I sRE - L FE
RAMRE =8 BE
HEWIRE - PH T

1. R

= EARSIRREIL., BRERIIROEYTE L XRIET Tl 2 L CEE LMY
RTHD, KARTIE, 1V R - =5 FMF v 7 75 OEEARRE RS (HBRA) (2
£ 29 %EH4E Rattusrattus ZXRIC, BFHEROBEBFNBEL LD FREEZREITL
7o
F v 7 SO ZERHEERIL 0.09~16.5 uSv/h (F¥51.7 uSv/h) THY ., EHEHRE
1347 15 mSv LHEEFE I N, —H. XWEBH# LA TIL 0.05~0.14 uSv/h (F50.1 uSv/h,
FMR 0.9 mSv) THo7o, EEABOBENTICLY . HBRAGKTI i**%ﬁﬂ%%iﬁ?ﬁ“ﬁﬂ C
RI-n, ERLEBFEADER INT, BTFEMRBOEERTICEVLTHEMAE!
HONEM o7, TR b= ZMEIE HBRA R TH AR BELREEN TH > 7=, if:\
AZAN FE(2 LY FEJF’;%%EHC IO ONED -7z, PCNA RERNEERENT TIL, DS
JEEMICEHBEEIIRD SNA D o7, qPCR BT T, BERIEEEET Lspl LW
Ptprk ORI ‘E%T% B HNT, HBRABTRED LFHEANA AN DD, BAHE
RIERFE LRI N AN 5 7,
UEDIERAI O, AR THRE LEZERHEICE VLT, @ BARGHRRE T COEMEK
REREE L. BE R rattus OB FEMRS L ERL 720 FBEICH L TREATEELREE
ERIFEBW EANREBEINT, 7272 L. AARITEBZNS L CREN LS FIRIZICE
DLCHDTHY ., EIBEEEZT DD DIFFHEHL TWAa L, L7z > T, MillaosFELLCR
HMZEORBEMEIIEE TE AL, 5&IE. L YKRRRELY >V 7L E L OSFEND FRENT
ZAWRENDETH B,

2. &
Kinoshita Y, Shibata J, Annaka K, Ikema H, Goto J, Sasidharan K, Kumar MS, Madhavan
A, Ravinesh R, Hatha AM, Nakata A, Toshihiko S, Shinoda H, Palmerini MG, Zaccardi S,
Cocciolone D, Macchiarelli G, Abe M, Fukumoto M, Miura T, Yamashiro H. Chronic low-
dose natural radiation exposure and testicular response in Wild Rattus rattus from high

background radiation areas in Kerala, India. Journal of Environmental Biology (R2).
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FARIRARIT THRIX S N7 Rk ORI AHERIL F R4

MEREE  EH B

ZAMRE  RE mE
TyR—=Yy F/Trv
HEARE  FE XF, =6 &
el #E¥

James William Stephenson

. Chuenbubpar Darunwan

. R

BEHRBAAITIE. BERRAOREHIERE L TSN T WS, 2024/2025 £FI2IEFICL D
KELT-UO-UOHREL, BRESTORERE :L%Q%E’\]tﬁﬁﬂﬁ frhhTtnd, —H. %
DA FRHRILRBAD X £ TH %, AARTIE. FHRELFINICE T 5 K /FES D REAL
FEHIRCZRREEZR oA ICT 5 2 &2 BRI %ﬁuj(?—):'t BEWTARBEKZEIL,
bUF UL KEBRRTERUALFEDODT 21T > 7
AL 723 8HE pH B L OBREEE(EC)ZRE L%, ZB L. BR LRSS FE
BEEMmEES (XZ001, Tripure, T/ 7) ZAWVWTEMRWEA1T->7-, B IZEEX
BAEITL, SR E&REY v F L —4% (UltimaGold LLT, Revity) # 50 ml ¥ 2;B& L. 1
BERRESEMCHELER. BNy 770y FREA Y FL—avhv & (LSC-
LB5, 7AA) ZMAWLT 1000 DBIE % 1T o7, 7z, BEPKO—EZX T LT 41L&
(DISMIC 25CS045AS, ADVANTEC) TA8 L. A AV EDBEIFAF>rsa~x oo 7
1 DirEEE (930 Compact IC Flex, Eco IC, Metrohm) %, k& - BERLERINIAEL I
7}<§EHTMZ!S§3\TEE+ (L2130-I, Picaro) Z#RAWTHHT L 7=
2018 A o 2023 FDALRTICH T BFEKF MY F 7 LOREEFEIL 0.29-1.99 Bq/L DEEH
T. Fg (£S.D.) 1£0.61+0.29Bqg/L TH -7z, 2018 A5 2023 FF TORFEDF
B=EIX. £ 052, 0.67. 0.62, 0.56, 0.79, 0.49Bq/L TH Y. 2022 EA LN
WEMIZH > 7co KRBRRLZERLAELIE. HEEDPOMEICHITTEE B L Z Meteoric
Water line fHiT(C9H7 L. SRR LLBE 2 2ERAIZ R LT
SHRHAEIMICHE TS AfEKRAEZMRE L. TORFEZBONICT H L& H T, fthitsig
& DLBIRET 2R L 72U,

=A
i

JbiiiER¥, 2£MEE, Khemruthai Kheamsiri, f8HIZ DA, BHRME, LHRFE, EREZE, &R
B2, BESE, SR, XFFHM, EHNEK, AHERE: 5858 Y #higics17% ALPS
IIBACEERM EFIR O BEEAR Y F LOERE. HibDE & £5F, 40, 21-25 (2025)
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“HEBRERAWICERNBSERET =2 ) ¥ S FEOMHIL

MIEARERE  ER RRT
ZAWRE  HE B
HEWERE  BHF EXH
il IER

2011 FICRELA-EEBEEF—RESTLHICL > THRESINHEMEREIZ. BREDLERE
RIZEBLTWAEH0D, ZOEZR) v OBERBGREICIIENAHZ, ZDREBES
RS D7, EYEEBEZANAL-BRNREBE XU VI ENEEIOND, FFIC

Sr-90 IFABAUDNS K KEH LY T LATERINS BRICIRYAFEFN T WEEZF L.
¥ﬁ%%2&m$t§m:tﬁb\%W%ﬁﬁﬁﬁ@ﬁfﬂ Wl T —XRZEHEBED
BIICET 2REENH D, AR TIE. ZHEBRTOREE - ZEA MO VYF T LE

EziERe LT &%ﬁ@ﬁ%@ﬁ@@@b%@xﬁéiﬁwﬁi%ﬁmttfmé
FEFEE £ TIC, AABIRFICBVWTRKEZMBETHEZ H T2 HA4D Sr-90 D%,
BRAFARKUBFHARAICEVWTERORKRERER & 4 2BRRARE RO ZE
MEL. Sr-90 BEZBLRAREEOXISEROMBEIPAZ AL, ZOBR. DITHRERKIC
BWTIE, Boh oMEERICH 7z Sr-90 BE ICHBEABRENEE/ (X — v iFRBoonah
o7z, 7o, BRELETERNMELOBERL O, BXERORRRENEL . FEDBEENT
DICHERTETCWARWI EPBELNER STz, INHLDOERIZ, Sr-90 BFEDETTICIE
FVEVWKHBRGEZE T 5588 LU FLOERA’RETHEL 2B L TWL
%o
INzBEZR, SEEEIMALOMEN E SRESNTOERRZEME LT, TIMS 0
FRICmT 72 RET 5 L CFIVEF L0 EEZ T o7, TIMS AIEICHEITH 74T X b
%#%%ENEX—&wﬁﬁ%imbtoit\%%ﬁﬁﬁﬁimﬁﬁﬁb R R IRE D
RWEEREEDER S L CREEAREZ TV, MENNICE L&y FOBEZED T,
INOLOERYEARICEY RIETIIREETH > 7= HUNBIRICE 1T D Sr-90 DO RIR(IC
B BB RE SNz, 5%IE. BILLT TIMS D&t 2 An =R ~0EHA % &
HbHEEDHIT, BRE ﬂﬁﬁ»m?t DIRBEDIT & RERMNIALL T — & & DI BN % 1T
5 Z&T, BWERD Sr-90 BEZBOETAY BIET,

=A
2. i
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GRS A R T = S RIE ISR 7-1R2E 8 25 0 5 5Tl

MEAERE - 5l BR
RAWMIRE | K& BE
HEEIRE | RE R

DS

BRBEMEH RD T K> (Rn-222) &% OFHEEIEI—MAROBIHRFIE OKRER
BZRTH D, HEDT7 FVBEEDHE=—XDEE Y 0—FhH, ENTIEI—RIZELRE L
L7ERED ML —HEU T A ERAEBINTELT, BN THEENIEL S ZBRT S
IR TH 5, METHEIZEDRST - IG5 175 B ERREN EERNEREHRAT
(LUF. E#HD £, Rn-222 02ERKZ B L. BUBHESEH ZXD—D>TH 5 Kr-85
DIZEL L TRBEEN H 2 K IHEALLFIEEE (Length Compensated Proportional
Counter, LCPC) @ Rn-222 ~D@EARIEEM IC D WTIRET 21T - 72o AW TIE. LCPC I
& 3 Rn-222 OB TR % BN ETEHF (PTB(Physikalisch-Technische Bundesanstalt))
L —H7LGRBRABHAEONERERE LR L, TORER, MEDAEEILH 5%D
ET—H LT, ZOfERIZ. LCPC ' Rn-222 DRIEICH L CHBEAAGETH B L& T
Y3, SRITHNERFORBILEIEN D L EHIT. TELASPATEL v P OFHIEEITL,
BEFEBLUBEOSELZBET,

F 7o, WBIEHEELI BB T 25T H 2 1E P-10 # R (Ar 90%. CH4 10%) TH %'
MENREBRIZTRDH AT ZRXIFIEERHFD RN-222 BEABET S EBEESNS -
W, P-10 # & - WH@@ﬁTWEbT%& SABHBELHPNB L L THVWAIREASR
ZIRET LT, BEHEAEA AN ZROBEDBIABRAEDOL AR XI5 P-10 HX
DI/BEDL AR 2% LT — &;%oufﬁﬁﬁéiﬁiﬁﬁbto%%Lt%%ti
Y ERDOL RRY REIEEENIC 0.756 LROoNTz, SEMDFEE DO S
DFHEE TV, FEROL ZR Y R LD E@EME % THET 5,

S HIT, MHFMEEARD Ar-41 ICOWCTIRERKEZ BIE L. BABHE AV RE
W%”%Lfﬁﬁttoﬁﬁwti Rn-222 oiHE ERERIC, B EREFEIC L 5 P-10
HAROZELIDIZED L AR Rt AFHES 2720, ¥R (1 2 K5E) O Ar-41 % 8
Y5720 :ﬁt@ﬂiﬁ%%%%ttovzﬁyxkua%OiQWSw:Dtﬁﬁé
Ntz TOEIFBEFERVOBEEFEFEICL >TRO SN L AR R ETHED S DEH
NT—HL., EANLGBEICBVWTFEOZEMZHERT DN TEL,

aff
R. Furukawa, T. Yamada, H. Yashima, H. Harano, Y. Sato, T. Matsumoto, M. Shimizu, Y.
Omori, Y. Soeta, R. Nagata, H. Murata, S. Otsuka, R. Ichikawa, S. Manabe, C. Shimodan,

R. Smith, S. Tokonami, Evaluating the response ratio of an ionization chamber filled with



air to that with P-10 gas for 41Ar calibration, Applied Radiation and Isotopes, Volume
226, 2025, 112211, ISSN 0969-8043, https://doi.org/10.1016/j.apradiso.2025.112211.
Furukawa, R., Miura, T., Hachinohe, M. et al. Long-term annual proficiency testing in
Fukushima for quality control of activity measurement using gamma-ray spectrometry.
J Radioanal Nucl Chem (2026). https://doi.org/10.1007/s10967-025-10674-2
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ARFPD Y F9 LRERE L Z OLFRER

HrZesERE - B 48
RAWTRE A i

[BEW]: RARED MU F 7 LMK, FICFEBERZEL L TREBEBTERI N, B
MIE L INTHTO &AW XIRBOKBERICERY AEFNS[1], ABEETIE. RFH
R EM D EITKDICFHETHRHIND, ZD7H, MACHEIIIK, B KESKE
EHRMHTO) R E L1z b U F U LBEAENILLThNTWE,—H T AR T,
U F 7 LAKETIK(HTO), HFIRHT), RALKFRK(FEIC CHI3T) THET %, Iho
ZALEREERICFRIRIE L 72 8AIGIE D 70 < . BILFEFEBDERELRLE ERBEBRR RN H
%, BIZIE, LFERREOEBRAKER TIL. HFRCRIAFRD Y F 7 LAE LS EE
ZBEITHIENHLNTWS[2]H, ZTOERIZBASL TRV, KR TIL, Z2EFHHERS
NTWBRTIFDKEH2, FFEEFRE: £ 2 F)° A 2 v (CHA, HBFRME: 110 F)ICEB
L. KEF MU FVLEEZSE OMEBEA S HT ¥ CH3T O AREIRAERE 45,
[l KEHR MU F 7 LEREOEAIL, MHRAKRENFHERE LAEHER Y F 7 LIE
EEBB]EA W, TEF(ELF¥25—3—7(MS)3A) & BEDRA % Bl % A4
EhETILETEERRI LT, HEMBEZEZ 1AL LEEBEZDOH) E L, HELIK
DNEBEY T L—> 3 VEHEEB (7 A A, LSC-LB-7, N 7ILEE:20mL, ¥ > FL
— & Ultima-Gold LLT, 5t#kRE: 1500 2, BHTRE: ~1.0 Ba/L) TAIE L7z, KK
BRNIE. HR7OY 7S5 7EB(GTR Tech, G2700F, #H28: KEXAA F L {LigH2E,
SBEH 7 Ls: MS-5A, PorapakTM Q) & BT H X 1&F185 (2 = A4 ¥4 T X, TRD-1)[4]%
HAEDERAES AT LZEEL, BEREREEZMAT S22 & TIHHMI L 0T
— XIS L7,

ER]: ASHMERDBE LLPHERKRGF b F 7 LEBEATESY 4 ERMEE L TE
L. BB T7T—42%2ERELT-, 8l %EBLAE2022F6 BHn 2025 F 12 AREFTDT —
L& L. KB MU F 7 LS HT, CH3T) & KR FHER S (H2, CH4) & DiaEs % 5T
L7, ZD#ER, HT & H2. CH3T & CH4 i ICI3BA#EZ:4BE (Spearman D JE(IEES
%%0:0.07, -0.02)I3FER I NEA 5Tz, TDT ElF. KERBLIUORILAZR Y F7 L4
DERBRRN, KEFD H2 ¥ CHA DL - HBBREERD I LETRBLTWVWS, 9F
R RICKFRD b U F 7 LEHETRIZ. H2 ¥ CHA N EICER & W 2 iR (HEGHRE) ©
id7 <, MOBEBICTFET 2AEMLH 5, FIZIL. KBEICHKZH)AFET D Z L
[5]. ASBENLEROFZENED 70 ERICKELZOEE 10-20 km(BEB: WHiREBR
)T HT ARl TWB[6]Z &b, BREBETERING MY F 7 LO—EIEDFIK
THEEL, TNHIBRE R > TWBATEEEA B B, LA L. Bk HTO ICEREIEh 3
27V 7= (BEEORERED O RENDOBIT) CREMR(LIEH ERTANOL



=A
. Aff

BT RRHP MU FULREDRLCLANL)IE, INE TOBATITHER TE TULARL,
RFNIER(REEMCELETISZ) OO b F7 LKEIE HTO OfbFRELEEZ ONT
W3 A, DFIRCEAKBROBHEETE LR FAMREELD b F 7 LERANFET
HB,

EpEN

[1] N. Momoshima, Radiat. Prot. Dosim., 198 (2022) 896-903.

[2] M. Tanaka and T. Uda, Radiat. Prot. Dosim., 167 (2015) 187-191.

[3] T. Uda, et al., Fusion Eng. Des., 81 (2006) 1385-1390.

[4] M. Tanaka, et al., Plasma Fusion Res., 18 (2023) 2405038.

[5] D.H. Ehhalt and F. Rohrer, Tellus, 61B (2009) 500-535.

[6] A.S. Mason, J. Geophys. Res., 82 (1977) 5913-5916.
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WIZAERE @ Wk K
RAWTRE A i

A& #X
HEMITRE @ KIE BN

. R

BEEINERKZTIE, £BFICHTE2LELY 7 L (Cs-133) DEEIIOVWTHIRZED
TW%, INETIC, Cs-133 (FHfRAL R G I NS EMIEAICERY A iﬂ,%%Wﬁﬁ
ICHEBZRITT L, IoICHAMIEERREEMEOBHEZIH T2 L 2HHNIC
e TNOLDORBRIE, ERGHIEIEZ =3 A ﬁ?%ﬁ#@ﬁ@%&t@é? E
TRl TW3, —A, KBS TIHAIGRRESICKVEL 2704 FAMKAE L TH#A
@ﬁ%?%éoﬁm4biﬁﬁ§%%@m%ﬁﬁ_ DS N, BEBELBEREREN T,
T4 ld, 7O4 RAFEGHESMZICT L TH Cs-133 1BIEINFIsEART I & A RHL
THY, FRBEECAEREAOICHANV T INS, £7-. BRFHAEEMELARE, F
EHYPCREBICEIT DLV LOFEADHICEAT 2HREEERINTULEA, TDE L
BROEBRICEDCHDTH S, BROBREGCEMKX S ICET 2EYBROMBEIIHFET 52—
F T BRENICET 2HEITZ L. BERBOEWCL2HBRBITOERIZ+2ICHF

BB N TULa Ly,
AR TIE, €27 LEENBEOREZ BIEA. &Eﬁﬁ%@ﬁ&@ﬁt%mAﬁ(m
hE L UEER) ZBHONICTEIEEZBRNET S, IS . BEENOBITHRACHE

HRIEREZBR L. R ﬁ?’%%ﬁﬁ“’ﬁ:%ﬁﬂ?%t&b@ﬁ E’J‘)EDE%: 2 HBRT,

BYEERICIE ICR R~ 7 X (7 @5, n=25) ZAL., BB (NaCl) L OUEBEE

(CsCh 12y, BEEBICL B 1R, 1 EME/IE4BEER LIz, BT CRMEIC

LEILE S, OB . ATl BhEh & T2z ML L. 5 TFERICHEERT L.
BE, BHRRBIIRT L. REOFILEAZ EDH T WD, EESbHIEERIC &L 2 B RE, B
KTHEIRL. ICP-MS (2L Y Na, K. Cs. Mg, Ca DTTENZITOI)FETCH 5, FlEREBRT
&, BB THh T & BT Cs NRHEAIEETH Y . T OREILEHR O £ MERk & RE
ETh-o1-, —H. —BbiEzs () CTHEI’ROOoN/T-H, ARRICEWTHEERMEZKRIT
%, ¥7-. ABRPAAP. SRFLUBEFHOB THREEZIROONT . REHF (100 mM) TD
BERSIIREICEEE S W LRI NT,

. Aff

L



2.

P-25-34

BERAICEIIZA /o 0BHELI YV LAREORBE=2U S

. AR

=A
aff

HIseEE e 2
RAWTRE A FHiE
HEVTRE N EFE #H =%

2011 &£ 3 BOBEF—RTFHEBFRERICL Y. HHERRIILBLBEIELY 7 LB
P2HZ\F1zo 4/ > (Susscrofa) IEWETELS T LAOEBEN S, EERREBEE=
RYVITDEZEEEINTWS, LHL, BEELBORBNAT —2ZHAWT, Z0OK
RN AR O ELOEYENERZETAR— X TCESNICTME L =FRIZNET
THDThHh-o7ze ZTITERAEIL. 14 ERICHIZ2KERBAETE=ZX ) V7T — X EZ@BHT
L. B DA REFRERIOE Y, BHOFEDTA, L URREER EDEYFRY
BHLDREEEBSMCTE I EEAME LT,

FRITICIE, 2011 FEA » 2026 FE X COMICEBE RN THEI N/ 3609801 / >
DEFAF 137Cs BRED T — 2% ERA L1, BEMSDOT -2 & ED 137Cs ILEET —
2 (2012 F££E) #ZEMNICHEE L. BEEEET LZAVL I ZIT o7z, #ilgiZ & D
AREFREBEI A ER L2 1E3Hh. BREYD 137Cs BEZRVWTEUOFEARIIL, &
SRR RERRE (ShE - TEEER - BER) DEWHAEARTEEICEZ 2HEE DT LT,
Z DFER, SHRICHE WL THAF 137Cs BEOBRRBANERI NI, #HEIN/ERE
FRIFEIRIE 3.0~9.2 FTH Y. 137Cs OYEBAFREH (30.1 ) LY IRV EATR
Shiz, B TIHEE Y AMEHELC B.0FE) KW THEY (6.8 F), ImEREXI (7.2
F). 22 92%F) OlEtkho7-, —AT. RENGRMEROF, F@Y Tld 2022 &
EIC—FNREE ERNBRINT, £7-. ERBRYEHAD 137Cs BEICIFB W IEDIE
EAZHoN, BENGREZE ICHKERE, §0hbBMIRIEEL TWE I ENE
fFlronsz, oI, AP 137Cs BEICHRICE2BRERRAONEL 272 DD, %
REBIFATERELARICEEL Y., RBITEREL Y bELWEBZRLTZ, B
HELRREEMBICL>TEAY, EREKEZEENTORDHINBVMER (KE 3.6 £, &
FRER 2.9 . BER 3.1 ) AR ENT,

KRICEY A/ T BITDMEEE Y 7 LADOEREIL, BA2YEBIERES T TR
I ORERE O X, BERE., BLUCEBRPREER S V- 7mEMFNREMZE
MICKRL TWB Z RSNz, —FRNA ERERCHIE S L OREREDEWIL, B
—DLTELEET — DA TEEDEIECPERY R V72 FAT LI EDRFAEZRLT
W2, AR, BREORHICH T 2ERROEOTFHECEESYERICEWL T, RE
ZHECEYMFNERZRE LEARANGZEET =XV VT OEERZRAT2LDT
5,

7w L
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1. R

HREN () BEE—BFAREHMOFRIC LY., BETHHRENREE ICS LTRSS
VLMBEHINTWD, BERTIE., BEEREBE. BARMAZERCIFHRICE T 2HE - LWBED

LHRICHERBEREEBRICREST DD, A/ VF/ T IIIE0BEREOBERE=
ZY UV THEEZT>TWE, TN OHESEBOBMIHRE=R2 ) Y 7RABOBERL O, EYEICK
STHERDEY 7L 13T RENERY ., EUbIFA /2 ICB0WTHRATFOLT 7 L 137 RED
BWMBEARDONTWS, I T, 1/ > >OBAFOLEY 7 L 13T BELHESAOL S 7 LA
137 LELEBESICEOEFRAHD 2 &, ARATELBZEEDFRL LD Y 7 THRESNLA /
U THH-TH, AERETHEBDONZYFAREVEVHSBERNMEONT WS, — AT, JIFHXT
%Eu%a%&%#wﬁm¢®m%@tvWA%FLouTiﬁ%ﬁ9@<%®%$%§t$w
DG T LADFBELRRIERATH D, AR TIL, BERICBIT2H4LBFESEHOHAF
DRSS 7 LEEICOWTONRA2B85 22BN ET 5,

2013 Fhw 2025 FETICBEENTREINEBESEFEEYHE LV X —ITETRAENZD
LT L-EBHRREES L VEEHES CHESN-BEOHAEZRIL, HRPICEENE LY
L 137 Z8IE L7 (BFE:N=194, 1ZFLFEN=198), BoNn/-T—xZHAVW T, £EMH OB+
> LTIELEE EHNTREE S U LRE & OMRBEOREE, £ BEMIEEICE I 25 RET T
LI LREOLRE, FABME SERICE T 2HRPRIELS 7 LAREORER, RUBMKICE
DEEL S T LREORBREIT > 7,

Z DFER. ié%ﬁmm%ﬁtv7Ai§%%§t%%¢m%ﬁt>7A%§tomftéﬁt
HiE Uf%vmwm% FfE Y THROWIEDIEREA A SN, £EBMEMICE T 2HAPRIEL >
VLEREIGEBY, PBYICERNTRENBRICEDN >7-, (ZIEY & BEMICH T 2B FRE
Mty LEE| \iﬂ%#%@;iAEE IEh ot BREICK2MEMEEY 7 LREIR. Zh

NREORETHRIY LEBYR. PEYDOIIAETHR LY EBYRDIIINERICEDL 27,

ARICE > TOREICEVWTHRBOEEETH S 100 Ba/kg 2iBBT 2EAEN BB L (Z3L58
OHATHEETDZENELNER STz, W2lES T A/ D& ICEBREEED 100 Z4
25 &5 BRIEREE R EERETEELRAY 72, £72. FHABOESHARBLY bR LY Y
LEFERICEBLCT VWAL H 2 2L &, B, IFABLLICRETOREELY 7 LDFE
EAELHATORSFELS 7 LREICHET S EHRBINT,
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1. R
(5% - B
HRENBEBE—REOEHICL Y KEOBIHEEAE SN, —EHIHTIE, RET
LEEYOFBEIBEZINT LS, FICREENZ . FRBAVLBRNR VBESEE > 7
L (137Cs) O EEL SEY~DBITOREHINEETHD, 2T L(C)IEAY 7 LK) E
EWRTORPUCEWTHERBERICH S Z &n b, LELSEH~D 137Cs BITOHNH]
IZDOWTlE, KOERICK Y ZEORIRRE K (Ex-K) G222 5XEMILLThNTE
7=o TEYECLIEICLY Ex-K ICLZ2BITINHORENELR S Z EAHMoNTWBTZD,
ZTNZNOMEYECTZEICIG U7z 137Cs BITY X7 2 fHls 5 7= OB R FENNE
THb, TNEFTOMETIL, BEYEL TBOMAOERZIY AN, EBYHE EEREL
R 137Cs FRAIKX A= TH NIz, AR TIE, A XL —r 2 f EEYE LT ki
HEICL > THEYEEB O Cs R EZ KD D, F/2. TNhaFRAXISEAL, BEHL
7= FRME L BAMEDBRZAET 2,
(k& AiE]
HEEYE L TRA X L—E v ZRAV L, FEFIBEERFRE CTUVEHRE TV —
e > A 2025/10/16 ~2025/11/20 @ 36 B, & A4 XAH* 2025/11/17 ~ 2025/12/19 O
B3HETH o7z N—IF 274 MIEELIBFE L0 BRICEVEL L (REZ K EE
750 uM DIKFER (32L) (CBHEL 7=, BiILEBEARPIE 3 B D L Ick#iRE R L 7=, 7 H
BICK BEOEICL2IEHD Cs WINDEWERIET 2 720 KHRERA OFEEE
ICERB L&Y (40L) IS—E v 3EER XA XL 2 EiE % %4 L,133Cs il
BB A 1T 7, ABTRERAOHBEB IS OWLWT FEHM T ok#RT O v L L
H) I LDLUROEE ZEBT 27-HIER L7z, KIBELEIZ DL TIE,25,200,750 pM
D 3EFEEERTE LTz, RIKFIC,133CsCl Z/RINY 2 Z & TARBHERFD Cs BEZ 0.1 uM (
RE L7z, BUEIF 4 KETIT>72, BILE - RLEHRAZBELTIMHC 8£U0 1M
NaOH ZFHWTH/H pH 5.3 ICAFEL 7=, 7o, ABEARE R KBRITARLIERFBA O
7,10 B D 2 @530 T 7o KARFOEE TR EEZAEYS 57-®H,3HZ &I 10mL
DBEREERI L 7oo AAIERIR 14 BRICEDZ Y 7)) 7 L oM EiT>7,
(R =E]
EROBEREIY L—EY A4 XEHITKBR KREDEMT 2 ICONTH EEEMED K
EEILIEM, 133Cs BEBA T 2ERLAA LN, £/ EBOICEVLTHAHRS
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D Cs/K kA @< a2 EH ERRD 133Cs BEMIEMT 5 & W) BELAEGRNE SN
T2o OIS, ZDEIMOERE, 745 Cs/K LT 2 iEM A EE 133Cs DR %Z R
AOMEZ IIEYMEICL > TRELER o7z, Cs/K ITHT 2iEMARH EEB 133Cs DR
ZRTAOEEIIEDEICL2EBVERTEELRNNTIA—KZTHY,ZOEYAIOIEIZEL
TEMOIEE (Ex-137Cs/Ex-K tb) Z#iEd 5 2 & T, LECEYENRL DL THE
Brger, L WLBEOS W 137Cs BITFRET LR ZBETEELEZIONS, SED
KFHEHBRTEONIZINTNOEE ORINFRE & BITHREICE T 2 LH#FERERT
DEAESLUVFAXZAVCCTFAEZEL L AEE OBRZAT L/ 2A, L—
E IS DWTIEEANE & FAEA IR —3 L TWhL, &4 RIZDOWTIEL,ERMBICI L T
FAEARELH>TWz, TORAELTEZLNDIDIE, REDEVWTH S, SHEE
BEL 7RIS S IMBEE =R Y /T —RICBVWTERL W ERENERD 2 &
Mo, MEOEWCLYEIES FAEBICINAEC-AEELH Y (EPEDOHR LSS
miEICEB L-RINBR B EEHT 2 MR ETHI EEZ DN D,
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1. R

AMRIE. BEF—RAEBHERICHFHRIELE LB 7 L (Cs-137) OFE
FEREZDEEAHDZALEZBEONITDHZIEEENE L TEBINT, BFELY T A
IR¥EBEETHY, EHEBETEULIRBRBLIZBECHIHRMEBLEBICZRELT
W5, EEHCEMTIIREBREEZFLE LIZBRENEALD, FMBIZLEARTH D720
ZADKRBEOEEFTHY . HHRIEICE T 2L 7 L DOFREECBE DR,
E%W@ﬁi<UXﬁ@ﬁﬂ@ﬂﬁ‘KTKt@ofméo:@&7@%%\ . HWEO

EVWAHMLEEBICE TS Cs OFEFREICHEZRIZTEVIRGZILT, B2 BT
DHMEBLEALNRT AL TEOEELKRIAL 7=,

AT, HEAHIBICMHE S 2@ RAEE L, EEETICET 2 FERIRETLAKED
ZHrFTOZMTIThN T, KEERTTIE 2016 F£& 2017 £ Z[A, LWARETIE 2016 F

ICEREAEERL, MR & RS OFRERICEEARINL 72, B on/-LEITAE L E
DI ET-7-0b, BFRT7 v EZ 7 LHMEIC X 2308 Cs. BN IRIC L 2 BIEES
RE Cs OMHZITL, I HICKLEBHBOBMEN L Cs 8%k 5 Z & T, i) & 5aE
IS L THES M AD > 7TBEREED Cs 2HTE Lz, WTFNOMmE RS L 5
Bt Ge FEMXBHIRICEY Cs-137 BEZRME L. FHEFEI & ODMm % 3l 1B
L7

ZOFER, TRTOHMRICHEVT, BFHELS 7 LOABILU EABERBS L U 0-5 cm

DIELBICERRICAHL TWB I ENHELMIC notoL® FAﬁwﬁmi%WE

ICEAINTHBL WA, BHERBELZWILEBOEH LIS <ﬁhéﬂfu%ﬁ
i) =Ry’ ﬁ%<£mofbtoWﬁffiﬁ%%ﬁ?#—~@ﬁ%£w BHEYIC
ZREFOHFENKEV—7, 0-5cm DILBEFTETIIAEIU LN BERERETH Y, ﬂ%
ICLPEEN KN TH -7z, IOICHETORL L2 - MAZLERLTH, SREEICHIT
2BEREEROEGICEESEVIRoNT. REICH T 2RERETE O FERHILYIHER
DEVWEY D, TEZOLODEBABECEERYOE - HEICBERL TV 2 AJEMEARE
SN,

—H T, KEEETORE 10cm LUR THERED Cs-137 DEIGHMEMEYICIBINT 2
EVOD BB LENHER INTG, ZOFRBETORERE Cs DIBMIL. BIEEH b DFEIR
TIC & 28, HDWIEHEESYDEEIC i%ﬁﬂﬁé LTWaalgEMEArH Y, &9 L
HHEDEWL T TIERATEAVWAEMNARERFOEZENKEVEEZI ONT



UEDHERAY O, HMIEICH T 2BHELS 7 LDOEEIZ, TITEBEE EZWIEELEICEL
TEITL, HICHER CIIRERSEAEMT 5 2 & TRIANGRIFZAIEICLTWS Z EADh
STz, Fo. RETORERE Cs OEMIIMKICLY BV, TEYEBERBECEYN T AL INE
BeRIFTENTREIN, INODRMRIE, HFMFUCH T 2B > 7 L DORAZES) &
5 ETEELERBRE LD,

SlE. 0-5cm & 10 cm LURDIRBLEZXRIC, SPHEM LAY 7V LDOREKRT >~
Tyl £V R ICERAT L. ORE TR Cs AT 2B IR ICER T 2600 &5 D
EWREES B, F7o. Y - BEY) - KOBBOMHEREERE L Cs BEXA=ZXLDETILE
DD LT HFMIBUCE T S RBGHESE Cs OBITFRAORBELICES LW

=
2. i@
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1. R

2023 F 8 R&VRthI NI, HRBENERBEF—RTFHXEMERDOEHRLIEEIE TH
& LA OEERE SN, BEFRD MY F U LBREITH SR RIS WL
HEEDHTWD, BIERBINZ MY FI7LOKREDIE MY F 7 Lk (Tritiated water:
HTO) &L THEEL. T HTO K EBRNESEE T, —FH. HTO D—&BIiBY 7
TR VDORERICLY BEESTRND F T L (Orgamcally Bound Tritium: OBT) ~
ZAtd %, FAEOLITHRTIE. BERFICET2EWM T T bIicd?d OBT £pR
ExH#TE L T3 (Satoh and Omori, 2023, Water Research), ¥ 75 >~ 7 k »h[Fh
® OBT B OBEY D EREZETHBU HTO ~Z{t L 2D, —&8IL OBT & L Tk
FI 2, 1=72L. INHLDOEAL - HBEOBRICET 2 EEMBERIE L, XAETIZEY
TZr g b RITFHRO OBT ICoWTEBKPOMEYHREROEENTME By E L7
EEaE L7

2025 F 6 BICHEREAFTEIWMLABAK2L 2R h—Rr—bFRBE~BL, T2~
HTO oREWE & L TEXK (2H20) ZHRML =L, AEFEZEE 100 mol photon m-
2 sec-1. R I°CICRELIZAIRRT v /N—RT 24 BEOBESEE*ERLT-, =
NnIc &V imkhIcE#EETIENKZEZ (Organically Bound Deuterium: OBD) A4 Rk L 7=,
LT, JRZY. 150 AR DEEE~ LB -7, BEERICENYT 77 b aR
PN D & B ITER L OBD OMEM DRI 5, BiEEPIE. 00 1030 7,
15, 35, 70, 150 BEISEK 2L #Z N ZNEN L 7=, EURL 72/E7KIE GF/F (BahiRE
FIFE 0.7um) B L Anodisc (FLE0.2um) | ‘i%%tﬁ%f’ﬁ’é‘ KA (>07um) &
OV (0.7~0.2u m) AL FREEAL, MLITAFRER (AR IC9E L. Z5k+ 0 0BD
E=EZAE L 7=,

BAEERFICE ICKBRI T & L TER L7z OBD &, BEESERIECHIEA L. 150 B
BICIZFAEHE LT, SO, BIEED 3~7 HRIS/NEKFH L NEFRE itﬂﬂiﬂ@ OBD
BEMEML 7T INIEREKRFHROBRY ZHEYIHET 28T, &4 DED~
OBD ABATLIMERTHZ EEZ OND, ZOE FISBFREANANOBITEAT . K
BRFORBDED~T BREDEMAHR I N, Z D%, AFEELFD 0BD BEIE
%%EF@i BERYEL DD, HEEREKRTETC—EERENTFEL TW, IhbDff

I. BEEEEYIEBKFD N FILT— IV ERDZUERETRETIEHEDTH 5,
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Yuhi Satoh, Takashi Tani, Tsubasa lkenoue, Hideyuki Kawamura, Yuko Omori (accepted)
Accumulation possibility of tritium released from the Fukushima Daiichi Nuclear Power
Station in marine organisms. Environmental Science and Pollution Research DOI :
10.1007/s11356-026-37606-1
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1. &R
HRBNEEFE—RFHEEHNHL OMEINZEAKFD Y F7 LT OERAEA
DBATHVEEINT WS, BEHAD T E, BARFOBHKE LY F7 LFWT) & EERF

OTHAHEREEEZON, TDHH, BERFDO T IZOWT FWT EBEESR MY F7 4
(OBT) A XA L TBITEFAR-RE IV AW, 22T, EXED)ZAWVWTHAEL/-BER %
5z 7 2 BoRBEHNFTOEREEIENKEROBD)BEZAE L, Bk FWT 0®BiEH
P OBT #1T% #&5T L 7=,
B, BiAF oK, ERERI VT, BRADOI-OOMEEREIIHEEL T F M
VAR IC 5 nf DORERT L B KB EAKSE(FWD)RMEER 2 8% L, 150 L o 15°CHRIE
B AEBB I AKEIZINA LEED 15cm giED~ Y 17, ldecm BIED F Y 2 XN
(& T EE) ICIBERRABR L EAEZE LR VL 5 K436 H, 39 OMREEL 7z, =5
BTHRICEREZNET 5 & &b ICHAERZRE LE2)E - R NIEE ICKRRIMREAIE
EBEZAWTOBD BEAXATEL, #HHAALRALABTHOEREMBIOMBE L&KL 72, #
KEHEE L -EERT D FWD 8 &£ &kt OBD IIEA 5~ D D BITRE R 1,
CORER, EXRARER 2 S -HEAIL, 2 TOEETERKRTEICIZEENT R L,
D OBD A%V H 7, FVRANLTEALL53 ppm, 157ppm UTTH >7-, B
HROEXRE, HEAAHPTRINL IS W, EROERAMEL E L TRmE EE X b,
—h, EI7FVAREENELEX VAT, FYRANLTIIEEICENMEENR SN, E
B27% 8 L 7- HEHEIERAE 4 F159 0.067%/day(SD 0.103), 0.131%/day(SD 0.077) %=L, =
BRTEOHAESPD OBD ERE 34 4 F19 166.3ppm(SD 4.82), 163.0ppm(SD 4.58) T - 7=,
LI FEBOVTHARLAERTOR FWD Ersafkh ML OBD E~0HELAE D
BITRIE, < VHT, FYRANILTRERL2X10M6, 5x10%-6 LEtE N, MAREE HICEWN
BICEBE >7,

=
2. i@



P-25-40
ET Lo TARDILEREIE

MIRARERE « =k Bx
ZAWERE Al &5

1. &R
KEREIE, ELLOMTKIC LB THRE EOYBEREORRBICEST S &2 BiEL
TEEL 7. BEFENICIE. ELLOMTROMCENFEDY S, (1) B ILLEREOKAES,

(2) FKBEBHT 2THREDOHTAANDEH, (3) ARERFRYEOEEEZALONICTEI L%
BIE L7, £72. (4) BB K OZ 0 FI#IRICE T 2 ES) E EFSAETILOMT
KOKBICKITTHEERET 2 2 L2 BRFIC, ZOOHOERRAREREL. FROT —4X
ZIREST 22 EHENE LT,

REHEIE, K20 EWETILEAEEE L. FRFAERZ 2024 F 11 B~2025 F 3 BIC5 3
BT >7co ABEL7- 6 HFTDOM TR EBKRDERA A HRIE, 7ILA Y TFERBRIER, 775
U THESERBRIBRY. TV A VIERBIBHEDO WVITNATHD I Ehhh oTc, TNODEEA A
HEECEL, TSP T & KEFLEBEORG S o EMEHEARZ 4 HFMETE L. 2025 F 6 A~RE
ETITIF 30 B LICAR LTz, I RXTOFKDKDOEFAKRLERAMALIE, &1 1L D RKER
EHEHFRORKROEHFICAY | BEARETH S Z PR INT, BRLEERAMALD OHETE L
TTEERSIE. FARICLY 1300~2760m E RG>/, ELILIEBEICEAL THELEEL
NLD LI L CEAL THERIGTIELBERNER > 7cBEZ L TH Y #HTKD K+/Na+
BILIIMETENTNEBDEZERD 2 ENBMESNTWD, K+/Na+EILEICED CHEKE
DHEED B, HEEBBREHH 2000m LU EDHZEICEAN LY ROEELMLETEEL, #
EHEZRSHHK 1500m LT OBEISHELAERITLAEEL TLWALWI LR SN,
o, HEBREZESNSWHTKIZENF DT LEEAE L. BT LD ILAEARS TOFBEFEA
RWEENF DI LNG OBHT 22 EDEBAONT, AT ANLITEE LICHTKRD S B0 H
EBLAEROEHBRICHE/ALBEE ICFONITHFOMTRTIE, 7L I =T LPKGE
DHEEZBTRORENS <, BEL Y BANLRBEDHANINOZBFHLPTLEEI bNT,
FAKADEBRORERIL, FIFHBECTEHONTH Y, BRKEFELAEROM TR TERRE
THole, MBLAEMIERDNZ VW EAMESNTE Y, BB, BE. BKEEDABEIR
DEZRIVFELAEROITARICBITL LT TR VEEREIND Z & 2R,
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MEAERE TR O H
SAMEE LA —2

BEE—REFHREMBLUMHED P FTVLOBFREICK Y BEFRECEREZE I
TEOIHESHBEOLBLUORLEAEE>TWD, TOBERICIE, b U#-'J]A%E@TE_EI//\}I/W
FIRICK 2EREEICBAT 2RZHRMENTRICEBINTOWAWI EAZEITON S, £
12, ERE - ERERBRERFIEICLE2ENPAY X722V TIE, BEHICHNTEY
FHNCHRBALRNEZ W, TOLI RRREREE R, AERMETIE, v 7 XEEZH
VB RBELRBERENARBREEBEL, ERE - BREXBERICLD2ENPAY XS
DEENFHEE L 0% OIEREF ORBZ BN ET 5,
KEEL, TEMEEARL - RET2-00EBRMOREILIZBNE LT, ERROE
FBH{T>7, EEMICIE, EERBEMES S OHESEMEZRVERRZZHEL, 7

L ZAEBIC B T ZEREIEORE S L ORENS ORI L AR REBRE T b
\F7=
THAUCZE Y GERIZREETH > BN R BRI O — > OREE L OTERBATA A

AN ﬁﬁ(%ﬂ‘ﬁﬂ:?ﬁ\/v@#ETWJEHL?FE%TITZKl/’\/l/’G‘TEK%f: HOEBHIEL I Nz, KR
LY BONZERE - BRREXRBIRAELA VX7 ICEAT2HRIE. M) FVLZIEL
& T HIEL NIVRERR IS 2 RZ RIS E D WM IRPIEEEDORE ICHEBT
52 ENHFIND, IoIC, EEFMIOEBREZ AR T 2 EAERRIL. BIRHEDL A
DR FHRBORBICET2HDTH Y FFRMICITEDA Y X7 DEBALICHA T 7HTEE
BEOBRICHEDOLA D EEZOND,
SR’IT. AFEHILLIBITEEZFRAL. BRE - BREXZATICE T2 ZERMID
HIRSEE S L MBIEEE D EERMT e EDH D & & H I, fﬁwﬁ{i?ﬁ—Ii’@fﬂd\fﬁiﬁ@%%%h
EMICFML TWFETH %,
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B EERSHR (low dose-rate radiation, LDR) 12 & 2 RHI#EIE < D EMREE DR IL
FERBETHD, INFETIZ. 20 mGy/day DA > iR E REIREHERKBES L /- B4R X
AR I RIEWTHDEMBIEREEI N, & 5ICHEREHE NAC (N-acetylcysteine) D&E
IC& ) ZOEEIMFIESND Z EPRESN TS (Yamauchi 2019), TN s DFER L.
LDR REIIE < 12 & 2iEMEEERE (ROS) OFMMARE L, THNICHESEEE, 2>/ 7
H. DNA 2 ED AR FOBRCMIIBEN HFwafEIcB 5T 2Rt ET~Rd 5, LA LA
Mo, INETICERDO ROS REECHWBEICBET 2 EENT —ZIIBoh LR
W ZZTAMRETIE, LORBHY VR OERY 7L A OTERIMLZ L ZDOEEZFT
L. BILMEEOREZEEMICBIET 22 &1L Y, LDR BEHRIC L 2EEFED X
HhZXLBBPEZEMNET 5,

AREE(L, LREMNOERICH T EEBBELE LT, BTNRE X OFHEERORE %

To7=0 £9. BEHRC ROS OFE 22 (7 WLES e LT . B, K. NEas
EROICBRITHROEEET>7, £77. HENLBRBNBIT~ORR% RIBX. MKEE
SRSy 7z AW R b L RFHEBRICOWTH O TRET L 2o 512, BB
@it (TBARS, MDA). & /<0 Emt (HLR=)b, 3-NT), Z#EE (8-OHIG.,
8-NO2-G) &K DRIV ES~Y—H—%EfHeE L TEBEL, TNZTNOAEEDFECTES
M. EETTEEMEIC D W T HBBR T A ESH T,
— AT, BAERT Y 2 TIEIBAEED DNABEREICLY LDRFIE DEEABES
N ERE TR ERIBER L HETEL LIC K WAIBEM D B 5, £ & TAREE (X, Bt DNA
BEEEICEETIECFORBYIZREAVT, B/ IL—7 s a0EHRD
R ARE - RF LT SR INOOY Y TLAFAL TEERILZ FLAY—H—DIR
AEITO FETH D,
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FE, BEHRICL 2 U RV ZHRMEE - RO [HXROEN] cldiad, [HH0RHL] & L TEF
M 2RENH Y, BHLAEZL LIBTERNMRLICREINAD TWD, B4 BETRE
IE<CIC& B X% [RERLIBIE] 2 AW CEHM L € £7- (Sasaki et al.,, JRPR 2022, Fujimichi et
al,, JRR 2023), NAFLTCICDOWTIEHEHMAEEOENCHRAORBTY X7z eh
5, HBAIBFRTY R & &V IEFREICTHET 27200 IZEHDOTRE GEROES) 2EET2LEH
HBHEEZ, THMEFEOBRTEEDH TS (Kimuraetal., Bia#fEd), —H T, BEHEHEICE
IT5HAYRTFRITIE, BIEEDEWHSABRMOERBCZHOEEEDER SN LIRTY X7 &Y
LREYRXIOANEERIND D, BERDIEROEBHIEEL T, TD 5D ENHHIEE &
BHZBEDY RZICOVWTIERIRTTH Y, tOHRBELHE Y RWIRRATH 5, BERE% M
L7-BEREBRTIE, ¥ 7 XU T 2 EMAIEBEOEETHOLIE 1 B2 5 Z EMREINTL
% (Tanaka et al., RR 2017), tEOHEEZEE L= R 7FHETIZ. PALUNDLEDI-E2TDRE
AMVBEMRLTEY ., 2 TOEREZEEA I ATESRELETY X7 OBRMEICOVWTRETT S
CUNEETH D, ARG ETCOFRBEIFEATESREEREZOEROFEROBEGREEEL,
BEERICEOCHENRY X7 2RET D 2B ET 5,

(& R]
BRERMFRMAEMEER T, FFTREOL I BERMVIERICERE2NZEE L7, ZhicLY .
AOFEREETRREB O Z ENABEL I 5Tz, MEHRBEDO BN S LY X7 HEEEN LA
DWTFEBERDZEIZEETHD EEFR, AMRTIIREERBICOVWTHIEERERY DB EFEERL
7=o

AAE T, BESPALE) VREEZDOMEBD 3 DDERBIIN—TEZRELT, PH<EH 1D
UEDEBRHIFEEL TLERAEERL. EEFROFHRERMZAE L /-, FFRHFFL 21
mGy/day BEEOERNADOFHIBEHMZ LB L& 2 A, BIHRIBEIC £ Y FEAHY 300 H
BEDZZENDhD o1, FHREAE FHRTABOBPRE, S, EROBESICOVWTEREE
BHTW5b, £, EEOEHCEEEISHORTICERL TELT. SEORIREETH 5,
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EIARFARKEAETFRIZRMARARERE (QST) - BEREZMER (NIRS) LU
RIBRFRMARAT (IES) £, BARHMOEREYZ AV IR0 EMEEOMEEIT
S>TW53, KR TIE, INHLOHRTHEOLNT — 25 L EBEARZ BRI O FTHE
BTEMIRAITARL, T—2RXR=—RBIEBERDT—hA 7 (T2 &IUE) O7+—
vy bOHXBlLEZDOTFERAEEBEL, BIREDTERTORREORALICEITEZ
ExEMET B,

SEE(E, QST - NIRS & IES ICREINTLWAEYERT — % (BET—%. 7L
DIFEDHER - REBERBLOBEBROT / T — 3 » &I L EHESR) (coun
TYRTLIZBAT 272007 +—< v FEHEE L., ERBVBEHREERR T —HA 7
(J-SHARE) ¥ R 7 L OBUEE 1T - 7=, BUE#. |IES DENMRER T — % (REREE 1 119 4,000
. EBEE2 110 1,300 ) OBET—K %ML, £72. J-SHARE Oik—L~R—=
(https://www.qgst.go.jp/site/radeff-en/j-share-e.html) £IZ QST DOEEERT — X DR
MEAT 12BN B L OBITCERL-ERT — X &R/ L7,
INFTICERLCELERIYT — 2527 —HA4 7L TRET 52 & T ERNDOH
FHEBICEVWTRBTOBMERAN AL Y BEHRY R 7 5HME £ O HREHRE EMRESR
SRS ORIFIRMICE D (AR MR OEE~OEMABHFETE S,

L
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BEROBFMICH T HHEAFRMZIEF / 3~D 137Cs DBITLERE
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2AWTIE M
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HEWIRE R B

2011 EDRFEHRLE, TEL S OBEM Cs BN/ T 2L D 5. BEE TIEFHRMA
TORKRMEICLDF/ JEEFBRMIMHEVTWD, AFETIE, BET/ J0RL2AH
BRHEmHmE L CEEBRICORITS 70, FATEERRELZF/ 3~D 137Cs 0F
ITEBBICOWTHRAN, ¥9. FMANTEEEZ TRIZEKRFT/ INEETEHN0%H
NBlzo, FENPBREINTWENEZT S XY (Lyophyllum decastes) & L5 HF X
> (Lepistanuda) ZX%RIC. BEESEB CHBRHEAZ1THR o7, 2024 £7~8 B, M
REEA 0.04~0.89 uSv/h DIETELIERIM 14 S ICEREZREAAT NEZT ¥ AP E,
FBE em I 2 NICERZ B OIAA, FUEY TH7- T-14cm FOLETHRKRZHE L
Too L7 F AT, BELZREZEDTCEHLA-IERAICEREZEE, INEBE
Ty MRICHE L7, RE 10~11 BICINE L 7-F / 3D 137Cs BEH bR H =K
S Cs BE Q0%KDEHRE) 1. NZT T AN 0.4~12 Ba/kg, L7 HFI XN
0.2~43 Ba/kg TH>7ze WINH—BRERDOEEETH 2 100 Bg/kg z FTEI>TH Y,

ZRIREBEN 1 uSv/h KmOFELE/BMTIEZ, NET ATV ELT YT AT OBAR
r“ﬁiacwtéétrsﬁ%ﬁﬁﬁﬁg BAREMED RS NI, —A T, ZNZENDF / 2D 137Cs
I, s Ic BT 2 BRRERCLED 137Cs FRE L EOEBEARLTZ, &5
Cs lﬂﬁﬁv&ﬁﬁuf:_%_,)?,rm%rw £V F /3o 137Cs #ERER & TEABEIC
F7MER. KEADLEBRRK TH -7z, INOLDIBERIL. TECBELICEENS 137Cs
MNF/ aA~D 1371Cs HRRTH B Z L 2L TH Y, LEF OGN Cs DFEECHEE)
MHomWIER TR, ¥/ IS Cs BENEL BRI I LITTRIDETH D, 7o,
BLEENOEED 10~11 BICHRELZ2FEBOF / 2, NESITRS—AT. 1F
BICLER137Cs BRENS LK B BHGENH o7, LT2H > T HFMATEEAFIEICLE /X
TUADELTZYFIXDOEEEZBRTIEICIE UEDEEZERLARBPNEZ
THOTEDNRETH 5D,

L
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BRELTERT LD TH D, BEB—RTFHAREBAEHELDF)IIKFICE T 5 HBET
Mt L, £ YDITATERE 137Cs OZEF)IT DL T, %ﬁ@ﬁﬂ?—&ﬁﬁ@fib
HITCEFHEOREA H =X LOBERICKERTEEEITZIN TV S, AR
TR —ILOBEETLERWSZ & T, BHEYAICEH f%ﬁk%ﬂi—byﬁA@mHﬂ%—
=B ICHEBRT 5L HEY,

X SRMIF LB S BRI L7t CREBEEN 21 km?) TH Y, HFRKICEHLN/ZHABRIFA
LRI TH B, EI$J$?7]EFF S (JAEA) CEEEBRMRHEHERE (F-RED) H
EEEL, JAEA AN FEFTICEMRL CEAZRIT/KEBHBEBEET L E L UHRMERERA
DOBITBREAZEE L 72 REB/KERET TV GETFLOWS #5FH L7z, Zhick Y, #FRK -
HTFARE), TRRH. BBES LA FRELY 7V LAOESREHENICERYIES Z AT
ERAN

BRATICH T > TE, RRILEET LD niEoNn 2 2011 F 3 ADK4 %4 0 137Cs L&
2 (1kmx1kmigF) RUOL—&—T X XRENWEL ANEEE L THW,

ARROHEE LT, BHERD 7+ — LT LIty v AABTMRORBIE, Ux—.
T AN ERBIT - RET28EBZBIR L7z, £7-. WRABICH T 2 FHEBRPEP O
JN7kF D 137Cs BEIFHT Ba/L A — X —1BETH S Z &, EREMIAOF B IL#H~
*51+E$z}*0>7r X—TH5HZEMNERHEINT, INODOHB I, FFRORFHEERED

RIEFEFEC U RV EBFEOSEAICHLERT 2D TH S,

SBITLY B BWEEHTEEL, WEICALINAIXA—R28ETEZ L 74—
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1. 5= LEW
INFETHIKFORFEE 137Cs (MG 7 L) OEIICERINTEIZH—FY v
D7 40& (kG RP013-11) A4kERIEER 5T, TN, ABPHEDOS WEHE
MEEEL, FMEITOLENE LU AARDOBERIE, FITEE L7 4 LREZRAW
TDBEME (SS) D 137Cs BEDIBIEANEERAMIT LI L, 2) 7 4L 2D SS [
INBREETET S &, ZANE LT,
2. BEBM LR E DR
#Et & LT, ADVANTEC #8lo [MCS-045-C10S] %53BE L7z, MRS EREZD

RO ELE VI,
k& (RPO13-11) @ U — VIR, @kAE THEIA SAMELL EMRY 7aEL >,
FLEL um

- BEEmM (MCS-045) : 7Y — VAR, @kA@ ML SAAEL, BHRY 7aeL
FLE 0.45 um

Thbd, THEHLEEERITEKRABMIPEEGL THY ., ALELAIV NS HE>TVE D,
SR FERMIETCESHERTH %,

3. EERAE

FROBMZERT 5720, 2 00BAhORERETHEEML 7, 9 137Cs BEDIE
HAERIERDOREILE LT, ZHRARBKETNRIC, EE L7 AL XITBKT 2EREIT
>7z, WHRERHEE 17 &R CAlilk 11 (5 BHKEF 3), K LMK 2, 7otk 4) T,
SSEE 10"-1~10"2 mg/L oK%, BKE 5~50 L, @BARE #5 L/5DKETUE
L7z BIEFIEE LT, £ TBAED 7 1 LR & IEREE CEB) IREET 137Cs #AIE L 7=,
RIS, ZTD7 4R % 105°CTRZIES B 7=t BEEE - ML T U8 BRERICFEDAA, BE
137Cs #8ITE L7z, T DIERFIEIF & BB ORI EEA LB T 5 2 & T, EFEIERFDO Y
FAUBERKREEHL 7=,

DEICSSENAEDTHE L LT, HENF CRRMEREY 6 Skl BMEE3HRD 2AL
THREL7BKERZ 7 A L ZITBAK LT, BFIED Y 4 L REREEDED S, [EUX
INF=-SSOEEZEH L7, /-, BAKEIOEKE, BKEICNTZ VT (hy ) KN
ICERB LIt BoNESR (LEREES L O FRRARFR) %K - 547 L 7=,

4., EERIER

T 9IRIEAE L BIBAE O LLROBER, mEOREMICIE [y = 0.984x] &L H58UE
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BIENRIGETH B T ENERIESNT=,
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BEEEM (MCS-045) ldmWHEREZ R —A T, HREOAE (BAAREAL) ICRRET 2
BALEOBEIEONICK -7, BEEMICITEKARD [AIASKE] THE7-0. &
KUIBRFIC NI VT (hy7) RICSS LR - EZGFET 228, UE— (BHBERED
) PHEVSTHEOAITIE, 74 ALRICEBEETRHBELCTWVERALNH D T L. AL
HEEOKEIMELNE, SSONEEFRN 74 LZOTEIR->TLES ZEHHETH 5,
INODMBEADRRE L LTlE, ©SS H1137Cs DIEMABED T, 7 4 L ZAAKIC
[ME LSS TRLA, "NIP v T (hy7) RISKERE - EZGFLAZSSICD2VWTH USHE
FEICEUL, AIERAEZTIMNELNH D, XTENETADHEKLE LT, KERNDES
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METNET ek bN 5,
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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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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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AFIREEMICE T2V 7 U BITOREZBNE LEKIDEH~DY F
viREKIB DR

MERAREE  BX
ZARE L S5
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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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e VEERNEICEL =AY A P OBRRAMAFREDEK

HlpRE HE HWE
SAFHRE  AE Bz
HEARRE LA I

. AR

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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~—11%cFEL MEL INRBEBEZBRT 2 8BEEYTORHKILICL 2ZEZXIT

TWBAIREMD D D, £/ —BBDFAKITIE+25 %2 BR 510D T W ERIAIALL L #E
mENeh TDERICOWTRRERETIITATHY . SEOREIFRETH 2,

U EofERN O, REDZIMMT AR T - BAK) EEISILEEZEBRT 2 XHEDEFEH

FEBERRLTVWHDITH L, RREDRRKRICE, LABKEFOFELLHIITITND

EF LKL F RS (He) HYVEF L TWBAIBEMARR S N, B ALIEEFEICH

WT, MEBEAZHTT 21BRE LT BEEFEHR (NY T LRRELE) ] RROHRNICE R
[(RBERAELL] OEAEDLED, CFENERE L TERTE 2R BFEND,
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HFEHFFEE : Li Hanting

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,

mL
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1. pkR

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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BHbrAlgeAiREE L T L7z, 7. ESR ICAFTAIR S (MLERIAF). & 27 [
[BRIEIETRE | AR (BT 3 )L ¥ —IRIFATHERE) COOBERKX THREREZ 1T 7=
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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
ZAMRE  HE X

HEFIZEE  Tseren-Ochir Soyol-Erdene
Alifia Zaskia

o

eSS
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
ZAMRE  HE X

HEMARE KK EF

YAN TU

iR gh

eSS

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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Collapse with the XENONnT Dark Matter Detector, Phys. Rev. Lett. 136 (2026) 120201
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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
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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)
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EOITARML, BHRECO/NIEBTHER LT FT7A Y25 L1z, FREEIEICT
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THICBVOLERL7-, OBTEEIZOBD EEZHBICTE>THY, ZOERAIFEKEKLE b
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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 |
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Effects of long-term irradiation of low-dose radiation on cells
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%,

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
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HReEaYy bR S LB L TaWER M E R L7z, T I, OGGL @F|FIF/NLRZ
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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
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Impact of different land use along the Kasumigaura lake on
suspended sediment and particulate 137Cs discharge

7K : Feng Bin
SZAMRE  BH B—
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Large amounts of 137Cs released from the Fukushima Daiichi nuclear power plant are
continuously entering Lake Kasumigaura (Ibaraki Prefecture) from surrounding rivers,
which could pose a potential radiation threat to drinking water safety and local fishing
products. Given that more than 95% of 137Cs in rivers are tightly bound to suspended
sediments (SS), understanding the dynamics of particulate 137Cs input/emission and
the mechanisms behind controlling their transport is critical for the region. Land use is
often considered a key factor affecting sediment yield and 137Cs inventory. Especially
during the rainy season, its differences in soil erodibility can be greatly amplified, thus
altering the supply of river sediment and the discharge of particulate 137Cs. Significant
differences in land use composition have been identified in two sub-basins adjacent to
Lake Kasumigaura (i.e., the Koise River basin and Sakura River basin), but due to the
lack of long-term river monitoring data along the Kasumigaura Lake area, it remains
difficult to evaluate the effect of such land use differences on sediment supply, river
suspended sediment and particulate 137Cs fluxes.

To fill this knowledge gap, we conducted a six-year monitoring campaign in two sub-
basins (i.e., Koise River basin and Sakura River basin) and combined hysteresis analysis
and 137Cs tracing to specifically explore differences in sediment supply and transport
across land-use basins. We found that sediment loads were more significantly
correlated with discharge/rainfall in the Koise River ( a higher proportion of forest
fraction), and the dynamics of particulate 137Cs were more consistent over the same
period. In contrast, the control of water flow/rainfall on sediment transport with 137Cs
is relatively weaker in Sakura River (a higher PFU fraction). Hysteresis analysis shows
that the frequency of clockwise event (CW) in the Koise exceeded 50%, while the figure
of eight (F8) hysteresis occurred more frequently. We thus hypothesize that rainfall
promotes sediment outflow from the forest edge in the Koise catchment, while the
Sakura catchment has more paddy land, which leads to a more complex sediment
composition due to its higher connectivity. To further study the location of sediment
sources in two catchments, we propose a novel index to describe the spatial distribution
of 137Cs loss using meteorological radar data, quantified land use, and 137Cs

inventories. We found a significant positive correlation between this metric and 137Cs
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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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Radiocesium Contamination within Japanese Rivers, Sediment and
Runoff

et : Johnson Edward Thomas
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1. R
We found that relief ratio and area are not predictors for erosion and redeposition of
radiocesium impacting air dose rates following water level events across different
watersheds. Relief ratio and area are not predictors for erosion and redeposition of
radiocesium impacting air dose rates following water level events across individual
watersheds. We did find a difference in physcial decay of dose rates and actual dose rate

decay. Actual dose rate reduction was greater than that of physical decal for all locations.

2. i@
We hgave presentations at the Central Rocky Mountain Chapter of the Health Physics

Society, as well as the CSU Research day. No peer reviewed publications at this time.
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Current methodology for estimating whole-body doses to the
representative residents of the settlements exposed to radioactive
fallout from nuclear detonations at the Semipalatinsk Nuclear Test

Site

HFFR R 3E © Shinkarev Sergey
ZAMRE RO &
HEHFE#E : Stepanenko Valeriy

Hoshi Masaharu

Intensive atmospheric nuclear weapons testing at the Semipalatinsk Nuclear Test Site
in 1949-1962 resulted in radioactive fallout in settlements located neighboring to this
test site and exposure to the residents of those settlements. Up-to-date methodology
has been adjacent to assess whole-body doses to the representative children of six
age-groups (according to the ICRP recommendations: fetus, 3mo, 1y, 5y, 10y, 15y) in
18 settlements from 12 tests. Input data were determined as follows: (1) settlement-
average dose to air at the settlement considered, (2) the conversion coefficient from
dose to air to whole-body dose, which varies according to the age of a representative
child, (3) the behavioral factor of a representative child. In turn, the behavioral factor
includes the location factors for outdoors and indoors and the fractions of time spent
outdoors and indoors. The location factor for outdoors is assumed to be equal to 1.
While, the location factor for indoors depends upon the degree of gamma-ray
attenuation by the building material: 0.33 — for wooden houses; 0.1 — for brick houses
and 0.077 — for adobe houses. The fractions of time spent outdoors and indoors depend
upon the age-group of the representative children and the season.

Results: The estimates of the average-settlement dose for 18 settlements included in
the project from 12 tests at the SNTS that affected those settlements have been
clarified. The best estimates of the settlement-average dose to air are in the range (1-
600) mGy. The estimates of the whole-body doses for majority of representative
children from different age-groups were lower by a factor of approximately 2-5 than the
estimates of the settlement-average dose to air in the settlements considered. About
(45-75) % of life-time whole-body dose from external exposure for the representative

children have been realized during three first days after fallout arrival time.
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Evaluation and modeling of factors controlling Cs-137
concentration in river
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Quantifying the impact of extreme rainfall events on the erosion of
terrestrial organic carbon exported by rivers: Exploring radiocesium
as a tracer
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Natural radioactivity and its radiation hazards in organic and
inorganic agricultural soils of Tamil Nadu, India

WA EKZ : Ananthanarayanan Chandrasekaran
SAFEE STy EATRN E74Z0L A ZRTA I
HEZEZE  Begum Zinnat Ara

DS

X Research objectivelX

The application of organic and inorganic fertilizers alters natural radionuclide
concentrations in agricultural soils, which are influenced by regional geological and
geographical factors. This research investigates the concentrations and activities of
238U, 232Th, and 40K in soil samples, along with measurements of absorbed dose rate,
radium equivalent activity, annual effective dose, internal hazard index, and excess
lifetime cancer risk, to assess radiological impacts. Findings are contextualized with
international data and compared to UNSCEAR guidelines; multivariate statistical
analyses are employed to evaluate interrelationships among radioactive parameters.

X ExperimentallX

In this study, twenty-one soil samples were systematically collected from diverse
locations across Tamil Nadu. Each sample was placed in a polythene bag, clearly
labeled, and transported to the laboratory for pre-treatment. To ensure homogeneity
and facilitate precise gamma-ray spectrometric analysis, the samples were ground into
a fine, uniform powder. Subsequently, the powdered samples were oven-dried at
105 ° C for 2 h to remove moisture, then packed into 250 mL Marinelli beakers. The
beakers were securely sealed with screw caps and Teflon tape and stored in an
undisturbed environment for 4 weeks to achieve secular equilibrium among natural
radionuclides and their short-lived progeny. Finally, the samples underwent Nal (TI)
gamma-ray spectroscopic analysis to determine the activity concentrations of
primordial radionuclides, specifically 238U, 232Th, and 40K.

X ObservationsX

The activity concentrations of 238U, 232Th, and 40K in soil samples were quantified
using a gamma-ray spectrometer equipped with a Nal (TI) detector. Results indicate
that these concentrations were generally elevated. Specifically, in organic soil samples,
the activity concentrations of 238U ranged from below detection limit (BDL) to 68 Bqg/kg,
232Th ranged from 23 to 165 Bqg/kg, and 40K ranged from 340 to 1040 Bqg/kg. For

inorganic soil samples, the activity concentrations of 238U ranged from 11 to 72 Bq/kg,



232Th from 35 to 230 Bqg/kg, and 40K from 543 to 1243 Baq/kg. Additionally, the
absorbed dose rate and annual effective dose rate were calculated for both organic and
inorganic soils. These values exceeded the recommended limits for the study area by a

slight margin.
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Estimation of uranium ions concentration in drinking water sources
around the Natural High Background Radiation Area of Chavara,
Kerala, India.
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1. R

X Research objectivelX

Uranium, a radioactive element, is naturally found in the environment as minerals with varying
concentration levels. Contamination of drinking water with uranium poses a significant risk due
to its chemical and radioactive properties. The purpose of this research is to estimate the
concentration of uranium ions in drinking water sources around the Natural High Background
Radiation Area (NHBRA) of Chavara, Kerala, India. The study aims to the following: (a)
Determine the levels of uranium contamination in groundwater and assess the potential health
risks to the population in the NHBRA of Chavara, Kerala; (b) Investigate the geological and
anthropogenic factors contributing to uranium contamination in the region; (c) Evaluate the
effectiveness of current monitoring and management strategies for uranium contamination in
India; (d) Generate baseline data for future research on uranium contamination and remediation
efforts in similar areas.

X ExperimentallX

For this study, ten locations were selected along the Chavara coasal stretch. 100 mL of drinking
water samples were systematically collected & filtered using 0.45- u m Whatman filter paper and
acidified with nitric acid (HNO3). Uranium was measured using LED fluorimeter (LF-
Quantalase) within a range of 0.5-1000 u g/L, with an accuracy of =10 % or 0.05 ug/L. The
physio-chemical indices were measured using a multi-parameter water quality probe (Hanna
Multi Probe). Mass concentration of Uranium manipulated with conversion factors to obtain
Activity Concentration of Uranium & Annual Effective Dose to general public due to consumption
of drinking water in the Natural High Background Radiation Area of Chavara, Kerala, India.

X ObservationsX

In this study, an LED flourimeter was used to estimate the amount of uranium present in the
drinking water samples taken from the NHBRA of Chavara, Kerala, India. The results infers, the
uranium content in groundwater varies in different orders of magnitude which may be due to the
kind of geological formation and anthropogenic activities. Uranium levels in drinking water
were measured between 0.76 and 230.5 ug/L, with about 12% of the samples exceeding the
AERB's radiological limit (RBL) of 60 pg/L. The uranium activity concentration in drinking



water ranged from 0.02 to 6.02 Bq/L. Annual Effective Dose (AED) values ranged from 1.2 to
95.0 u Sv/y, remaining within the WHO's recommended limit of 100 uSv/y . This benchmark
data on uranium levels in groundwater sources in the NHBRA of Chavara, Kerala, and assessed

health risks to the population is pivotal for further studies.

2. &
PUBLISHED RESEARCH ARTICLES

1.Priyadharshini, M., Ahmed, Munawar Suhail, Chandrasekaran, A., Santhanabharathi, B.,
Pradhoshini, K.P, Aarthi, M., Duong, V.H., Rahman, I., Mohamed Saiyad Musthafa (2026),
Radiological Risk Assessment of Primordial Radionuclides in Sediment: A Case Study of
Southeast Chennai, Tamil Nadu, India. Regional Studies in Marine Science, V. 94, 104731.
https://doi.org/10.1016/j.rsma.2025.104731
2.Priyadharshini, M., Santhanabharathi, B., Chandrasekaran, A., Ahmed, M.S., Pradhoshini,
K.P, Aarthi, M., Duong, V.H., Nguyen, X.Q., Begum, Z.A., Rahman, |. and Musthafa, M.S.,
(2025). Assessment of Gross Alpha, Gross Beta, 210Po, and 210Pb in Rice and their
Associated Health Risks in Tamil Nadu, India: A Baseline Study. Applied Radiation and
Isotopes, p.112253. https://doi.org/10.1016/].apradis0.2025.112253
3.Ahmed, Munawar Suhail, Bharathi Santhanabharathi, A. Chandrasekaran, Kumara
Perumal Pradhoshini, Marckasagayam Priyadharshini, Murugavel Aarthi, Jalal Khan Rawoof
Khan Thangarasu Ravimanickam, V. Sathish, Van-Hao Duong, Zinnat Ara Begum, Ismail
M.M. Rahman, Mohamed Saiyad Musthafa, (2025). "Radioecological dynamics of
primordial radionuclides in rice agroecosystems: A comprehensive assessment of transfer
pathways and health risk assessment in the Manavalakurichi NHBRA." Science of The Total
Environment, 994;180029.
4. Khan, J.K.R., Thangarasu, R., Ahmed, M.S., Priyadharshini, M., Santhanabharathi, B,
Pradhoshini, K.P, Duong, V.H., Krishnamoorthy, R., Begum, Z.A., Rahman, I.M. and Musthafa,
M.S., (2025). “Health risk assessment of 210Po and 210Pb due to consumption of dried fish
from natural high background radiation areas of Kanyakumari coast, Tamil Nadu, India”.
Marine Pollution Bulletin, 217, p.118040.
5.Pradhoshini, K.P, Santhanabharathi, B., Chandrasekaran, A., Ahmed, M.S., Priyadharshini,
M., Duong, V.H., Rahman, .M. and Musthafa, M.S., 2025. Radiation doses received by
humans in their dwellings—A baseline report on radionuclides exposure from construction
materials used in Chennai, Tamil Nadu, India. Journal of Hazardous Materials, 484, p.136754.
6.Santhanabharathi, B., Ahmed, M.S., Chandrasekaran, A., Priyadharshini, M., Pradhoshini,
K.P, Aarthi, M., Sathish, V., Krishnamoorthy, R., Duong, V.H., Rahman, [.M. and Musthafa,
M.S., (2025). Spatial distribution and radiological risk assessment of natural radionuclides
in sediments from Kayamkulam Estuary, Kerala. Environmental Pollution and Management,
2, pp.77-86.



1-25-10

Development of magnetic carbonaceous materials from agro-waste
for the removal of radionuclides
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1. R
Report
This report details the successful progress and accomplishments of the research project
focused on developing magnetic carbonaceous materials (MCMs) from agro-waste for
radionuclide remediation. Following the proposed research plan, mahogany (Swietenia
mahagoni) seed shells were utilized as a sustainable precursor to create high-performance
adsorbents. To date, the project has successfully synthesized these materials and
demonstrated a significant adsorption capacity of 47 mg/g for the removal of Strontium
(Sr(11)) from aqueous solutions.
The project transitioned from the conceptual framework of renewable resource use to the
practical application of circular economy principles. The following milestones have been
achieved:
XMahogany seed shells, an abundant agro-waste, were processed into carbonaceous
materials and incorporated with iron-based nanoparticles to impart magnetic properties.
XAdvanced analytical techniques have been employed to confirm the structural and
functional integrity of the MCMs:
*XRD confirmed the crystalline structure and the successful incorporation of magnetic
phases.
*VVSM and use of an external magnet confirm the magnetic character of MCMs.
*SEM revealed the co-existence of nano-sized magnetic and carbonaceous parts that
are essential for effective adsorption.
*FTIR identified the presence of functional groups responsible for chemical interactions
with radionuclides.
XInitial batch experiments targeting Sr(ll) have yielded an adsorption capacity of 47 mg/g.
This aligns with the expected result of producing materials with high surface area and
customized pore structures.
Ongoing Work and Outlook
While the primary structural characteristics have been established, further characterization
(including BET, Raman, and XPS analysis) is currently ongoing to map the precise surface

area and elemental composition. Future phases will focus on reusability testing to evaluate



the stability of the MCMs over multiple adsorption-desorption cycles, ensuring economic
feasibility for large-scale environmental applications.
Upon completion of the remaining characterization and analysis, a manuscript detailing these

findings will be submitted to a peer-reviewed journal for publication.

2. &
1. Magnetic graphene nanocomposites: a new frontier in radioactive waste remediation
(https://pubs.rsc.org/en/content/articlelanding/2026/va/d5va00319a).
2. Environmentally sustainable synthesis of reduced graphene oxide using Piper chaba
stem extract and its adsorbent efficacy towards wastewater treatment.
(https://www.sciencedirect.com/science/article/pii/S221171562600007X?via%3Dihub.)



1-25-11

Synthesis of High-Quality Graphene from Borneo Bamboo for
Selective Sorptive Separation of Lead Isotopes
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Mohamad Said Khairul Anwar

. AR

The core outcome of this research is the successful conversion of Borneo Bamboo into high-
quality graphene designed for the selective removal of lead (Pb) isotopes from contaminated
water. The research produces graphene characterized by a high surface area and a tunable
pore structure, which are essential for effective adsorption. The graphene is functionalized
with oxygen-containing groups to significantly improve its ability to bind with and remove
Pb isotopes. The study identifies that the removal of lead occurs through complex
interactions, specifically electrostatic forces and ion exchange between the lead isotopes
and the functionalized graphene surface. According to the findings, authors manage to

published journal article.
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Application of analytical methodology of Cs-137 in seawater for
Vietnam coastal fish to estimate background level

MR FzZE : Nhan Duc Dang
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eSS
The Ammonium Phosphomolybdate (AMP) co-precipitation for more selective isolation
of 137Cs from seawater and digested solution of fish samples that could improve the
sensitivity of the gamma-spectrometry for 137Cs quantification was adapted since 2025
by the INST for 20 L of seawater and 1 kg-wet of marine fish.
In the Joint Research Project, a training course was held at the IER Institute on AMP
procedure for 137Cs separation from seawater and from biota digested solution, ICP-
MS procedure for analyzing stable Cs and field sampling.
The activity concentrations of 137Cs in fish ashes (4500C, 48h) were quantified using
the gamma-spectrometry with HpGe. Subsequently, the fish ash samples were
processed using the AMP/CS method.
A total 2 seawater and 14 fish samples were measured by the INST under the study.
The analysis results showed an average activity concentration value of 0.48 Bq/kg-dry.
By AMP/Cs process, the results were 0.97 = 0.17 mBqg/L and 0.089 = 0.019 Bq/kg-
wet respectively (approximately 0.39 £ 0.08 Bq/kg-dry) for seawater and marine fish
from Vietnam.
The results show that the activity concentrations were similar to those using large
volumes of seawater and marine fish.
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Modeling the Transport of Radionuclides in the Niida River using

. AR

A
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the WRF-Hydro Model

AR EKE  Kopka Piotr
FANMRE ST 7 vF L
HEZEE : Potempski Stawomir

This pilot ERAN International project aims to develop the WRF-Hydro model transport
mechanisms for tritium (®H) and cesium-137 (*®Cs) radionuclides deposited in the
Niida River basin. Since the original WRF-Hydro model lacks radionuclide and sediment
transport modules, there is a need to develop radionuclide transport and dispersion
modules for understanding tritium and cesium-137 movement in riverine systems.

The Niida River has measurements of both tritium and cesium-137 radionuclides
including suspended sediments and river water levels, which were converted to river
discharge, and we focused on *H and '*’Cs data due to their significant long-term
environmental impact following the Fukushima Daiichi Nuclear Power Plant (FDNPP)
accident. In this first ERAN project, we conducted the initial WRF-Hydro model setup,
river discharge calibration and validation, and plan to integrate radionuclide module into
the source code of the original WRF-Hydro model. The radionuclide transport of the
modified WRF-Hydro model will include groundwater—surface water interactions,
adsorption/desorption dynamics, and sediment transport mechanisms to be match
tritium and Cs-137 radionuclide data in the Niida River Basin under different
hydrological conditions. These findings will be crucial for predicting the long-term fate
of radioactive contaminants in river systems and for designing better environmental
protection policies. Additionally, the research will support ongoing international efforts
between Poland and Japan to understand radionuclide behavior in freshwater
environments, with implications for nuclear disaster prevention and recovery. The final
results will be submitted to a high-impact scientific journal, ensuring widespread
dissemination of the findings. This ERAN project’'s outcomes will also serve as a
foundation for future studies in hydrological modeling, environmental radioactivity, and
ecological risk assessment, strengthening the scientific basis for long-term

environmental monitoring programs in contaminated regions.

None



1-25-14

Modeling soil contamination of 90Sr and 137Cs radionuclides due
to a ground nuclear test explosion conducted on September 24,
1951 on the Semipalatinsk test site territory.

M Fz#E  Baklanova Yuliya
SANMEE: /> TT7 wFU LA
HE#FZEE : Aidarkhanov Assan

eSS

Nuclear weapons testing leaves behind radioactive contamination as a long-lasting
legacy and public health hazard at the Semipalatinsk Test Site (STS), which had 116
nuclear tests between 1949 and 1963 with the 90Sr and 137Cs main dose-forming
radionuclides. To address, we investigated 90Sr and 137Cs activity concentrations and
90Sr/137Cs ratios in topsoil and soil particle-size fractions collected in the fallout
plumes from the 38 kt aboveground nuclear test conducted on September 24th, 1951
(the Southern plume - No. 1) and the 400 kt first thermonuclear test on August 12th,
1953 (the Southeastern plume - No. 2).

Inthe STS, Southern and Southeastern topsoil locations were sampled up to 5 cm using
an envelope technique and 3.0-3.5 kg collected samples were dried at 105 0 C removing
<1 mm fraction. By quartering, a soil sub-sample of ~150 g was collected from the
separated fraction for grounding by PULVERISETTE 9 and sent for y -spectrometric
analysis with a high-purity germanium solid-state detector GEM-FX5825P4. To
separate soil fractions, ‘wet’ sieving and sedimentation techniques were sequentially
used. From each soil sample that underwent y -spectrometric analysis, a b g subsample
was calcinated in a muffle furnace at 550 oC for 9h removing organic matter and used
for 90Sr separation by addition of SrCl2, sequentially treated with concentrated
solutions of hydrofluoric, nitric, and hydrochloric acids. The resultant solution was used
to isolate and purify Sr-isotopes by sequential precipitation (iron hydroxide and
strontium carbonate). After the chemical precipitation steps, 90Sr re-dissolved into the
solution was let to reach the radioactive equilibrium with its decay progeny 90Y after
14 days, precipitated in the form of yttrium Y(OH)3, transferred to a muriatic acid
solution and then to a vial before the 90Y activity was measured. The activity of 90Sr
was determined from accumulated 90Y by Tri-Carb 2900 TR liquid-scintillation analyzer
of 2 h. Following beta-spectrometric analysis, the chemical yield of 90Sr was
determined in the filtrate solution remaining after 90Y co-precipitation by inductively
coupled plasma-optical emission spectrometry iCAP-6000.

Results show that activity levels of radioactive 137Cs contamination were comparable



in the two plumes, but the Southeastern plume had higher 90Sr levels. The estimated
90Sr/137Cs ratios were between 0.4 and 1.7 for the Southern plume, while the ratios of
thermonuclear test’s plume ranged between 1.1 and 5.4, which are assumed to be due
to the different types and yields of the nuclear charges. In the Southern plume,
radionuclides were concentrated in the 250-100 u m fraction, without variability of the
radionuclide ratios based on particle-size fractions. The maximum 90Sr/137Cs ratio for
the Southern plume did not exceed 3, and was less than 1 for finer fractions. For the
Southeastern plume, the values of the 90Sr/137Cs ratios in soil particle-size fractions
reduce as the size of the fractions decreased from 1000 to 40 um. High activity
concentration ratios of up to 6.2 were observed for fractions ranging from 250 to 1000
um. The research results of a comprehensive environmental survey of the STS provided
insight into the distribution of 90Sr and 137Cs radionuclides in the atmosphere-soil
system during ground-based nuclear tests and were published in a reputable journal
(Baklanova et al., 2025).
Reference:

Baklanova VY.V., Kabdyrakova A.M., Aidarkhanov A.O., Krivitskiy PY., Kunduzbayeva A.Y.,

Abisheva M.T., Salmenbayev S.Y., Larionova N.V., and Gusyev M. (2025). Comparison of

90Sr/137Cs activity ratios in the soil of fallout plumes from aboveground nuclear and

thermonuclear tests at the Semipalatinsk Test Site. Journal of Environmental Radioactivity
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Tritium measurement in the terrestrial surface waters of the
Carpathian Basin (EU) and Hamadori-Nakadori (Japan) mountain
ranges
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The Carpathian basin, similar to Japan, is the home of a large number of natural springs
and termal water resources, which offer a potential interest for tritium measurement.
By measuring tritium concentrations in such waters, we can improve our understanding
of hydrodynamics and provide data for climate change research and a baseline for
assessing the potential effects of nuclear facilities. In our research, water samples were
collected from Hungary and Romania, from rivers, thermal springs, wells, and
precipitation in the Carpathian Basin. All samples were stored in 2 L polyethylene
containers and transported to the laboratory under controlled conditions. Tritium
activity concentrations were determined at the IAEA Isotope Hydrology Laboratory using
a standard procedure for low-level environmental samples. The analytical method
consists of distillation, electrolytic enrichment using a polymer electrolyte membrane
(PEM) system, and liquid scintillation counting (LSC). Electrolytic enrichment was
applied to increase tritium concentration. Following enrichment, samples were mixed
with scintillation cocktails (Ultima Gold LLT) and measured using ultra-low-level liquid
scintillation counting (LSC) systems. Tritium activity concentrations were calculated
from net count rates of the sample relative to standards, considering background
subtraction, the enrichment factor, and radioactive decay correction.

Tritium activity concentrations in surface and thermal waters ranged between

0.036 * 0.004 and 0.981 = 0.014 Bqg/L (= 0.30-8.25 TU) in line with usual worldwide
activity concentration data. The highest activity was observed in the precipitation
sample: 1.046 = 0.015 Bqg/L (8.79 TU). Several thermal waters exhibited low tritium
concentrations, including Héviz outflow (0.136 + 0.005 Bg/L =~ 1.14 TU), the Szent
Mihaly well (0.061 Bg/L) and selected springs in Transylvania (<0.06 Bq/L). Elevated
values were identified at specific locations, notably a private thermal well in Erd and a
hot spring at Balvanyos, indicating recent contact with the atmosphere. In our findings,
low tritium concentrations indicate limited recent recharge and longer groundwater

residence times. In contrast, elevated tritium values suggest a stronger contribution
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from recent precipitation and more active hydrological turnover. The rainwater sample
shows slightly higher tritium activity compared to regional long-term averages but
remains within the expected seasonal variability. Overall, the measured range is
consistent with typical environmental tritium levels reported worldwide. Héviz, Europe’s
largest thermal lake, is known to be fed by 3 hot and 1 cold underwater springs, selective
sampling of them might be of interest.
The main findings were

«Tritium variability reflects mixed groundwater systems

*Thermal waters generally show low modern water contributions

*Local anomalies indicate site-specific recharge conditions

*Results are consistent with global environmental datasets
Further work will focus on detailed comparison between European and Japanese
datasets and on identifying the controlling hydrological processes. The results are
currently being processed to publish a joint manuscript on investigating the possible
causes of our observations in this research, and there is a possibility of establishing
possible background water resources based on our activity concentration results,
waters containing activity concentrations less than <0.06 Bg/L might be convenient
background waters for atmospheric or surface water research and can possibly

incorporated into laboratories working on limited amounts of organic samples.

None
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The Biological Effects of Indoor Radon Exposure in Humans
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DES
Humans spend a substantial proportion of their time in indoor environments, where
exposure to environmental pollutants such as radon and household dust is common. Radon
is a well-established risk factor for lung cancer, while household dust can act as a reservoir
for a wide range of particulate contaminants originating from both indoor and outdoor
sources. In indoor environments, radon progeny may attach to airborne particles, including
components of household dust, potentially enhancing their deposition in the respiratory
tract. However, the potential combined biological effects of radon and household dust
exposure on lung epithelial cells remain poorly understood. Therefore, this study aimed to
investigate the cytotoxic and genotoxic effects of co-exposure to radon and household dust
in human lung epithelial cells. Household dust samples were collected from residential
environments in Lampang Province, Thailand. Dust extracts were prepared using water and
methanol-water (1:1, v/v) and applied to A549 human lung epithelial cells. A549 cells were
divided into four groups: control, radon exposure alone (45 min/day for two consecutive
days), household dust extract treatment alone (24 h), and combined exposure in which cells
were first treated with dust extracts for 24 h followed by radon exposure. Cellular responses
were evaluated using cell viability assays, cytokinesis-block micronucleus analysis, and
Western blotting to examine oxidative stress (Nrf2/HO-1), DNA damage (y-H2AX),
autophagy (LC3), and inflammation (IL-6). Household dust extracts significantly reduced
cell viability and increased micronucleus formation in Ab49 cells. Co-exposure to radon and
household dust further enhanced oxidative stress, as indicated by activation of the Nrf2/HO-
1 signaling pathway. Increased y -H2AX expression and micronucleus frequency suggested
enhanced DNA damage. In addition, co-exposure induced autophagy activation and
inflammatory responses, as evidenced by an increased LC3 II/I ratio and elevated IL-6
expression. These findings demonstrate that combined exposure to radon and household
dust induces oxidative stress—mediated cytotoxic and genotoxic effects in lung epithelial
cells. The results provide mechanistic evidence that interactions between indoor radon and
particulate contaminants in household dust may contribute to health risks associated with

indoor environmental pollution.
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Environmental Radioactivity, Radiation Physics
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Progress Report

This project was aimed to assess uranium and other potentially toxic elements (PTEs)
in potable water of Yamuna and Tons valleys of Garhwal Himalaya, India. For this
purpose, a total of 40 potable groundwater samples were collected from the study area.
The collected samples prepared and analyzed for uranium and potentially toxic
elements using Inductively Coupled Plasma Mass Spectrometry (ICPMS). The
measured values of uranium concentration in potable groundwater samples were
observed to range from 0.01 to 23.42 ug L-1in the Yamuna valley and BDL to 2.95 ug L-
lin Tons valley of Garhwal Himalaya. The concentration of uranium in all the
investigated water samples were found below the prescription limit of 30 pg L-1
suggested by the World Health Organization (WHO). The radiological (carcinogenic) and
chemical (non-carcinogenic) risks associated with uranium consumption through
drinking water were also estimated and found below the safe limits.The mean values of
concentrations of PTEs such as Cr, Mn, Fe, Ni, Cu, Zn, As, Mo, Cd, Sh, Ba and Pb in the
investigated groundwater samples were found to be 0.827pg L-1, 4.590ug L-1, 1.612ug
L-1, 0.667ug L-1, 0.688ug L-1, 20.926ug L-1, 1.112ug L-1, 1.178ug L-1, 0.008ug L-1,
0.399pg L-1, 44.252ug L-1, 2.165ug L-1 and 1.871ug L-1, respectively. The
concentrations of these PTEs (except Pb) were found to be below the guideline values
prescribed by WHO. However, Pb concentrations in a few samples exceeded the
recommended limit. The findings of the project also provide a baseline database for
future hydrogeochemical studies beyond the immediate implications for public health.
The findings provide baseline data for regulatory authorities aligned with United

Nations Sustainable Development Goal 6 (i.e. clean water and sanitation).
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correlation and health implications of uranium and other potentially toxic elements
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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
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Our projet reports the radon tracing using a low-cost, locally manufactured smart
electronic device with comparison to a reference radon measuring device. Developed
for radiation protection and nuclear security, the proposed device consists of a ZP 1200
Geiger-Miller (GM) tube detector, low-cost components namely the Arduino
microcontroller board, the DHT11 temperature (T) and relative humidity (RH) sensor
and XBee-based Internet of Things (loT) wireless transmission modules. The reference
device measures radon concentration, temperature, and relative humidity in indoor
spaces. Typically, the developed device provides data of atmospheric parameters (T,
RH) and the ambient dose equivalent rate. From the ambient dose equivalent rate (in
uSv/h), radon activity concentration (in Bq/m3) is deducted using standard and
recognized conversion coefficients. The coefficients vary according to the ambient
radiation strength and are ranging from 5500 to 8900 (Bq/m3)/(uSv/h). The developed
device and the reference instrument were exposed during one month in several
dwellings in the city of Yaoundé-Cameroon, and periodic average values of 27.51° C
(developed device) and 26.19 ° C (RadonEye) for temperature, 74.10 % (developed
device) and 73.00 % (RadonEye) for relative humidity, and 1499.19 Bq/m3 (developed
device) and 1464.91 Bq/m3 (RadonEye) of cumulated radon activity concentrations, for
a 24 hours of exposure period were evaluated. Statistical analyzes carried out on the
results of the two devices provide a linear regression coefficient of R2 = 0.9978. This
shows a good agreement between the data of the developed device and the reference
instrument RadonEye.

Keywords: Radon tracing, radon monitoring, relative humidity sensor, temperature

measurement
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[1] Jacob Mbarndouka Taamté, Yvette Flore Tchuente Siaka, Soumayah Bachirou,
Gouroudja Ahmadou, Dieu Souffit Gondji, Frangois Koyang, Modibo Oumar Bobbo,
Saidou "Water Quality Assessment in the Lakes of Yaoundé City of Cameroon for
Environmental Monitoring and Human Health" African Journal of Aquatic Science, 2025,
https://doi.org/10.2989/16085914.2025.2602727 (Taylor and Francis)( accepted and
in process).

[2] Jacob Mbarndouka Taamté, Yvette Flore Tchuente Siaka, Saidou "An overview of air
quality monitoring based on low-cost electronic sensors in Cameroon", Journal of
Instrumentation, 2025, DOI: 10.1088/1748-0221/21/02/T02005 (IOP).
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Evaluation of the effective dose from radon thoron decay products
in Hin Dat natural hot springs, Thong Pha Phum district,
Kanchanaburi province
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Radon (Rn) and thoron (Tn) are radioactive noble gases that are produced by uranium (U)
and thorium (Th), which occur naturally in geological formations, including hot springs. Upon
inhalation, radon decays, emitting high-energy alpha radiation (4.869 MeV) and generating
radioactive progeny that may pose significant health risks, particularly to the respiratory
system. Although thoron has a relatively short half-life (5.5 seconds) and is generally less
important than radon, exposure to thorium-rich soil may increase the health risks of thoron
inhalation. The decay products of radon and thoron accumulate in the alveoli, where they
are difficult to expel, potentially causing cellular damage from alpha radiation and lead
toxicity, thereby increasing the risk of lung cancer. This research studies the efficiency of
passive detectors as an alternative method for detecting radon-thoron decay products in
open areas with high background radiation levels in Thailand. Hin Dat Hot Springs was
initially selected as a research site due to its high background radiation levels and its status
as a significant tourist attraction in Thong Pha Phum District, Kanchanaburi Province.
RnPTnP monitoring detectors with a solid-state alpha track detector were installed around
the Hin Dat Hot Springs for about three months to monitor the amount of radon and thoron
progeny in the air, along with a radon-thoron concentration monitor (RADUET) for result
comparison. However, all results showed that the concentration of radon progeny in the area
ranged from 0.8 to 21 Bg m —3, with a mean of 7.6 Bqg m — 3, while the concentration of
thoron progeny ranged from 0.8 to 3.5 Bq m —3, with a mean of 1.8 Bq m —3. The annual
radiation dose values for radon progeny were found to be 7.5 - 219.9 uSv y-1, with an
average of 79.4 uSv y-1. The radiation dose values for thoron progeny were 0.4 - 1.4 uSv y-
1, with an average of 0.9 uSv y-1. The test results showed that the measured radon-thoron
decay product concentration exceeded the lower limit of detection, indicating that passive
radon-thoron decay product detection is feasible for use in open areas with high background

radiation.
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Detection of Metabolomic and Genomic Biomarkers as a Radiation
Response to Support Risk Analysis Safety: A Study of Nuclear
Fasility Radiation Workers
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1. AR
The health consequences of continuous exposure to low doses of IR are still a topic of
great scientific interest. Research on the biological effects of chronic occupational
exposure to ionizing radiation has become a widely developed topic by analyzing
selected genomic and metabolomic biomarkers. Workers who work in nuclear facilities,
either as researchers or as operators, are potentially at risk of long-term exposure to
jonizing radiation at low to moderate doses. Although these exposures are generally
within regulatory safety limits, cumulative biological effects may still occur, particularly
at the molecular and cellular levels. Therefore, identifying sensitive and reliable
biomarkers is essential to support early detection of radiation-induced damage, improve
occupational health surveillance, and strengthen risk assessment strategies. Oxidative
stress and genomic instability are central mechanisms in radiation-induced health risks.
Malondialdehyde (MDA) is a reliable marker of lipid peroxidation, while reduced
glutathione (GSH) reflects antioxidant defense. Micronucleus (MN) frequency in
lymphocytes is a validated cytogenetic biomarker of genotoxicity. The study focuses on
both genomic damage indicators and oxidative stress-related metabolomic markers to
provide a comprehensive evaluation of radiation response. A cross-sectional study was
conducted among 40 exposed worker who worked as researchers at Nuclear Facilities
with varying radiation usage backgrounds, including X-rays, Gamma Rays, and Neutrons,
and 30 age- and sex-matched controls from administrative staff. Peripheral blood
lymphocytes were analyzed for micronucleus frequency using the cytokinesis-block
method. Plasma MDA, GSH, and TAOC, were quantified by standard biochemical assay.
The result show exposed workers demonstrated a relatively higher micronucleus
frequency but statistically not significant, and relatively elevated MDA levels,

statistically it is not significant. In contrast, GSH were significantly reduced in the
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exposed group. TAOC levels showed a mild, non-significant decrease. Based on the
correlation between years of exposure the result show that Micronucleus frequency and
MDA correlated positively with years of exposure. Whereas GSH and TAOC showed
negative correlations. In terms of correlation with the dose received it shows that
micronucleus frequency correlated negative. Meanwhile MDA, GSH and TAOC showed
positive correlations. These findings indicate that chronic exposure to ionizing radiation,
even at regulated occupational levels, may induce oxidative stress and genomic
instability. The integration of genomic and metabolomic biomarkers provides a
multidimensional assessment of radiation effects, capturing both molecular damage
and systemic biochemical alterations. Conclusion and Implications: The combining
cytogenetic and biochemical biomarkers offers a sensitive and comprehensive
approach for biological monitoring of radiation worker. These biomarkers can support
early detection of subclinical radiation effects, enhance occupational health
surveillance programs, and contribute to evidence-based risk analysis and safety

management policies.
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A Study of Method for the Determination of Low-Level Organic-
Bound Tritium Activities in seafoods and Ready-to-Eat food
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Introduction
Following the Japanese government's decision to release treated radioactive waste from
the Fukushima nuclear power plant, concerns regarding environmental and human
health impacts have increased globally. While the Advanced Liquid Processing System
(ALPS) is designed to remove most radioactive contaminants, tritium remains diluted
below 1,500 becquerels per liter. As Thailand’s nuclear safety regulatory agency, the
Office of Atoms for Peace (OAP) seeks to establish continuous environmental
monitoring to prevent radiological hazards and ensure the safety of food products such
as seafood and ready-to-eat meals.
Objectives
*To establish a standardized protocol for determining low-level Organic-Bound
Tritium (OBT) in diverse food matrices.
*To compare and contrast sample preparation and combustion techniques between
the Hirosaki University method and the OAP laboratory.
*To optimize combustion conditions for maximum recovery and achieve results above
the detection limit.
Methodology and Comparative Analysis
The study compares two specialized analytical workflows:
*Hirosaki University: Employs Freeze drying for pretreatment, followed by a dedicated
Combustion process, distillation, and Liquid Scintillation Counting (LSC) analysis
using a 100 mL vial.
+Office of Atoms for Peace: Utilizes Oven drying for pretreatment, followed by
Pyrolysis, distillation, and LSC analysis using a 20 mL vial.
Technical Results
Experimental runs comparing initial sample weights of 10 g and 15 g found that the
15 g sample mass is most effective and compatible with the required temperature
profile. A detailed 13-segment temperature profile has been developed, ranging from
25° C to 800° C, with precise control over air and oxygen flow to ensure optimal

sample recovery.



Execution Timeline (2025)

The project follows a structured timeline for implementation at OAP and Hirosaki

University:
*Mar-Sep 2025: Procurement of the Pyrolyser equipment.
*Oct=Nov 2025: Study of sample preparation and extraction techniques.
Dec 2025 : Laboratory visit to Hirosaki University to master specialized
methodologies and transfer technical knowledge for implementation at OAP.
*Jan—July 2026: Optimization of methods and continued study of detection limits at
the OAP laboratory.

Future Work
To optimize the method, OAP will validate the Hirosaki University parameters to
evaluate results. Liquid Scintillation Counting (LSC) with a low-background counter
will be employed to maintain results within the established Minimum Detectable
Activity (MDA) threshold. Additionally, a comparative analysis of sample preparation
and combustion techniques will be conducted between the Hirosaki University

protocol and the OAP laboratory’s existing methods.
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Assessment of Tritium Levels in Imported Seafood Products
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Thailand currently lacks standardized protocols for analyzing radioactive nuclides in
food products, particularly Organically Bound Tritium (OBT). Understanding the
behavior of tritium in food is crucial, as it can be incorporated into biological molecules,
leading to longer retention times in the human body compared to tritiated water. To gain
practical expertise and technical insights into OBT analytical methodologies into OBT
analysis techniques, a representative from Thailand institute of Nuclear Technology
(TINT) conducted a technical visit to Tritium laboratory at the Institute of Radiation
Emergency Medicine (IREM), Hirosaki University in Aomori, Japan, from on 8 - 12
December 2025.

This study aims to 1) investigate sample preparation methodologies for the
extraction of Tissue Free Water Tritium (TFWT) and OBT extraction from various
complex food matrices., 2) evaluate the efficiency of the water purification and
distillation/reflux techniques post-extraction to ensure high-purity samples for analysis
for liquid scintillation counting (LSC)., and 3) comprehensive analytical workflow for
low-level tritium detection, facilitating the future implementation of these protocols
within Thailand’s national laboratory framework.

This technical visit, technical proficiency was achieved in the complete analytical
workflow for tritium analysis in food. The training began with comprehensive pre-
treatment protocols, including samples collection, long-term preservation, and
preparation. The main of the technical transfer focused on specialized extraction
methods. Tissue Free Water Tritium (TFWT) was isolated from food matrices via freeze-
drying techniques. Conversely, Organically Bound Tritium (OBT) was extracted by
thermal combustion under controlled oxidative conditions, subsequently recovering the
tritium in the form of tritiated water.

Additionally, comprehensive understanding of water purification and reflux protocols
was acquired, ensuring the removal of organic impurities and interfering with radio
nuclides to enhance analytical precision. Including gain the valuable information for
minimize analytical uncertainties and enhance the precision and accuracy of
measurements.

The Future plan, the visitor will set up the instrument of Chemical and Combustion.



Following the equipment setup, the focus will shift toward the formal implementation

of a Proficiency Testing (PT) Program.
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Comparison of Activity concentration of Sr-90 in seawater,
sediment and fish samples between the South China Sea - Vietnam
and Fukushima Prefecture - Japan
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The research was conducted to determine the activity concentrations of Strontium-90
(Sr-90) in samples collected from various sites in the South China Sea-Vietnam and
compare the sample results to those reported of Fukushima Prefecture, Japan, following
the Fukushima Daiichi Nuclear Power Plant (FDNPP) 2011 accident.

Surface seawater, marine sediment, and fish samples were collected from Ninh Thuan,
Phu Quy, Vung Tau, and Phu Quoc in the South China Sea, Vietnam, in 2025. The Sr-90
activity concentrations ranged from 0.99 to 1.18 mBq/L in seawater, from 0.44 to 0.53
Ba/kg dry weight in sediments, and from <0.03 to 0.04 Bq/kg fresh weight in fishes.
These results are consistent with the ranges reported in previous studies conducted in
Vietnam and the data of the Asia-Pacific region and lower than the Sr-90 index from
the Fukushima coast. This indicates that the study area is influenced primarily by global
atmospheric fallout rather than by recent regional contamination.

Pearson correlation analysis shows that Sr-90 activity concentrations in seawater
exhibit moderate negative correlations with pH (r = —0.67) and electrical conductance
(r = —0.53); however, these relationships are not statistically significant (p > 0.05). The
absence of significant correlations with salinity and other physicochemical parameters
suggests that Sr-90 behaves largely conservatively in the marine environment, with its
distribution primarily reflecting background inputs from global atmospheric fallout
rather than being controlled by local seawater chemistry.

In addition, correlations between Sr-90 activity concentrations and organic carbon
content in sediments were examined, revealing a weak relationship, indicating a limited
influence of organic matter on Sr-90 accumulation in sediments. The low activities
detected in fish further confirm minimal bioaccumulation and the absence of recent
radiological inputs. Overall, these results provide a reliable baseline for future
monitoring and demonstrate that radiological conditions in the South China Sea,
Vietnam, remain at natural background levels.

In conclusion, Sr-90 activity concentrations in seawater, marine sediments, and fish

from the South China Sea, Vietnam, are low and consistent with previously reported



Ficp

background levels, indicating no significant radioactive contamination. The values are
much lower than those observed near Fukushima and show no significant correlation
with seawater physicochemical parameters, with only a weak relationship to sediment
organic carbon. These results confirm the conservative behavior of Sr-90 and its primary
origin from long-term atmospheric fallout, providing reliable baseline data for future
marine radioactivity monitoring.

Keywords: strontium, marine environment, environmental radioactivity
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Analysis of the Association Between Inflammatory Biomarkers and
Exposure to Elevated Radon Levels in Children and Adolescents
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The activities conducted under this ERAN grant were focused on assessing
residential radon exposure and its potential biological effects among children and
adolescents living in uranium-affected regions of Kazakhstan.

Within the framework of the project, 100 passive radon detectors (CR-39 type) were
procured and deployed for long-term indoor radon monitoring. Field measurements
were carried out in settlements representing the main study groups.

During the summer measurement period, 25 detectors were installed in 25
households in the settlement of Agsu, Akmola Region, northern Kazakhstan. These
households were selected based on the residence of children and adolescents
participating in the biomarker study, from whom blood samples had been collected for
the analysis of inflammatory interleukins. The detectors were placed indoors in
accordance with established radon monitoring protocols. To assess seasonal variability,
detectors were subsequently replaced during the autumn and winter periods.

Additional monitoring was conducted in the settlement of Akmol, Akmola Region,
northern Kazakhstan, where 14 CR-39 detectors were installed in 14 households of
participating children and adolescents. The study population included 42 participants
from Agsu and 45 participants from Akmol, forming the primary cohorts for exposure—
biomarker analysis.

At present, validated measurement results are available for the summer and autumn
monitoring periods. Laboratory processing and dose assessment were performed using
standard radon dosimetry methodologies. Data from the winter monitoring cycle are
currently under processing, and a full seasonal comparison is in progress.

The implementation of the grant also supported scientific dissemination. During the
reporting period, two peer-reviewed publications relevant to the research topic were
completed:

1. Lesbek A., Omori Y., Bakhtin M., et al. (2025). Systematic Review and Meta-Analysis
of Inflammatory Biomarkers in Individuals Exposed to Radon. Biomedicines, 13(2), 499.
2. Lesbek A., Omori VY., Bakhtin M., et al. (2025). Seasonal Variations in Effective

Radiation Dose in Residential Buildings of the Akmola Region: Assessing the Impact of



Basement Presence and Proximity to Uranium Tailings. Environments, 12(10), 357.

An additional original research article presenting the CR-39 measurement
results from the Agsu and Akmol settlements is currently in preparation and is expected
to be submitted following completion of the full seasonal analysis.

Overall, the grant enabled the establishment of a residential radon exposure
dataset linked to inflammatory biomarker profiles in children and adolescents. The
findings contribute to a better understanding of environmental radiation-related health
risks in uranium-impacted areas and provide a basis for further epidemiological and

radiobiological research.
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1. Lesbek, A., Omori, Y., Bakhtin, M., Kazymbet, P, Tokonami, S., Altaeva, N., Ibrayeva,
D., & Kashkinbayeyv, Y. (2025). Systematic Review and Meta-Analysis of Inflammatory
Biomarkers in Individuals Exposed to Radon. Biomedicines, 13(2), 499.
https://doi.org/10.3390/biomedicines13020499

2. Lesbek, A., Omori, Y., Bakhtin, M., Ibrayeva, D., Tokonami, S., Kazhiyakhmetova, B.,
Aumalikova, M., Saifulina, E., Mussaeva, E., Altaeva, N., Nygymanova, A., &
Kashkinbayev, Y. (2025). Seasonal Variations in Effective Radiation Dose in Residential
Buildings of the Akmola Region: Assessing the Impact of Basement Presence and
Proximity to Uranium Tailings. Environments, 12(10), 357.
https://doi.org/10.3390/environments12100357
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Impact of Technogenic Radiation Factors on the Development of
Tumor and Non-Tumor Bronchopulmonary Diseases in the
Population of Northern Kazakhstan Based on Molecular-Genetic
Analysis
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Project objectives
The project aimed to investigate the role of environmental radon exposure in lung
cancer risk among populations residing in uranium-affected regions of Northern
Kazakhstan. The specific objectives were (1) to assess indoor radon concentrations and
corresponding radiation doses in residential dwellings of lung cancer patients and
control subjects living near legacy uranium mining sites, and (2) to identify circulating
protein biomarkers associated with lung cancer in individuals chronically exposed to
elevated radon levels.
Use of ERAN funding
Funds provided by the ERAN program were used to purchase passive CR-39 solid-state
nuclear track detectors (Raduet type) for long-term measurement of indoor radon
concentrations. The detectors were deployed in residential buildings of settlements
located in the Akmola Region and in the settlement of Saumalkol (North Kazakhstan
Region), areas situated in proximity to uranium mining and tailings legacy sites known
to have increased radon potential.
The acquisition of CR-39 detectors enabled reliable, integrated assessment of indoor
radon exposure under real living conditions without disturbing residents and allowed
the estimation of effective radiation doses from radon progeny for study participants.
Work performed
Indoor radon concentrations were measured in dwellings of lung cancer patients and
control subjects permanently residing in the investigated regions. Based on measured
values, individual exposure levels and corresponding effective doses were estimated.
This allowed comparison of environmental radiation exposure between study groups
living in uranium-affected territories.
In parallel, venous blood samples were collected from lung cancer patients and controls.
Plasma proteins were extracted and analyzed using liquid chromatography—-tandem
mass spectrometry (LC-MS/MS). Proteomic profiling enabled identification of
circulating proteins associated with lung cancer in populations residing in areas with

elevated radon exposure.



Results
The project generated new environmental exposure data demonstrating spatial
variability of indoor radon concentrations and radiation doses in residential areas of the
Akmola and North Kazakhstan regions located near legacy uranium mining sites.
Proteomic analysis identified distinct plasma protein profiles in lung cancer patients
compared with controls. Differentially expressed proteins included molecules involved
in inflammation and acute-phase response (HP, ORM1/0ORM2, SERPINA1), coagulation
pathways (FGA, FGB, FGG, F2, KNG1), complement activation (C3), and metal and lipid
transport and metabolism (CP. TF, APOA1/APOA2). Many of these proteins are
established or candidate circulating cancer biomarkers.
The coexistence of elevated radon exposure and cancer-associated proteomic
signatures supports a potential link between chronic radon exposure and systemic
molecular alterations detectable in blood.
Scientific and public health significance
The ERAN-supported work provides the first combined environmental and molecular
evidence of radon-related lung cancer risk in Northern Kazakhstan. The integration of
indoor radon measurements with circulating protein biomarkers demonstrates the
feasibility of biomarker-based risk assessment in populations living near uranium
legacy sites.
These findings contribute to understanding the environmental determinants of lung cancer
in Kazakhstan and support future development of screening and prevention strategies for

radon-associated lung cancer in high-risk populations.
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Radon Exposure and Cancer Risk: Assessing Genetic and Protein
Markers in Affected Populations Yerlan Kashkinbayev 1, Baglan Kazhiyakhmetova 1,%,
Nursulu Altaeva 2, Meirat Bakhtin 1, Pavel Tarlykov 3
Elena Saifulina 1, Moldir Aumalikova 1, Danara Ibrayeva 1 and Aidos Bolatov 4, Biology
2025, 14, 506.

https://doi.org/10.3390/biology14050506
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Vertical distribution of primordial radionuclides in soil profiles in
Doon valley, Garhwal Himalaya, India
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Several studies have focused on the distribution of natural radionuclides in soil and
rocks across the world, including the Garhwal Himalaya, India. The purpose of these
studies was to provide an overview of the typical radionuclide levels in top surface soils
and to see whether there was reason for concern from a radioprotection point of view.
However, no studies exist on vertical distributions of radionuclides in soil profiles in the
Garhwal Himalaya, India. The understanding of the vertical distribution is crucial for ithe
dentification of geogenic and anthropogenic sources of radionuclides. This project was
aimed and designed to study the vertical distribution of radionuclides in soil profiles in
non-agricultural and agricultural lands in the Doon valley of Garhwal Himalaya.

The field survey was conducted to collect a total of 84 soil samples from different depth
profiles across selected locations in the Doon Valley of Garhwal Himalaya. A total of 12
geographical locations were identified for sampling and both agricultural and non-
agricultural sites were selected at each location. Soil samples from both land use types
were collected at three depth intervals: 0 to 10 cm, 11 to 20 cm and 21 to 30 cm, with
12 samples from each land use category at each depth, resulting in 24 samples per
depth interval. These layers were considered to evaluate the geogenic and
anthropogenic variations in surface and subsurface soils. In addition, deeper soil
samples were collected exclusively from agricultural land at depth intervals of 51 to 60
cm and 81 to 90 cm, with 6 samples at each depth. These deeper profiles were included
to assess the possible downward migration and transport of anthropogenically derived
radionuclides within the soil column. Overall, the sampling comprised 36 samples from
non-agricultural land and 48 samples from agricultural land, totaling 84 soil samples.
The field sampling for soil sample collection was delayed due to prolonged and
continuous rainfall in 2025 compared to other years in the region. Gamma-ray
spectroscopic analysis of soil samples is in progress, with completion of experimental

work expected by June, 2026. Meanwhile, the potable groundwater samples were



collected from the study area and the adjacent region of the Kumaun Sub Himalayan
Plain for the analysis of uranium and potentially toxic elements (PTEs) using Inductively
Coupled Plasma Mass Spectrometry (ICPMS). The concentrations of uranium in
groundwater samples from the Doon valley were found within the WHO guideline value
of 30 pug L-1. The results of the potable groundwater quality assessment have been
communicated for publication in the Scientific Reports journal.

Publications:

M. Prasad, R.S. Negi, A. Joshi, Y. Omori, G. Prasad, Satish C. Uniyal, C. Kranord, M.
Hosoda, S. Tokonami, R.C. Ramola. Geospatial, index-based and statistical framework
for health risk assessment and sustainable management of potentially toxic elements
in groundwater of Kumaun Sub-Himalayan Plain, India, Scientific Reports, Under

Review.

Publications (Under Review)
M. Prasad, R.S. Negi, A. Joshi, Y. Omori, G. Prasad, Satish C. Uniyal, C. Kranord, M. Hosoda,
S. Tokonami, R.C. Ramola. Geospatial, index-based and statistical framework for health risk
assessment and sustainable management of potentially toxic elements in groundwater of

Kumaun Sub-Himalayan Plain, India, Scientific Reports, Under Review.
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BN,
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Curium (Cm) isotopes are estimated to be the largest radioactive contribution among
the actinides released from the Fukushima Daiichi Nuclear Power Plant accident.
However, only one detailed study on Cm from the nuclear accident has been reported
[1]. So far, a-spectrometry has been used for the measurement of Cm isotopes in the
environment. However, the chemical separation for Cm a-spectrometry is very
complicated, and the a-ray energies of Cm-243 and Cm-244 are so close that they
cannot be measured separately. Furthermore, Americium (Am-243), which is thought to
behave similarly to Cm, has been used as a spike for Cm measurements due to the
absence of a Cm spike. In this situation, we aimed to establish a mass spectrometry for
Cm analysis to enable the rapid processing of large numbers of samples using a
simplified chemical separation method, particularly relevant in emergency response
scenarios. In this study, we investigated (1) the preparation of the Cm spike for mass
spectrometry and (2) the establishment of an efficient chemical separation procedure
for Am and Cm.

<Cm spike production>

Californium-252 (T1/2 = 2.65 y), which is used as a neutron source in various
instruments, produces the long-lived nuclide Cm-248 (T1/2 = 3.40 x 10”5 y) by «a
decay. In this study, Cm-248 was examined as a candidate spike for Cm isotope
measurements, and its recovery from a used Cf-252 neutron source was investigated.
Separation was attempted using Ln resin while varying the nitric acid concentration,
and its applicability was evaluated through analogue and radiotracer experiments.

The results showed that Cm-248 could be successfully separated from Cf-252 by using
Ln resin and adjusting the nitric acid concentration. These findings indicate that Cm-
248 can be recovered efficiently from a used Cf-252 neutron source and is a promising
candidate as a spike for Cm isotope analysis.

<Separation of Am-Cm>

In the mass spectrometry of Cm isotopes, Am must be separated from Cm because of

the isobaric interference of Am-243 with Cm-243. To investigate suitable conditions for
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Am-Cm separation, analogue experiments were first performed under the same
separation system as that used for the Cf-Cm study, followed by verification
experiments using Am-241 and Cm-244.

Although the analogue experiments suggested favorable conditions for Am-Cm
separation, Am and Cm could not be separated in the radiotracer experiments under
the conditions tested. This may reflect the smaller-than-expected difference in the
distribution behavior of Am and Cm on the Ln resin.
<ACKNOWLEDGMENTS>
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Matsumura, M., Sasa, K., Matsunaka, T., Takahashi, T., Matsuzaki, H., Sueki, K. 2026.
Regional comparison of 1-129, 1-131, and Te-129m in the surface soil at Fukushima, Nuclear
Instruments and Methods in Physics Research Section B: Beam Interactions with Materials
and Atoms, 573,166033. https://doi.org/10.1016/j.nimb.2026.166033
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This study aims to improve the accuracy of radiation dose assessment in wild animals
inhabiting areas affected by the Fukushima Daiichi Nuclear Power Plant accident.
Evaluating radiation exposure in wildlife is essential for understanding long-term
ecological and biological impacts. Several approaches are currently used for dose
estimation, including environmental modeling, cytogenetic biodosimetry, and physical
dosimetry. However, each method has inherent strengths and limitations. Reliance on a
single method may therefore lead to uncertainties in dose estimation. To address this
issue, the present project integrates multiple approaches, including environmental dose
modeling using ERICA 2.0, dicentric chromosome analysis (DCA), and electron spin
resonance (ESR) analysis of tooth enamel.

Wild boar (Sus scrofa) were selected as a sentinel species because they inhabit
contaminated forest areas and accumulate radiocesium through their diet. Twelve wild
boars captured within the difficult-to-return zone between 2018 and 2019 were selected
for analysis. Radiocesium concentrations in muscle tissue ranged from not detected to
23,575 Bqg/kg (fresh weight). Ambient dose rates at trapping locations ranged from 0.11
to 20.6 pGy/h. Age estimation based on tooth development indicated that the animals
ranged from approximately 15 weeks to over 220 weeks old. Using environmental data
and the ERICA 2.0 modeling framework, estimated lifetime absorbed doses ranged from
0 to 313 mGy.

Teeth were extracted from all 12 animals and the enamel was separated and chemically
treated to remove organic components and potential contaminants. This study
successfully conducted the first ESR measurements of tooth enamel from wild boar
collected in Fukushima. ESR signals consistent with paramagnetic centers in enamel
were detected; however, additional signals likely originating from trace metal ions (e.g.,
Mg?* or other impurities) were also observed. These signals may influence the
interpretation of radiation-induced ESR signals and suggest that additional enamel
etching and purification steps may be necessary to improve signal clarity and
measurement accuracy.

To enable quantitative dose reconstruction, enamel samples will next be irradiated

using controlled gamma radiation at known dose points. Subsequent ESR
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measurements will allow the establishment of dose-response calibration curves for
each sample. These calibration curves are essential for reconstructing the cumulative
absorbed dose recorded in the enamel during the animal’s lifetime. By comparing ESR-
derived dose estimates with ERICA modeling results and cytogenetic biodosimetry data,
this project aims to improve the reliability of biological dose assessments for wildlife in
Fukushima. The integration of these complementary methods will contribute to a more
comprehensive understanding of radiation exposure and biological effects in wild

animal populations inhabiting contaminated environments.
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