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BEEZRNSAIIICEITS 137Cs DRHEAERA

7R3 : Fan Shaoyan
ZARRE  BHEH H—
HEMFRE : fBH ER - BE RIE - 50 =5

2011 F 3 ARRENREFE—RFHEEMEBEHICL > THREI NIz T L-137
(137Cs) Z. BEROIHFE T & D 137Cs DEEZ L. FMH T 67%. KH - MM - 28
m (PFU) T 22.4%% & T W7z (Katoetal.,2019), T o o#iigh o FifEi~d 137Cs
DBENE, IBIA LA TIBAFOM IR EITTE L. BBRERGIZE=0.45um) & LA
NENL TEIEN S (Taniguchi et al.,2019), FELESICNT 5. 1 10 EMEEEEA S
BADORRERE 137Cs BEBITXRIZ, SAlT0.1-1.7% £ EH L7 (Fanetal.,2024),
DIEEWBITER L, FFEBMADO KX LEKBEEOR & CEKAEEH /Y ®/TJI|7}<»|LE
DEBEEZ ONT, L L, EXBOFNIBEYERELD, BERE 137Cs REDEH)
PHITE L OEBEBRARBREREE > TWB, FEKIFO LA AR OX L DOEKI
mED. ABREYE & BB 137Cs OREEICRITTHEORPTEIVEL SN D,
Z ZTHAMRTIE, BERAN 27 #Fr FHERIAR6 A, TRI#A, BEREE
D#Eo 8 Rl 12 #) OREIREDT —2EAWT, AIIREOEEICH S BEYWE
TMADEE. &R EMFBEORERE 137Cs BT L DERZALNICT S %= H
e L7z Ehrot+FED. 1 ¥ BH-Y ORREMERITE CRIIRE X, BERE 137Cs
BITE%R. BEPKLAT —&, BERE137Cs BEZAVWTEINTNEH L7z, SHbazxd
RIZ, ANRE X OZACICH Y A)IIRBEEBE CERE SN/ REMEBITEZ Y =a Xk
THEM Lo NEBERMAEE K FREKEEEHY . BMEVERRRERETEET 5,
BAMERKFRE k E. BRSO TRICHNIT T, A& & ITERT RN H - 7=,
SORDRAIIC L 2BEYVEDESVCHROTZEL, K EQERICKRENT, XLHHS
EXEHICHE TS, kBEEXLEKABOEGICEDEENH >7-s X LICLZ2BEDEL
DIFBMRED kfETRI NIz, X LA LEKE CRdy f/Ivallz E) Tk, k1ED PFU
(s, KH, &) 0BG BWE IATRED >7. PFUDLRBEBYEELZFS EE R
LNt —HA. X LdYENKY CTHRIARZ L) TlE. KEBEIPFMRCERDEIEH S
WEZATREN > TcTcdd, BEVELFTMEDN L DFENREVWEEZ LN,
LA T 5 ERE 137Cs @TT—.— F kK EARE VR TREDN ST EHDH
STz, FICK LG LARRIIZRTlE, &R 137Cs BITERE k B IFBERIEDHERS
& -7 (R2=1057,p<0.01),
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BIBFENL —Y—0D 1 DTHD 237Np/239Pu [RF#LL 1L, 240Pu/239Pu & EbRTIHE
IEWMEZ &2 B Y (Kelly etal, 1999, Fukuda et al., #¥xig#fmhi ), BIERTO
Np & PuDZEFHDEWA—RE L TEIFoN S, AR TIL, BEENIER LR TR OR
I IREERT D RTH) | & KSR IS, 38 D 237Np % Pu B4R (239Pu % 240Pu, 241Pu)
BEX° 237Np/239Pu RF L E Z D ERZBEoONICT B &2 BINE Lz, FEDY >
T7—%FBL. W3 BT LICERERBUNL 72, REXL 723300 1E 1 BREBE L. BiE
B IRIT o T, BIERZIR A 1T o 72 BHS DWW T, 237Np & Pu RED ERHHE (Huang et
al., 2019, Yangetal. 2024) %47\, SFICP-MS Z W TRIE%1T>7-, BB TIIHET
Mt > L(134Cs, 137Cs)BEDAIECHEN T H1T> TW 5,

ZER D 237TNp EBE X, B HEIIQR22 £ 2 A S5 2023 £ 11 B) T
(0.08+0.02)~(0.16 £0.02) mBq/kg-dry. ®IH/II(2022 £ 4 B A 2022 £ 10 B)T
(0.27+0.04)~(0.79+0.08) mBq/kg-dry T& Y. JRTH O £ (2017 &£ 8 ARE.
(0.22£0.003)~(5.7£0.1) mBq/kg-dry) L RFREDETH > 7=, —FH T, I=H) I DKM
B (2018 £ 6 AH 5 8 BHEAY. (0.013%0.003)~(0.093+0.01) mBq/kg-dry) & ¥ £ 1
M@ o7, 2022 Eh 5 2023 E0ORMIINCH T 2 FHEW O LEREE(SSA, 0.069-0.12
m2/g) |3 [E 85 HA 00 SR AR HE7E 4 (0.0090-0.019 m2/g) & LB L TH 1 75 h > 7=, SSA &
23/Np BE L 0BEBAMBABEBRRIZRSNEL > DD, L HKOKFTHERS L TW
=2 &ld. FHER D 23TNp BEA BN > -BERTH-T-EEZbND, I HIT, 2
NS B 1 2 F R D 237Np/239Pu [RF#Lb1£(0.33+0.1)~(0.4£0.1) Th V) | 2E% B
F25& 15 FHETIRIIZILIER ONAD -7, FLERPD 237Np/239Pu [RFEtL I, 7
PRHERE((0.16 £0.03)~(0.24 +£0.03)) & W HBREICE N 5 72(p<0.01), GF FEDKKET
Yo I ICH 1B 237TNp/239Pu BTkt IZ. 21 (0.41+0.01)(Yang et al. 2024),
(0.46 £0.01)(Kellyetal.,1999)TH V. FEWEKI D 237Np/239Pu RFELLIZ N 5D
GFERDEICL Y EL »7T-& T ENALNIZE ST,
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237Np CEREHA 2.1 x10°4F) (3, BMEBRFICL>CEBEDPIHEICFEL, BET=-2Y Y7/
DIFZEE INTWD, HEE, IIRBEEDIE (AMS) zAVW -ERBELTENBFIN
TWBH, BEDDICRHER R/ 7 L73 2BYRZENFEINTULAL, KRR TIE,
236gNp (EEHA 1.5 X 10°4F) % Z/8A 7@ & L, 232Th+7Li RIGIC & 2 8LED Al %
BEF L7z, 7L ZRAWIRETIR, AR TOITRTAR—7 v MLERET 2 [RERMER
5l &L TLIA a RIFEMYFTL () ICHRL—BOADBET 2 [FNEE2BERE] ME
C. F"ZELpan 236gNp OEKERET 2N H 5, £ Z T, 232Th+7Li KIS TERS
N5 Pa RIfirfx, URANAOKEEZAE L. AT ko8 % i+l L 72,

ARERTIE, BENY 7 LARRZAVWTERLAZFEHL (232Th 19 Img/cm?) Z#AL, B
LR FAT AVF B4 70 b0l 7L 44> % 3 REBE Lz, AEL-BHITRX/ILF—
40.4 MeV 3 £ 1 38.8 MeV I, 236gNp £k & HET 2 TxILX BB TH D, BEH, K
BdIckY Paho U~DEBENELCZAIEMELNH 720 ARICX—T v M amfE L, Pa &
Th % TK400resin T8t (DBt 1) L. ZDH% Pa s UsnEE (08EIl) L7z, £/-. %2
BMAERIGTENT % 232U 2 EET 570 . DBl & LT ThBoh o U 08 L 7=, DR,
BRDERBT v EZTLRTEERL, Si ¥ EFRHEBREAW: a X/ bAX MY —%
EHE L. 231Pa 3 &£ 232U DBEIEZIT > 72,

Z DFER. 231Pa DEMIGHER I NT . RICHEED LRMEIL 40.4MeV T 5.7mb, 38.8MeV
T49Mb TH 70 —H. URDD AR FILICIE 232U AREB I NF-H. ZF DERKEREIL
232Pa IS WMEZ R L 7o, ThlE, 232U A EICRTERARIC TER S N7z 232Pa (EEHA
1.328) OEZICLZLDTHDE I EERLTWS, 52, DEENED U B9 D 5 IEFRTE
BIAIC L D 232U ARIIFERINT. ZORISKEREOD ERMEIE 40.4MeV T 0.65mb,
38.8MeV T 0.42mb TH o7z, TNHDFERM S, 232U L 231Pa DATZEEEICL 54
RRIE7 L, B L < IZEDEBEREICH L Tl ThE W ENRBENT,
TNEEMERIH 236Np EXICE R 2 EZFTHIT 52720, a FRAEICMA T vy RAE. B
ENMICL > TI/E O N7 Pa AfLE, U RIGE. BH#EA. Np REO RICKHEEZ &5 L.
ERETEICL 2REREKRE LR L7z, ERRISTF ¥ RILIEEHH (FP) TH Y. Pa Rl
25MeV fHEh b ERAHER S AL, WIERIZE+~3E mb TH - 7=, U RALHKIZH 35MeV H
LERI N, B+ mb OWEEZRL 7=, —A T, BHID 236gNp (£ 0.1mb BETH Y |
30MeV~40MeV DEFH TR ELRENRIETR N>, TDT EN D, 232Th+7LI RIS TIERTE
MERIOCHEERF v 2L ER>TEY, 236gNp DERIPIHI SN TWE EEZ LN,
LA LBAS, CORBRTIENp EX—=5 Y FODBENBS TH Y AMS IZL % 236gNp D
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AEZPET S 236U R EDREEDERDNDLNEWSRRAH LT LD o7, Lo T
236gNp OWTHEBEAN NI VWE WS RREHDH DD, EEOEEBIEZERT 5L, ZDXRIC
& % 236gNp &EHE AMS R34 7 & LTE L TW5 EfEmiT i o,
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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. Most recent paper is as follows.
Stepanenko et al. J. Radiat. Res., 65, 2024, 36-46, https://doi.org/10.1093/jrr/rrad082.
(2) The results of the radiation measurements such as radon have been obtained.
From these data we made some advises for its protection and further necessary studies.
Our recent study of radon measurement is as follows. Tokonami et al. Residential radon
exposure in Astana and Agsu, Kazakhstan. J. Radiol. Prot. 43, 2023, 023501
https://doi.org/10.1088/1361-6498/acda4l.

(3) Animal experiments (rats) on exposure to radioactive microparticles using Si-
31 have been analyzed and found its uniqueness comparing with external exposure. Our
recent publications are as follows. Stepanenko et al. J. Radiat. Res., 65, 2024, 744-751,
doi: 10.1093/jrr/rrae063, Ibid, 66, 2025, 16-23, https://doi.org/10.1093/jrr/rraec096.
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Ken Inoue, Yasuyuki Fujita, Yuri Murayama, Shigeto Moriwaki, Nobuo Takeichi,
Yoshihiro Noso, Noriyuki Kawano, Masaharu Hoshi, Haruo Takeshita, Takuji Inagaki,
The importance of continued measures to prevent suicide among younger age groups
in Japan: Focusing particularly on the results of studies in two sides. J. St. Marianna
Medical Institute 2024, 24, 5-9.



Ken Inoue, Tatsushige Fukunaga, Haruo Takeshita, Yasuyuki Fujita, Satomi Kameo,
Masaharu Hoshi and Noriyuki Kawano, Identifying focal points to prevent traffic
accidents in Japan and specific measures proposed: Aspects common to Japan and
South Korea and suggested preventive measures. Medicine, Science and the Law 2024
Apr 5:258024241245873. doi: 10.1177/00258024241245873.

Ken Inoue, Kamila Akkuzinova, Elaman Toleuov, Timur Moldagaliyev, Yoshihiro Noso,
Nobuo Takeichi, Nariaki Fujimoto, Masaharu Hoshi, Nargul Ospanova, Nursultan
Seksenbayev, Systemizing international academic exchanges and the enrollment of
study abroad students and sustaining that approach: Seeking to establish further
cooperative frameworks in Semey and Japan (Kochi and Hiroshima). Science &
Healthcare, 2024 26, 1, DOI 10.34689/SH.2024.26.1.027.

Valeriy Stepanenko, Hitoshi Sato, Andrey Kaprin, Nariaki Fujimoto, Almagul
Kushugulova, Sergey lvanov, Peter Shegay, Viktoria Bogacheva, Alexey Petukhoy,
Kassym Zhumadilov, Evgenia Ostroumova, Hiroshi Yasuda, Noriyuki Kawano, Megu
Ohtaki, Satoru Endo, Aya Sakaguchi, Laura Chulenbayeva, Nurislam Mukhanbetzhanov,
Masaharu Hoshi, Internal radiation dose estimates in organs of Wistar rats exposed to
sprayed neutron-activated 31SiO2 microparticles: first results of international
multicenter study. J. Radiat. Res., 2024, 65, 744-751, doi: 10.1093/jrr/rrae063.

Valeriy Stepanenko, Sergey Shinkarev, Andrey Kaprin, Kazbek Apsalikov, Sergey Ivanov,
Peter Shegay, Evgenia Ostroumova, Ausrele Kesminiene, Alexandra Lipikhina, Viktoria
Bogacheva, Kassym Zhumadilov, Masayoshi Yamamoto, Aya Sakaguchi, Satoru Endo,
Nariaki Fujimoto, Bernd Grosche, Vladimir latsenko, Alla Androsova, Zukhra Apsalikova,
Noriyuki Kawano, Masaharu Hoshi, Comparison of external dose estimates using
different retrospective dosimetry methods in the settlements located near
Semipalatinsk Nuclear Test Site, Republic of Kazakhstan, J. Radiat. Res., 65, January
2024, 36-46, https://doi.org/10.1093/jrr/rrad082.

A. Bagramova, K. Zhumadilov, S. Endo, T. Kajimoto, A. Sakaguchi, Zh Zeinulla, M. Hoshi,
Simulation of gamma-ray registration efficiency of a HPGe detector with PHITS. J.
Radioanal. Nucl. Chem., 2024, https://doi.org/10.1007/s10967-024-09839-2.
V.Stepanenko, A. Kaprin, S. Ivanov, P. Shegay, V. Bogacheva., S. Shinkarev, H. Sato, N.
Kawano, M. Ohtaki, N. Fujimoto, S. Endo, A.Sakaguchi, E.Ostroumova, K.Zhumadilov,
A.Kushugulova, M Hoshi. Features of internal absorbed dose microdistribution in
biological tissue irradiated by 31Si02 microparticles compared with dose
microdistribution from exposure to 56MnQO2 particles. J. Radiat. Res., 66, 2025, 16-23,
https://doi.org/10.1093/jrr/rraec096.

Inoue K, Seksenbayev N, Takeichi N, Toleuov E, Akkuzinova K, Murayama Y, Noso YV,
Fujimoto N, Hirabayashi K, Kawano N, Hoshi M, Chaizhunusova N, Shabdarbayeva D,
Ospanova N, Moldagaliyev T. The study to encourage cooperation on suicide prevention

measures worldwide as well as in individual countries: Devising suicide prevention



efforts that need to be implemented in times like these. J St Mar Med Ins in press 2024.
Publication in 2025.
Kassym Zhumadilov, Alexander lvannikov, Murat Kassymzhanov, Assel Bagramova, Issa
Zhantore, Sarsenova Samal, Valeriy Stepanenko, Artem Khailov, Masaharu Hoshi.
Estimation of radiation doses of population residing nearby area of uranium ore mining and
processing in Kazakhstan by tooth enamel EPR spectroscopy, Environmental Challenges
(2025), doi:https://doi.org/10.1016/j.envc.2025.101098.
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Pseudo isotope dilution as an approach for quantification of Np-237 in environmental
and biological samples by ICP-MS

Plutonium in the environment is a well-known tracer for contamination source
identification and for study in biogeochemical processes of radionuclides. Another
transuranic isotope, 237Np ( t1/2=2.14 x10e6 y) also has great potential to act as a
tracer since it has a similar behavior of 137Cs. However, 237Np has presented limited
information in the environment due to its low-level radioactivity and great challenges
for its analysis. The challenge for its analysis is mainly due to the lack of suitable Np
isotope tracer for the quantification of 237Np.

This study carried out for the determination of the 237Np activity concentration,
237Np/239Pu atom ratio, and 237Np/241Am activity ratio in the reference fallout
material by using the pseudo isotope dilution method with non-isotopic tracer 242Pu
developed in 2023 ERAN study (Qin et al., 2024), and validated the evaluation value of
237Np/239+240Pu activity ratio in global fallout. The 237Np and Pu isotopes were
detected after being separated and purified by using anion exchange chromatography,
and the 237Np activity concentration was quantified by using 242Pu as a pseudo
isotope dilution tracer. Four sediment SRMs were tested to validate the analytical
method with sufficient accuracy and precision for 237Np and Pu isotopes analysis in
environmental samples. The activity concentrations of 237Np and 239+240Pu in the
reference fallout material were (25.9 + 0.6) x 10e-3, 6.98 * 0.04 Bq/kg, respectively.
The measured 237Np/239+240Pu activity ratio of (3.7 = 0.1) x 10e-3 in the reference
fallout material excellently agreed with the estimated value of global fallout. The
237Np/239Pu atom ratio of 0.561+0.014 is higher than the average global fallout value
of 0.41 £ 0.10. These results highlight the necessity of establishing the regional
characteristic global fallout value for assessment of potential impact of radioactive
contamination in the environment (Yang et al., 2024).

The comparison of 237Np/239+240Pu activity ratios between the reference fallout
material and the surface soils in the past decades indicated that 237Np showed

stronger migration capability than Pu isotopes by showing the decrease of



237Np/239+240Pu activity ratio in the soils over several decades. The characterization
of 237Np, 241Am and Pu isotopes activity concentration and their atom/activity ratios
in the reference fallout material was crucial for establishing a baseline to assess the
possible additional inputs of 237Np, 241Am and Pu isotopes into the environment.
Publication

1. B. Yang, J. Zheng, G. Yang, N. Qin, K. Tagami, S. Shigeo (2024): Characterization
of typical transuranic nuclides in a reference fallout material using SF-ICP-MS. J.
Environ. Radioact. 278, 107506.

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

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

=A
. nAf
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TIEE O R 2 BRERRO 72021 H IR OBERSTREL Z 518 L TL 5, Rt KamLAND2-
Zen EBRTIIBREB/MEE LTRYUIFLYFT7RL— b Y FL - 3> T 4ILLRHEK
RZ#AI(Bis-MSB) 7% & DB & B UL 5 5TBIN H 5, TNOBFEYPICE FN 5 RKADEH
ERSTURREICL 2ESHPHES I FILICARD Z & B 238U  232Th ICOWTEED LR
BATEHONTWVWSE( > FL—2 37 4ILAICDWT 238U,232Th &4 10 ppt R, KE
ZHAFIZ DUV T 238U 1 10 ppt, 232Th 1 30 ppt ki), AR TldERIKLiEZER L., B
VI OIEETTSR % ppt LNIUTRET 2 FEOHILZENE LTWD, 2024 FEIZ. Th
FCOMFERRCTHEILLIZ >V FL— 3> 7 4L LAFOBEFEREYED ppt L ~NILTOR
ENIAEFEICET 2mN e K LI, BRREBEHFOREMREYENTICOVNTIE, £
FEIERED 238U, 232Th A EDBIZEL NILTH D 10 ppt L NILDBIE TIEBEER WD
Eaml, [LWEEE (5 ppt Ao 370 ppt) L HRIERZ (0.1 g A » 0.5 g DEFH THEATE 5[
INE % KD 5 7= ORMEUNEERRZ 1TV, 8 on7zBUERIE 238U #° 93.5+4.6%, 232Th #°
95.1£84%TH 5 Z L& RE LT-o MROEHMERREZIZICEAL T, BRAMFR, B
ERLRDRERERAITIITHMYEN LU LEEL 2D, &5 o ORIRORRELRA & BAER
MYBOEREZ L TWEWI EMRDMY, M ABnER I EAHIBAL 72, BETHEREY
ENELVZUVHBRROBEREBHICOWTY = AT a4 vk BWiiiftz stz =
A, To& DFEE S 238U 1359 150 0 1, 232Th I3 72 0D 1 FTEBT 2 Z & A TE,
238U ICDWVWTIEEI HICH E LTOEBABDETH 51 232Th IZOWTIEFEREBEZ BT LA
ILTOMALNHR Sz, REELELS| EMEMCFEAORIL, B L M ERFERLYE A
EFEROREL T L TED S,
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RIBFRHEFOBZERANZERR Lz,
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TIVIT TRy 777 FRIERELEDH LN TOARWS, FHXOBRE BRI TH S
222RN D BALEBEMTH D, £D1D. BIET Y FL—X—1RHIBOBKREM THDH X T L
ABRBRNENSBIES > FL—Z—~D 222Rn OMEELES 2786, X T L AREBKNEE
ICHRNYT7THSEVOH > — b &Y & S ICARANCEE ST EBENBE WL & A5
NTWBREMTHD PTFE > — b ZEF280EZ EHEI L TW 5, 2024 F£E (L, LED ¥R (B
— 7&K 460nm) ZAWT, PTFE Y — FORFEZEZ DKL L TRE L7z, LED IR
I, AT 2®E > FL—%— (BC501A) DL —Z7FRTH S 425 nm [T H D% EIR
L7

[fER]

PTFEDEZA01mm H 5 6.3 mm £FTEZRBDOREFERZBEL-ER. PTFEDEXH 2
mm &Y AKEWBEIL REEN WO%UEE+DICKEL, BRE (FRILHLYI7OR) &
HWMBZEND Z & DD o7z ZOBERL O, BRES Y FL—X—RHERICED PTFE > —
DEXE2mm ERE LT,
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TEFORZRBLIVIAVRIL, BEERRICKEAFEELZEI DI ENAONTWS, R
HERIINF—DBAEXXBAONEEZEAL, BERMIEZRAVWSZ L THEFDRR
ETVHRDXRFEEDWMHNBERATH S Z ENHFEINTWS, 72721, BRI N/ REULIR
LDNTHEY, BEMLT I v I/ X%2db, HERRZCPIVROEEEDTEARIIONT,
XRF DEMTH 25 E D DIERRFTTH %, AR TIE, R4 GHEKROTEARNIOWT, £
BROWEIVRFLIVERELRE, MRBEICEET 2FE0EEEZEMNE LT,

TEAKRICIE, FHREOM TR N7 118 & TEFAHELEYE O JSAC 0411, GSJ) CRM
JSO-1, JSAC 0401, NMIJ CRM 7302-a, NMIJ CRM 7303-a, GSJ CRM JLk-1 &5t 8 @A WL
T BB LI-BEBS N Y LAHAWNIATVERS Y VLR R7E (BN) 298 ICES
L, iR ERAOFERARE Lz, ZoBRERANE T EARNZETRA L, BERMIEDOR
ERERICAVW, WIhoREICEWTH, BFL7- 0.3 g ZMERKE (3 tonf/cm2, 3 7fH)
L, 10 mm ZDgEH & L7z, 1 ESRHI D E5RAIZ 3 DFR L, & X FRXRF) DT ICH#E L 7=,
RBANRFZENT 2L F—DERIRE X 120 E (Epsilon5, PANalytical) (CHWT, =X
K —/7 v b# Zr, Mo, Al203 Z3ZEIR L, RIERMEZ 3 7% 3600 #, &3 600 ¥ & L CaHAIL
7=

JSAC0411 TIEHERB LV IAVHROFTIECSEEBITEINTLWAEWZ®, ICP-MS F%
BOLWTHREINTLWAXBEZRAWT, ETRDEHTREZEHL/I-L A, BRRDOBHT
BREIE 0.3 mg/kg (FHEESRT 600 #) , 3 VR ORHTBRIEIX 0.5 mg/kg (FHEFHE 3600 #)
EoT,
SEPAE L7-ER 0 5 5,1Sd-3 CAJIIEEY) Tl AsKB #12' Brka #212, SnK B #12' | Ka
BRICZART PULFE LT, INMDIZOWT, BENBOBENTY 7 b2AVLWTE -7 DBEZ1T-
72 ZA, SVHENS LWMENE SN, Sn (CDOWTH XRF TEE L&A, ZoakHC
BWTI,187.9 mg/kg &N T L=,
BREDRZTIE, BERMNEZAWVWSIEEEDAN ICP-MS AIEEE —EL 7=, AR TH
W74 IR O BRI L T, ARSI PLFSEFBEL, BEREZBVWTCEET S
BE, 2% 5 ~ 250 mg/kg, 3% 25 ~ 60 mg/kg DEIFE T ICP-MS HIEE LT LMER S
B ENTE, - T, BERNES K OCHENREIRE% B UL/ LuRG(E L XRF EEATA
BWNTH B DRI NI,
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A Sr i, MIBREZ R U JICB VW THEFFM EBELZETHSHH. B AT DLF
DEHRENEHTERAZRVWEREA A2 D70, L VBETRELDITENLEENTLS,
TR T, BRI E X -7y h& L, Sr %z CaPMDTREDEET 2707 A BN 7 L
EEMDET D SIRERC 2715 L MA-g (AR{EFTE, LT P-MAq) R 7-iEit
Sr DA EEBFE L7z, WETIE b L —+H—Sr-85. Sr-90, Y-90 %fEMA L. {b3oHeeERiE (1)
Srik&. (2) Sriegt. )Y ¥ 7, OREEITo T,

T iEGRE (BRlE, 1997) (ICHAR L -EEEka MENARE L. A BIRERA F VB
ETP-MAg ~D Sr REERRZITo7/-L T A BilEA F VEEN 12.5mM UL ED & = 4 FFfE
DR TAERT Sr D 90%LU EHMEURTE 7o, WEEA 4 22 12.5~100m M D& THEE A
FUEE L SIRERE OMBIEA S NN - 7= CBKDFHR AT A 4 > BE 1359 25mM),
B A F > &R LAWVEAD St NERIL, 2 BREOEHT 10%, 4 BREOERT 19%TH
5720 P-MAQ IZ Sr AHEIRIICEINE ND A H X LIFHEAZRETIEA L, BEX AT
TLELTHABNY ILICREINDBIZ Sr A Ba LBELZABIMNAYFILER
5 TREICIEINDG LHERHEINT, ZNIEHRE TIERCUNNE EERA 5D T, LIEIL SriY
LT 5,

Sr UEEER A EROEK (NEREX, NERERMRES) FICEAL-EZA, SrIEX
DREL#BH -7 (719.7+4.0~94.0+£2.9%), #E#HEKE AT SrNEEREZIT-72HER. Ca
ERE 0~20mM DEE T SriER($ 98.0£1.6~79.7+1.0%DfE%Z R L. CaEE & SriEXR
ISBVWEBIA A o7 (BKDOFEHNNA Ca BE XK 10mM), HEtF o Ca 2Bz RIICAES
5ZETP-MAQ D SHNEXREZFRTESEEI NS,

EAGER OIBEEEKE 0.1M HCIABZICAR L., SrNERICRAL 4 BREE®RLZE A,
Sr A 90% L LINE & N, INEFIESAREARD SOBEL. 2M HCI AR F T 60°CIcE L Sr
% fiBE S U7z, SrRBER IS T0% Th - 7=, BRIRET 2 BRI EHEE L. Sr-90 AEE L Y-
90 MR L THEMREEICA B F TBUL, ZTDE. AR HKBICHILERAERICL Y Sr &Y
ENBEL, a2 UBRA vy PUTLELTY-9 ZEURLA (Y 2> ), BREDLEER
x4, |EBGHR7A—HU >4 (LBC-4601, Aloka Co. Ltd.) T B #BIE L7, Y I/L¥
Y OBREICEITD Y OEINEIEH 60% TH -7, Y DREUNTEIZE SICHEARETH Y, L
BAEMRDFEDITRICEY EUNER ENRAEFNS,

AEEREH GRRE 100mL, 2% %2BL- Y OEIUNE 40%, EBG AR 7A—AT 2D
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90Y FHEZHE 30%. AIERFR 60 ) ICH1F 5 Sr-90 BE D TIREE X, 0.23 Bq L-1 T
Hote, S, BEEEED LS HBREEHRET 2 - & T, RETREES 0001 BqL-1
HTFIET 22 £ BIELTLD, A5 EORAREHREBEER L 2 B (SroUUs & #
BIC1E, YIAFL/IC 1) T MECERLBEGTETHY, ABONERTONE
AERTH B, BRFABRADOTEOBEE =4 U > /0, BERLROERE O RS
FEYF T LOSTICERTESES 5,
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DHREAN 1027 FU L L RBEL N TEY, ARELBGHRIEHIERZT AW ERA VAL 4
S2TW52, 0v BB BERODBRRICE>TRA BNy 77T FeERDBDIE, BREIROFERENC
BENDHMEBLEBIAERMEN T, BpptLNILDTZY - MU T LOTKYEEZ B L Tk
EARCHELT DRENDH D, AR TIE, FEEOHERZTICL CaBEOREANEZITY
ZEDTELEHZRRT 5 & x2HF0REICLT,

FEEICBWT, M TVLAREDAEBNIRLETCH>1-Z LDEREZBRET 5720, B
EEEZ ONARERMERBZ class b LNILD 7 ) —> 7 —XIZHB L, REMERE DB
R LTce 7 VvALALNS I LEDITS D102, BEEICK D0, BEICLZ2DBTIEON
VO TY RRAEHCIZODAEZR LT, ZTDIER, IXTOAEICEWTT 7V 7R
BOFEIBEL /Ny 7777 FLANVSELEE, B OERIZICE T SFRIIBRETEL
& HERR L T2,

HE)—DODRBIET NV VLDORINERZEFHEISHET 2FE L L1, BEIREE L, SARHRICEE
T2 M)V LEDTADBRAICERTE 25FEZE WD, 7O T LGEAILT T LA
FUNEEETEENDIABRTIE, BEICLE2T7 700 Y T LOREHNBEES N, [EUNE
METT T EPBEINTW , AARICEL > TAFVBRES L URMHDORICE T 254 R
FHEEZERL, TELTHVENEZES Z EAAIREICE > T,

BMESTREZRMEOBENER TE/720, EEEDANE TCALELRBRLAMELONTLE
Mo TERANOTEYREZBE Lz, 7 vibhLy T LmERERST 10em, AE1cm D
7774 MEBICAN, —mEh SIERERL S € TR ORITSHREAHRT 22 L HEHNT
Hb, BIUINTFEROMF: - DBRIFERVEBIEICE 25 - RMEHTREZEITL, FFFEELEL
THRERBICEENDITMYEEZBOANE LT, TOMRR, BRENOEEIIFEELEbLRW
ZEDBHLMITE T,

COWEREER LI ZA, 77774 MEBOMEN+oTa <, HIBH, L DORPEAN
NH>5HEDERE-STz, TN, SEEICHEILLAZFEIRORBELICL > TREEMENR
K- FBICL2PEABERTH D, COERICEOSLVTHRIREZIHBOSME(TH S
L, BREMEMNAZRERFERTH S, REEUEICIE, BEMEOHIRBEZERL THERD
RITHRAERT LB TH D, INHORERIE, BAERFRFOBERN L L CEREE
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1. "CANDLES-IIl detector: Low-background spectrometer for studying neutrino-less double
decay of 48Ca”, S.Ajimura, K.Akutagawa, T.Batpurev, F.Doukaku, K.Fushimi, R.Hazama,
K.lchimura, T.lida, H.Kakubata, K.Kanagawa, S.Katagiri, B.T.Khai, T.Kishimoto, X.Li, T.Maeda,
A.Masuda, K.Matsuoka, K.Mizukoshi, K.Morishita, K.Nakajima, N.Nakatani, M.Nomachi.
[.Ogawa, T.Ohata, A.Rittirong, M.Saka, K.Suzuki, N.Takahashi, Y. Takemoto, Y.Takihira,
Y.Tamagawa, K.Tetsuno, M.Tozawa, V.T.T.Trang, M.Tsuzuki, T.Uehara, S.Umehara, K.Yasuda,
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1069 (2024) 169982.
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AIRSAUREORTH, 7N b= T LFFRBLRBSTESHE LSV O TERTNEK
BTHb, £/, 137Cs L 2R Y £VERBOBEMEY L LFHICHENML S <. £YHER{LF
MhL—H—¢ LTAEREEZONT LD, 1960 ERLUE, BEDEK, HEBEYEFICEEND
7Lk =7 15(239,240Pu) DEIE A TTHhN T & 72, 137Cs & LB L THEAKT D 239,240Pu SERE
DT —ZIFD VWA KBIHAEICZ WO T, BAREEKFD 239,240Pu ICEB L TZDE
AR L CEL, BEORFEMREOEREE X 5 LT, RETHEKE L HEEYOMREER 1L
BEETHD, COMBIERZEHT 572012, ENTODEREAEAINTE/, INEXT
OMEDE N TIE, 137Cs 2/ RE L THABORRINT —2&2@d 52 &i1ck) . BALHE
[T ED T ORRBRBMOFKHENIED AL NEFEHISEWT EADD 272, 51T, DB
FREITES L HITEIMTE 2 A DY, 137Cs ILEBHBEY TRET 5 T EARBEI N,
SEl35R ERRTB A A L 239,240Pu DK B OB OSEICEB L CHREBICE TS
239,240Pu OB EERZBONICT 5,

BRNTICER L 72T — 2121994 F£h 05 2022 £ TEERZTHARNED 10 E R CHEEAR
LEfETHD, TDT—RIFBLFDHR—LR=Y TRERINTWBM, FEAD HAM 57—
ZR—=2Z% ERAN T — 2 R—=Z PR S LT B,

HEEICBIT D 239,240Pu DEB AR T 12010, EANRMEIL [239,240Pu HYEEME
BYRCTEREICEEL TWDA] THhd, ZORBEERRT 572012, B/K CBEBE LK), #
YD 239,240Pu REOREZEE % AT, BAKFD 239,240Pu ZH)LXVEE TEL T
HBHHEDOMERN R S 7zA, 1000m LURTIE, LEBI/NS CHFED L > FIFRW =84
Mot HEYHDIFEIE, 239,240PuBE T St.3 & St.8 K ITIE, LB —E CHEZLIE
R INGD 5Tz, 72720, ERBKEARAREDXZVEBE L TIHRDDERAR SN,
239,240Pu DEEK L B DB D B 1 DDERFEEZ KD, T DEEZRANT=, BN ITON
FeESILFE CFBZE 2 RS § . LBEHROBEREDXWVBEHEBYZRE, JAERN T LD
FEIIHDZEDDN D, —H, FELOBEMRIL, 137Cs £ E7% Y (137Cs DHZEFRE DB
EHITHBERELIENT 2), REDHEIM & HIZ, 239,240Pu DHEFREILEDT 2 Z LA
h o7,
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Hirose, K., Onda, Y., Tsukada, H., Hirayama, Y., Okada, Y., Kikawada, VY., 2024. Chemical
implication of the partition coefficient of 137Cs between the suspended and dissolved
phases in natural water. J. Environ. Radioact. 278, 107486.
https://doi.org/10.1016/j.jenvrad.2024.107486.

Hirose, K., 2024. Review of the sources and behaviors of plutonium isotopes in the
atmosphere and ocean. J. Environ. Radioact. 277. 107446.
https://doi.org/10.1016/j.jenvrad.2024.107466
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BEE—RFHHER BEE—FRF) Tk, 2023 £ 8 ALY, MRNTHRELIIFLEK
b SRTERERE (ALPS) STkt 52 & TE Ut [EBK] #BEICHI L TW3, RE
-14 (14C) &, ZDFFEL ALF+HHITEVL OO, WEBADKE IC & > CREEMABRS
NBHED—DTH2, L, UCDE=KY Y 7 FRMBOAZENRE LTH Y, BHEE
Wk T k%, §74bHH DOC (Dissolved Organic Carbon) Fd 14C (DO14C) BE
HEHBE LT WAL, BEREEIZIE. BEE—EXOKNES 2 F LN TOERRE DAL
Lo BELEOBEYOREICE > T HED DOLAC Mfa S N2 AIEEM L ® %, Bk D DOC
D—EBIE. FBKDIERICHA THUEOHR IS h Tz > TEERBICE E X2 T EAHON TS,
BEEDERICH TS DOLAC HAEAIBIEL, ETNMICL>THRET S 2 &k, MIBAKKHIC
#5 14C BEZKOL AL E &Y ERICIEET 5 & & 610, 14C BREORBOLTFHICHE
O ENHTFEIND,

FHETIE, ZDE—EKEMREE LT, DOI4C OF—ZHEH R 5N TWBILRFEFIL IS £
Uz 0igalRIc BT 2 EREBNKF O DOC HHD 14C RIALELE (A14C) OO Hm=RET 5 &
EHIT, EBAKDOBHEFIR TCOREE—RFEEILTD DOUAC REDATHZROLNIC LT, &
ERLBIE TOBEKFARIL 2021 £ 10 BAn 2024 £ 4 BICHh T T, BEE—RFEH B 2~18
km OEEBEICH 5 5 BASTHEMR [FHEH] OBpHEB TRz, LR FEOLETO
7 — &I, Otosaka et al. (2024) ICK ZBEsRT —XICMZR T, 2021 F 1 AH» 2023 F8 A
ST T, ARG (B L P [AL W] O 4B TER 28BS0 0% AL, DOC
BERY DOC-A14C 1, BAESEREL TELOEREICELIR -7z, E/KFO DOC-
A14C |F. Otosakaetal. (2021) O ETHILIER, RRAFATBEHEFDOY v T IL R T
— IR/ OMEEE (YS-AMS) TEHAIL 7=,

FEBAKFR DOC @ A14C & DOC BE & DBEfFR, H. AR FFDZ L DEAIRD DOC
IZ. RECEEIN/HFEL DOC LREHKDE L DOC D 2 A DEEYE L TiAYT S
ENTE e, —A T, BIBC. BB, ODRERIIRY 5 —2BDEE R TIE, BEEYP
BEMBEYZERREETDEAOND, FivDHL DOC AFET 5 2 ENTRINTZ, BEE
HIZH 172 DOC H'KF> DOC D ALACEIL —248 ~ —170% Tdd > 7=, AIRKHHFEID 2022
F 10 BD DOC-A14CEIF, K2 ISRTERERICH L THRAT 0% EES <. ARERD



14CICL B EDEMDOAIEEMEZ /R L7=A. IS DO14C OREEMIE 0.01mBa/kg 12E
TdH > 7=, ALPS LB/ D 2024 £ 3 BICH 175 DOC-A14CHE(IL 2022 FEITHENRT
1B, Bi-7mEEEMIEoNniah -7, 2024 F0ERIIL 3 BIEH D ALPS AL KM #AfE
1~8 BT, 2R EDHZDRRICEVTIL, MEICH S DOUACIRE DOEIMIZMmMEH T/hE L
EHETE XNz, BFERIC & - TE SN DOL4C DBITEIZ %, $BIEEEE TV (ROMS; iBK
fEER) RO BFERRET L (BEC;, kFBEER) THIEL. RBEICEHS % DOL4C BREDE
BIFWHRE L TERATAHFETH S,

. WX
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BEBAEBFEET NV EEEL-EERBHICE T EKEEICTTS
BEJIRETIVE 137Cs KRB F Y F DIREE

WHIZsRE &Kk F
ZAMRE D E2E KE

1. R
MROERE B
BEE—RFNHEEBEMELUCLY KFICHH SN/ 137Cs DEL, RIEDHFFLT 10PBg &
HESNTWS (Teradaetal., 2020), LA LADSERBFEORTHE S 7 U F IZREERMED
KEL, BEERNT — X %583 51213 15~18 PBq Y D AKHEANE L SN b (Aoyama
et al.,, 2016), KHIERIFZDF v v T %BHERL, BEPBEHETNRICKIET L EBET
TILDEEEIC & ViELEICEXRIN/: 137Cs ODATHRES F U A A2 BIEBRT S Z & #RREIEZE
ELTWa,
BORDF v v TIIERRORTBEEICNA T, BETORIETEN NS THH oSN
5%, BEICBELWTHHMENABET VAL ILEMLEBELEZONSED, THLZTHARET IV
3B LDBKENBEICBIRTELZDN, £2T 2024 FEIX, KKETILORIEICERY 2E
FORKET —2ZFRTHEEHIT, BEIRETIVICL 2BKOBIRMEEIRIEL 7=,

B LEEKET — X DIRR

R[RTIEEFIREAMICL YV BLEOIREZER L TH Y, 2011 F 3 AICIEZEEN 1102 fit
& (2011 =3 B 7~15H) &EEN 1103 fivE (2011 &£ 3 B 22~29 H) Z#AMES TEHE
LTW3, LhrLaNs, BKSERAIIMETOREI N SITHhNTULEL,

[RTIE, [RL—K—EMEFOT —2%2AEHET Lkm UAICH T2 EBROKEKE (B
TWE) ZERLTW5, [RL —X—IF¥EHE km ZAN—F 5D T, BEISTHNILE
FoBKET—2HELND,

FEMEPRFEFEERE JAXA) 72 12 L %5 GSMaP (Global Satellite Mapping of Precipitation)
&, BEOANIHET — R EBAEHE TERSINIZ2EKEKT — 2 TH 5, BEREIT 1K,
BEREVLLIETHY, AFRPROABROLTBELORRT — X458 TE5, BELOME
TR THELIT 235270, AFRBOBKENTEBARATHY, AT TIIMELRLT
—XEERA LT,

BEIRET VL 2B EEKEDERME



HESRET/ILE L TWRF v.5.42 (Weather Research and Forecasting ; Skamarock et al.,
2019) =fEAL, BLEKEOBRMEZ AT, STEEBIIREAR L Z DRAEHT, 5kmig
FCEA 193xFEIk 203 nEEHE & L7z, 5tEIX 2011 F£3 B 1 HZ=MmRzI& L ¢, 11~31 H
AHMEAR & Lize AT —2 & LT, MODIS (#FF), &BE&EN (FNL/MSM), BE&
E (GHRSST) #fEA L7, sTEFER%Z GSMaP 7 — R LB L-& 25, WEBETILENRT
AZICKVIBEIIHEEDOD, BIL THEKARNY FOFEIZIZFWEICTAL W, LHhLA
Mo, STEINZBAIRIEERBR L VEICE > TW o, 2 ORUSBEED T T ILEEEZE (Kajino
etal, 2019) ICHHERTE, ERIHLBEL-AIREEDL H D,
FlEMERBELFTERMZRRL, BLEKEOBRBEZISIIEDIVENDH D,

=A
. Af

L
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BEBSEET — 2 R— X 2 F A L =B & E O £IKENE 5276 D fFR

WrsesRE - JBiR RE
ZAWRE EE KE

. R
BEE—RFHREREA (FINPS) FHIC KLY BRBHICHE I NS> 7 A(Cs-137) 14,
ERFFOBESEATEREAD O, HERBORVWKHEAR T — L TEHY FBEEBEZREAL T
HABICENEL TWA I EPBESNICH D% E (Aoyamaetal., 2017; Inomata et al., 2018a).
BKEREZRS FL—H—E LTEWTH S, MFHEZEDOREZLIE, FRECZ0YElL
FREICL Y BB DTDICBID"ERNERD Z ENFEIND, AR TIL, BRIERGTEE
T—AR=2RPEZRY I T—2%ERBL, Cs-137 & Sr-90 DWW T DRKZEHEAEEIZ DO
T Z1T> 7=,
AR T, BIERETEET — % X— X (HAMGIobal2021) Pz ICHESINTWE T — X %= 1fE
FA L7z, Cs-137 fEITEE CILE ¥ % 37 #IBICH B L THTZ 1T>72hN Sr-90 O 7 — 2 #h D
mWTH, Sr-90 T2 OWEFIHNEZ L BARBE RO E LI KFFGDEIC D W TRITZIT
> 72, BAEIZDOWTIE, FEK (~300m), EEBEHZK(300-1000m), FRE7K(1000-2000m),
EEAK(2000m LUR) 2T TR A {T-> 7=,
HABREKD Cs-137 REDRMEAEN O 5. FINPS Fim% D Cs-137 D BARBA~DRA
& 2015/2016 EFTEEITRIMERICHD L DD, KIARE L TEHEIOEICIZR> THEH T,
BELEMD 7 7 vy APMEEINEITTWD Z EAREI NI, FINPS B3kd Cs-137 & Sr-
90 (% 2011 F(ICT TITERBKICEEL TW =, 2000m {FiLTlE Cs-137 & Sr-90 XU Z DL
DIBIHHERI NI, COREVCLOENMICIE, REL O TE~DEIXREHIC, B2 TICLD
BYMBOREBEOFZEDAREMLLH D, 21990 ERFIEICIZ. EBKTHLEINSDEEDIE
IIDFER TE T, INED T Z M LR, BARBRAFHL T, 1990 FA0 o4 R b DiF
OO NIz £l A X2 b UBMARD O o EE TIEHETE S N7 SREBEILBUREA K
N

A
. af



P-24-15

FMPoORFEIVROBTERE

mrsefiE®E - KA BT
ZAWRE EE KE
HEWIRE - BIR RE - 3K F

. AR

A
. aff

[(BEMIERERFHERTABEIL DFRERE 22 131 ABREPICHRE SN, 2011 FIFERD
KETH 131 HAHROKEHERR O EE[E A LA -7z, Muramatsu et al. (2015)I3BEERN
DORELIEFD 1291 1o 131 ETEZHR L 72A. HEMRIERENTH 5, KR TIL,
HKEDF Y D v e B/MMTERNRIC, BEEBLTOLEITHRD 1291 0F/T—% %
BarzLEBMNE LT,

FERIER (Va— RELESI6m a7HK) (32012 F£~2014 FICESREILTICH
PRBEEMEMRT LY X —DEBEMNRTT 4 —IL F7— 7 %4TWRELL 723k (Mahara et al.,
Sic. Rep., 4, 7121 (2014), Ohta et al., Sci. Rep., 13, 19627 (2023)) % FH\ 7z, 6m a7 (11R15
TR 26eM ICHY T4 v 72TV, REXTHEEEZITo>7, U X—BXUOLXEHARZ Y X
—EAH 50cm ¥ T 11 RE. 25cm~600cm £ T 9 FEICHFEL, TNThoHFDI VR
BNMAZTILHY) b7y FICE ) DBEZ T 7z, DBELZY 2 —B XU LA S D 1271 1L
ICP-MS TRIE 1T >7c, —HA. 1291/127| RLELL A ITAIC 2 ¥ RRGEZ Agl DILFET
BNz 4T 1291/1271 ERIALL 7 IEREFE E N HTET R A AMS-MALT) TRIE Z 1T > 7=,
KBNS 6m FTOY X—BLVOEEFRD 1271 & 1291 OEE L 3-99mg/kg & 6x108 -
3x1012 atoms/kg TH -7z, A7 4 =L FTE LN/ 7HD 3H & 36CI I£ 300cm-350cm
OEICE=7 MR onT=h, 1291 1EY XA —BLUOREH cmBEICE—I AR oM,
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Bk D ETTRERICEAT 2 LBRABENT 7 —F

B AERE « Ak K
2AWTILE ALk R

1 RIIMWRE BT H2EETHRTHY  EREEOMEY OEBBEERT 2HETTHRT
Hb, BRIIEDETABBSHOERICL N TAFEDY Y7 & LTI 20, BEEA O E
EANDTAERT Ty 7 RIRIFTHBOREHAEE SN T WS (e.g., Frings et al., 2014,
Maavara et al., 2014), LA LERTIZ, EEBERACE »HREERATREEZRE. 7
1 ZOFENRFEICARSNIBBIZ D R0, AR TIE, ERICEBIER SN EE
HBOERHAICOWT, (1)MKFIREDH & ZHEORIT. QIEBYPEYET 1B
BSHOEE. Q)7 A BZLERMELLOBEZER L., 71 REEZBEITL 72, BITHR
X, REEOFEAM - il - R, (LEE 0 L - RO - Pl - BB - A8,
BEROIRFM - /NEF) I - T D 1188 & L7z, kR D#EHFE T (% (DS 1 ICP
HEHIDHDITETEE LTze RIGHET ABREE (SRS £, EV 7T VA TO—RAKE
ECEE LT

EHBODTHERL S, DSi I2hH%H S SRSI DEIE (L 72-88%Th V). EICHBED S
ABELTAFELTWDZ ENBELHICH 7, DSI DIMEDHIEKEDHBTRENL S
FEICH T TCHEBEh—EDEZ RIEANRD b, FKEOEMERN DSI BE I,
SMBICHBVTHEBTA 150 uM (BRI T 7=, EROERIFERBE®ROEE
ICHTFE T, TARLNUABBEMMAEE TIET T % £ Tkt s Z Ak anss,
BEYH BSi 13, #HBEERREE(TOC) L EDEE% B L. BSi & TOC OLLEILFATHIRIC
BT B%KEERD Si/C &8BEIL TUWWz, BSIi & TOC (£, HBREEEDIRIZTH 5 ER
H TP & TOC 0BfR &Y 3EWEDHEREZE L TH Y, ERAREEY OB~ DIE
EENEAF N AR E N,

S B DR Y L A DMKICDOWTT 4 RRERAMAKILEE %17 - 7252, #HE
#)rh 5 29Si £ F i T — 2.66-2.58 %o, {ZFRIHBIF T —0.67——0.49%0. EEEEMIF (\EF
JIEEA) T —0.6%0. SAIEE#ZK SR 6 29Si (£ 0.91-1.46% Tdd - 7=, AR T 6 29Si &
WY 029Si LW bBWMEZ LY, 6 BICEBAEEZ XL, 3 BOFRKESF §29Si
(0.9%0) % ¢ 29Siinput & L. M/K-EERREORGAED BRI (e )% -0.55% & L T, F%R
EBRREZRE LcatEZ R L 7-/ER. HKiCftiasns Siicxd LT 6 BiE 100%.
8 AL BN EEZRDIBIEIL(EON T WD EHFEINT, AMEZBL, INE THELZ
LA > 7ERBEBICE T 57 A REREICET 2ERNGAMRBZIRET 5 & & HIT, BT
ARBEDO ML —HY—L L TOT A RLERMAELLOBENEEZTRT I ENTET,
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1—-AZTUREBICBIZFRUEY I VHKOEY TT L
B

MIEAERE - & 0
2AWTILE ALk R

AR TIE, KERCERERFBICE S 2 LFRCOFERARHOEBRZ SEIC, BEHE
77y AL DEENRESNTWE N FEDe 2 — 07V RBHETTF AV XB%
ﬁ%ttt%@k?ﬁﬁ%ﬁot.ﬁ:,%mmﬂmw%ﬁ&tf%<®%ﬁﬁ%uxo
TEHESNTWEREY 7T YOEEICOWNT, EYTTVBLUMEDEE - RAEDH
ICEDERIEL7z, BB, ~F RV FEBOME - BEBAZED 2 072 ERL.
INLOIATICE, BBETVZ72FAMONRA T4 bZ2E8TRARDBBFELTWD Z ENHE
RINTWB, Y 7T vENMKIE, EERMEEMAMOMET 2v/LFaL o 2 -4
FEHET T XTEEDHEE (Thermo Fisher Scientific #+& NEPTUNE) %, Fi#E[E
MRlE, FERXF OB 286 7 A —BEEHMEE (GV Instruments #£& Isoprime-
EA) #BBWTENZTNAE L. B, TY 7T VRAMEICEL T, EICHFHEE
BREEON—IRE L TITo 7=,

Z<ORBT, BELWEEREEE (< 0.5 wi%) 2R L, AE & BHEORMERMAL
(0345=0-5%) #xL7=. LHL, BVMEEE (BATOHW%) ZRIHARELTFEL
7. BV TVOEE - BIEDITOBRELELIZEZA, BoNTLWET—REfkE
LTI, BV 7T VEELMEREICHEBELERIIR oGV, MEREOSWEREIC
BWT, BYTTVRENSLBIHEEDLH DL LN o7, £7-, MEREN SVLA
Bodiciz, Y77 vEAMAELRD, —MOOBEKERFZOMELY LBEEITEWE
(098/95Mo < —0.3%) Z#ndHanHd I LLERTE, TV 7T VRER, 280
FRURELFREZRI D, FRVBEMRENEY 7TV OFEERKRAMTHBH
BEEAEV. L Lasrs, SEOMERERIE, WL EY) 77V OEERFR bDO—
DTHD I e HTRT D, —RICBKEDTRILIICEEIND T 7T~ ORAMIALIZIES
ICKERTEERZRT ZEDNHMoNTWDEESD, DifL7-aT70e5aTY) 77 Y ENE
tolx, BBMHSRA T4 MIEENDEY 7TV ORMELICE 2T, —SZESH L TWEHE
BEMEAEV., 2O LIERBUHEEEDEY 7T Y REAAESITICE D BB DR
IZHEWT, BB T4 POREZTFMT 20BN HD L E2EHT 2. BoNTERE
&, 2024 FD 9 BITKE - 7FNA L THESINICREMEFZSOFRICTRE L.
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4 ERIS P IFEY A R R 2 EERE ORI GHFEK S

FRIEE 1 K BR
SARRE : AH R
SRR  FH S

1. R

(B8] BEBOK 75% 30 F3 C6H1206 TERIND EIE (RiEL 7 FUiE) Thd, #
ZBORMEER I L. N E CEICRZDELERNMALE (13C/12C) #BULWT{ThNT
T, BEOEFEYIZ C3EY. YhUFER IV EOOVIE CAEYTHY ., BEIL
1BCZzMYRALEIGEAEW O, 4 FUVFERC I VEOIVICERT2FDORADEES
YRS B7-ICEREIND, AR TIE. BELBLALSHT (K% (13C/120). Bk

(180/160)) 1c& V. BAERNOOEM £ /- I3QBRENNRL 2 BE4XFITEETH
HEDDRIET %,

[5E] LABBSHH SEBETIIBREY LV TILEAF L, HIRERNTETARER NMR
IEEITo7, ALY YT LICONWT, FEBREY YT ILoiRsk (13C/12C). Bk

(180/160) DR ERAIED T % TR ATRLALLBEEHHE (Elemental Analyzer
Isotope Ratio Mass Spectrometry = EA-IRMS) (2 & V175, ZERAIEL & NMR A 47
ZoEREEAEDLE T BEOOEMS K VQBFBY OREN E T F TRIRED ZIRIE
I 5,

[((ER] XEAHRETIE, OFEMZ/-IZIQERENHNEL 2EEBRZED NMR ICL5HE
RO DEMAREILL., BREDICOVWTIZIHIRREHRITEDZ L VWSIRREEBE TV

(EfeZEfET) 2 RLCEBREYTH > CHEMNES ERDEMRNELR S WS H
>7z, BN TREYORERMAEMEMLENERZFILMOoNTWE A, BEN 75%% &
HLBBDOLEERAMUAEDTICLY ., ALBERED TLENOEMNRL 2BEEZXF|TE
ZHEIN, i, AILEMTHLERBENNER2EEZXFTE 2HE S H a2 LERNM
A% EA-IRMS ICK VIREET %, DITEREBEDRBFEOEIEICL Y., 2TiE 2025 FE
IZIT) 2 &l o 7eh. BARBMOBZEDRMAEHEKDOFHE D, B LUBRBEYDEL
IC & BRMMIAER DD T2 ED T, BREBDLFETH D,

=
2. im
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KPR FRICBIIIFE-ERAF— LRSS L UVRRIRE

MrseiEE - kel F—
2AWTILE ALk R

. BR
BHERMADTICOVWTIE, BZzRAE L. BFHEWIENFICERZ b EREN
FILT LT, BHBEZRAVWTERAF V2EEBWLICL U AT S, WhwdE
ENTTENLLCBWLWSNTWS, 512, Inductively Coupled Plasma Mass Spectrometry
(ICP-MS : FEHEA T 7 AVEENTER) T, A BHRIEDONTHY BWRAEE%E
HDICE>TWB, £7-. Accelerator Mass Spectrometry (AMS : JlREE 9 E)
&, BMERMAORELEAEICEVWTEVEEEAELTWS,
—7. 7% - ARG, BFROBF - FHFOHDNERLZ LICLY, BFBEBICEWL
TEBOWRYN - BT XILX—ZHBLTWE, I T, L—F—KomLWHEEZFBL
TeAHDMFEERAVT, BMEL RILTODRARBINTWS, FIZIE, HFETIE,
Atom Trap Trace Analysis (ATTAIRT kT v THEDHITE) (&, L —F =50 %A
WEHLWOTFEE LT, ERICEVREZELTEY, HHAOIICHAIATYL
%, F7- Cavity RingDown Spectroscopy (CRDS: ¥ ¥ EF 4 U v 7' & v adiE) Tli,
AMS (ZPLiEs 2 B E A 14C02 ICxf L TRBINT W5,
ZIT ARTEL =Y —HZRAWLRAEL NV TOR DT 2D D & &H IS, H
TR BN IT Y R T LORBEICE T T [HSTREREERE - & E v b7 — 7 HEH
TS| ICBITEREO=—XZR/RETHILbAEDLE T 7
Resonance lonization Mass Spectrometry (RIMS:3£RE A F L EENHTE) ICDOWLWTIE
Sr-90 OAITICE T =R HARZITL., FAES 7 MR L TEFIREADEIHZOZE
EERMICEHE L 7z, HHE T, 2 BRI EREHEIEHIE - 1 A b XF—LICEBIT5R
LA % RERAY (S5 L 7=[RIMS, ITLCS],
CRDS [CHBWTIE., AKRH D 12CH4 KU 13CHA OBE D% EIR L 7=[CRDS], & 5I(C
BRAGRRREDEEI ZT L. DN EITO T EN AL L2 REREZED TWL 2,
Z—XTHBEVTIE, BFIBOHELWT I F /A KX CHA, CO2 BEDEANATDT A
v bR — (RS FE) DA EICOVWTL —F =KD A R BEbN B,



HIEE -

FPEICEVWTHERZNABELEICZITANTWELEEREHB L EITET,

SEH

[RIMS] C. Zhang, R. Terabayashi, S. Hasegawa, Spectrochimica Acta B 225, 107118
(2025)

[ITLCS] C. Zhang, R. Terabayashi, S. Hasegawa, Nucl. Instrum. Method A 1074 ,
170321(2025)

[CRDS] R. Terabayashi, F. Yoshida, T. Kunimaru, S. Hasegawa, Rev. Sci. Instrum. 95,
043005 (2024)
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ERFENALL S ICED < R BKIEEHER O X EFFR

HrsesRE R it
2AWTILE ALk R

1. R

ERKMERIR & IHER - EERE (160°CULT - #iFRAfHR) THEMAI N2 EiK% i
L. BIEBREDENILRCH DR DEILRZ EBARDORKNBLEILARTH 5,

EREKMIRICHE T2 EIHEICT > EZ VL (NHA+) 2208 B 7vEZY
LEBHYRAE (K, NH4+)AISI308) HEHT HZENH LM, TOEHEEDREICE
BERNRERAH 2 MIEASMICHE > TLRL, £ T, REETIE, (1) ERBEOKEILKRIC
EHT 27 VEZTVLEBIIYOBES L ONGZHELNICL, EORELTVYEZT L
EEIMOERICERENLRBERLNH 21 ZRFTT 2L, 2) TVEZTLEFTILYOD
EEORBEE ZORMELICEDWTHEL AL, REVKESIRICBIT2EDREL T
VEZVLERUYOELEOBREERT S EENE L. ARET o7

JemEd BT 1L TRl - BDEMET] EFIEINZBEFTHFEL. TORMAIICE
DERBKEBIRN D 5, REEIL 2018 FH o ZOMIBOSILEZAE -HERL TH Y.
b/ EShPK - BBHLAR - AR CT7 Y EZ VL BHIYOER AR L TW5, KRR
BTIE, INLDILERDE N THERIMLIEANRO 5N TV / FILROELZHNT
EBRERICL2ERLE - BK XRD 2WFICL 2IMEE - FRIMNRENDHEDFTICL DT
VEZUVLEEORBELY - BT UOXDNICL DT VEZ VLMY DOY v E Y TR
To7=

EARHOER, MNEEAL 5 -  INEEEE BIREEW L FER EO0ERER
EADVEBRBEETH o7 BRIEMITHART S L ICECBUTVWEA, AL FECRKS
IEERRAZ < BB ITEE TN DR WRICRHEAH B, T o DR E BRI L. XRD
DN T T o R DY KA (KAISi308) x> 4 Z A
(K0.65A12.0[Al0.65Si3.35010](OH)2) & Wo7=h U I LEELHEMHIEL L AbNTIZ &
Mo, AMIHTIEAHY VLARBEERNER L2 &N DN B, S 51, FRARRINDF D
MrIZL>T N-H N> FORINA EWER ZHE L. & OICKOMRICE > ToBE S N7
174 bp st LY HBEEICE N N-H XY FRIERT ZEDD. 474 ATV
EZTVLAFVDHRAMERS>TWBZ ENDD STz, BT XU DHDITICEL DY E
YITIE AVRBETVEZTVLODTHDNELLK—HIT 22D hURRH TV
EZTVLAFVDERRMERS>TWAH Z EAHIRAL 72,

UEDRERL O, AR TIIAUATORERZF7, b/ ERUIRICELET 27TV L
EBIIEEATAMEHIVRATHY ., WIND K+t& NHA+ICEGH AN ORHLZD
DTHD, THERETIHEBOEDICLERZDT VEZ T LESEUINELETEZ Eh b,
NHi+Z EOBKA A EZEIR LT ERX oND, BEXREMALLAENRT T DD, Bk

P-31



DEBRICOVWTEBNAZERITHEG WA, ILROEREETH 2 ERER (BeB LV
WE) HRkEEZOND,

A
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1) T. T. Bui, Y. Watanabe, C. A. J. Tupaz, T. Echigo, S. Aoki, M. Hoshino (2025) Rare-Earth
Mineralization in Dong Pao Deposit, Laichau Province, Vietnam, Resource Geology,
2025;75:e70006.

2) J. B. Born, Y. Watanabe, T. Echigo, P. Bounliyong, C. A. J. Tupaz, S. Aoki, Y. Kon (2024)
Sediment-hosted disseminated gold mineralization at the Gegalaw deposit in Central
Myanmar, Resource Geology, 2024;74:12338.

3) A. Agangi, A. Hofmann, T. Echigo, R. Bolhar, D. Araoka, V. Mashoene, L. T. Ndhlovu, R.
Takahashi, P. C. Manalo (2024) The use of combined CMg isotope compositions of
carbonates from orogenic SbAu deposits as a tracer of fluid interaction with sea-floor
altered crust, Chemical Geology, 673, 122442.
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Wi B EE ICREE T B IR Dk FE - HERAIA DT & FZEE

MIFEAERE © SeA BB
ZAWIE  ALE B - S #

TS

mER - SARICIIHTRICHKRT 2N EENT WD, HTREBICHET KD ENICIE,
7L — MEEBIHFEVWHTREAFTF AT N, HREBICK > THUOREICEIXINTWLEHD
DNH b, MEADEFRBREICIZANLEBINLLRFINTLEA, AFEIIMBECEESETZEL
THRBERICER L TOWAREMNEEINT WS, AR TIIMECEERE»OBEHL TWD L
EZONDNINPREBICH B8R - SLRKFDOERMTRL) SR AADE = ZIBE L, HR
EEE OBMRE IR T 5 LA T, NMNFEEBARMEEUL -HREEE R L, B -
NREBERAEZEIC, MENERE, EllEAF e oD, BF - /\RIB&ERE Z DI A ICF
179 2KD - BABERIE, PRBERI0ERKL. ZONAIZEENEEZRL., LEFE
o TW3, ZOmEFEDIiGIE, il —-FAEBERT. ZoMOEE% N - BEMES
ELT ZLOMBCBERNTFEL TWD, ZOMEFTORAIOBRENET & RAOKD
BHEH TRREAKE L OAHEA X ZHIL 72, BRKDICFRLEEIEH 100mg/ £ ~30g/ ¢
EEDDHY . FEFEAA MERIE. Ca—HCO3 &> Mg—HCO3 B T/rE N 5 LLERAREN S
DRWHTAA B, Ca—S04 X Na—Cl &7z & DX ILMERRCEBK THALNS L 5 k%
TERREDD 57z, [TEARPOHEH R, BHR, KEDBLAELLORERERL, . v~ bl
DN 7LD 65~T5%BELTWA I ENBLNER ST, TDOANY T LRANKEDIER
X, BRERZORMEKLOER L HANNTH S, TNHDOBROFEDICIE, BETEBNS
KA < BRKDBE S 35°CUUTTH D Z &b n, KILTEENICEHE L 72 R BRIEDEIE T
HBHEFEZHEN Eh L, EBCEERAR EOMBERIC ORI LEHEBL TOHEENE
ZbNbd, ST, WEICHES 22 LT, ZOEFCH T REDEDERA H =X LORE
A RMD, £/2. 2D LD BHBECEERTORMEOEE) T BAZKERE L TTIRERL,
ZDOREPLENZIZIZORE L OMEEBICHEEL, LB - BRE L - HRATOLE
ZALICHEET L2 e b, MMEORECT IV P/ REVSTHREHOE=2 U v I HH
FINd,

. i

L
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Z Ny BETEREBIGETF MSRB5 I2& % Na, K, Cs BRI DIREE

=A
i

PR

MRREES B BE
SZAMRE G
HERARE © =4 BEE - Chan Ming-Tsair

EED)
BYORX L ZANE BXFLX WHEE. ESEMERE) ICBVWTE Y/ XOBEOREI
BTHAMEEN B 2 EAEHBEINTWD, NIE VR0 BEDT I/ BATFAZ
UHBfbEINBZ LKLY RUNRNTEFEENIIRIEND Z L ICL B, —ATHEYIE, X
FAZVETERLMEANICE > & o, BILETICK S X /X EF1EIL, #HigAT
BRLICELDZENEZONZAZOEERIFHEIT LAV, THEEOEEKE L THEE
SNic sstl EBYERD Na/K NZ Y ZDEEND T EABESNTWD, FRELETFTH
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[ Introduction] Traditional methods for removing radioactive cesium (r-Cs) and
strontium (r-Sr) from contaminated environmental aqueous matrix, such as liquid-liquid
extraction using crown ethers, often generate significant secondary waste. Immobilizing
crown ethers on mesoporous materials offers a promising solution for selective
radionuclide capture while minimizing waste. This study focuses on the development,
characterization, and application of a new sorbent featuring a di-formyl dibenzo-18-
crown-6-ether (DFDB18C6) ligand grafted onto amino-modified mesoporous silica
(SBA-NH2).

[Experimental] The sorbent, DFDB18C6@SBA-NH2, was synthesized in a three-step
process. First, SBA-15 was prepared using the sol-gel method with Pluronic P123 as a
template and tetraethyl orthosilicate (TEOS) as a silica source. Second, the SBA-15 was
amino-functionalized with 3-aminopropyltriethoxysilane (APTMS) to create SBA-NH2.
Finally, DFDB18C6 was synthesized from 3,4-dihydroxybenzaldehyde and then grafted
onto the SBA-NH2 via imine condensation. The resulting material was characterized
using Fourier transform infrared spectroscopy (FTIR), X-ray photoelectron spectroscopy
(XPS), scanning electron microscopy (SEM), energy-dispersive X-ray spectroscopy
(EDX), and thermogravimetric analysis (TGA). Batch sorption experiments were
conducted to evaluate the r-Cs and r-Sr removal efficiency under various conditions,
including pH, contact time, initial concentration, and temperature.

[Key Findings] (a) Characterization techniques confirmed the successful grafting of
DFDB18C6 onto SBA-NH2, resulting in a material with a high surface area and well-
defined mesoporous structure. (b) The sorption process for both radionuclides followed
pseudo-second-order kinetics and fit the Langmuir model, suggesting monolayer
sorption. (c) Thermodynamically, r-Cs sorption was exothermic, while r-Sr sorption was
endothermic.  (d) The sorbent achieved ~85% r-Cs removal from Fukushima-
originated environmental water (Suzuuchi Pond) over four cycles and 99.7% r-Sr
removal from Chornobyl cooling pond water over five cycles. (e) The sorbent exhibited
better Sr retention compared to Cs retention.

[Conclusion] The synthesized crown ether-based sorbent, DFDB18C6@SBA-NH?2,

shows promise for effectively removing r-Cs and r-Sr from contaminated water.
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7=, F/RT—rrRAEMEICAT AL E LT, BENAR Y- A AEELTIE. 7
J LDEEY - RE SHEAFINDI OV T PCREYDO Y -7 v 2 ERIT LT,
F ok
F/RT =TV RAORR: ) T/ LEBEEICY TV RTE(EE),2) EROT I v EA
yhOvERUEBOD Y PCREY. O-EEERERE LTI @FEZEIC MinlON
7 A—+/L: FLO-MIN114, ¥151,800 »*wZE, 2) E#{E{KT Flongle 78—+ /L: FLO-
FLG114. ¥12,600 A*iE, PCR 774~ —FTH A v: EHO LTV Y v &S5 EE% PCR T
B 5z &iCkl, HEMICTY Y v OBEZRET Lz, BXKEN & —47 X PCREYIC
ouf7&—& IS TWBHDHEH T ERFEYREEZITHTICH/ KT —Tr ¥ —
ICENT 2o v v EV B LUOERERTFORH: THRXIT / Lo OXIREBEHOYIY H L.
27/ AR EGT Y H LEENRADT Y B> 7%, sam, bam L W vef T—XZER L T
ZRIEEZEH L7,
R
7 LDEEY —4 v REER:1) fastq.gz file: 8.4 GB. 2) sam file: 19.4 GB. 3) Coverage 4.36.
4) vcf file: 3x 107 @ mutation AR S 7z, PCREH D —F » fER: 1) > —T VAR
IOV, 120018 8EU LD =47 > ZA 1/10(7-8%)IREESEFN T W, ¥ v EY S ATM
BLOGLUTIZOWTIE, FNEN T~33 8LV 196~498 AD > —F > AAEEFICT v E
vOENT, Ry TENIY =T ADAIEIE PCRIEREIFIF—HR LT, ZEDBRE:ATM &
FOGLUT IZ2oWTlE, ZNZE1N 600~1135 LV 76~170 BEDIFBEZENEE S -,
ERVEL
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FI/RT =V AR 7/ LDOEEY =TV AT 16GB DY =T v 2 E s, vy E
VT —42%H 194GB BN, T/ LY—T VAL BEEBRE I TDICERBNTHD L
NRENTz, SHBIFAXPDENY 3 — M) = FHRFTITRETH B Z EAREBINTz, PCR
EMERWEEZERE: AV PCREYDY —7 v 2D 80-90%IE T hF X7/ Licw vy
T ENT,

PCREMHMNBEL TW2 3T D 3BEOELRFHEEICIE 7-8%N v v > TSI iz, A~ PCR
DEBOR EBDTFEYDOREEAADZLICLY, SHBOBRIFEOE—EBRHELDIIE
EDTRE I NI,

=A
. Af

L
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P-24-32

EEEDOMETEEERMICH TR T XES T DFBLINA.
1512 90Sr BEEICDOWT

IERARE | &l =8
RAWMIRE B EE - AE BEF
HEWRE : A F - 8E BT - WF %

. AR

2024 FEONIICHAWEMRIE, BEREONERR TR T 2015~2021 £ 8~10 A (<
WA 198E. BL V2015 F9 AICRAIBREHEOEMBEET THA - 4BEOT XY ES T Mogera
imaizumii TH %, HEIFEROEHICL Y NEREBOKAM L & TIT o7, B TIERED
ThNBEWZ EDDEYERIEICELBEAELR>TEY ., P RILOERNVEL <, HE
FRBESNTWS Zeh s MuEICHET S 2 s nTE 28ERMOEMKZAH A (Duffus trap)
AW, BERIZIFEETo72H. 2019 FICFEROERREDIOFEICIIESHRN -
Tzo EBD/z8, 2017 FE6 BH L UN2020F3 5. 8 BICHEL -2 LESLHED 3BEL A
Wiz, TNODBEBEREERL., THETORE Sr L UOHEMEX A~ F 7 4 (90Sr)
BEZREBEATFRENSNEMRRMOXREEHEEE NN TRIE L. 90Sr/RE SrgEEk (U
T, SrRE) #EH L, /-, EEREIOERKL CHEEE L 7.

SrREIZ, BLREDEME (0.77£0.64) LV HEEEFMBEVCEAXRL LY L. BERE
2 C I3 AR TR > EAR S R ER (5.18. 25.17) >[@EMALER (0.94, 2.38) &4 -7-4'. EHE
EMETHIEICHWME (25.17) 2RI BEIR LN, IRIHEOEERTIL, BMICL2ER
RSN T (04K :5.18, 25.17; 1 &M E 1 7.43+£5.94) 2021 F0#EEME (16.40+6.20)
iFZnUE] (5.16£1.72) W) bEEEZRLI, 2018 FX CTICHELAEEK 10D T — &I
BWT, SrRELLE INETICHE L CELHAFBREELS T L (134+137Cs) RE DM
IZIZMEEERAR IZ R >N h - 7= (Spearman DIBEARIMEEI%%=0.168), LA L. BHEEH THE
E7 SrOBE AR LAEERIEHRPREEEY 7 LEE (T, i CsiEE) v 5<. BT
BT CERE LT Cs BEZ R LIERERIE SrgELLb&h -7, RIAEDOEERD SrigELtko
SHEDMIE, BERTERICAD > TREMRVLRT Y Y REOfmERAZ R LA, FHE
P 16.40, HEIN 3844 x| FH<HEOBARIEE R LT,
SEFELEEDEE, S HMETIEH S0 90Sr HRHE I N, BEOEHIRA A TFLICL S
LN, T HITMITEAL TWBERKD 90Sr Nt OBYEHEOR EMICMNET 5
TIICEWTEBRBICL VIREREICE-T-0Oh, SEB LY LHEALAEICL YIRS T 24
BENHDETHA5, BEEHFROMEIIFR TR > EMAETEIE > RmiLEpe 4 Y RHEE
THPHTIEH D HMEBICEWVEZ RTEBENR NI, INOOHMRBIZHF Cs BEDHE
EHBLTUWz, FICERBICEL Sr BELRZRIEBENRON, ZOEDBENHICHFE
LTHY, P Cs BELHHBENRON-Z L IE, BRI EDITHBEORIEICLS2GY X
JEEOFEERZ RS L TOWA AR SV, /2 BEHEL> 7 L EEA Y 90Sr IE8iEH,
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CIEBBICHHINTERNICEET 2 2o, aMOEERICEVWTSWMEN REND &£ T8
SNTch SEREONRE LIGRIHEDEFRTIE, MICL2ERB>RoNEN >7c, B
e B ) EAMISHBEAHOR S LWETF O St RELZEHAIT 2 L, BAUSERIMEFON
DAREMED D B, SERIIWF 2 EH THMEEBML . ZEEMITIC LY FERADTEITUL L,

BEYND
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P-24-33
IREFDOT F U BEEROESHAIEEREICOWLWT
MRAERE © LM BH3E

ZAPIRE KRR ER - #H ¥ - KF RE
HEFRE @ Sk

. AR

ARICEITSZ FU8EEIL, Zhuo 5(2005)A 6.9~38 mBg m—2 sec—1, Hirao »(2010)
A 8~33mBgm—2sec—1, A S(2004)A 1.56~34 mBgm—2sec—1 &EHMELTWD, L
L. TELSOBUREZAET K. £OMEZREKT 57 N BREEZAES 2B
EHNHRETH 2, £ T, ARTIEZ FBZAESE (€37 K] 2HAVT, ZEICEE L
ZDT N VEREREHEET 2 A EZRET L7,

TEEZZAT 3 LALDT FUB@ERZFI2AMZMERLT, 7 NV BURFKDAIEICIE
RAD7 #{EB L. ZRZBERIELNOERZT o7z, BREEANICIIEZERNZREL, 7
FYroEBREDS 300 T EITHEEZTVL, 4 BFERET 2 £ TRLEdkl 7=, &5IZ. Hosoda
52022) B RELTVWEAEZRVTT Fri@EsBH L7, BEZ#EL. ZFr0F
BEIED O 18~24 IFE#H DT NV REDOFSEEZ [24h BEZ FVRE] CFE&EL, 2O
FOREIL65% TH>7ce — A, 3LNLOLERABZEDS NIC24 BREBEI . RiEx>
vFL—&R— (AvRE270-77R) zRALKE, 1.5 BRICREY Y FL—arvhy
YR—TI7RFVRE (KaAZ R FVRE) ZRAIEL7, BEIX84% TLT,

[2ah BEZ FVRE] E 3T FI FVRE] D124 F0EERLT., TOERIE. B
EN80% %A 57 FOREMEIMBET S 57-H6THY, BEMEEITo7- (EHKED
ZEZFVRE). UTIC3 LRNILVLTOFSECEERER 7 N BURER, 24h BEZ FVE
E. E3a7 R FVREDIEICRT :

L ~JL@®: 16.5 = 0.7 mBgm—2sec—1, 13592 + 188 Bq m—3, 13690+ 209 Bqm—3
L~JL®@: 7.1 £ 0.3mBgm—2sec—1,5833 £ 138 Bqm—3, 5519 = 308 Bqm—3
L~JL@: 49 £0.2mBgm—-2sec—1,3749 £ 191 Bqm—3, 3763 = 192 Bgm—3

[2sh BEZ FVRE] &7 FrEtRER e OMEBIFIER ISR, RERKL 1.00 TH-7, &
NICE Y, 2A BEAEREEZAWVWTT FUERERZ FATE S Z EARINT, £/, BER
DEITRIFVRED [20hEEZ FVRE] OBRERE 2FLNICINE Y, 27 FE
AL 20 BREAECEREEOSVWERI FVREZHEEIRTHD Z LN DHh o7,
a7 FZ2AVWTEEZ 24 BEEBEL. BoN/7 N VREELZ 124 B35 2 L TREMIER
TV, [24h BFEZ K VRE ] %?’EE’C%% EDHER SNz, £, ZOREZAVWTT M
BUREZHETE T 2 AN TR I N7,

SZ @k Hirao, S. et al., Jap. J. Health Phys. 45, 161-171, 2010. Hosoda, M. et al., Radiat.
Prot. Dosim. 198, 904-908, 2022. #iH1EF b, REWIE 39, 206-214, 2004. Zhuo, W. et
al., Int. Congr. Ser. 1276, 285-286, 2005.
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Yasuoka, Y., Takemoto, J., Omori, V., Kawamoto, N., Goda, N., Nagahama, H., Muto, J,,
Tokonami, S., Hosoda, M., ; limoto, T. & Mukai, T. (2024). Practical cut-off value for radon
concentration in indoor air using an activated-charcoal radon collector. Radiation Protection
Dosimetry, 200(16-18), 1701-1705.
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Validation of stochastic method on track density analysis for
passive radon measurement

7 fFRE - Hu Jun
coZvay R FarTaw

W
>g
=
53
i
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bl
LEl]

. AR

Passive radon monitors with CR-39s are commonly used in major epidemiological surveys.
However, the conventional CR-39 track density determination method makes it difficult to
estimate the concentration accurately due to the heterogeneity of tracks on CR-39s and the
small track reading area. Track heterogeneity in CR-39 detectors arises from exposure-
related and detector-related factors. To improve the accuracy of track density determination
in passive radon monitors, this study implemented a new stochastic approach utilizing Latin
Hypercube Sampling (LHS) to compare the performance to the conventional method.
Consequently, the root mean square deviation of 0.37 of mean track density using the
stochastic method is lower than the conventional method of 0.39. The coefficient of
determination of the stochastic method is significantly higher than that of the conventional
method in the linear correlation of estimated track density and accumulated exposure. The
stochastic method utilizing LHS for track density determination decreased the total counting
area of CR-39 and performed congruently and effectively as the large counting area using
the conventional strategy. These findings suggest the stochastic approach is a promising
method for improving track density determination in passive radon measurements with CR-
39 detectors.

. i

J. Hu; C. Kranrod; Y. Omori; M. Hosoda; S. Tokonami. Radiation dose estimation for indoor
radon, thoron, and their progenies using a stochastic method—A small-scale survey in
Wuhan, China. Radiation Protection Dosimetry. 200, 1720-1725, 2024.
https://doi.org/10.1093/rpd/ncae012
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BRE - BEREFREUERELAEIZEFIIBLUVTHRAXIO
BFREEHEICH 1T 2 BHARESERZEENM T —h—DRE

s sRE @ L FE
RAMRE =8 BE
HEWIRE - PH T

. AR

AR T 4> FEEHT 7 ZINOBEHHICH T 2SEARPRBIETFTTCOI v X2
(Rattus rattus) ORBEFHREES L VELFRE~NOFEZHH T2 &2 BMNE LT, 77
FZMNF v N IHXICEWTEMBRERDORE Z XML . mﬁﬁm%ﬁ%ﬁ%%mbfvzf
FEHIBICERT 27 A X Iz LT, INETO ERAN ARDRERHEFHED T H A X

IEWRE LIEFAEDTHEIC L V. BEBENLGBIRERZENMFYv—D—E LT
Lspl (Lymphocyte-specific protein 1) ¥ & Of Ptprk (Protein tyrosine phosphatase receptor
type K) ZEE L7z AARTIE. INOOBGFORBBENMZEL T, ERE - KREXIE
HERIE < DFEE T L 72,
REIE. T IMF v NATHRELONBX (3—F Y RIZEAMAS : CUSAT) ICHUWTENE
SNz, AEEBE LTE, ZEEFERDAE, vV b7y 7ZRAVWZI/TXXIDHE
B, BEEBOY 7Y v HEBFENENTE LU Lspl XU Ptprk OBENHIRED T E/H
W&iT>7,
RBETFEMREDOFHMICHE LT, FBlE 1 AdH7c ) OFIIEMIREZAE L 7-iER. =B AR
ol & B ICE WV THEEBEREEITOoNGL 57z, I HI2, Lspl BX U Ptprk OEEF
RBEF AT/ A WTNOBEFICOVWTHNBR E LB L THRAFNICERELZLEH
FRET I NGED -7,
AFROFERNI O BERBIRRETICEVWTH /Y2 X I OB TFEMBES L U Lspl/Ptprk
BLFRBICHEELRFZZEIRDoONG N >7c, INODHEIL, BIRE - BEEFRISERILL<
NEFEBY O ETERERE ICRIZTHEZ AT 2 ) A TERNLET — X2 RET 20 TH Y,
%&éb@%@%%@%ﬁﬁ*bbﬂéo

=

. AM

Tokita, S., Nakayama, R., Fujishima, Y., Goh, V. S. T., Anderson, D., Uemura, |., lkema, H.,
Shibata, J., Kinoshita, Y., Shimizu, Y., Shinoda, H., Goto, J., Palmerini, M. G., Hatha, A. M.,
Satoh, T., Nakata, A., Fukumoto, M., Miura, T., & Yamashiro, H. (2025). Potential
radiosensitive germline biomarkers in the testes of wild mice after the Fukushima accident.
FEBS open bio, 15(2), 296-310. https://doi.org/10.1002/2211-5463.13927
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BEX/ JoBEEL > 7 LBEORIE
WRAEE | AT BT

RAWIRE  ZH BF
HEWTRE LT KB

. AR

BEHREHH, D 14 ELUERBL, Z<OREIIZPERL TELA, BEF / IDOFLIEHKLTW
%, BHERNTH, ERT. khm BARM, [LBT. M=k, LA™, NEETEEF
/ ADHEHIRA 2024 F£12 B 25 HREDHELTWB[1], 4k LEF / JRFE L HME
T, BREANOBEEF /) 3% 2011 EA oiEMICEKRIRL., FEROBRAZHAZTL LS, B—
HICR—HSA CHRIRESNZRLEOF /2% 1 BEAE T 5 & TN FE TIC 4,697 ik, THiE
RmEEEGHTWNWET D E, BIOEDHAES/ aXKEL 7,
14 FROHEBCHEBOFROERICOVT, LETHEZERTHEOF/ IEOELIDT
— R/ RTHELEDHIC, BERTHRICERBEZEGATWS, BEF/ JOBGELS 7 LR
FIENRTYFNREL, —FA—FKZR2LBLEVREZRTEREDLH S, %< OREEATE
LT — 2 oREOFROFELAHLI ) P T URADEFHEZLTWD
2011 FEN S 2024 FEFE TFHYT 5 & ER 300 RIS L T, 200 BOEFEF / 2HHREL
SNTW3, BE, &% 10 EoFLWVEOTAEF / AMEERS N, BFER USRI
NEBEFX/ 3LHBNIL, AELIEBICLAIEBREINBVWEEX/ I H D, ZD7-H, BEIC
DT B EFEREAEED ICIERHETARY L, £ 2T, EEICHH LS 7 LEEDEES
HOEREEZRT D, HigE, KPR FED 2011 F7 B 2 HMBHEY — <A1 L VAE
INFHE~Y Y TRIFOFBRL RILORMZ LA >T, 3 2DTIL— 7[ﬂﬁL%£MJ
(=B AED - FEpLH ] TEmEEILH] ([T 1F 7z, TUAMEMBE L] (&, ZRREEA 2011
$7HZEEETO1®WhuTﬁ\Eﬁmmﬁﬁﬁﬁm%ﬁtVﬁA®%%#¢@ﬁot
iﬂzﬁ’é%é (= EACER - &Rl (&, 0.1 uSv/h LIk 0.2 uSv/h LUT THsHE 70— L
PILMEEBICE L -FRERICK Y BEMEE Y VAL E L-EEZA oN Mg TH B, [ R
] (&, 0.2 uSv/h U LD EHEANTHEILEEN S Hh > /- HlgTH D, HEL/ZF /3
X, REDOECELEEZE LT 4> aX—"ETHERY , BERELZ A NEXRZET 5701
EWMLW°C®#—7VF%@éﬁt&KW@L 100 mL OHEBED T 7 RF v 7 REIC
H—ICED T, ¥/ TFERICEY ., HEN 109D 1 UTICh >71, &RdTNIE, SRR
ERICERTRETE %, 93k, M% ELIADBIEDRTEEM S E X T, £IEEROZHE L
T, 2TOREKERGFELTWS, ¥/ IRLTOBEEINEL bR WER, ZNETNONELF /
IZB & I2iT > 72, BRRHIE TN BABEDRIE X, EFROAR DORETEEDLHBE L CAlE
TELZEMET VY=Y LFEFRHIERHPGE)Z AW, HPGE DERIE. RADKIHRE
E#MT 570200 (EX 10-15cm). @ (B 1cm). & (B 5cm). 727 YL (A 1cm)Dik
(BEHRIC & WA C 2ERAED S O X AR L CERT 270N ERTESICT
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%) THl-7z INICEY . RADOKEIRICE BNy 77T 7 FOBED 2 HORA L72hN
ERAEOERIT 1 1< I27 5, Cs-134 (FFHA © 6 FRIER S, 2011 FHEFF& L~ 100
DDLDEICHE>TWEH, FETERED bR AU TICA 2 £ THE L7,

2011 A5 2023 £ CICHERIN/-F / JOKEEOBOHE%, MEREOHEICE L H
T EBOWBZ H5 & RREIZMLEEBUN DG TIEER L L T—HRERDOELEBD 100
Ba/kg ZBRA T\, £/, RREDOEZ T, VEFNFRBICLZBEREEZDZC L BLD
BEX/ ADEHEERT H L. ZFT—TEDEER >,

. A

AX=D 7T — b AV cEPBRSRREEDBENR I aL—a

Proceedings of the 25th Workshop on Environmental Radioactivity (5 25 [B] [IRIBERET
Be| ), 2024-6, 96-101 (2024).

EBERZ¥. LWTEE., KBRS, BiRM. aFhR. EHS

EAREBSHILDEFALE /é‘—tﬂ,%%;ﬂ'b:ﬁc:io‘ F5~A 7 BK/NT —DiRE

Proceedings of the 25th Workshop on Environmental Radioactivity (5 25 [B] [ERIBERET
Bel AT E), 2024-6, 91-95 (2024).

ERIBE. WTERE, A2EA NFRK HZR. S8R AFRE. BR®M. FKR

R, FEERE. B9ARBE. MREE. A4 KRE—. EBE. BEER HARER. B,

EEHE

HYVHRBE LIEEIF ANBDBF ALY HBIRY MLOSHEYRBITEDHER

Proceedings of the 25th Workshop on Environmental Radioactivity (5 25 [B] [EiEET
BE] FFFRSR), 2024-6, 85-90 (2024).

WTHRE., RIS, ALEE, NBFRA HF5R. S8R AFRE. BiRM. FKR

R, FEEER. §7l< BUZ. MR, 4 RE—, EBE. BERER, HARER. BEAFE.

EmE

BEE—RFNREMBHRCHL LI-ZA VY TILOHATOREEL > 7 LEEDEIE

Proceedings of the 25th Workshop on Environmental Radioactivity (56 25 [B] [EiE#ET
Ae EEU‘U/\) 2024-6, 73-78 (2024).

INEE ILWTERE, ERIEE, ERRY, KEERE, B, mERER, kR, $HARE

B, %Eﬁm—, RN
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HEHINDEBFERSHREETEMD DDA X2 X —HR D&

MEREKE : BE KR
RANMEE =ZH BE BB XV -7 yR—vr N/ T

1. BR

[BH)] MR ERIESC LEAIEA S DY 7 FILIC & > T FEMIE < HRRIC TR IX < %
ZUTD DL BRIGERTRBERENA RZVE =3B E WS, ZORKIE. WL </FERIE
CHIRRASEET DEBEMIICICEVWT, TORELBASEIAEEEZ2E, RRICIE.
B S Nl oSt % JEBGTMPZICMZ 2 5 ENZHENTE Y BEE TICE FAA
MIEKRCEE e MK EBWERENZELHD D, —H T, b ML BICHEHY TN
A XXV B—NWEIPERINTZEONI DAL (F—Ry"TAHY T £ ZVvXR Iy va,
THFRRIE) THY, NMRAEVEZ—HBITENX ERFEINTVLEILED ITEKARIE-ET Y L
TWAEL, RLIEINET, THXRXIMECT 74 7~ #ifd. =Ry FILMRICE LTS
ARV E—NBHINEL DT EEERTDEEDIT WEA b~ F e FTIABOEAE A,
WL DA b~F & b TOIMRBICT R b= XFOMIEEEZS| TR THEREB LS,
COFERIZ. A FYFEMTOLSBFERICEBNEEY REEY) HH/NARR X —5)
ENREFEINTVWDEZEERLTWS, AR TR, 77+ U 7T (FITXLY) EEICHS
REBE L. EBFOEEE LIEDKHABL-OL, FEHIE < OEEMAZIC DNA E15-0H
RN FEINDIANZHAND Z & T, EBICFRBNABEL» OENM ERFININAREZ X —
I FIVDOFEEERE LT,

[(FmfER] BRI IC THE L 7-F I 7 X L3 (Dugesiajaponica) iZ 0Gy (sham-irradiated) .
4Gy (1Gy/min) X 8% BE L7-Db, FEBEHDF I VALY (N R&2¥Z—@tF) %
B L 48, 72 B IC. BEEREREL Y T UBICLY Y OItiLE LT, Dk 4Gy
WIL<EER, BLONA 2y ZF—EAREROMEZICE VT, (1) DNA ZE#HUKo~v—7h
—TH5 yHAX OREFERERHAELEE, (2) TRF—ZMIEEHERT 572000 TUNEL &,
(3) 774V 7HIFEAOBEZMICT 24 BREELZTV, £BEY VT LOERK.. (4)
DNA BEOEREZBRAEEBEZFE > CRAIFMLT 23Xy b T v A %1To7, T DRER.
(1) EEOE., EHHOMAEZIRET L TRELEZTo72h . £ERIIBONEL T, £
7= (2) EROEE. £HEEWCOHWEZTT R =Y ZMEOLREE AL, RBRIZES
NN 7= 7= (3) IZBVWT, YV NILEF I 9L VA EEL, Z0HD
Mg BEIIBONEL T, LH L, (4) 0aXy b7 vt41F 4Gy #IE <fEE @L<
% 48 FfE12) ICHWT BB L/ DNA DFEEZRT IXA Y b T —ILOGFEEZHZET 5 &N
TE/7, Z0aAXy b T7vEA%ZBWT DNA BEOESAAIETH B EBhbb, 5
%, 4Gy WL AR, BLOIL L ERE 48, T2 BEEEEAB L7211 2 & ¥ & —EEBFED
MmpEE, Xy b7y A ZBWTDNAEGEOEELEZITO FETH D,
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Haruki Chiba, Hinata Horikawa, Valerie Swee Ting Goh, Tomisato Miura, Kentaro Ariyoshi,

Radiation-induced Bystander Effect in Starfish (Patiria pectinifera) Oocytes, Radiation
Research, 203, 53-59 (2024)
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P-24-38
BIEF7OE—2—EEICE T 3 REHERET MR OB

MIEEAERE : 7H &%
RAPRE =8 BF - LA —C2
HEWTRE L FE

DES

BEE—RFEEHRLUUE, BEHRICEZEOF VL FHPORIERNDERESMERIE < DFEI(C
B L TIEERA L L THENARE LA SV, EBFENAS L CHEREBIZICICE T 2 SREHRH
RICKDEMEEOSVTIEELMICHR > TVWED, EBREEEFHIE H D WVITHETIRICE 28
Ba kN7 ETERIE OB FERCINE - HERICET20F A DX LIITHETH 5,

VE, BEHRIE. DNABE T ThRL, TEY 22T 4 v BB EFET 5T ENRES
NTWb, INETORRBREDL O, BIHELEMBICERT 5/ F X IOBETIHELTH
BICE(ARO O, —F. BREFRERES (LD) LAY T7RXBRICBEVLWTI/O—/NILA
DNA X FIALRZ = HNEAL L TWB I EZBALMNCLTWE, INHLDIZ &N b, BEHRRED
EIEMRRRICHE A 5X AR H D L ETRRL TWE, TEY 22T 4 v I READ—D
TH 5 DNA A FILALiE, EITEMPZR. 4. FHE. DMUERICES T 570, #HIEATE
ICHEEETH D,
AIFFTIEL, ¥ TV REBV TR ICBIT2BEDOIE Y 2 2T 4 7 ABRENERZ 5 7=
HOBYRFHEEERITS D & 2 BE LT UW5,2023FE D ERAN R R DORRE L V|
LDICK-> T, ¥V RFEEICENT Dnmtl OBGFRERBEIMET T2 Z NN ICH Tz, &
D=8, REE X, Dnmtl O 7OE— R —BRD A FIALZ T T 272012, X FIALEZHE
%IpREEZ (MSRE) %# A L 7= MSRE-qPCR A @R AIAEM (D W TIRET L 7=,
BERICEITS Dnmtl OBEFRIBZAEL-E A EFERERICTOY bA—ILEICH L TLD
BHATEEICDnmtl OBEFRERENRD L TWDE T EHIERTE L, TD/H, Dnmtl © 70
E—X—EEAD 2 BATICE T B A FILZ MSRE-qPCR TFHI L /=& Z A, -560 fEiE. -
AT37EELE HICaY PA— LB L LD BOBICERELZ RS BN o7, Lh L., -437 i L b
B L T-560 B DX FIAAKIFBRICEVWI EHVALI E L ST,
UEnzZ s, AL THRET LT MSRE-qPCR 07714 ~—t v MIBIETHRIE L DEE
HEAMEWTZD, S%IZ LD OXEZRENICZ T2 7 0E—X—HERZRHET 2 FETH S,
IHICE Y. BETRIRIE OETEBME~NOIE Y 2 2T 4 v VBREEAHZILIZOVT, &
DEEARMBEABOND Z LI ND,

=A

aff

1. Miura, T, Imada, S., Ohtsuka, Y., Nakahira, R., Ishiniwa, H., Yamashiro, H., Nakata, A.,
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With the increasing integration of pets into human families, their health and safety have
become a significant concern. The increasing use of radiological equipment in veterinary
hospitals highlights the need for radiation safety of pets and humans. However, existing
radiation protection guidelines primarily focus on human patients and medical staff, leaving
a gap in protection strategies for animals and their stakeholders. The study aims to
investigate the latest radiation protection systems in veterinary hospital, focusing on
radiation exposure to human patients and medical staff and estimate and analyze general
radiation doses affecting animal patients and related stakeholders in veterinary hospitals.
The study employed PHITS for radiation exposure simulations in veterinary hospitals.
Different modeling approaches were utilized, including the use of geometric phantom
models for humans and animals to assess radiographic distribution. Initial simulations were
conducted using simplified geometric models to determine radiation distribution in human
subjects. The PHITS simulation successfully demonstrated dose distribution in different
anatomical models, laying the groundwork for future computational refinements. A field
survey was performed at hospitals to evaluate radiation exposure levels for medical staff
and patients. Current radiation protection systems do not adequately address the unique
needs of animal patients. Veterinary staff lack clear guidelines on how to effectively protect
animals from radiation exposure during medical procedures.

The study highlights the urgent need for a dedicated radiation protection framework for
veterinary hospitals. The next steps will involve refining computational analyses and

formulating practical protection measures to bridge the existing research gap.
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Investigation of radon-climate relationships in volcanic area using
Al
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This report presents the findings of a 9-year study investigating soil temperature variations
near Sakurajima volcano. This research, conducted as part of the project “Investigation of
radon-climate relationships in volcanic areas using Al,” aimed to improve geohazard
assessment through enhanced radon monitoring. Specifically, the study analyzed soil
temperature profiles at various depths and developed mathematical models to predict
temperature fluctuations.
The soil temperatures at three depths (10cm, 40cm, 100cm) alongside comprehensive
meteorological monitoring including atmospheric parameters and soil moisture were
continuously monitored.
The study revealed that soil thermal diffusivity increases with depth, challenging the
conventional assumption of constant thermal properties throughout soil layers.
Clear seasonal variations were observed at all depths throughout the monitoring period. An
interesting phenomenon emerged where temperature extremes were progressively delayed
with increasing depth. Temperature minimums at 100cm depth lagged approximately 28
days behind atmospheric minimums, with similar delays observed for maximum
temperatures. Similar temperature patterns were observed between winter and autumn, and
between summer and spring, suggesting consistent heat transfer processes during these
paired seasons. Temperature oscillations were modeled using sinusoidal functions, where
parameters such as amplitude, phase shift, and mean temperature were derived from the
measurement data.
The developed model showed notable discrepancies at shallow depths, particularly at 10cm,
suggesting complex near-surface processes not fully captured by the current approach.
Additionally, these site-specific findings may require calibration before application to other
volcanic regions with different geological characteristics and climate conditions.
This research advances understanding of soil temperature dynamics in volcanic regions,
providing a framework for improving radon monitoring accuracy. The identified thermal
buffering properties of soil and quantified temperature effects on permeability offer
practical approaches for correcting radon measurements in geohazard assessment

programs. Future research should focus on investigating additional environmental
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parameters affecting temperature and radon transport dynamics.
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spring waters in the earthquake swarm region
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The involvement of deep-seated fluids in fault behavior and earthquake generation is
well established. However, understanding the origin and time-series variability of these
fluids remains limited. Geophysical methods like seismic tomography and
electromagnetic surveys provide insights into fluid distribution but are not suited for
identifying temporal changes or fluid origins. Geochemical studies, particularly isotopic
analyses, offer powerful tools for tracing the sources of fluids and assessing their
contributions before seismic events.

This study focused on monitoring Li and Sr isotopic compositions in groundwater
samples from Hokkaido, where the 2018 Eastern Iburi earthquake (M6.7) occurred.
Previous work by Sano et al. (2020) identified pre-seismic anomalies in hydrogen,
oxygen, and carbon isotopic values, suggesting CO, influx into groundwater near the
epicenter. Using the same samples, we aimed to determine whether deep-seated fluids
contributed to these geochemical changes by analyzing Li and Sr isotopes, which are
reliable indicators of deep-seated fluid origin.

The isotopic analyses were conducted using MC-ICP-MS and TIMS after a two-step
purification process in a clean laboratory at the Kochi Core Center. Our results showed
a significant decrease in the Na/K ratio coinciding with the isotopic changes reported
by Sano et al. (2020). While a reduction in Na/K can imply deep-seated fluid
involvement, our Li and Sr isotope data revealed no evidence of deep-seated fluid
migration associated with the Na/K decrease.

These findings suggest that the observed Na/K ratio drop can be explained by the influx
of CO,, supporting the theory of CO, migration from an injection site proposed by Sano
et al. (2020). The absence of corresponding changes in Li and Sr isotopes further
corroborates that CO, migration occurred without significant contribution of water
transported from deeper crustal levels.

This study provides additional geochemical evidence that enhances the understanding
of pre-seismic fluid behavior and highlights the need for integrating isotopic and
elemental analyses to investigate complex subsurface fluid dynamics related to

earthquake precursors.
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Fed by the Soya Warm current (high salinity) and the East Sakhalin Current (cold and
low salinity), surface water of the southern Okhotsk can be grouped into Coastal and
Offshore areas.

Previously, we found that 1291 was carried southward by the ESC. Likewise, in the
surface waters, 1291 (Offshore > Coastal) linearly correlated with salinity year after year
(R2 > 0.7). From the samples collected between 2017 and 2022, it was shown that the
highest 1291/127! ratios and 1291 activities were found in the offshore area of the
Okhotsk Sea, the same area with the lowest temperature and salinity. Annual 129I
emissions for the period 2013-2022 are presented for three of the main nuclear waste
reprocessing plants in the world. Although the La Hague presented a weak rising trend,
other atmospheric releases and liquid discharge were constant or downward.

From a regional perspective, the largest ratios and concentrations of 1291 were found
in the southern Okhotsk Sea due to the southern transport of the ESC. To a lower degree,
the Oyashio Current also generates a southern flux, visible southeast of Hokkaido. The
Japan Sea, although at similar latitudes, is an area fed by the Tsushima Warm Current,
which has lower ratios and concentrations of 1291. The oceanographic currents were
characterized by salinity and temperature.

Summer samples taken in the southern Okhotsk Sea and at the subarctic gyre of the
Japan Sea show an increasing trend during the 2017-2022 period. Specifically, the linear
regression of the 1291/127I ratios for the southern Okhotsk Sea had a slope of 9.12 x10-
12. The counterclockwise circulation of the Okhotsk Sea and Amur River discharges are
not the main reasons for the increase due to the regional behavior of the phenomenon.
Since an increase in 1291 annual release is also unlikely, the main hypothesis to explain

the increase in 1291 would be differences in atmospheric transport patterns.
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Elucidation of the spatial distribution and seasonal variation of
210Pb around Japan
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210Pb, a decay product of radon-222 (222Rn), provides unique insights into large-scale
atmospheric circulation, regional pollutant transport, and deposition mechanisms.
Moreover, 210Pb deposition is critical in assessing radiation exposure risks, especially
internal exposure via oral ingestion in regions like Japan. This dissertation investigates
the atmospheric concentration, transport, and deposition of 210Pb, with a particular
focus on Japan and its surrounding regions.

Motivation and Objectives

Prior research has established a strong link between 210Pb deposition and
topographical features. Quantify the distribution of 210Pb deposition across the
Northern Hemisphere and analyze its transport pathways under various climatic
conditions. However, comparisons between modeled and observed data frequently
reveal a systematic underestimation. Therefore, this study aims to investigate the
seasonal and spatial variability of 210Pb deposition in Asia and its influence on
Japanese regions, particularly in relation to the East Asian monsoon system.
Methodology

The study employed a combination of meteorological (WRF) and atmospheric transport
models (HIRAT) to simulate 210Pb transport and deposition from 2012 to 2015.
Simulations were conducted at spatial resolutions of 48 km. Observational data from
monitoring stations across Asia and Japan were used to validate the model and identify
areas for improvement.

Findings and Contributions

In Asia, the annual average 210Pb deposition flux was approximately 17.2 Bg m 2
month !, with significant seasonal and spatial variability. Winter deposition was highest
along the Sea of Japan coast, the eastern coast of Vietnam, and Siberia, while regions
such as southern China and the Bay of Bengal exhibited lower deposition. Summer
deposition patterns shifted, with the Bay of Bengal and the western coast of the
Philippines experiencing elevated levels, while deposition along the Sea of Japan and
Siberia decreased.

In Japan, seasonal variations in 210Pb deposition were strongly influenced by the East



Asian monsoon system. During winter, the Siberian High and East Asian troughs drove
strong northwesterly winds that transported 210Pb-enriched air masses from eastern
Siberia and the Kazakhstan-Xinjiang border to Japan, resulting in heavy deposition
along the Sea of Japan coast. In summer, southerly and westerly winds transported air
masses rich in 210Pb from southern China, contributing to elevated deposition in
Kyushu.

These findings underscore the complex interplay between atmospheric circulation,
precipitation, and topography in shaping regional deposition patterns.

This study advances the understanding of 210Pb behavior by providing detailed insights
into its spatial and temporal deposition patterns across the Asia. The findings clarify
seasonal variations, transport pathways, and the influence of climatic factors,

contributing to more reliable atmospheric models.

Cai, Y.: Yamazawa, H.; limoto, T.

Long-range transport model analysis on seasonal and spatial variations of 210Pb
deposition across Asia

Journal of Environmental Radioactivity, Volume 280, December 2024, 107563
https://doi.org/10.1016/j.jenvrad.2024.107563
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Radon escape speed from water to the air and modification of
measurement technique.
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Radon, as a noble gas with water-soluble properties, can be generated in, transported
through, and exhaled from soil and water into the atmosphere. However, quantifying the
escape speed of radon from water surfaces remains challenging due to the lack of
feasible direct measurement methods, particularly for in-situ continuous monitoring.
This study aims to develop and optimize an accumulation chamber method for in-situ
measurement of radon escape rate from water to the atmosphere. Concurrently with
measuring radon accumulation in the chamber, radon levels in water were recorded as
a critical factor influencing escape velocity.
During this fiscal year, we evaluated the performance of four detectors for measuring
aqueous radon, including RAD7 (Durridge Co.), AlphaGUARD PQ2000 (Saphymo Co.),
scintillation cell with AB-7 (Pylon Electronics Co.), comparing with Liquid Scintillation
Counting (LSC; LB-5, Aloka Co.) as reference method. A radon-rich water sample was
serially diluted to create a concentration gradient (1833 to 0.3 Bg/L). Each detector
measured radon via a bubbling system. The regression factor(k) between readings of
the detector and reference method (LSC) has been calculated.
As result, AlphaGUARD (kAG=0.0698+0.0008,R2=0.993) and scintillation cell
(kLC=0.1132*0.0009,R2=0.998) exhibited strong linear correlations with LSC across
all concentrations.

RAD7 performed well (kRAD7=0.1017 +0.002, R2=0.998) but only at concentrations >10

Bqg/L, consistent with its manual. The derived linear relationships (AlphaGUARD or

scintillation cell vs. LSC) can serve as conversion factors for field-based in-situ

measurements of radon concentration in water.
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Tritium Concentrations in Precipitation Collected at Osaka, Japan
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This research aims to establish another efficiency laboratory for low-level tritium
measurement at Osaka Sangyo University, Daito, Osaka, Japan (34.71 N, 135.64 E) and
obtain a better understanding of tritium behaviors in environmental water. Also, study the
seasonal variation, regional distribution of tritium activity concentration, and meteorological
factors for each region that affect the tritium concentration. In addition, to estimate the
recent tritium concentration in precipitation, the effects of latitudes and longitudes, and
seasonal variation trends in Japan. Nowadays, the levels of tritium in the atmosphere are
those of natural origin before the nuclear test. Nuclear power stations, nuclear-reprocessing
plants, and fusion facilities are observed as further occurrence sources. Then, to appraise
the influence of nuclear facilities and long-distance transport from the continent where the
tritium level is relatively high, it is necessary to investigate background levels of tritium. In
the future, in the fusion reactor which becomes an occurrence source. It is important to
control the release of tritium into the environment from these facilities. Thus, a local
radioactive impact may be observed in the vicinity of nuclear facilities, where the tritium
activity concentration might be over the natural level. The monthly precipitation samples
were collected at the rooftop of the 16th building (altitude is 31m) of Osaka Sangyo
University from January 2020 to December 2023. pH (B-211, Horiba, Kyoto, Japan) and
electrical conductivity (EC) (E-771, Horiba) were measured. Tritium enrichment apparatus
by electrolysis using solid polymer electrolytic film has been applied to this research. 500
mL of the sample were purified until electrical conductivity was less than 30 uS cm-1.
During electrolytic enrichment 500 mL water samples were enriched until 10 mL of final
volume. Electrolysis was carried out for 2 days with an electrolytic current of 30 A. For tritium
measurement, the final volume of enriched water samples was mixed homogenously with
10 mL of liquid scintillation cocktail (Ultima Gold LLT; PerkinElmer) in a 20 mL polyethylene
scintillation vial. The tritium measurements were performed by using a low background
liquid scintillation counter (Hitachi AccuFLEX LSC-LB7). The cocktails were kept cold and
dark at a low temperature (10 o C) for 5 days and purge the radon gas in the measurement
chamber with Ultra-pure nitrogen gas (15mL/min) to avoid strange scintillation caused by
chemiluminescence and photoluminescence. Each sample was measured for 100 minutes,
10 repeated, and 3 cycles which in a total measurement time of 3,000 minutes. Monthly

precipitation amount ranged from 17 to 415 mm and was high in summer and low in winter.



Annual precipitation amounts in 2020, 2021, 2022, and 2023 were 1526, 2019, 1247, and
1600 mm, with the arithmetic mean value of 1598 mm. The pH data ranged from 5.0 to 6.5,
and about 67% of the samples were in the range of acid rain with the pH < 6.0. The EC
ranged from 3 to 33 uS cm-1. There was no clear seasonal trend for either pH or EC. The
tritium concentration in the monthly precipitation ranged from 0.22 to 0.51 Bqg L-1 and was
high in spring and low in summer. Annual tritium concentrations (arithmetic mean standard
deviation) in 2020, 2021, 2022, and 2023 were 0.35 = 0.10, 0.34 + 0.07, 0.32 = 0.07, and
0.34 = 0.15 Bq L-1.
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Monitoring of tritium concentrations in tap water and rainwater collected in Thailand.
https://doi.org/10.1093/rpd/ncae159
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The behavior of cosmogenic 7Be, 22Na, and 210Pb in the surface
air over Osaka, Japan, and the exploration of aerosol size
distributions with their major chemical compositions associated
with 7Be and 210Pb.
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Air pollution issue is a significant global issue. 7Be and 210Pb are the radionuclides
serve as tracers for understanding aerosol behavior. The activity ratio of 7Be to 22Na is
used as tracer of stratosphere-troposphere vertical exchange in global aerosol
radionuclide monitoring networks. This study aims to understand the behavior of 7Be,
22Na, and 210Pb, as well as chemical composition attached by 7Be and 210Pb,
throughout the year in Osaka, Japan. It also aims to prevent the air pollution from the
particulate matter in the aerosols. [Method] Aerosol samples were collected using a
high-volume air sampler (HV-1000R, Sibata) and a low-pressure cascade impactor (LP-
20, Tokyo Dylec Corp.) that classifies aerosols into 12 sizes (0.06-13 um). Monthly
rainwater deposition samples were collected using a 0.18 m? open bucket (total
deposition) and a 0.07 m? dust fall sampler (wet deposition), then filtered, evaporated
on Advantec No. 1 filters (300 mm), and stored in U8 containers. Sampling was
conducted on the rooftop of Building No.16, Osaka Sangyo University (34.71° N,
135.64° E). Activity concentrations of "Be, 2!°Pb, and ?Na were measured using an
HPGe detector (GX2018, Canberra). Water-soluble ions (S0427, NOs~, Cl") in aerosols
were analyzed by ion chromatography (DIONEX ICS-1100). [Result] The activity
concentration of 7Be peaks in spring and autumn at Hirosaki and Osaka. In contrast,
the activity concentration of 210Pb peaks in spring and autumn in Osaka, whereas in
Hirosaki, it peaks in autumn and winter. The activity concentration of 22Na in Osaka
ranges from 0.01 to 2.34 1 Bg/m3, while in Athens, it ranges from 1.03 to 2.72 1 Bg/m3.
Unlike in Osaka, the data from Athen were not discontinuous due to lower detection
limit. The total deposition rate of 22Na in Osaka shows the highest concentration in
spring and autumn. However, in August, the total deposition rate of 22Na was
undetectable because the values were lower than detection limit. In Fukui, the
deposition rate of 22Na exhibits larger peaks in winter and lower values in summer.
Throughout the year, the relationship between the size distribution of 7Be and 210Pb-

carrying aerosols and major chemical composition of aerosols suggested that SO42 —
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is a potential medium for 7Be and 210Pb. The 7Be/210Pb ratio serves as an indicator
of air mass origins, including stratospheric intrusions, upper tropospheric influences,
and boundary layer air masses. The 7Be/210Pb ratio in Finland is higher than in Osaka.
In Finland, the 7Be/210Pb ratio increases with aerosol particle diameter due to
enhanced 7Be input from the stratosphere, where 7Be attaches to growing fine aerosols,
while 210Pb is more abundant in smaller particles. In Osaka, the ratio increases in fine
particles but decreases for particles larger than 2 um due to local 210Pb emissions and
resuspension of coarse aerosols, including radon emissions from the land surface.
7Be/210Pb ratio peaks at different particle sizes in Osaka (< 1 um) and Finland (> 1
um) due to air mass origin, seasonal variations, meteorological conditions. [References]
[1] Kheamsiri, K., Modibo, O. B., Hadi, B. S. W., Kuwata, H., Yamada, R., Kranrod, C., and
Akata, N. Atmospheric concentrations of ‘Be and ?'°Pb in weekly aerosols at Hirosaki,
a heavy snowfall area in Japan. Radiation Protection Dosimetry. 200, 1782-1786 (2024).
[2] Tokuyama, H. and lIgarashi, S. Seasonal Variation in the Environmental Background
Level of Cosmic-Ray-Produced 22Na at Fukui City, Japan. Journal of Environmenta
Radioactivity. 38, 147-161 (1998). [3] Savva, M. ., Karangelos, D. J., & Anagnostakis, M.
J. Determination of "Be and ?’Na activity in air and rainwater samples by gamma-ray
spectrometry. Applied Radiation and Isotopes. 134, 466-469 (2018). [4] Paatero, J.,
loannidou, A., Ikonen, J. and Lehto, J. Aerosol particle size distribution of atmospheric
lead-210 in northern Finland. J. Environ. Radioact. 172, 10-14 (2017).
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Distribution of radioactive materials in freshwater and transport
dynamic from land to the coastal ocean
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1.Introduction
The radionuclide 137Cs, a byproduct of nuclear accidents, is commonly found in topsoil
and frequently detected in groundwater (Bugai et al., 2022). This nuclear fallout can
disperse due to atmospheric currents, leading to environmental contamination far from
the original explosion site. Research has demonstrated that 137Cs were detected in
groundwater decades after nuclear accidents (Onda et al., 2020). Following the
Fukushima Daiichi Nuclear Power Plant (FDNPP) accident, groundwater contamination
by radionuclides was anticipated, leading to numerous studies to assess their vertical
migration within the soil profile. It has been observed that 137Cs exhibit high sorption
to geological materials and low mobility in the subsurface environment, resulting in their
tendency to remain relatively stationary rather than migrating continuously into
groundwater. This situation highlights the urgent need to monitor 137Cs levels in
groundwater and to and to clarify to clarify the mechanisms involved in its occurrence
into groundwater.
2.Methods
2.1.Study area
The Kurobe River Alluvial Fan (KRAF), located 60 km west of the FDNPP in Toyama
Prefecture along the Sea of Japan, was chosen to monitor environmental radioactivity
and investigate the mechanisms by which 137Cs from global nuclear fallout reaches
groundwater. The KRAF was selected due to: (1) its abundance and multi-aquifer of
groundwater resources; and (2) its short distance and steep terrain from the
mountainous area (~3000 m altitude) to the coastal area. These characteristics
facilitate a rapid response to environmental changes and global warming, making
KRAF an ideal site for evaluating the dynamics of water transportation and the
movement of dissolved solutes such as 137Cs.
2.2. Field Sampling and Analysis:
Sample Collection: In February 2024, groundwater and surface water samples from
20 points across the KRAF aquifer were collected.

Field Measurements: In-situ parameters, including water temperature, pH, oxidation-
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reduction potential (ORP), and electrical conductivity (EC) were measured at each
sampling point.
2.3. Laboratory Analysis:
Bicarbonate was measured in an unfiltered sample (within 6 h following the sampling)
by titration with HCIl. Major ions were measured by IC and ICP-OES. Water-stable
isotopes (0 2H-H20 and 6 180-H20) were analysed using a Picarro L2130-1 analyser.
137Cs were measured on 20L of sample using KNiFC-PAN resin in a well-type HPGe
detector as described by HegedUs et al. (2020).
2.4. Ongoing analysis
137Cs, 143Nd/ 144Nd, and 87Sr/ 86Sr analyses are ongoing to fully address the
hydrogeological processes and clarify the mechanisms of 137Cs in groundwater.
3.Preliminary results
As of now, six samples have been analysed, and none have detected 137Cs. The
minimum detectable activity concentration (MDC) ranged from 0.15 to 0.62 mBaqg/L,
depending on the counting time, which varied between 1 and 9 days. In comparison, the
concentration of 137Cs in Japanese river water is approximately 1 mBqg/L, which is
higher than the levels found in our samples. This suggests that 137Cs have been
removed from the water through interactions with mineral particles in the soil.
4 Future work
The research will continue 137Cs in the remaining samples, as well as measurements
of 143Nd/ 144Nd, and 87Sr/ 86Sr concentrations in surface and groundwater. The
anticipated outcomes aim to clarify the hydrogeological processes and the mechanisms
by which 137Cs interact with groundwater.
References
Bugai, D., Kireev, S., Hoque, M.A., Kubko, Y., Smith, J., 2022. Natural attenuation
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SO FEEREEEMEIC > TRELZEROBEMT Y TEROBEEZ /-0 L1
Z e ptEEE T3 (Masuda et al., 2024, Mulia et al.,2024), £7=. HWEH D H ZEDHEL
PREKBOBUKEVIMTH TN OFELEX LN TH Y| FEBICRVEBERE CHEBEYH
EBED ORBEAEEINT-Z VR INDG, BILBEETIE. BREEEKFFA—IC
LBBRICE > T, BEHOMT Y ORPFAREEINTLEAH (Minamietal.,2024), KR
A—Y TOBRRITRBHICRESINTE Y, AEORBHICH T2 BEOE/IETHDICHSD
ICENTULARL, ZIT, #IINYEEICHE-ST, BELEBRIICERS WIHEBEYORIR L
ZD@EREEENICTHEYT 2720, MERICHATZFAOHAZNRIC, WEAEZEREL /-,
kL, HEBEEZARD OIS, X IR CT XF v v EHEMRATHhh, HEYREZES
MCT 27012, TRk, BH¥KEk. CN 8EENREI N, I oIC, RKEHEBEY DR
FRRED/ZD, 210Pb,137Cs DRENEHE I NIz, REEWLA X FEEY (~15cm) (£
BEBE BT CIRINE N, 2R A EAEAAL & Z NIk B LA ORES T &R
L. BEROHEEZ RE L TW e, 2022 FORMEDFAR TIFERINTLRLWZ e, &
EOMERICERE LD THDAEMEN S, 210Pbex & 137Cs SEE DIMBENHH S I1F.
K—ESA FTEHERREHEBED EOMIC, BREOX v v 7EANHER IN, INIIREHRE
ICEBEWHEBYMOBERICEEL TWBEEEI LN, 613C & TN/TOC ICEWZEAE
TICEVEREIN-REL2BEYREOTEEIL, 4—EXA MERADOSVERREEY
GOBU L) DT EZERLTH Y, REHEEYD. BLREBRAZEEL T LU REAOBES
NHOEBIRINIZZ ENEZR NI, MA T, E—EXA MO TEDOITHRMEMZ BT L 7-FE R,
SEED Cr B L Ni (BAME 195 ppm. 134 ppm) A EERE N7z, Cr, Nild. 28I LA
ORGINIBEEMERTH D ZLPBESLNITR->TH Y (Ohtaetal, 2004), ZNHDIT
ROBRENR ONBEHEN T XY RETH 2 AIREARE I N, ULEDOERIZ, S[E
DHEIAE D FRCBREREOERBERICEMT 2EELME L4 2,
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Development of effective countermeasures for radon exposure:
dynamics assessment and parameter investigation of Asian
dwelling factors and human lifestyle

%k E  Hasan Md Mahamudul
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eSS
As of the development of effective countermeasures for the radiological exposure of radon
and thoron inhalation, this project focused on the environmental dynamics and systematic
parameter investigation in Bangladeshi dwellings, as one of the case studies of the Asian
environment. Based on the natural radiation-induced cancer risk and high radiation
background area situations in Bangladesh, we performed systematic radon (Rn-222, Rn),
thoron (Rn-220, Tn), and natural radiation (gamma radiation) research in 300 Bangladeshi
dwellings. Through several environmental surveys from 2019, we aimed to ascertain the
preliminary countrywide Rn and Tn exposures pertaining to the Bangladeshi population's
internal and external dose calculations. RADUET, a solid-state type nuclear track detector,
was used to assess annual Rn and Tn concentrations. In addition, we collected all of the
previous long-term Bangladeshi Rn data published by previous peer-reviewed papers for
combining with our measured data pertaining to formulating countrywide Rn mapping.
Alternatively, Tn study is the first in Bangladesh to formulate the country’s baseline research.
In the case of background radiation, we employed glass badge-based RPL dosimeter along
with RADUET. Apart from the external dose calculation, we applied gamma radiation
estimation as one of the tools to understand additionally the Rn and Tn’s potentialities for
natural radiation exposures in Bangladesh. As of the results, we prepared a novel Rn
mapping for Bangladeshl identified the northern regions and mud-type dwellings with
elevated levels of Rn exposures along with the potential environmental factors of lower
ventilations and building materials. While combining with our measured Rn levels,
Bangladesh’s weighted average values2 were obtained as 113 Bgm-3; which is higher than
the WHOQO's reference levels. Continuously, mud/soil types dwellings that occupy larger
Bangladeshi inhabitants; in our research, exhibited higher level of Rn exposures. As the first
Tn study in Bangladesh, we estimated the range as 7-1686 Bgqm-3 expressing the mud/soil
dwellings with the highest potentials along with indoor distant-based spatial distributions
of Tn gas in Bangladeshi dwellings. Using the ICRP recommended methodology, the highest
Rn and Tn population-based annual effective internal dose is 2 mSvy-1 for Rn and 5 mSvy-

1 respectively for Tn for Bangladeshi soil based indoors. Alternatively, the external dose



obtained from long-term gamma radiation estimation is around 1.5mSvy-1. While using our
gamma radiation estimation/NORM source identification in understanding the potential
source evaluation, we identified that Bangladesh has potential thorium problem and thus Tn
sources in the natural environment of soil/sand which transmit through various rivers.
Furthermore, building materials contained elevated level of Rn and Tn sources which
formulated elevated gamma radiation. Finally, while conducting model room experiments
with continuous Rn, Tn estimation, the Bangladeshi population’s indoor human activities are
obtained significant influential parameters affecting the spatial distributions for Rn, Tn and

their dose calculation parameters.
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BABSMEH ZDZ K> (Rn-222) &% OFHIZEIE—BRAROBEHFRIE < DR E R

ZRTH D, MEDT7 FVEEDHE=—X0EFE Y O—H, BRNTIE—RIZE4Lm &
LIERED FL—HEV T A HRRAVERFINTELT, BN TAEMBOEL X %BRT 2
FIRETH 2, BUMRFEAREAN EERMBEHI (T, EHRP) Tld, —XRIE
HEBELTIFNVREEDORWAMEN AL ZEMLMIETEHE (Multi-Electrode
Proportional Counter: MEPC) %#BI& L. 7 RV OKREY R T LD %#BIEL TW5,
AR TIE. BIFE L 72 MEPC O#@XHRIE DRI % sART K 24 13 < EEMETHFRAT (X
T, IREM) HETET 2 7 F VIELK BB TIT o 7o ERHI ThOFHH X TOREFIGEEN
HHBRAERFE (1-409601, KEBIHA M) 1F. BENVEMAEL OLEMNIAE
NARETHHENPFTE %, AFEIF LEOBRAEREFEZA L. MEPC TBR AT
HERELE-BAOKREEHRE. EvFHILAS I 2L —> 3> PHITS(Sato et al., 2018)
KO IREM TORIERRD Ot E LICREER & & LB L 7-c MEPC @ 5 K > DF#EBHE
&, i3 (Furukawa et al., 2023) (&Y. BN CFREZFENBERICHE L T
W3 EIRE L7356 1.9[s"-1Bagh-1] &R onTHY | AR THEEHEIL 1.9[s"-1
Bar-1]%#A L 7=,
EYT7TAHALAYI a2l — 3> PHITS(Sato et al, 2018) & U IREM TORIFEFERD H.
BRABHEORIEEHA 1.24x1016[Bg m*-3 Ar-1] &k b Nf-, —H MEPC TRKIE
L7 Ea OREERMIIFIITHELZ 7x1015[Bgm -3 AN-1RBE L ¥ DIFETH o7z,
512, MEPC TRIEL7-{EIZIED D2 EAKRE L MEPC TLEWRMEIERZE 5701
ERGTRETILELNHDEN TR INT ., SBRITAEFHZRET 2L DT,
MEPC D@L BIE L v P ZBRoMIC L, SHHINERZRAETHENH 5 Rlselt Z# HREFIC
AN, EHhHBT—20EEZBET,
Reference
Sato, T., Iwamoto, V., Hashimoto, S., Ogawa, T., Furuta, T., Abe, S., Kai, T., Tsai, P-E.,
Matsuda, N., lwase, H., Shigyo, N., Sihver, L., Niita, K. 2018. Features of Particle and
Heavy lon transport code system (PHITS) version 3.02. J. Nucl. Sci. Technol. 55, 684—
690.
Furukawa, R., Janik, M., Kodaira, S., Manabe, S., Matsumoto, T., Shimodan, C., Sato, Y.,
Harano, H. 2023. Standardization of Rn-222 concentration using the multi-electrode
proportional counter. Appl. Radiat. Isot. DOI: 10.1016/j.apradiso. 111076
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BEB—FRFHREMELIC & > TREEAKE S N/BEEE > 7 Al%, SAJIKFR O RRE
MFICRAEL, fiFRBE L TIRANEIINTE, A TOESY ERICE > T—HIERE
RN BT LANEAN IS N T EEnTWD (Kakehietal, 2016), —7A TiRIOE,
DETFURE IR T OERERAY S0, TO—hfzRE X5 (Ayala et al., 2008) 7=,
—EORFREL S T LIIHERICE EEFHZEBHMHON TS (Kuboetal,2018). Zd
RN LDEY 7 LAOABIFHAKEICE oA WkENREY 7 LAoEERE DY 5
% (Otosaka et al., 2020). BB IFBE( I NABEEREZBL T, AOBTOEESRE
ROIWHERBICEDL S ICHRETINALNICTE I L2aHERBRELTVD, BFE
ORIGEEICL Y, BMBNTFOREBRIINFHHOEE (HWE - WFH) ZBL T
IC & DK RYBEERENZRDSED MDD o7, TOEIITHFO5RERR
T T RIVRTTIEE WL DD DIRT A=W EEERITT. FIOARSICH-NRIED
DEBENILEBNTFOREBRKREZZTALIE D 2 ENEITHE (FICEARNKERER) ICX
VIRESNTLED, TOEENLRZEMIIHEYEATLAEL,
ZITHREEE, EEFTICEBLIZATFET L ZBVTAITKERBROEREEZTTS
LT, BEBERNRTA-RZOENMREMEOTEETMA R ATz, FBIEERICITEI PR
RITDRET 25tBEHZAL, ENERICET 283 m% JAEA LiTo7.. ERNERE R
T 57-0DHEEET ILIZIE Lagrangian cloud E7 /L (Riechelmann et al., 2012; Nishino
and Yoshikawa, 2024) %Z3##A L 7=, HEBIRE L GEE L 727k EEER (T Ou et al. (2016)
F LU Edzwaldetal. (1974)ThH 5. T nld & HICTHEM kaolinite (BB LW OERE
FE) BB EZRAWKEERTHY, BIEISFKPOLEICH ) BRERSR T, BEIT—
BT TEHINTAEBRNTORERREWRICLIZEDOTH Y, &HICERERTENEH
THHRATRIADES BT L7, BIEIFMAREDHEBEREREZITV, BREHKT S
ZETHHIENICHIST RERELZHTE L. BEITFIOREERZ DD VL BITIAR
ERICEDE, HITMRICK Y BMEINTRBREBEERAEHE L, 2 DDHEBDOHE
Rafgadszeilckl, ZURESD Oppt) HoEiES (~18ppt) AT TDIES —
REFEROMNCEARZET-. HE S N/IBERIIEITHARICE D EENLGRE & —ET 25
HERLT-.
SEEDORRE L TELNIED - BREMKERIL, Lagrangian cloud ET LIRS T,
EDDORFETLERBVSHAICORERFOER L LDZHDTHD, LT, 5
EOoRREE L TESNI-BREBEEORTETILICHAAATHWS Z & T, AFREBTO
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Nishino, K. and Yoshikawa, Y. “Numerical simulations on effects of turbulence on the size
spectrum of sinking particles in ocean surface boundary layer” Frontiers in Earth Sciences,

vol. 12, 2024. DOI: 10.3389/feart.2024.1427564
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KR THADPRVBEOOIZ, FEHREEVEORRICBITIERRE MY F7 L OFEFHH,
BLUOZOREEDHAFKETH %,

BREVE L IIFEHICFET 2RNOEE T, AXFNERERA HKEK - AU TLEEE
BOYED 5 EZEULOBEENTEINDE DD, REZDERFRIZBASHITH > TULAEL,
ZOBEYEDOEEREZRLMNICT 2-DICHKLAHPIYEATHWEIONEZEEREWVWSF
ET, 86 Mol LizFt/ vAHRERAWEBHSEZAZ YT - 77 Yy VR
ICHREL. BEVELBEOYENFRT 2BROBALERL VWS, BEYWELFt
JVRFOBERIIBHTHD e, BERRICL > THEEVEZRAT 57-0I1C1FE
SERFERIBEFEDEOFEZ YR T 2 Z LR ARER D,

FUF T LIIKRECKEIDREDETRIEXE/ VITBEITAATLEY 2B, FELAE
SEERBEO—DEBR->TWE, LELEDLFE/ VY HROFEENIEHICH AL (10725
mol/mol MZNLUT)Z &h b, M FITLRFORZBEENISHTET 52 & IZRE L 4
S>TWb, ZD/=H, AFRTIE 1. BEFDO b Y F 7 L/KELOAE, 2.5/ FD
KE/FL/ VHEOREE WS 2 BE BT Z & CREMNICKRHESZOX/ v HICEEN
5M)F7LORMEZBERRLTET,

REEIE, FELTHFE/ VRICEENIHEKKROAEEORFKICERYEATL, BE

HADNDKEDHERIRWICEBESEEIEDTEDNRTY Y LMOBREEZRAWNS Z &
THEHRAPOKEAZEZR) H L, BBHRDTEEBICL > TR E2iTo7, BENAE
1ZiZ 10ppt (10M-1DRBEDAH —KX—TORETH DA, FITHREBEIHELTTILITVHR
EKRENRBEENFv ) TL—> a3 v ARERAVWRIERITUL., 10ppb (107-8) DEE
KEHRATREZHERT DI EICH LI, £ HLZEEETOREICEIS, EED
ZELNOERERE L TOMEBOELN /A APEBLERDOREREUNERER L
MBI EHERELDI, SHRISAMBEOREZED LTI LITEVEETORE, £/-&
REICIIBRHESRICE T M FUVLEICH L THIBZMT TV ZEZBIEY, £DRIC
X, EEEEFTICOMBICEDIRRTHEZAR) TOEERYA FBIF2REFOLNYFY
L/KERELLOBEEZBWL 3,
F-H 5 —D20RYEAD, REFICAXVOETEET D NI FIVLOBMETH D, BE
FEFEFTIToREFO M) FULBAE TIIAKREDFCKDFORTEEST S MY F
TLADBEET>Tce TNHICIHATAEZVICEL TCOBREEIT) 7, AIRED X &~
HZAR I EEDRWAEERICOWTCEREEREL /-,
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N o Assistant Global environmental monitoring database N .
1-24-01 |4 |Haruko Wainwright MIT BH#®— CRIES
professor development
Faculty Director of
Postgraduate Impact of landscape decontamination on runoff and
1-24-02 |44 |Cooper Russell James University of Liverpool  |Research / erosion fluxes following the Fukushima nuclear BHE#B— CRIES
Professor of accident
Hydrology
Utility of portable gamma sensors to support
1-24-03 |74 |Blake Henry William University of Plymouth  |Professor agricultural land management decisions for soil and |BH #8— CRIES
contaminant management
Professor of
1-24-04 |/#&%% |Smith Thompson James University of Portsmouth |Environmental Radioactivity in aquatic systems in Europe and Japan |BH #— CRIES
Science
Technische Universitat B EMR 0 R 5 L HR A YE X & RTFIR
1-24-05 |44 |Feng Bin Junior researcher BH#— CRIES
€ Wien 137CsDBEH I 52 5B E ®
- Colorado State Radiocesium Migration and Nutrient Dynamics in BH#®— . o .
1-24-06 |4 |Johnson Edward Thomas . . Professor . R N CRIES Christian Grabowski
University Fukushima ToE=y v KT
Central Taiwan . X L N
. X X Assistant Comparison of 99Tc concentration in seawater BH#®— .
1-24-07 |5 |Feng-Yun J. Huang University and Science K CRIES
Professor between Japanese and Taiwanese coastal area RO
and Technology
Scientific project
1-24-08 |5 |Wiederin Andreas University of Vienna staff and 4th year |Characterization and first uses of an isotopic Np spike ¥R #& CRIES
Ph.D student
State Research Center - -
Assessment of the average external dose to air in a
Burnasyan Federal
X . . group of settlements located around the .
- . Medical Biophysical ; ) i ) _ 2 EA
1-24-09 |/&4¢ |Shinkarev Sergey Head Semipalatinsk Nuclear Test Site on the basis of RO & CRIES .
Center of Federal R X i Stepanenko Valeriy
K . X thorough analysis of available input data useful for
Medical Biological . ——
retrospective dose estimations
Agency
FIRARRET 2Ty | T3 AN OAAE B AR ORI BB RIS
T ) Y ¥ 70 i 8l SEREIC
1-24-10 5844 |57E B N Associate o R A+ BT CRIES
7 A A DR
Professor
KEHF
i Bonzom Jean-Marc
National Center for . . o .
N . . o . Effects of environmental radiocontamination on o Armant Olivier
1-24-11 [##4\ |Lihoreau Mathieu Scientific Research Research Director R ) " HOR IER . o
pollinators' behaviour and cognition Gagnaire Béatrice
(CNRS) .
Goulefert Loic
Abenis Kristine
Bonzom Jean-Marc
French National Center L . X . HOR Capowiez Yvan
X o . Soil biodiversity and functional processes in radio- N N X .
1-24-12 |iE4¢ |Gilbert Franck for Scientific Research  |Research Director X X = D g IER Iribar-Pelozuelo Amaia
contaminated forests (Fukushima Prefecture, Japan) N N )
(CNRS) AW gus Hattenschwiler Stefan
&7 E1H
Dasque Léa
Institute for . . o . HOR Frelon Sandrine
. . Effect of radioactive contamination in Fukushima .
1-24-13 |4 |Bonzom Jean-Marc Radioprotection and Researcher . RE BT IER Armant Olivier
Prefecture on wildlife: the case of the tree frog N i
Nuclear Safety (IRSN) A ga Lengagne Thierry
Mondy Nathalie
Ukrainian
Hydrometeorological
Institute of the State Parameterization of the long-term dynamics of cesium
1-24-14 |5 |Protsak Valentyn Emergency Service of Senior Researcher |distribution in the suspended sediment-water system |2/ 77U a7 7Lt 4A IER
Ukraine and National in water bodies of the Chornobyl Exclusion
Academy of Sciences of
Ukraine
Ukrainian
Hydrometeorological
. Institute of the State Influence of temperature and ammonium on a/7Ya7 FLoed
1-24-15 |/&44 |Kanivets Volodymyr i Researcher X X o . IER
Emergency Service of radiocesium seasonality in water bodies i3
Ukraine and National
Academy of Sciences
X X The temporal dynamics of radiocesium in waterand |2/ 7V a7 7L 2+t4
- i L Ufa Institute of Biology X T i X
1-24-16 |5 |Komissarov Mikhail UFRC RAS Senior researcher |its distribution in bottom sediments of the Ogaki Dam |1l 2 IER
Reservoir A+E RR
Sri Sivasubramaniya ) Determination of internal exposure due to natural _ . N
Assistant R o K L i NIy ENTF ET74X
1-24-17 |4 |Chandrasekaran A. Nadar College of radioactivity in decorated ceramic building materials IER
R i Professor i X L ARTA I
Engineering used in India
Abundance and diversity of radiation resistant
) zooplankton communities from Extreme regions of _ . N
i The New College Assistant i INTY ENTR ET74RX
1-24-18 |5 |Musthafa M. Saiyad Kayamkulam Estuary, Natural high background IER
(Autonomous) Professor o WA ZRTAI
radiation area (NHBRA), Kerala, South West Coast of
India
. Assessment of Naturally Occurring Radioactive
Hajee Mohammad X . X X _ . N
X X Associate Materials in Soil and Foodstuffs from Barapukuria INTY ENTR ET74RX Khan Rahat
1-24-19 |iE4¢ |Islam Md. Atikul Danesh Science and X o IER .
. ) Professor Coal Fired Thermal Power Plant Area, Dinajpur, I ARTA I Begum Zinnat Ara
Technology University
Bangladesh
Synthesis and characterization of Ru(lll) and Ru(IV) .
. L . _ . N Roy Tapashi Ghosh
- . X . . . Associate complexes of C-chiral isomeric hexamethyl INTY ENTR ET74RX X
1-24-20 |/#&4%¢ |Biswas Foni Bushon University of Chittagong . K o . IER Rabi Saswata
Professor tetraazamacrocyclic ligands and their applications in  |/L £ X< A )L .
- . . Begum Zinnat Ara
the decontamination of radioactive waste
o . . . . Synthesis and characterization of nanocomposites for |7 /"< > E/AT F €74 X .
1-24-21 |iB4% |Chowdhury Faisal Islam University of Chittagong |Professor IER Begum Zinnat Ara

separation of radiostrontium from wastewater
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Unravelling Cadmium Fluxes in Native Plants of New | _ . N .
N X . . L X INTY ENTR ET74X Robinson Brett
1-24-22 |5 |Al Mamun Shamim University of Canterbury |Visiting Professor |Zealand Using Synchrotron Technology and IER i
- - ) R AR A Begum Zinnat Ara
radionuclide fractionation
N - X . Associate Development of graphene-based magnetic SNTY ENTF ET4R
1-24-23 |iB4% |Mahiuddin Md. Khulna University . . K IER
Professor nanocomposites for radioactive waste management )L 4 X< A )L
Evaluation of Isotopic and Chemical Characteristics in
. Bangladesh Atomic Principal Scientific |Environmental Samples from the neighboring SNTY ENTF ET4R .
1-24-24 |5 |Alam Md. Ferdous o X : IER Begum Zinnat Ara
Energy Commission Officer locations of Rooppur Nuclear Power Plant, AR
Bangladesh
Institute of Mathematical Investigation of sedimentation areas in the Fukushima ——
1-24-25 |5 |Bezhenar Roman Machines and System Senior Researcher |coastal area for Cs-bearing microparlicles released ;b ;;;; IER Maderich Vladimir
Problems NAS of Ukraine from rivers using Lagrangian particle tracking model e
Tritium measurement in hot springs in the Carpathian
1-24-26 |5 |Toth Piroska University of Pannonia  |4th grade basin (EU) and the Hamadori-Hakadori (Japan) VA4 N IER
mountain ranges
N Geological and Nuclear o . |Tritium measurements in New Zealand and Japan . N
1-24-27 |5 |Morgenstern Gerd Uwe : Principal Scientist i V2 e N IER
Sciences fresh and thermal water springs
Institute for Nuclear RERF
Research National Establishment of FISH probes for dicentric analysis of | =& B%
1-24-28 |4+ |Burdo Olena ’ Researcher ° ' P fcentric analy = IER R &
Academy of Sciences of wild rodents in Chornobyl ToE=y v KT
Ukraine BRIB X
Saidou
Institute of Geological Development of a test bench for the electronics of ok EE Mbarndouka Taamté Jacob
R ER
1-24-29 |44 |Kountchou Noube Michaux and Mining Research Research Officer |ionizing radiation detectors based on FPGA and N IREM Folifack Signing Vitrice Ruben
) HE EF e
(IRGM) microcontrollers Omgba Abanda Zacharie Stéve
Yerima Abba Hamadou
Design and realization of a smart survey meter based
X X on low-cost electronic components for simultaneous _ .
N Institute of Geological ~|RESEARCH . ) . |FRXx ER Saidou
1-24-30 |iB4% |Mbarndouka Taamte Jacob . ambient equivalent dose rate and radon concentration N IREM X
and Mining Research OFFICER L K C|#EE EE Oumar Bobbo Modibo
measurement: Calibration with a stable radon gas in
low, medium and high concentration
B.L.J. Govt. (P.G.)
N HRR ER)
N College Purola, Assistant . . . - . .
1-24-31 |5 |Prasad Ganesh i Environmental Radioactivity, Radiation Physics KFF FBE IREM Singh Deepak
Uttarkashi, Uttarakhand |Professor -
) M E¥
India
Radiological characterization of local building _ .
) ) INSTITUTE OF i K o _ REF Saidou
N Ndjana Nkoulou li Joseph materials and environmental monitoring of the iron .
1-24-32 |5t GEOLOGICAL AND RESEARCHER ] - o  RE IREM Tchuente Siaka Yvette Flore
Emmanuel bearing areas of Mbalam, Kribi and Bipindi, South- _ . _ X
MINING RESEARCH . 77YAY R FaTav Oumar Bobbo Modibo
Cameroon. (Continued)
Technology Organization Tetriana Devita
. X of Nuclear Energy, X Risk and analysis base on stress oxidative and S Lusiyanti Yanti
1-24-33 |/&4% |Yusuf Darlina _ |Senior Researcher | X ZHEY IREM o
Research and Innovation immune biomarker Purnami Sofiati
National Agency (BRIN) Utami Tyas Hayu
Associate
Professor, Head of g
1-24-34 |44 |Kovacs Tibor University of Pannonia  |the Department of [Comparison of strontium measurements in fishbone _//: E/ Sy IREM Tuvshinsaikhan Ganbaatar
P S N
Radiochemistry ’
and Radioecology
The National Research . . . L
- i X i X X Bacterial-assisted Environmental Phytoremediation of |#xH i# 52 o
1-24-35 |5 |Winarni Dwi llma and Innovation Agency of |Junior Researcher X X _ IREM Nugraha Djatnika Eka
) Cs-137 Contaminated Soil HE f$32
Indonesia (BRIN)
Korea Atomic Ener, Principal A Simple and Straightforward Technique for
1-24-36 |5+ |Kim Hyuncheol Snerey g pie and Strale Jecnmiaus Ml IREM
Research Institute Researcher determination of 90Sr and radiocesium in seawater
. Capacity building for development of nuclear
. § Bangladesh Atomic L . . . . . - . "
1-24-37 |5 |Rahman Md Safiur L Scientist techniques for analysis of radionuclides and potential |H&| #32 IREM Choudhury Rabia Tasrina
Energy Commission . X .
toxic elements in environmental samples
University of Seville Precise and rapid determination of 238U in seawaters | __ N
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Global environmental monitoring database development

MR FZE  Haruko Wainwright
ZARRE  BH H—

DES

Environmental monitoring — the measurements of air, water and soil quality and
associated attributes — plays a critical role in protecting the environment and public
health. Such monitoring is often done as a part of regulatory requirements at or near
industrial facilities which release hazardous substances routinely or may release in
accident circumstances. In addition, monitoring is essential for existing soil and
groundwater contamination sites during remediation and post-remediation institutional
controls.

In this project, we explore how to modernize environmental monitoring activities for
water/air/soil pollution, taking advantage of recent advances in sensing technologies,
GIS and data science. We have reviewed different data management strategies at or
adjacent to existing and historical nuclear facilities. Our particular focus this year is to
evaluate the available database in terms of the potential to apply machine learning and
Al techniques to datasets as well as perform meta-analyses across multiple sites, such
as Wainwright et al. (2024).

In Japan, the Environmental Radioactivity Research Network Center (ERAN) database
manages the datasets used in the published papers from the network, containing more
than four million data points. Japan Atomic Energy Agency (JAEA)'s Database for
Radioactive Substance Monitoring Data provides the monitoring datasets after the
Fukushima Daiichi Nuclear Power Plant accident. The datasets are downloadable with
the online map visualization function.

In the US, the US Nuclear Regulatory Commission (NRC) publishes a report on the
radioactive effluent releases from all the nuclear power plants in the US, although the
raw data values are not directly usable in a machine-readable format. One of the US
Department of Energy (DOE) sites — the Hanford site — has a comprehensive online
open database, PHOENIX, which allows users to view data on the site map and
download datasets. In addition, the TRAC database (trac.pnnl.gov/) has compiled the
types and footprints of the large plumes at the DOE Environmental Management sites,
tracking the progress in the environmental restoration and closure status. In parallel,
the DOE Office of Legacy Management (LM) has a publicly available open database —
the Geospatial Environmental Mapping System (GEMS: https://gems.Im.doe.gov/) —



across over 100 sites. We find that GEMS allows users to download machine-readable
datasets with two separate tables of station locations and concentrations in a unified
format across the sites, which are easily ingestible for machine learning and data
analytics software. In addition, GEMS provides well logs and photos that are important
for understanding the nuanced information of each station and site. However, there are
still challenges to accommodate the new types of datasets such as remote sensing
images and data products (such as airborne LiDAR data).

In summary, there has been significant advances in environmental databases
associated with radiological contamination. In particular, GEMS is a good example of
uniform data formats across many sites. These advances follow the other databases —
ECMWF’s ERA5 weather database, the USGS National Water Data, and US EPA’s Air
Quality System (AQS)* database — enabling large data science applications.
Reference: Wainwright, H.M. et al. (2024). The lodine-129 Paradox in the Nuclear Fuel
Cycle—Is Dilution a Solution? https://www.researchsquare.com/article/rs-4853533/v1
(pre-print)
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Impact of landscape decontamination on runoff and erosion fluxes
following the Fukushima nuclear accident

WK% : Cooper Russell James
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Introduction:
The project brought together the expertise of Onda’s group in radiocesium migration and
landscape change with the modelling tools of Cooper’'s group in runoff and erosion
measurement to produce novel understanding of the impacts of decontamination within the
Special Decontamination Zone on water and sediment fluxes.
Background & Importance:
Within the Special Decontamination Zone, topsoil was removed and replaced with a 5 cm
layer of “clean” crushed granite. No study has quantified the impact of the substantial
differences in physical properties of the granitic soil on runoff and erosion fluxes, and thus
the potential for its use to enhance rates of Cs-137 wash-off elsewhere within the
catchment.
Rainfall Simulation:
Rainfall events were simulated in the Large-scale Rainfall Simulator at NIED, Tsukuba,
Japan over two soil-plots, one consisting of granitic sand and the other of Andisol from
Fukushima, Japan. Three rainfall events of differing intensity and duration were simulated:
(1) 45 mm/hr for 26.5 minutes; (2) 75 mm/hr for 26.5 minutes; (3) 105 mm/hr for 13.5
minutes. The water and sediment discharge, and the particle size of the transported
sediment, was measured during and at the end of each of these events to quantify the effect
of soil conditions, and rainfall intensity and duration on runoff and soil erosion.
At the downslope end of each of the plots, a gutter was installed to measure the water and
sediment discharge, and the particle size of the transport sediment. The particle size was
measured by taking samples of deposited sediment from the gutter for each rainfall event.
The water level in a v-notch weir installed within the gutter, and the water volume and
sediment mass was recorded during each rainfall event. In addition, numerous cameras wer
installed along the length of the two plots to track the runoff velocity within the rills that
developed during each rianfall.
Key Results:
1. The granitic soil had fundamentally different hydraulic and sediment characteristics to

original soil in Fukushima. Namely the granitic soil had a higher infiltration rate and poorer



water storage capacity, and experienced enhanced rates of runoff in comparison to the
original soil.

2. Granitic soil had high form drag leading to enhanced rill erosion and the transport of large
particles sizes.

3. The topographic change in the grantic soil plot was greater than observed for the Andisol
soil plot. This included the development of larger rills and more numerous microrills, and an
overall soil loss. This change was more enhanced at higher rainfall intensities.

3. These differences have important consequences for agricultural productivity in
decontaminated areas in Fukushima, making the landscape less resilient to erosion and
landslides during the typhoon season, as well as having potential implications for the

transport of soil-phase radiocesium.
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Cooper, J.R. Onda Y. Sakai, N. (2004) Overland flow hydraulics during storm events.
Proceedings of 12th International Conference on Fluvial Hydraulics, September 2024.
Cooper, J.R. Onda Y. Sakai, N. (2004) Using surface image velocimetry to determine shallow,
overland flow dynamics on eroded hillslopes. Proceedings of International Surface
Velocimetry Workshop, October 2024.
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Radioactivity in aquatic systems in Europe and Japan
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This project is a collaboration between The University of Portsmouth and The University of
Tsukuba. The objective is to understand the factors controlling long term levels of
radionuclides in rivers and lakes. The project has now collated data of radiocaesium and
radiostrontium data from more than 30 rivers and lakes in Japan and Europe. Data analysis
has begun with an investigation into how water chemistry is related to radiocaesium levels
in surface water. Initial results indicate that some water quality parameters are associated
with radiocaesium levels. Various models have been tested for prediction of radiocaesium
activity concentrations. Current work is ongoing to evaluate catchment characteristics to

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

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

land use, and 137Cs inventories. We found a significant positive correlation between this



metric and 137Cs dynamics in the Koise, rather than Sakura, which well-supports our
explanation of highly 137Cs contaminated sediment in Koise mainly from the forest. Overall,
our results suggest that forested areas in Kasumigaura lake may continue to discharge
particulate 137Cs in the future. Moreover, the new index would be a useful tool to locate the

potential sediment sources and benefit future catchment management.
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Many regions contaminated by the release of radionuclides following the 2011 Fukushima
Daiichi Nuclear Power Plant disaster are still being investigated today. The mountainous
forest areas surrounding Fukushima prefecture were most affected by fallout radionuclides,
primarily radiocesium (Cs134 and Cs137), and remain a focus area for remediation and
scientific research. Several models have been developed to estimate ambient dose
equivalent rates (H*(10)) using data on the depth distribution of fallout radiocesium in the
forest soils.

Our hypothesis is that two different models will accurately predict radiation doses within
20% based on soil samples. The hypothesis was tested by applying the two models to a
research plot in Kawauchi Village Japan, where forestry remediation such as clear-cutting
and litter removal has been conducted. Using soil sampling data for radiocesium at the
Kawauchi test site, these models were used to estimate H*(10) and compared to
measurements taken using handheld instrumentation. The distribution of radiocesium in
soil for each sampling locations at the test site was determined using an exponential
expression of vertical distribution. These distribution values were then used in two different
models, one estimating H*(10) using conversion coefficients from Bg/m2 to u Sv/hr, and
the other model estimating H*(10) using a “field of view” approach, estimating a surrounding
area’s contribution to total H*(10) measured at a central point within the test area. The
results from this comparison provide a real-world test of computer model effectiveness. The
conclusion was that both models could accurately predict radiation levels based on soil
samples within 20% of measured values using field instrumentation but could improve if

experimental conditions more closely matched those assumed in the model’s design.
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Comparison of 99Tc concentration in seawater between
Japanese and Taiwanese coastal area
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Technetium-99 is a long-lived (half-life of 2.11 x 10° years) artificial radionuclide primarily
produced in nuclear reactors, which can potentially impact the environment and human
health. In this study, methods for the preconcentration and separation of 99Tc from seawater
will be developed, followed by the determination of 99Tc using a liquid scintillation counter
(LSC). Additionally, the recovery yield relationship between 99mTc and Re during the
preconcentration and separation of 99Tc by various resins, including AG1-X8, TEVA, and TK-
201, will be evaluated. The preconcentration and separation of 99Tc from 1L of seawater
using different resins, such as AG1-X8/TEVA and AG1-X8/TK-201, will be investigated.
Tracers, including 99mTc, 99Tc, and stable Re, will be employed to assess the chemical yield
of 99Tc during these processes. Chemical yield evaluations during separation will be
performed using gamma counting, LSC, and inductively coupled plasma optical emission
spectrometry (ICP-OES). Decontamination factors (DF) for interfering nuclides, including
Re, Mo, Ru, Co, Ni, Ag, Sb, V, Zn, and Pb, will be evaluated via ICP-OES during the
preconcentration and separation of 99Tc. The minimum detectable activity (MDA) of 99Tc
by LSC will be calculated based on literature equations. The preconcentration and
separation methods for 99Tc in seawater, as well as experimental flowcharts for processing
1L of seawater, have been successfully established. The tracers 99mTc, 99Tc, and Re have
been effectively utilized to monitor the chemical yield during the preconcentration and
separation processes. The chemical yields, based on 99mTc, 99Tc, and Re tracers, for AG1-
X8, AG1-X8/TEVA, and AG1-X8/TK-201 resins were determined to be 96.9+1.5%,
94.1+2.7%, and 96.9£3.9%; 93.1£1.5%, 95.9%, and 97.7£4.8%; and 89.9+0.6%,
97.1£17.6%, and 100.4x2.9%, respectively. For impurity removal during the
preconcentration and separation processes, the results indicate that Mo, Ru, Co, Ni, Ag, Sb,
V, Zn, and Pb can be effectively removed with DF values exceeding 1,000 during the
separation of 99Tc using AG1-X8/TK-201 resin. Radiochemical determination of 99Tc in
seawater via LSC has been successfully established. The MDA of 99Tc by LSC was
calculated to be between 0.0342 and 0.0378 Bqg/L. However, this MDA is significantly higher
than the expected 99Tc concentration in seawater (~1 Bg/m?®). As a result, Inductively

Coupled Plasma Mass Spectrometry (ICP-MS) will be employed to measure 99Tc post-



preconcentration and separation in this project, as ICP-MS offers higher sensitivity and

greater potential for detecting trace radionuclides in environmental samples.
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Characterization and first uses of an isotopic Np spike

72 Lk « Wiederin Andreas
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In a recent collaboration between the University of Vienna and the University Tsukuba,
a new isotopic Np spike has been developed. The Np spike material has been produced
at the AVF Cyclotron at the RIKEN Nishina Center for Accelerator Based Science, and
chemically purified at the University of Tsukuba. This material is intended to solve the
problem of normalization in the measurement of 237Np by (advanced) mass
spectrometric means such as Accelerator Mass Spectrometry or specialized QQQ-1CP-
MS systems by measuring the environmental 237Np relative to a known quantity of the
236Np spike added to each sample before beginning the chemical processing and
measurement.

The characterization and first application of this material faced steep challenges in both
the low quantity produced, and the potential isobaric interference from both 236Pu and
236U on the desired 236Np spike isotope. A combination of three independent
measurement techniques at the Vienna Environmental Research Accelerator — two of
them developed for this purpose and one using a unique lon Laser InterAction Mass
Spectrometry (ILIAMS) setup were required to solve this problem. Extensive
optimization of these methods allowed for a full characterization while leaving sufficient
spike material for up to 70 environmental AMS samples.

With a small quantity of a prototype Np spike available, the final step was the
application of this new spike material to a selection of environmental samples.

The ERAN grant [-24-08 was requested with the aim of funding the collection,
transportation and measurement via Accelerator Mass Spectrometry of two 20L
seawater samples from off the coast near Fukushima. Specifically, one sample was
collected close to the outlet for treated water close to a scheduled release, and one at
a larger distance. Due to it's long half life, significant quantities of 237Np have been
released by reprocessing plants in past decades. The aim was to either verify the
successful removal of Np from the Fukushima treated water, or to identify the releases
as a new 237Np source term.

The two samples have been filtered to remove solids suspended during my stay at the
University of Tsukuba in 2024, and after adding the new 236Np spike prepared for AMS

measurement. This measurement was successfully performed at the Vienna



Environmental Research Accelerator, with no significant difference between the two
sampling sites. The results are currently being prepared for publication alongside a
validation of the new isotopic Np spike and a selection of other environmental 237Np
samples. | can’t provide a valid interpretation of the results or the exact values before

completing the ongoing discussions on these points with the co-authors.
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Assessment of the average external dose to air in a group of
settlements located around the Semipalatinsk Nuclear Test Site on
the basis of thorough analysis of available input data useful for
retrospective dose estimations

HFFE R 3E © Shinkarev Sergey
ZAMRE RO &
HEWRHE : £ 1A - Stepanenko Valeriy

Research on radiation exposure and its effects on human health around the
Semipalatinsk nuclear test sites (SNTS) in Kazakhstan is in focus of many studies in
order to derive the radiation risk. Reconstruction of external radiation dose to air in
settlements located around the SNTS is the principal initial point for correct evaluating
the radiation risk. There are following important steps on the way of external dose
reconstruction: (1) to collect available input data useful for dose reconstruction, (2) to
critically analyze them and (3) to use the most reliable input data for objective
assessment of external exposure to the residents. Those input data are: (a) archival
exposure rate measurements conducted soon after fallout in a vicinity of considered
settlements, (b) available contemporary measurements of 137Cs deposition density
inside and outside a given settlement; (c) TL/OSL measurements using quarts grains
from quartz containing samples, which were “witnesses” of irradiation.

During this project the following research has been done:

(1) In order to collect all available data that might be useful for dose reconstruction,
an intensive search of published materials has been conducted. All collected data were
put together in the form of database for each settlement of interest.

(2) All input data collected together for each settlement have been thoroughly
considered and critically analyzed taking into account published information on:
parameters of considered tests, weathering conditions, locations of the settlements
with respect to the trajectories of the traces related to the most significant tests.

(3) The most reliable input data were determined for further use. The up-to-date
methodologies have been applied for external dose reconstruction of the settlement-
average dose assessment.

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 carried
out. The best estimates of the settlement-average dose to air are in the range (1-600)

mGy.
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Semipalatinsk Nuclear Test Site, Republic of Kazakhstan, J. Radiat. Res., 65, January
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Effects of environmental radiocontamination on pollinators'
behaviour and cognition
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Insect pollinators are vital to the maintenance of terrestrial ecosystems and global food
security. Bees, wasps, flies, and butterflies heavily rely on learning and memory to
forage on flowers. However, these cognitive abilities can be disrupted by environmental
stressors, which can have dramatic consequences on populations if food supply is
compromised. This approach has recently been successful in Europe to demonstrate
the dramatic impact of neonicotinoid insecticides on pollinators and ban them even at
non-lethal doses. Following this approach, our aim was to study the effects of
radioactive contamination on the cognitive health of pollinators in the Fukushima
Prefecture.

We massed phenotype the cognitive health of pollinators using a newly developed
automated and non-invasive “flower”, i.e., Y-maze device in which individual insects
must learn to find a sucrose reward, that operate continuously without the need of
experimenters. Our system uses on-board artificial intelligence, enabling recognition of
individual insects. It is autonomous (on batteries), which means we can collect data
over long periods of time without the need of human intervention in highly contaminated
areas.

We ran two field campaigns in 2024. During the first field work session (Spring), we
focused on population of domestic honey bees (Apis mellifera) that have been sat up in
different sites characterized by contrasted levels of radio-contamination with the
BEERAD project (2022-2024, Pl: Bétrice Gagnaire). During the second field work
session (Summer), we focused on wild pollinators in the same sites, giant hornets
(Vespa mandarinia) naturally found in the study area. In both campaigns, we compared
the cognitive health of insects in six sites carefully selected for their contrasted levels
of radiocontamination (low, medium, high).

Our preliminary analyses indicate that both honey bees and hornets tested in the low
contaminated sites showed higher learning performances than those tested in the high
contaminated sites. Specifically, low radio-contamination levels had critical sublethal

effects on domesticated honey bees after only six weeks of controlled exposure. Similar
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effects were observed on wild giant hornets, for which exposure was uncontrolled. In
the future, we plan to deploy a permanent monitoring of insect cognitive health across
all sites. We also plan to study in the impact on key ecosystem services such as
pollination and predation.

This is the first study to show that radio-contamination impairs animal cognition.
Beyond advancing our fundamental understanding of the environmental impact of radio
contamination, this research may help develop conservation procedures of and

accelerate the return of agriculture in contaminated zones.
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Soil biodiversity and functional processes in radio-contaminated
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forests (Fukushima Prefecture, Japan)
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The RINSHO project aims to investigate the effects of radiocontamination on soil
biodiversity and associated functional processes in forests of the Fukushima Prefecture.
Our hypotheses are: (i) radiocontamination has an impact on soil biodiversity, (ii)
radiocontamination has an impact on the activity of soil organisms and the processes
they drive, (iii) the impact of radiocontamination is dose-dependent.

From November 2023 to November 2024 period, six Japanese cedar (Cryptomeria
japonica) forest sites positioned along a radiocontamination gradient, were studied.
Following the initial setup of in situ experimental units (5 units per site, n=30) and
samplings, additional collections of experimental devices and samplings were
conducted respectively after 6 and 12 months of experimentation (June and November
2024).

Very preliminary results suggest differences in soil and litter biodiversity (based on
eDNA metabarcoding approach) and a reduction of functional processes (leaf litter
decomposition and bioturbation) due to radiocontamination. So far, this impact does
not appear to be dose-dependent. Others environmental parameters such a as
temperature and humidity, may also have affected the observed results.

The complete set of results must now undergo in-depth analysis that includes all
environmental parameters, particularly to determine whether there is a link between
changes in biodiversity and functional processes, and to assess how different
environmental factors (radiocontamination, temperature, humidity) account for the
differences in soil functioning across studied forests.

Keywords: Fukushima Prefecture, ionizing radiation, forest, soil communities, functional

processes.
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Effect of radioactive contamination in Fukushima Prefecture on
wildlife: the case of the tree frog
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Context & Objective
There are still many uncertainties about the long-term chronic effects of radioactive
pollution on wildlife, which limits their use for implementation of environmental
radioprotection criteria. This ERAN project is the third part of a study dealing with male
tree-frogs (Dryophytes japonicus) living along a radioactive contamination gradient in
Fukushima Prefecture. Since energetic metabolism plays a crucial role in the efficiency
of the organism's major biological functions, we measured in a first step the activity of
three enzymes involved in the energetic metabolism in the thoracic muscles of tree
frogs (collected in 2022). Results shown that both aerobic and anaerobic metabolisms
were positively correlated with the individual ionizing radiation absorbed dose rate that
suggests a potential energy trade-off due to ionizing radiation exposure during the
breeding season (data not yet published). Since the thoracic muscles play a crucial role
in the calling behaviour of male tree frogs, as they are involved in the production of the
vocal sounds used to attract conspecific females, the aim of this project was to
investigate the relationship between calling effort (highly energetically costly), hormone
levels, and sperm parameters. Understanding these trade-offs will help assess the
reproductive costs of radiation exposure and its effects on population dynamics.
Methodology
To achieve our objective, during the breeding season (i.e. May and June 2024), we
measured tree frog calls along a contamination gradient in Fukushima Prefecture. We
captured, individually caged and recorded the calls of 15 tree frogs at each of the 9
sampling sites. Environmental parameters (air and water temperature, sound ambiance,
etc.) were also measured, as they can influence the individuals' calls. The calling
parameters studied included: intra-bout speed, call ratio (i.e. the number of songs
produced per hour), the total time spent calling throughout the night, and the dominant
frequency.  The following day, tree-frogs were killed and dissected out. The
gonadosomatic index (gonad mass / individual mass), and the spermatozoa

concentration, speed, and movement angle were measured. We also collected saliva
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samples to measure testosterone concentration, a parameter that directly influences
call production and sperm maturation. The femur bone of the tree frogs was collected
to perform a skeletochronology procedure to determine the age of the calling individuals
captured. Finally, the carcasses were mineralized, and their Cesium-137 activity was
measured by liquid scintillation to obtain an internal dose rate. To estimate the external
dose rate, we placed RPL dosimeters in the tree frogs' habitats.

Results

Since the duration of the field campaign and the different analyses to perform, some
results are still in progress.

However, the first key findings indicate that tree frogs do not differ significantly in age
across all sampled sites, and the same holds true for testosterone concentration. These
results suggest that individuals are of comparable age and reproductive status
regardless of site. Furthermore, the gonadosomatic index, sperm concentration, and
intra-bout speed—a parameter closely linked to the individual's energetic state—are all
positively correlated with the external dose rate at the sampled sites. Two alternative
hypotheses could explain these patterns: either males from contaminated sites invest
more in sexual traits to enhance their reproductive success, or they are in better
physiological condition due to the absence of other environmental stressors such as
pesticides, which are more prevalent in the rice field environments of control sites.
The next step will be to compute individual total dose rates, once internal activities are
available. This will allow us to link each individual's exposure to specific observed
parameters, while accounting for other relevant variables such as temperature,

individual mass, and more.
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Parameterization of the long-term dynamics of cesium distribution
in the suspended sediment-water system in water bodies of the
Chornobyl Exclusion
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1. R
In the wake of the Chernobyl and Fukushima accidents, radiocesium has become a
radionuclide of most environmental concern. The ease with which this radionuclide
moves through the environment and is taken up by plants and animals is governed by
its chemical forms and site-specific
environmental characteristics. Distinctions in climate and geomorphology, as well as
Cs-137 speciation in the fallout, result in differences in the migration rates of Cs-137 in
the environment and rates of its natural attenuation.
The goal of the project was to obtain the parameters of long-term dynamics of
particulate and dissolved Cs-137 in the suspended sediment-water system for water
bodies of the Chernobyl contaminated areas and compare with Fukushima data.
Empirical multi-exponential model and semi-empirical "diffusional" model have been
used (Konoplev et al., 2021).
Cs-137 activity concentrations in freshwater decreased with time after both accidents.
In the case of Chernobyl, this decline in Cs-137 concentrations is well-predicted by a
semiempirical “diffusional” model. However, the Cs-137 concentrations in Fukushima
declined faster than predicted by the “diffusional” model. Two potential explanations of
this difference in the behavior of Chernobyl- and Fukushima-derived radiocesium were
suggested: (1) extensive remediation activity during the first several years after the
Fukushima accident, which substantially reduced the Cs-137 content in the topsoil layer
of the contaminated catchments; and (2) difference in surface runoff formation
processes in Fukushima and Chernobyl due to higher intensity of precipitation and
slopes in the Fukushima area.
Opposite to Chernobyl, the apparent distribution coefficient Kd(Cs-137) in the
sediment-water system of Fukushima rivers and ponds was found to decrease with time
after the accident. Proceeding on the assumption that the decrease in Kd is associated
with the decomposition of glassy Cs-rich microparticles, the timescale of Cs-137
leaching from them was estimated to be in the range 6-20 years. The obtained

estimates are consistent with the findings of laboratory experiments (Okumura et al.,



2019).

Higher mean annual precipitation and air temperature promote faster vertical and
lateral radiocesium migration in Fukushima as compared with Chernobyl. Wash-off is
the principal long-term process responsible for the radiocesium secondary
contamination of surface waters in the contaminated areas for both accidents.
Particulate and dissolved wash-off ratios in Chernobyl and Fukushima were found to
decrease in the mid- and long term as a result of radiocesium depletion in the topsoil
layer due to its vertical migration in catchment soils.

Particulate Cs-137 wash-off ratios from the catchments of the Fukushima area display
only minor differences compared with those in the Chernobyl area, being at the lower
limit of the Chernobyl values. Dissolved Cs-137 wash-off ratios for Fukushima
catchments are at least an order-of-magnitude lower than those for Chernobyl, mainly
due to an order-of-magnitude difference in the Cs-137 distribution coefficients for the
Fukushima and Chernobyl rivers.

In summary, data from Chernobyl long-term studies can be further used to refine
predictions of temporal changes in the radionuclide behavior for Fukushima areas.
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Influence of temperature and ammonium on radiocesium
seasonality in water bodies
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Kyiv reservoir is the upper in the cascade of Dnieper reservoirs. Rivers flow into it,
carrying cesium-137 from the areas heavily contaminated due the Chernobyl accident.
Observation data on water temperature and cesium-137 activity concentrations in the
lower dam part of the reservoir for the period 1987-2022 were collected, systematized
and analyzed.

Data analysis showed that against the background of a long-term decrease in the
activity of dissolved cesium-137 in river water, its regular seasonal fluctuations are
observed (increase in summer and decrease in winter).The ratio of the highest to lowest
concentrations of dissolved cesium-137 being mostly within range 1.5-3,5. It was found
that seasonal fluctuations of dissolved cesium-137 in the water of the Kyiv Reservoir
occurs synchronously with the seasonal course of water temperature.

Generally, there are two basic factors explaining seasonal variations of dissolved
radiocesium in water bodies: seasonal changes of water temperature and ammonium
concentration. An equation has been derived describing seasonal variations of dissolved
radiocesium in water bodies considering two basic factors: water temperature and
combined concentration of basic competitive cations.

Analysis of available hydro-chemical data at Kyiv Reservoir suggested that the
predominant factor of dissolved cesium-137 seasonality is temperature dependence of
cesium-137 desorption from sediments described by modified Arrhenius equation.
Changes in ammonium concentration have comparable with water temperature
contribution to seasonal fluctuations of dissolved cesium-137 activity concentration
only in limited number of specific observations.

An empirical two-exponential and semi-empirical diffusional models of long-term
dynamics of dissolved cesium-137 in rivers have been derived taking into account its
seasonal fluctuations by combination with modified Arrhenius equation. Both models
were tested against monitoring data for Kyiv reservoir and satisfactory agreement
between modelling and experimental data was reached.

The calculated values of activation energy EA of cesium-137 desorption from sediments

into solution in the Kiev Reservoir are close to the values obtained earlier in field studies

1-23



on rivers and lakes in the Fukushima-1 accident zone and in laboratory studies of the
temperature dependence of radiocesium sorption-desorption on alluvial deposits of the
Hanford site in the USA. This gives grounds to believe that the activation energy of
cesium desorption from sediments into solution is a value that is more or less universal

for a wide range of sediment properties in different geographic regions of the Earth.
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The temporal dynamics of radiocesium in water and its distribution
in bottom sediments of the Ogaki Dam Reservoir
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1. R
A huge portion (about 6.4 PBq) of radiocesium (r-Cs) was deposited in NW of Japan after
Fukushima Daiichi Nuclear Power Plant accident. The environment objects in Fukushima
Prefecture were seriously subjected to ecological stress, for example the Ogaki — one of the
biggest dam in Fukushima Prefecture. The initial contamination level of reservoir catchment
area was considered as high (2.4 MBqg/m2 as of March 2011). The dam represents an
essential water resource for the local inhabitants and paddy field irrigation; therefore, the
r-Cs concentration has important implications for the “health” of humans and biota. The
lateral migration of r-Cs in most cases is associated with soil erosion. In particular, from
sloped contaminated catchments, the RNs are transported with runoff. RNs are
accumulated/redeposited at different parts of landscape, and some part delivered (with
suspended sediments) to water bodies. This leads to a siltation, eutrophication, increase
mortality of water fauna, and deterioration in water quality. Because of during natural events
such as intensive rainfall and snowmelt, the turbidity and r-Cs concentration in water bodies
usually is increase - the siltation rates, features of transport and redistribution of sediments,
their texture and concentration of r-Cs (as well in water) is required a detail study.
The previous topic of research proposal was supported by ERAN in last years (1-22-08, |-
23-11). The research was conducted for different parts (from source to mouth and elevation:
floodplain, 1 and 2 terrace above the riverbed) of Abukuma River. All field and laboratory
works were completed. In continuation of research, the Ogaki dam was selected as object
of study. The following research objectives were set for 2024:
Task 1. Study of the bottom sediments. Results: the high r-Cs concentrations were found in
sediments both of Abukuma River and Ogaki dam with domination of fine fractions. The
sediments of Ogaki dam contain in average 5 x 104 Bq/kg of 137Cs and ~70% of silt (0.05—
0.002 mm) fraction, whereas in Abukuma River — 2 x 103 Bq/kg of 137Cs and 50% of silt.
Task 2. Literary analysis related to the reconstruction of radiocesium dynamics in water
bodies. The study is focused on the reconstruction of long-term dynamics of 137Cs
concentration in water bodies contaminated as a result of Chernobyl and “Fukushima-1"
NPP accidents. It was found that the vertical distribution of 137Cs in bottom sediments of

deep-water sites could be a basis for reconstruction of the dynamics of radionuclide
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concentration in suspension and in solution (Konoplev et al., 2024).

Task 3. Study of soil erosion and radiocesium distribution in the landscapes of Cis-Ural
region. Despite the relative proximity to the East Ural Radioactive Trace and underground
nuclear explosions conducted in the Republic of Bashkortostan, the soils are suitable for
economic activity. The activity concentration of 137Cs in the surface soil layers ranges from
0.9 to 9.8 Bg*kg—1, and inventories range from 1.8 to 5.1 kBg*m — 2, these quantities being
higher within the forest (Komissarov et al., 2024).
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Determination of internal exposure due to natural radioactivity in
decorated ceramic building materials used in India
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X ExperimentallX In this work, a total number of 25 vitrified tiles were collected from
various locations on building construction sites in Tamil Nadu. The collected tile
samples are different sizes shapes, and colours. The samples were packed in polythene
bags and labeled properly, and it was transferred into the laboratory for pre-treatment.
At the initial stage, the samples are broken into small pieces (typically 5-10 cm in size)
using a jaw crusher. Hereafter, the powder crusher instrument was utilized to pulverize
and grind the tile samples to the fine powder (typically less than 0.16 mm). A finer,
uniform powder is ideal for a gamma-ray spectrometer because it ensures that the
sample is homogeneous and allows for more accurate measurements. Both the jaw and
powder crusher help to ensure the homogeneity of vitrified tile samples .After that, the
grained samples were dried in an oven at 105°C for 2hour completely removed the
moisturizer constant, and packed in a 250 mL Marinelli beaker. At the top of the beaker,
the screw caps were tightly sealed with Teflon tape and stored in an undisturbed place
for four weeks to allow the natural radionuclides to attain secular equilibrium and their
short-lived posterity. Finally, the samples are subjected to Nal (Tl) gamma-ray
spectroscopic to assess the activity concentration of primordial radionuclides of 238-U,
232-Th, and 40-K of the collected vitrified tiles samples.

X ObservationsX] The activity concentration of 226-Ra, 232-Th and 40-K was
determined by Nal (TI) detector-based gamma ray spectrometer for vitrified tiles and
slightly higher values were observed. A mean activity concentration of radionuclides
was found in the order of 40K > 232Th > 226Ra. From normality results, the significance
threshold 226-Ra and 40-K are both 0.200, which indicates that the distributions of
226Ra and 40K are log-normal. In contrast, the significance value for the frequency
distribution of 232Th is less than 0.05, suggesting that this distribution is normal in the
collected tile samples. The calculated radiological hazards DRin ELCRin shows the
slightly higher whereas Raeq, AEDEinm Hin, and AGDE shows the less than the world
permissible limit. Therefore, vitrified tiles do not possess much radioactivity however

continuous monitoring is required for these samples.
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Abundance and diversity of radiation resistant zooplankton
communities from Extreme regions of Kayamkulam Estuary,
Natural high background radiation area (NHBRA),
Kerala, South West Coast of India
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The study documented 21 zooplankton species across 7 taxonomic groups, with Copepoda
dominating (9 species; 64.3% of total abundance). Non-copepod groups such as Rotifera (3
species), Cladocera (3 species), and Dinoflagellata (1 species) showed seasonal peaks,
particularly during monsoon and post-monsoon periods in Table 1. The zooplankton
community inhabiting this estuarine ecosystem exhibits a diverse assemblage of species,
reflecting the dynamic interplay of environmental factors and seasonal shifts that
characterize such environments (Spilling et al., 2019). Copepods, known for their numerical
dominance in many aquatic systems, are well-represented in this study, with species such
as Acartia tropica, Pseudodiaptomus annandalei, Oithona plumifera, Calanoides carinatus,
Paracalanus parvus, Centropages furcatus, Temora turbinata, and Euterpina acutifrons
contributing significantly to the overall zooplankton abundance.

Conclusion

The study underscores the pivotal influence of seasonal monsoonal cycles on zooplankton
community structure in tropical estuaries. Copepods dominated the assemblage, with
Acartia tropica and Paracalanus parvus thriving in nutrient-rich monsoon conditions, while
Qithona plumifera and Calanoides carinatus maintained year-round populations due to their
broad environmental tolerance. Non-copepod taxa, such as rotifers and cladocerans,
occupied specialized niches during post-monsoon clarity, ensuring trophic continuity. The
seasonal surge in Noctiluca scintillans highlights the ecosystem’s vulnerability to
eutrophication, likely exacerbated by anthropogenic nutrient inputs. Climate-driven
alterations in monsoon patterns could disrupt these dynamics, favoring smaller, fast-
reproducing zooplankton over copepods, with cascading effects on fisheries and carbon
cycling. This work provides a baseline for understanding zooplankton-driven ecological
processes and abundance in estuaries of NHBRA.

Future recommendations

Future research should prioritize the collection of zooplankton species exhibiting high
abundance within the NHBRA (Northern High Background Radiation Area) to assess the
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specificity of genes associated with radiation resistance. By integrating whole-genome
sequencing approaches, these studies could precisely identify candidate genetic markers
linked to radioprotective mechanisms. Such insights would advance our understanding of
adaptive traits in high-radiation environments and inform applications in radiation
protection research, including biomimetic strategies for mitigating radiation-induced

damage in biological systems.
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Assessment of Naturally Occurring Radioactive Materials in Soil
and Foodstuffs from Barapukuria Coal Fired Thermal
Power Plant Area, Dinajpur, Bangladesh
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Assessment of Naturally Occurring Radioactive Materials in Soil and Foodstuffs from
Barapukuria Coal Fired Thermal Power Plant Area, Dinajpur, Bangladesh
Introduction: The presence of naturally occurring radioactive materials (NORMSs) in the
environment can pose potential health risks due to their radiological impact. This study
focuses on assessing the concentration of NORMs, specifically Radium-226 (Ra-226),
Thorium-232 (Th-232), and Potassium-40 (K-40), in soil and commonly consumed
foodstuffs within the vicinity of the Barapukuria Coal-Fired Thermal Power Plant
(BCFTP) located in Dinajpur, Bangladesh. The BCFTP has a capacity of 525 MW. Coal-
fired power plants are known to potentially release NORMs into the surrounding
environment through fly ash and other byproducts. Therefore, understanding the
distribution and transfer of these radionuclides is crucial for assessing potential
environmental and public health implications in the region.
Objectives: The objectives of this research are as follows. (a) Determine the levels of
NORMs (Ra-226, Th-232, and K-40) in soil, plants, and various food items (rice, wheat,
fruits, and vegetables) collected from the area surrounding the BCFTP. (b) Evaluate the
transfer factors of these radionuclides from soil to plants and food items within the
BCFTP area to understand potential pathways of human exposure and associated
health impacts. (c) Contribute to a better understanding of environmental radioactivity
in coal-fired power plant regions and its implications for public health and food safety.
Materials and Methods: This study involves the collection of soil samples at depths of
0-5 cm and 5-10 cm, as well as 22 different types of food samples (including rice,
wheat, fruits, and vegetables) from 22 sampling points around the BCFTP area. The
sampling points were strategically selected considering the average wind direction of
the area. All collected samples are prepared for analysis, which includes drying,
weighing, and, in the case of food samples, making pellets. The activity concentrations
of Ra-226, Th-232, and K-40 in the prepared soil and food samples will be determined
using gamma-ray spectrometry.

Expected Outcomes and Significance: The findings of this study will provide valuable
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data on the levels of NORMs in the soil and commonly consumed foodstuffs in the
vicinity of the BCFTP. Understanding the transfer of these radioactive materials from
soil to the food chain is crucial for assessing potential radiological risks to the local
population.

Progress: Sample collection and preparation have been completed, and the samples are
now prepared for analysis. Data analysis and scientific manuscript preparation will

follow the analysis phase.

=A
. Af

S.R.T. Parija, J. Alam, H. Roy, M. Bhuiyan, M.S. Khan, M.R.A. Rifat, M.S. Ahammed, M.
Rahman, M.N. Uddin, I.M.M. Rahman and M.A. Islam (2025) Development of a rapid
qualitative and quantitative method for the detection of palm oil adulteration in cow
milk from Bangladesh by using ATR-FTIR spectroscopy with chemometric analysis,
Food Analytical Methods, (Article In-Press). https://doi.org/10.1007/s12161-025-
02770-6

1-32



1-24-20

Synthesis and characterization of Ru(lll) and Ru(IV) complexes of
C-chiral isomeric hexamethyl tetraazamacrocyclic ligands and their
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applications in the decontamination of radioactive waste
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Ruthenium (Ru), a rare transition metal, is used in catalysis, electronics, the nuclear
industry, and medicine. However, its compounds pose chemical and radiological toxicity
risks. The radioisotopes 106Ru and 103Ru are highly volatile and hazardous, especially
RuO4. Nuclear power operations and radioactive waste disposal may release these
isotopes, making their removal essential. Adsorption-based extraction is a cost-
effective solution. Understanding the complexation of Ru(lll) and Ru(lV) with chelators
is crucial for developing efficient chelator-modified adsorbents.

Synthesis of the ligand 5,7,7,12,14,14-hexamethyl-1,4,8,11-tetraazacyclotetradeca-
4,11-dienedihydroperchlorate (L.2HCIO4) and isolation of isomers of its saturated
analog (‘tet-a’ and ‘tet-b’) was carried out according to the procedure adopted in
literature (Busch, et al., 1971). The prepared isomeric macrocyclic ligands contain
nitrogen as the donor atom. The methanolic solutions of these ligands were treated
separately with methanolic solutions of RuClI3 - 3H20 and Rul3, producing four
corresponding complexes: [Ru(tet-a)CI2]Cl, [Ru(tet-a)l2]l, [Ru(tet-b)CI2]CI, and
[Ru(tet-b)I2]l. Characterization of the ligands and complexes was conducted using FTIR
(vN-H, 3262 s; vC-H, 2945 s; vCH3, 1381 w; vC-C, 1194 s; vyNH2, 3311 w; vC=0, 1686
s; and vRu-N, 422 s), molar conductivity (32 to 66 ohm-1 cm2 mol-1), magnetochemical
(1.28 to 1.32 B.M.), and electronic spectral (d-d band at 406 nm) analyses. The data
suggest that all the complexes are 1:1 electrolyte and octahedral in shape.

The spontaneous formation of Ru(lll) complexes with the N-donor ligands 'tet-a' and
'tet-b' indicates that developing stable and cost-effective N-bearing functional group-
containing adsorbents could be efficient for the removal of radioactive Ru from nuclear

wastes.
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Synthesis and characterization of nanocomposites for separation of
radiostrontium from wastewater
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Introduction: Zeolitic imidazolate frameworks (ZIFs) are highly porous and stable,
making them ideal for treating wastewater. Combining the rigidity of zeolites with the
tunability of MOFs, ZIFs offer high surface area and adjustable pore sizes, enabling
effective degradation of toxic contaminants in the water matrix. This study focuses on
the role of ZIF-8 in sustainable water purification through advanced dye removal
techniques.

Experimental: This study explores the synthesis, characterization, and photocatalytic
performance of ZIF-8 nanoparticles. The samples of ZIF-8 were synthesized using (a)
2.978 g (0.01 mol) for J-1 and (b) 4.476 g (0.015 mol) for J-2 of Zn(NO3)2-6H20 via a
simple precipitation method. The synthesized nanoparticles were characterized using
XRD, SEM, EDS, and FT-IR. Photocatalytic tests showed effective degradation of eosin
yellow dye under simulated solar irradiation. The unique porous structure and stability
of ZIF-8 highlight its potential for environmental remediation, particularly in wastewater
treatment and pollution control.

Key Findings: FT-IR analysis of ZIF confirmed the vibrational frequencies of Zn-N at 421
cm—1and C=N bond at 1527-1589 cm — 1, consistent with the literature. XRD analysis
confirmed the ZIF-8 phase, with Miller indices matching the body-centered cubic
structure. SEM analysis revealed cubic, irregular, and porous morphology of ZIF-8
nanoparticles. The photocatalytic degradation rates of Eosin Yellow for J-1 and J-2 were
observed at 91.29% and 83.21%, respectively.

Conclusion: The study shows that ZIF-8 nanoparticles synthesized through an eco-
friendly method display notable photocatalytic activity, with the lower Zn-containing ZIF
demonstrating superior performance compared to the higher Zn-containing sample.

Note: the report is based on the preliminary findings, and more work is underway.
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Unravelling Cadmium Fluxes in Native Plants of New Zealand
Using Synchrotron Technology and radionuclide fractionation
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Abstract: This report summarizes a study assessing cadmium (Cd) levels in rice and
vegetables, as well as their potential health implications, in Bangladesh. The findings
indicate that Cd concentrations in certain regions exceed the limits set by the FAO/WHO,
posing potential long-term health risks to both children and adults.

Key Findings: (a) The average Cd concentration in the studied area of Bangladesh
(Jamalpur) was found to be 1.93 mg/kg, surpassing the FAO/WHO limits. (b) While the
Target Hazard Quotient (THQ) and Hazard Index (HI) did not indicate immediate non-
carcinogenic risks, the Target Carcinogenic Risk (TCR) exceeded the acceptable
threshold for both children and adults. The data suggest a potential for long-term
cancer risks associated with Cd exposure through rice and vegetable consumption. (c)
The Estimated Daily Intake (EDI) for Cd, along with Nickel (Ni) and Lead (Pb), exceeded
the Maximum Tolerable Daily Intake (MTDI), highlighting significant potential health
risks in the studied population.

Conclusion and Recommendations: The study concludes that cadmium levels in rice
and vegetables in some areas of Bangladesh and India exceed recommended limits,
indicating potential health hazards, particularly concerning long-term carcinogenic risks.
The findings emphasize the urgent need for consistent monitoring and the
implementation of effective regulations to ensure food safety and protect public health.
Further research is recommended to gain a deeper understanding of the
biogeochemistry of cadmium in the soil and its accumulation in these essential food

crops.

Note: This report is based on preliminary findings, and additional research is underway.

=A
. Aff

S.A. Mamun, M.A. Islam, S.B. Quraishi, M.M. Hosen, B.H. Robinson and |.M.M. Rahman
(2024) Assessment of potentially toxic element contents in chickens and poultry feeds
from Bangladesh markets: Implications for human health risk, Toxicology Reports, 13,
101706. https://doi.org/10.1016/j.toxrep.2024.101706
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Development of graphene-based magnetic nanocomposites for
radioactive waste management
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Global and regional contamination by anthropogenic radionuclides has occurred due to
nuclear testing and accidents, such as those at Kyshtym, Chornobyl, and Fukushima
Daiichi. Radionuclides can enter the food chain, posing health risks. Developing cost-
effective methods for managing radioactive waste is crucial (Romanchuk et al., 2016).
Nanoadsorbents, particularly graphene oxide (GO) combined with iron oxide
nanoparticles, show promise for removing radionuclides from wastewater due to their
high surface area and magnetic properties (Minitha et al., 2018; Xia et al., 2022). A
proposed study aims to create a novel magnetic GO nanocomposite to remove
radionuclides from contaminated water efficiently.

Magnetic reduced graphene oxide (M-rGO) is an innovative composite material that is
synthesized by effectively combining D-glucose or soluble starch with a mixture of iron
salts, specifically Fe(ll) and Fe(lll), under precisely controlled conditions. This process
successfully integrates iron oxide nanoparticles (IONPs) into reduced graphene oxide
(rGO), resulting in a material that boasts exceptional magnetic and functional properties.
These unique characteristics, including significantly enhanced adsorption capabilities,
stem from the dynamic chemical interactions between the components. The fabrication
of M-rGO is firstly verified through visual observation of magnetic separation by an
external magnet and conclusively verified through a variety of robust analytical
techniques, such as ultraviolet-visible (UV-Vis) and Fourier transform infrared (FTIR)
spectroscopy, X-ray diffraction (XRD), and scanning electron microscopy (SEM). The
UV-Vis and FTIR analyses unmistakably demonstrate the transformation of D-
glucose/starch to rGO through characteristic peaks. The XRD results reveal distinct
peaks for M-rGO instead of rGO, confirming the integration of iron oxide nanoparticles
within the composite. Furthermore, the SEM images illustrate a porous structure, which
is crucial for adsorption applications due to its high surface area and remarkable ability

to trap contaminants effectively.
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The resultant M-rGO can remove radionuclides, specifically Sr(ll), from contaminated
water. The process involves the adsorption of Sr(ll) ions onto the surface of M-rGO (Li
et al., 2018; Minitha et al., 2018). The inherent magnetic properties allow for efficient
solid-liquid separation using an external magnetic field, eliminating the need for
filtration or centrifugation. This feature significantly simplifies the separation process

while ensuring high removal efficiency.

One paper has been submitted, and another one has been drafted
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Evaluation of Isotopic and Chemical Characteristics in
Environmental Samples from the neighboring locations of Rooppur
Nuclear Power Plant, Bangladesh
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The baseline radioactivity levels and physicochemical properties of environmental
samples collected in the vicinity of the under-construction Rooppur Nuclear Power
Plant (RNPP) in Bangladesh have been investigated. The RNPP, comprising two units
of 1200 MW each, is anticipated to commence commercial operation in 2027.
Recognizing the potential for radionuclide release during operational emergencies and
the generation of radioactive waste, this research underscores the importance of
isotopic and chemical assessments of environmental samples for ensuring ecological
and public safety. Tracking radioactivity levels in environmental matrices, such as soil,
sediment, and water bodies, is crucial both before and after a nuclear power plant
becomes operational.

The study area was geographically defined by northern longitudes 24.024306 to
24.102518 and eastern longitudes 88.963637 to 89.108499. A total of 20 samples were
collected, consisting of 10 soil samples (S1-S10) and 10 water samples (W1-W10), with
an approximate inter-sample distance of 1 km. Soil and water samples were obtained
from depths of 5 cm and 80-120 feet relative to the surface, respectively.

The physicochemical properties (pH, electrical conductivity, total dissolved solids, total
hardness, total alkalinity, and silica), cations (Mg and Ca), anions (Cl-, SO42—, NO3-,
P0O43-), trace metal concentrations (Cu, Zn, Fe, Mn, Pb, and Cd), and the activity of
radionuclides (226Ra, 232Th, 40K, and 137Cs) were measured in the water samples.
The results indicated that the physicochemical parameters, except silica, were within
the safety limits established by the World Health Organization, the Department of
Environment, and the Bangladesh Standards and Testing Institution. The average
concentrations of the investigated trace metals were below the recommended levels,
except for Mg, Pb, Cd, and Mn. Elevated Mg levels in the groundwater may be attributed
to seawater intrusion. The increased concentration of other metals could originate from
natural sources, such as the dissolution of manganese oxide, carbonates, and silicates,
or from anthropogenic activities, including industrial discharge and landfill leachate.

The study identified Mg, Fe, and Pb as the predominant metals in the study area. The
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activity concentrations of radionuclides 226Ra, 232Th, 40K, and 137Cs in the water
samples were below the detection limit.

The pH and electrical conductivity levels in the soil samples were within acceptable
ranges. The estimated activity concentrations ranged from 31.84£1.62 to 37.53£2.17
Bqg/kg for 226Ra, 40.74+2.39 to 52.13+3.15 Bq/kg for 232Th, 472.06+28.46 to
685.23+44.13 Bqg/kg for 40K, and 1.15+0.42 to 1.25+0.30 Bqg/kg for 137Cs. Notably,
all these values were significantly higher than the reported world average values for
226Ra (30 Bg/kg), 232Th (35 Bg/kg), 40K (400 Bg/kg), and 137Cs (4 Ba/kg).

The findings of this research will be beneficial for monitoring and comparing

environmental data before and after the operational phase of the RNPP.

N/A
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Investigation of sedimentation areas in the Fukushima coastal area
for Cs-bearing microparlicles released from rivers
using Lagrangian particle tracking model
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13 years since the Fukushima nuclear accident, the coastal area in front of the
Fukushima Dai-ichi Nuclear Power Plant remains contaminated. First of all, it is related
to the bottom sediments, which were contaminated with Cs-137 during the accidental
and post-accidental releases. Additional contamination of bottom sediments could be
caused by river runoff of Cs-bearing microparticles, which were formed in the initial
phase of the accident, dispersed in the atmosphere and fell into the watershed of
nearby rivers. Cesium may be preserved in such particles for a long time due to its
insoluble characteristics. River runoff carries suspended particles along with Cs-
bearing microparticles to the coastal areas of the ocean, especially during heavy rains.
In the study we applied the Lagrangian particle tracking model Parcels to identify places
of potential deposition of such Cs-bearing microparticles in the Fukushima coastal area.
As input data we used

- 3D circulation data from the detailed ROMS-based ocean circulation model
customized to the Fukushima coast for the period 2013-2016;

- Estimates of released Cs-bearing microparticles from rivers during heavy rains
in the selected period;

- Estimates of microparticles’ sizes defining vertical velocity of their falling down
in the ocean.

The maximum water discharge from the Abakuma River in the period of available ocean
circulation took place in early September 2015 and corresponded to the Tropical Storm
Etau. In the considered period, the flowrate of the Abakuma River changed from 600
m3/s to 6000 m3/s and back to 600 m3/s. We suggested to release 1 Lagrangian
particle per hour at the time of 600 m3/s flow rate and 100 Lagrangian particles per
hour at the time of 6000 m3/s flow rate that agrees with Takata et al. (2021), where
increasing of flow rate by 10 times led to increasing of suspended particle discharge by
approximately 100 times. Microparticles of 3 sizes (average — 23.4 um, minimal — 11.6
um, and maximal — 32.7 um) were considered, according to measurement data by

Taniguchi et al. (2020). Stokes settling velocity was applied to each particle size.
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As a result, areas of initial distribution of microparticles on the seabed near the
Abakuma River mouth after the Tropical Storm Etau in early September 2015 are
identified. It is shown that the sedimentation area for microparticles with size 11.6 um
is much larger than that for microparticles with size 23.4 um and 32.7 um. Later, under
the influence of tides, waves and extreme currents, microparticles can be resuspended
and settled in other places. They can also migrate to deeper areas due to bedload.

Results of the study were submitted to the EGU-25 conference (Abstract 8294:
Sedimentation areas along the Fukushima coast for Cs-bearing microparticles from the

Lagrangian particle tracking).

1-42



1-24-26

Tritium measurement in hot springs in the Carpathian basin (EU)
and the Hamadori-Hakadori (Japan) mountain ranges
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The Carpathian basin, similar to Japan, is the home of a large number of natural and thermal
springs, which offer a potential interest for tritium measurements. However, tritium data are
sparse in mountainous ranges’ water resources and could provide valuable insights to the
hydrodynamics of the area. In Japan, Fukushima Prefecture has recently receiving more
international attention due to the Fukushima Daiichi Nuclear Power Plant (FDNPP)
discharge into the ocean, however data are still relatively sparse in natural and thermal
springs created by three mountain ranges. In our study, we collected fresh water and
geothermal water samples of natural fresh and thermal springs in Tsuchiyu onsen of
Fukushima, Japan and Carpathian basin, EU in summer 2023. For the Tsuchiyu onsen sites,
fresh and geothermal water samples were distilled at |IER and enriched from 300 mL and
500 mL to 50 mL by TRIPURE at Hirosaki University. The 50 mL enriched sample was mixed
with 50 mL scintillator (Ultima Gold uLLT, PerkinElmer) in a 100 mL Teflon vial, and were
measured by ALOKA Liquid Scintillation Counter Low Background 8 (LSC-LB8) for 1000 min.
For Hungarian study sites, freshwater and thermal water spring samples were collected,
distilled and are schedule for the enrichment in the next phase of this study. In the
Tsuchiyu onsen six sites, the H-3 values of Shimonoyu spring and Lake 1 spring are similar
with 0.32(£0.02) Bg/L and 0.31(%0.02) Bq/L, respectively indicating similar groundwater
circulation. The River 2 site has higher H-3 of -0.39(%0.02) Bq/L confirming rain water H-3
contribution to the sampling point. Following these results, we sampled three freshwater
and Shinomoyu geothermal water on 4th March 2025 for tritium measurements. For two
geothermal bores, both H-3 values are below the detection limit of 0.06 Bg/L suggesting

that higher enrichment factor and needs to be applied in the next phase of our joint study.
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Tritium measurements in New Zealand and Japan fresh and
thermal water springs
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Japan and New Zealand (NZ) have many natural freshwater and thermal springs making
them valuable water resource. For sustainable management, their water dynamics need to
be understood. Environmental H-3 radioisotope with a half-life of 12.32 years is a useful
tracer to study water circulation. In the thermal springs, H-3 levels are expected to be
minimal requiring large water volume for the ultra-low level tritium analysis, which is only
provided by a few H-3 laboratories, such as GNS Science, NZ and International Atomic
Energy Agency (IAEA) HQ, Vienna.

To understand water dynamics, we collected fresh water and geothermal water samples of
natural fresh and thermal springs of NZ and Japan, in Tsuchiyu onsen of Fukushima, Japan
and Rachel Hot Springs, NZ. In Tsuchiyu onsen, 2L of fresh water samples were collected
at Shimonoyu spring, Lake spring and River and of 3 geothermal water at Shimonoyu onsen,
and Thermal Well No. 1 & 2. The H-3 values of Shimonoyu spring and Lake 1 spring are
similar with 2.70(%=0.15) TU and 2.65(*0.15) TU, respectively, indicating similar
groundwater circulation. The River 2 has higher H-3 of 3.30(%0.15) TU confirming rain water
contribution to the sample. For two thermal bores in Tsuchiyu, H-3 values are below the 0.51
TU detection limit suggesting that the better detection limit and higher enrichment factor
are necessary to identify small fractions of young water. In NZ study sites, hot spring
samples were collected, distilled and electrolytically enriched with EF=90 while the ultra-
low level LSC with Detection Limit=0.015 TU (or 0.002 Bqg/L) is on-going at GNS Science.
As a result, the comparison would benefit the international collaboration between the NZ
and Japan to provide tritium measurements in natural and hot water springs to general

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

Using extracted DNA from liver of bank vole (previous study: 1-21-11) as a template,
the candidate centromere-specific tandem repeat region, Msat-160, was amplified by
PCR (referenced by Jernfors et al., 2021) and a novel sequence of 260 bp without
homologous was cloned. Then, using designed primer pair based on Msat-160 motifs
extracted from whole genome sequence data of bank vole, PCR was conducted for three
species, bank vole, grey red-backed vole (M. rufocanus), and northern red-backed vole
(M. rutilus) (previous study: 1-23-19). Non-consensual sequence was cloned from an
amplified band from northern red-backed vole. These two new sequences were labeled
with a fluorescent dye to create probes and hybridize to bank vole chromosomal DNA .
Probes from bank vole stained most of chromosomes but some did not. Probes from
northern red-backed vole stained most of chromosomes but not all. Comparing the two
types of probes, probes from northern red-backed vole merged whole probes from bank
vole and stained additional 4 centromeres. As a next step, we will clone another
candidate sequence amplified from related species, the northern red-backed vole, and

try for FISH analysis.
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Development of a test bench for the electronics of ionizing
radiation detectors based on FPGA and microcontrollers
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The primary objective of this project is to develop an efficient, low-cost local test bench
for verifying the accuracy of electronic circuits in ionizing radiation detection equipment.
Additionally, the project aims to reduce maintenance costs, minimize breakdowns,
refurbish existing equipment, improve staff performance, and enhance laboratory
capabilities. The test bench will also facilitate pole-zero cancellation adjustments and
the study of the pile-up effect.

As part of this initiative, our team has been dedicated to developing a cutting-edge test
bench specifically designed for the electronics of ionizing radiation detectors. Our goal
is to create a solution that not only ensures the reliability of electronic circuits but also
addresses key objectives such as cost reduction, equipment longevity, and the overall
enhancement of CRSTN and IREM laboratory capabilities.

The project began with a thorough analysis of requirements, involving extensive
discussions with stakeholders to gain a comprehensive understanding of their needs
and expectations. Based on these insights, we carefully selected appropriate hardware
components, including FPGAs and microcontrollers, ensuring they met stringent criteria
for performance, flexibility, and cost-effectiveness. Particular attention was given to
selecting analog components such as ADCs, DACs, and operational amplifiers, essential
for signal conditioning and data acquisition.

With clearly defined requirements and carefully chosen hardware, we proceeded to
design the system architecture. This phase involved outlining the interconnections
between the FPGA and microcontrollers, defining communication protocols, and
assigning specific roles to each component.

Beyond development and validation, a strong emphasis will be placed on documentation
and training. Comprehensive documentation will be compiled, detailing design
specifications, implementation methodologies, and testing procedures. Training
sessions will be conducted to equip laboratory personnel and maintenance staff with
the necessary skills to effectively operate and maintain the test bench.

Looking ahead, we will focus on further validation tests, gathering user feedback for
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continuous improvement, exploring collaboration opportunities with other research
institutions, and closely monitoring the test bench’s performance in real-world conditions.
We are confident that this test bench will play a pivotal role in advancing ionizing radiation

detection technology, fostering innovation, and driving excellence in scientific research.
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Taamté, Jacob Mbarndouka, Michaux Kountchou Noube, Vitrice Ruben Folifack Signing,
Yerima Abba Hamadou, Hosoda Masahiro, and Shinji Tokonami. "Real-time air quality
monitoring based on locally developed unmanned aerial vehicle and low-cost smart
electronic device." Journal of Instrumentation 19, no. 05 (2024): P05036, DOI 10.1088/1748-
0221/19/05/P05036 (IOP).
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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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In our current context the prevalence of respiratory diseases is very high and the major
cause after smoking is exposure to residential radon, thoron and its descendants. Real-
time monitoring of radon and thoron in homes should be a priority in all countries around
the world. In African countries, the process of measuring radon and thoron is supported
by international laboratories, as there is no calibration system for radon and thoron
detectors installed on the continent. This delays decision-making for the protection of
populations against radioactive gases. The project on the Generation of stable gases of
radon and thoron at low, medium and high concentration and application to the
calibration system aims to :

Locally master the technique of generation of a stable concentration (low, medium and
high) of radon and thoron gases for the calibration system of radon and thoron detectors.
Many commercial devices are used for the measurement of radon (Rn-222) and thoron
(Rn220). These devices must be regularly calibrated. The principle of calibration
consists of enclosing the instruments in a known volume, injecting a primary radon
standard at a time, and calibrating the devices considering the radioactive decay of
radon. One or more measuring instruments can be placed inside the sealed volume of
the calibration chamber. The radon standard is circulated in this volume using a closed
cycle pump and a fan which ensures the homogeneity of the radon activity
concentration in the chamber. To implement our calibration project, we proceed by
several working methods, such:

Development and calibration of electronic devices for measuring ambient equivalent
dose rate and radon concentration based on new technologies in order to master locally

nuclear instrumentations

1-48



A
. aff

1- Vitrice Ruben Folifack Signing, Jacob Mbarndouka Taamté, Michaux Kountchou Noube,
Zacharie Stéve Omgba Abanda, Hamadou Yerima Abba, Saidou “Real-time environmental
radiation monitoring based on locally developed low-cost device and unmanned aerial
vehicle”, Journal of Instrumentation, 18 P05031, https://doi.org/10.1088/1748-
0221/18/05/P05031, 2023, (IOPscience).

2- Jacob Mbarndouka Taamté, Michaux Kountchou Noube, Vitrice Ruben Folifack Signing,
Yerima Abba Hamadou, Hosoda Masahiro, Saidou, and Shinji Tokonami,“Real-time air
quality monitoring based on locally developed unmanned aerial vehicle and low-cost smart
electronic device”, Journal of Instrumentation, 2024, https://doi.org/10.1088/1748-
0221/19/05/P05036, JINST 19 P05036 (IOP).

3- Jacob Mbarndouka Taamté, Vitrice Ruben Folifack Signing, Modibo Oumar Bobbo,
Kountchou Noubé Michaux, Yerima Abba Hamadou, Saidou,“Air Quality Assessment Based
on a Smart Locally CO2 Monitoring System With Validation by a Reference
Instrument”,Sustainable Chemical Engineering, DOl:
https://doi.org/10.37256/sce.5120244286, SCE 2024, 5, 259-278.

4- Jacob Mbarndouka Taamté, Koyang Frangois, Gondji Dieu Souffit, Oumar Bobbo Modibo,
Hamadou Yerima Abba, Kountchou Noubé Michaux, Saidou, Shinji Tokonami, “Low-cost
radon monitoring with validation by a reference instrument”, Instrumentation Science and
Technology, 2022, https://doi.org/10.1080/10739149.2022.2095401, (Taylor and Francis).

1-49



1-24-31

Environmental Radioactivity, Radiation Physics
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The potable groundwater samples is collected from 100 different locations in Yamuna
and Tons Valleys. The universally accepted protocols of the American Public Health
Association (APHA) is be followed for sample collection, preservation, transportation
and analysis. This study investigates the concentrations of different heavy metals 52Cr,
55Mn, 56Fe, 60Ni, 63Cu, 66Zn, 75As, 78Se, 95Mo, 111Cd, 121Sh, 137Ba, 208Pb and
238U in the water samples is measured using an Agilent 8900 Triple quad Inductively
Coupled Plasma Mass Spectrometer (ICP-MS). Groundwater samples obtained from
Yamuna and Tons valley of western Himalayan. The average concentrations of Cr, Cd,
TDS, Mo, and Pb have been found to surpass yet fall below the WHO drinking water
standard threshold. Heavy metals from both natural and man-made sources affect the
groundwater at the test locations. Using a number of indicators, the study conducted a
thorough assessment of the overall pollution situation. The levels of Zn, Pb, and Cd
pollution range from low to high, from pristine to badly contaminated, and from
negligible to seriously affected. The groundwater in the study area appears to be fit for
human consumption based on the water quality indices. Therefore, it can be concluded
that the inhabitants of the study area have no significant health concerns (both
carcinogenic and non-carcinogenic) from the exposure to uranium in the collected
water samples. Beyond health risk assessment, uranium levels in groundwater can
contribute to geochemical exploration, generation of baseline data and offer insights
into geochemical processes in the Himalayan region. Next, we will collect additional
samples from the designated region and analyze them for all the heavy metals
mentioned above. Subsequently, we will prepare a manuscript and submit it to a
suitable journal for publication.

Attended the “b6th National Conference on Radiation Awareness & Detection in the
Natural Environment (RADNET-V)” from October 7-9, 2024, organized by the
Department of Physics, Graphic Era University in association with RADNET India.
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Presented two posters at the conference titled:

1. Occurrence, correlation and health implications of uranium and other PTEs in
Himalayan Springs.

2. A systematic study of uranium toxicity in drinking water of the Tons valley,

Garhwal Himalaya, India.
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Radiological characterization of local building materials and
environmental monitoring of the iron bearing areas of Mbalam,
Kribi and Bipindi, South-Cameroon. (Continued)
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1. R
Q Determination of the radioactivity level in the environment and in
local building materials ;
@ Determination of the indoor and soil activity concentrations of
radon and thoron gases;
Q Determination of the contribution of exhaled radon and thoron
from local building materials;

A Establishment of the radiological risk mapping of the area.
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Risk and analysis base on stress oxidative and immune biomarker
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The Long-term exposure to ionizing radiation (IR) can cause health consequences, even
below the dose limit IR exposure in radiation workers, alters the redox environment by
increasing the amount of ROS. Increased levels of reactive oxygen species (ROS) can
cause oxidative DNA damage. The chronic oxidative stress is involved in many
pathological conditions such as inflammation, fibrosis, necrosis, DNA damage, and
cancer. Understanding the potential health effects of IR exposure, especially among
radiation workers, is essential for further tailoring targeted preventive interviews to
reduce harmful IR exposure. Therefore, in this study, we aimed to investigate the
association between IR exposure and changes in 8 OHdG and interleukin-6 (IL-6). The
samples used in this research were the plasma from 10 radiation workers and 10
controls group. Blood was collected using EDTA tubes. divided into 2 tubes, one tube
was irradiated using cobalt6b0 with a dose of 2 Gy. Plasma was isolated using
centrifugation. Concentrations of 8-OHdG and IL 6 were measured using the ELISA

method.

The concentration of 8 OHdG was almost the same in all groups. The concentration of
8-OHdG in the samples after irradiation also did not appear to be different. The
concentration of IL6 in the blood samples of the worker group was higher than the
control but not significantly different. The concentration of IL6 in the blood samples of
the irradiated worker group was the highest. There was no significant difference
between the blood of workers before and after irradiation. The concentration of IL6 in
the samples exposed to 2 Gy radiation, the worker group was significantly higher than
the control.

The conclusion that there was no significant difference in both parameters of oxidative
stress or inflammation between the two groups. In other words, in our study exposure

to ionizing radiation had no adverse effects on both parameters
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Bacterial-assisted Environmental Phytoremediation of Cs-137
Contaminated Soil

EAEKE - Winarni Dwi llma
AW E  RE ML - HE B3
HEMEZE : Nugraha Djatnika Eka

. AR

This study aimed to develop an environmentally friendly and sustainable remediation
strategy for *"Cs-contaminated land. This study establishes a framework for remediating
soil contaminated with **’Cs using bacterial-assisted environmental phytoremediation
techniques. A key aspect is the selection of plant species suitable for phytoremediation
combined with compatible microbes. Plant-based technology has been proposed as a cost-
effective, operationally simple, and eco-friendly strategy for remediating radiocesium-
contaminated soil. Numerous studies have been conducted to identify plants or varieties
that can effectively accumulate *’Cs. To investigate suitable phytoremediation plants, this
study estimates the soil-to-banana transfer factor of radionuclides in southern Lampung,
Indonesia, a region influenced by a large coal-fired power plant (CFPP) and other heavy
industrial activities. Coal combustion in CFPPs concentrates natural radionuclides from the
uranium and thorium series within the resulting ash. Soil and banana samples from
Srengsem, Mataram, and Rangai Tri Tunggal villages were analyzed for ??°Ra, ?*Th, and *°K
using a calibrated P-type High-Purity Germanium (HPGe) detector. The study found average
activity concentrations in soil were 26 = 1 Bq kg! for ?*°Ra, 28 = 1 Bqg kg™* for 23?Th,
and 368 = 12 Bq kg! for *°K. In the banana, ?*®Raat6 = 1Bqgkg* and *°K at 288 +
10 Bqg kg ! were detected, while 2*?Th was below the detection limit. The transfer factors
for 22°Ra and *°K were calculated at 0.3 = 0.2 and 1.6 * 1.3, respectively, indicating

medium to high radionuclide uptake by the banana.
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Capacity building for development of nuclear techniques for
analysis of radionuclides and potential toxic elements in
environmental samples

WA EZE : Rahman Md Safiur
STAMEE - HE 85X
HEMIEZE : Choudhury Rabia Tasrina

1. AR
Research Result

During the project period, we had not done any research dealing with the radionuclides
in environmental samples but we have done research on potential toxic elements in
surface water and the research work has been published with the following title in
Heliyon Journal.
Potential toxic elements in surface water of Mokosh Beel, Gazipur, Bangladesh:
Ecological and human health risk assessment for recreational users

Heliyon 11 (2025) e42421

https://doi.org/10.1016/j.heliyon.2025.e42421

Mokosh Beel, a significant wetland in Bangladesh, is increasingly impacted by
industrial effluents, leading to potential ecological and human health risks. This study
evaluates the surface water quality of Mokosh Beel by analyzing both physicochemical
parameters (pH, DO, EC, TDS, and salinity) and the concentrations of potential toxic
elements (PTEs) (i.e., Mn, Cu, Ni, Pb, As, Cd, Co, Cr, Sb, and Zn). The findings reveal
that most water quality parameters, except pH, exceeded local and international
guidelines, indicating poor water quality. Among the PTEs, Mn (269.13 ug/L), Cr (33.20
ug/L), and Pb (71.47 ug/L) surpassed recommended safety limits. The spatial
distribution analysis identified Mn and Pb as the primary pollutants based on the single-
factor pollution index. The Nemerow pollution index indicated mild to moderate
pollution, while the heavy metal pollution index (HPI) and heavy metal evaluation index
(HEI) suggested a low degree of pollution at most sampling sites. Principal component
analysis (PCA) and hierarchical cluster analysis (HCA) linked the majority of PTEs to
industrial sources, particularly from tannery, leather, and paint industries. The potential
ecological risk index (PERI) showed minimal ecological risk, but the hazard index (HI)
indicated non-carcinogenic risks for children, although adults were not significantly
affected. Carcinogenic risk assessments highlighted Pb and Cd as key contributors, with
risks exceeding the critical threshold for both children and adults. This study

underscores the urgency of addressing industrial pollution to safeguard both ecological
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health and human well-being, particularly for vulnerable populations like children.
Policymakers must implement sustainable water management strategies to mitigate

the ongoing contamination of Mokosh Beel.
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Precise and rapid determination of 238U in seawaters from the
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Southern Ocean using ID-ICP-MS

W E&E  Mas José Luis
SZAMEE - HE HXX
HETRE  EoK WF

Objectives.

To determine the concentration of 236U (aU-236) in seawater using the result of
isotope ratio 236U/238U (AMS), we quantify 238U concentration (c238) in the
seawaters using ID-ICP-MS. A rapid and precise analytical method was developed and
applied. The method developed could be applicable for the analysis of 236U in
emergency case, e.g., Fukushima Daiichi Nuclear Power Plant incident.

Methods.

Seawater and seawater ice fragments were collected at the Southern Ocean
following a transect covering 51°S-67°S. The seawater samples were diluted [X 1:15
m:m in 1% HNO3 and spiked with approximately 20 pg of 233U. Then the 238U
concentration was calculated after measuring the 233U/238U isotope ratio (ID-ICP-
MS) with an ICP-MS/MS (Agilent 8800) coupled to a CETAC ARIDUS Il desolvation
system at the Servicio de radiois6topos laboratory, CITIUS, University of Sevilla, Spain.
This approach allows a precise determination of low 238U concentrations without the
need to apply a previous radiochemical separation.

Results.

The calculated concentrations ranged from very low values (0.131 Xg/kg) to the
expected concentrations range in open seawater (3.1-3.4 Xg/kg). The relative
uncertainties ranged 4-14%. They were calculated for a significance [X] = 0.05 (i.e., k
=2) after quadratic propagation as required by GUM.

The lower values reflect the result of mixing processes between seawater and
melted ice, because dissolved salts such as U022+ ion are extruded during ice
formation. The extrusion process also affects the dissolved uranium, leading to a
decrease of its concentration regarding the seawater.

Date of report: 2025-03-01
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239Pu, 240Pu and 237Np in seawater from the Southern Ocean

MR FKE : Lopez-Lora Mercedes
STAMEE  HE 85X
HEFFRE &K F - Chamizo Elena
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Objectives:

This project aims to analyze 239Pu, 240Pu and 237Np in sea ice fragments from
the Southern Ocean, following up on our previous ERAN-2023 project which focused on
seawater samples. The 1 MV Accelerator Mass Spectrometry (AMS) system at the CNA
(Seville, Spain) was used for the analysis. The data could be helpful for a better
understanding of the sources and pathways of 239Pu, 240Pu and 237Np into the
Southern Ocean, including a possible impact from the Fukushima Daiichi Nuclear Power
Plant incident on the region of interest.

Methods:

239,240Pu and 237Np samples were processed and analyzed at the CNA (Seville,
Spain) following the methods in (Lopez-Lora et al., 2019; Lépez-Lora and Chamizo,
2019). Pu and Np were extracted as monoxide anions (e.g. 239Pul60) from the Cs
sputter ion source; analyzed on a first 90° sector magnet; stripped to 3+ charge state
(e.g. 239Pu3+) in He gas at 670 kV in the accelerator terminal; analyzed on a sector
magnet and on an electrostatic deflector; and finally, counted from the total energy
signal provided by a gas ionisation chamber. The CNA Pu+Np in-house standard was
used for normalisation. Targets containing only iron oxide and Nb were inserted to keep
track of the instrumental background. The laboratory background during chemical
separation processes was controlled through procedural blank analysis. The masses of
interest (i.e. 237Np, 239Pu, 240Pu and 242Pu, the yield tracer) were counted in a 5-20
s pulses using the ARGUS software machine. Background levels for 237Np, 239Pu and
240Pu were below 0.1, 2 and 0.4 fg, respectively.

Results:

The results indicate higher 239Pu concentrations in certain sea ice fragments than
in seawater. The 237Np concentrations in the sea ice fragments, in contrast, decrease
compared to the seawater. The 240Pu/239Pu isotope ratio in some seawater and sea
ice samples is below the global fallout level for the 30-53° South latitude, 0.185 £
0.047 (Kelley et al., 1999). However, the variations in this ratio across samples indicate
a need for additional data to interpret those values properly. The findings from this

project, along with any future related data, may serve as valuable information for
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understanding the marine dynamics in the area studied. No effects from the Fukushima
Daiichi Nuclear Power Plant incident were found in the samples analyzed.

References:

Kelley, J.M., Bond, L.A., Beasley, T.M., 1999. Sci. Total Environ. 237-238, 483-500.

Lopez-Lora, M., Chamizo, E., 2019. Nucl. Instruments Methods Phys. Res. Sect. B
Beam Interact. with Mater. Atoms 455, 39-51.

Lopez-Lora, M., Levy, |, Chamizo, E., 2019. Talanta 200, 22-30.
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Measurements of U-236 in seawater samples from the Southern
Ocean

et : Perez Tribouillier Uematzin Habacuc
SZAMEE - HE HXX
HERE  Eox WF
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Objectives:

This project aims to analyze 236U in seawater samples from the Southern Ocean
using Accelerator Mass Spectrometry (AMS)-MILEA system at ETH Zurich,
collaborating with the CNA, Spain and IREM, Hirosaki University. The data could be
helpful for a better understanding of the sources and pathways of 236U fallout into the
Southern Ocean, including a possible impact from the Fukushima Daiichi Nuclear Power
Plant incident on the region of interest.

Methods:

236U and 238U source for AMS measurements were prepared at the CNA (Seville,
Spain) and subsequently analyzed at the Laboratory of lon Beam Physics, ETH Ziirich
using the 300 kV Multi-lIsotope-Low-Energy-Accelerator Mass Spectrometer (MILEA).
The U as oxide, was introduced into the ionizing source in matrix of iron oxide and Nb.
They were bracketed with the ETH in-house standard Zuttri and with the targets
containing only iron oxide and Nb to keep track of the instrumental background. The
laboratory background during chemical separation processes was controlled through
procedural blank analysis. The standard setup for U measurements at the ETH MILEA
system consists of a combination of three slow sequential cycling sequences, with fast
cycling of the abundant 238U isotope with 236U, 233U and 235U. Background levels for
the measurements were below 2x10"—-14 for 236U/238U and the 236U/238U
precision of the measurements was typically below 5%.

Results:

The concentrations of 236U in seawater (1.6-2.7)-10"5 (atom/kg) (n=3) were found
to be 1-2 orders of magnitude lower than that found in the Atlantic Ocean (Christl, 2012).
The 236U/238U atom ratios in surface waters were (2.0-3.3)-10"-11 (n=3), while in the
sea ice fragments ratio were (2.2-48)-10"-11 (n=2) The higher amount of 236U in the
sea ice fragments may be due to atmospheric deposition of global fallout. However, the
variations in this ratio across two sea ice samples and high uncertainty indicate a need
for additional data to interpret those values properly. Similar to this result for U, some

sea ice samples showed higher concentrations of 239Pu and 240Pu, and lower
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240Pu/239Pu atom ratios than seawater (ERAN 1-24-39). The impact of the Fukushima
DNPP incident could not be confirmed by the samples analyzed.
Reference: Christl, et al., Geochim. Cosmochim. Ac. 77 (2012) 98.
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Evaluation of the transferrability of an Al driven radon release
prediction method based on machine learning

MR FZE : Csordas Anita
STAMERE - Kk BE - KR EF]
HEHFZEE : Homoki Zsolt
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Radon isotopes are responsible for approximately 50-70% of natural radiation exposure
to humans, and pose the second highest lung-cancer risk after smoking, so identifying
radon-prone areas would help focusing resources to achieve an efficient use of
resources for maximum public benefit. The two main sources of indoor radon
concentration are the underlaying soil and the building materials. The radionuclide
content of modern building materials is being controlled by the screening of building
material based on gamma spectrometry, however old building material, and novel
building material incorporating NORM may pose challenges, as does the underlying
geology. Modern building practices, such as higher energy efficiency, and more
insulated buildings equipped with air conditioning may increase previously measured
radon concentrations due to changes in ventillation, and restricting air-exchange. ANN
based machine learning is a powerful predictive tool for predicting radon risk, and it has
been previously used for predicting radon prevalence for a Vietnamese copper ore mine
with good results.

Datasets of the sampling location, radionuclide concentrations, soil gas radon
concentration, permeability, geogenic radon potential, soil type, measured gamma dose
rate, and calculated gamma dose rate of Transdanubian region of Hungary were used
to train, validate and test an ANN based algorythm for geogenic radon prediction using
80% of the dataset for training and 20% for prediction. The predictive capacity of the
model was evaluated using the test dataset and various standard metrics (RMSE, MAPE,
MABE, R and R squared). The ANN was also tested on Japanese datasets to check the
transferability of the method and predictive capability.

Compared to the relatively homogeneous region in the vicinity of the Vietnamese copper
mine, the heterogeneous nature of the Transdanubian Region reguires the inclusion of
further parameters. The gamma dose rate or soil Ra-226 concentration, while
connected to GRP and radon gas concentration in soil and air, were not reliable
predictors of Rn concentrations on their own. Th-232 does not seem to interfere
significantly with the GRP measurement method. The current ANN based approach

might still prove valuable on a smaller scale in more homogeneous regions after

1-62



retraining. Japanese datasets can have similar issues as the Transdanubian region on
a national scale due to the heterogeneity of the data, however regional or local scale
evaluation might be worth pursuing.

In the future in addition to increasing the input requirement of the current model, the
use of different machine learning approaches, such as autoencoder neural network
hybridized to the Extra Trees model (AENN-ExT), multi-layer perceptron neural network
(MLP), support vector regression (SVR), stochastic gradient descent (SGD), k-nearest
neighbors (KNN), and hist gradient boosting regression (HGBR) might be considered

and compared to the current ANN based approach.
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Due to the short grant period and the difficulties during data analysis no joint paper was
published by the research group between April 2024 and March 2025.
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Intercomparison on passive radon measurement for nation survey
in Thailand caves.

W72 %% : Sola Phachirarat
SAMRE: 7Z7>Ay K FaT47 KR EF
HEFEE - HE B

DES

Cave tourism in Thailand has grown increasingly popular due to its natural beauty,
cultural significance, and local legends. However, caves are enclosed environments with
limited ventilation, making them prone to the accumulation of radon gas (*??Rn), a
naturally occurring radioactive nuclide that poses health risks, particularly lung cancer
after long-term exposure. This research project aims to conduct an intercomparison of
passive radon measurement methods at IREM, Hirosaki University, Japan, as part of a
national survey of radon levels in Thai caves. The calibration result was use to assess
radon concentrations in tourist caves across Thailand and estimate the radiation dose
received by visitors and staff. The goal is to establish a foundation for future safety
measures and regulatory guidelines.

Since the project commenced in October 2024, the research team has reviewed
literature on cave radon studies worldwide and conducted fieldwork at two pilot sites:
Tham Chiang Dao in Chiang Mai and Tham Ta Lor in Khon Kaen. The field survey at
Tham Chiang Dao was conducted between January 13-31, 2025, using an AlphaGUARD
DF 2000 device for active radon measurements and Raduet detectors were put in the
caves for 90 days for passive measurements. Soil and water samples were also
collected for elemental analysis. The survey at Tham Ta Lor took place between
February 17 and March 7, 2025, employing the same methodology. Preliminary results
showed that the average radon concentration in Tham Chiang Dao was approximately
500 Bg/m?, while Tham Ta Lor had a higher average of around 1200 Bg/m?. Radon levels
in the workplace should not exceed 1000 Bg/m?, as recommended by the International
Commission on Radiological Protection (ICRP). These levels may pose health risks with
prolonged exposure, particularly for cave staff or tour guides. Data from passive
detectors are currently being processed and will be compared with active measurement
results for validation. Despite steady progress, the project has faced some limitations.
The one-year duration necessitates careful selection of caves to represent diverse
conditions across the country. Seasonal challenges such as heavy rainfall, especially in
southern Thailand, prompted a shift to survey caves in the northeast during the early

stages. Additionally, obtaining permission to access tourist caves required coordination
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with multiple agencies and was time-consuming.

On the academic front, the team has begun drafting the first research article to present
preliminary findings in an international journal, such as “Toxics”, by the end of 2025.
This study is expected to contribute to the body of knowledge on radiation safety in

Thai caves and support policy development in environmental and tourism management.
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The results of this research study will be published in the TOXIC or Atmosphere journals by

this year.
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Portable cancer detector based on DNA probe

W& : Pojprapai Soodkhet
SANAERE: 770y K FaT74~7 KRR EFA
HEFIEE -

Overview

Prostate cancer remains one of the most common cancers in men worldwide and is
often diagnosed at late stages, resulting in high mortality rates. Prostate cancer antigen
3 (PCA3) has emerged as a promising biomarker, offering greater specificity than
traditional prostate-specific antigens (PSAs) for early-stage diagnosis. In this study, we
introduce a portable, quartz-crystal microbalance (QCM)-based biosensor enhanced
with graphene oxide (GO) nanomaterials for the rapid, sensitive detection of PCA3,
offering a viable solution for point-of-care diagnostics.

Methodology

The biosensor was developed using a layer-by-layer assembly of L-cysteine and
graphene oxide, enhancing the surface area and increasing the density of binding sites
for biomolecules. The GO-modified QCM electrode was thoroughly characterized using
XRD, SEM, AFM, and FTIR, confirming the successful deposition of GO with carboxylic
moieties, ideal for biomolecular immobilization. Optimization studies included EDC-
NHS activation time, capture probe concentration, and incubation conditions.

Results and Performance

The GO-enhanced sensor exhibited excellent performance, detecting PCA3 targets
across a wide concentration range (1.00 fM - 1.00 u M), with a limit of detection (LOD)
of 0.93 nM achieved within 20 minutes. SEM and AFM images confirmed a large surface
area for GO particle deposition, while FTIR spectra validated the chemical functionality
of the modified surface. Selectivity tests demonstrated exceptional discrimination of
PCA3 from unrelated analytes including COVID-19, DLX1, and EGFR, all of which
showed significantly lower responses—even at higher concentrations—than PCA3 at
the lowest tested level.

Conclusion and Implications

The QCM-based biosensor incorporating GO nanomaterials enables rapid, accurate, and

selective detection of the PCA3 biomarker, with promising implications for early prostate

cancer screening. Its high reproducibility, selectivity, and stability highlight the potential for

integration into clinical practice, particularly in urine-based diagnostics. This platform also

sets the stage for broader biomedical applications, offering a flexible foundation for
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detecting other disease-specific biomarkers in future point-of-care testing systems.
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Proficiency test of passive radon measurement for nation survey at
Hin Dat hot spring in Kanchanaburi, Thailand

MR *K#E : Rattanapongs Chanis
SANMRE 77 >vAy K FaT4<7 KR EFA
HEMIEZE  Sola Phachirarat

1. R

This research aimed to test the proficiency of passive radon measurement analysis for
outdoor radon measurement in high background radiation areas. Initially, six samples of Hin
Dat hot springs were analyzed, consisting of two hot springs for the public, one hot spring
for children, one drinking water well, one hot spring for monks, and a natural waterfall area
to examine the amount of radon in the water using a RAD7 radon detector. The results
showed that the radon values in the water ranged from 770 to 25,300 Bg L-1, with the lowest
values found in the natural waterfall area adjacent to the hot springs and the highest values
found in the hot spring for monks, which had relatively high levels compared to many other
regions. The radon concentration in the air at three points around the area was measured
with a radon detector (AlphaGuard), the values obtained ranged from 13 to 50 Bq m-3,
approximately 500 times lower than the measured radon concentration in water and
exceeded the average outdoor radon level mentioned by the World Health Organization:
WHO (average of roughly 10 Bg m-3). Therefore, to test the ability of outdoor radon
measurement with a passive measuring device, RADUET was installed in the hot spring area
with a total of 10 installation points (23 samples) for 3 months. After completion, all
RADUETs were sent to the Institute of Radiation Emergency Medicine, Hirosaki University,
Japan, for etching and analysis using the RadoMeter system. The experimental results
showed that the values ranged from 2 - 67 Bg m-3, and all samples had radon concentration
values higher than the lower limit of detection (LLD). In conclusion, it is possible to use
passive radon measurements to analyze outdoor radon concentrations in high background
radiation areas. However, this method still has limitations for measurements in outdoor low

background radiation areas.
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INFE TREFEREHFZEMIZICE WV TEES MRS O, /I ERIBICEHE WL TILR
N @ Cs-137 ANRIBAD Y X —FDFEYH LGS TWEELDh > TS, UE—I(C
SFNnD Cs-137 OBtftIZ. EACEREICS T2 AHARECTMMINTE L, LA LA
b, AFDY X—IZEFEND Cs-137 DAHKIL 0.3 % Kurihara et al (2020 JER)A . 30 %
EE M2 1L, Sakai et al,, 2015 JER) ZF TAERIEZFF->TW5, S HIZEZIE, Clint et al.
(1992 JER)IZEAD 5 D Cs-137 DAHEKA 30~T0% & HE L TWD, AT TIL, BHAR
TNAFTRIZEENS Cs-137 ORISR T 2BRICE LS EEZECBAREZHONT
5ZexmBENE LTz, AR TIE. BEYHHD Cs-137 OFHICBAL TLE2—%ZEEL.
BAHABROP T AHEROERICHFET LN TFRINIERZBLNICT 5, BIFER(IC 12
ROBHEENMRESIN TV, AFXDAHEZRELLBYD DB, 3HTLIF—K—BES
HOENREIN TV, TO3IWICHBTZREL T EHLHFICH T LEERIRLTLS
RTHD, AFXEDEDITN2~3FET. IANOEF2 BICHITTEHED 67BN EE(LF S,
1985) , Sakuma et al. (2021)Tld. RICH Y TN L7=T7 Ly a2 THWAFELE Y X —/Xy
JICAN, ¥ 1 F5HER. AHEARZEBL TV EA, BLWAHEZREL TW A, ZDR
ELTHETHEWEZERICLIZEENERZ 0N, —A T, IO 3 WM THEA I N/-EEK
Id. BERICZOFEGEZRERL, MESENIEEGE LAERNMEY Z BRI N,
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BREICLYSELI-RELPOBES LSV LDGH E X DREFRED
SR

WS LE 55
W EARE  EH #X
1. RRE
1. i
2011 FICRE L-REE—RFAREBAERICELY . REOKFEYELREFRICK
HE N7z, F5I2 137Cs (FBEA 30.2 F) X, METLEFELABFRRE B> TW D, FHR
TIEROMESE Cs (T EICH LI & REHE Cs SBMALT (CsMP) IR hTH Y.
CsMP Iz WIRETEEA BT %, AR TIE, CsMP OBENHEZBE ST L, il e
DHBEDFREM A IRET S 2 Z L 2B E LT
2. RE&
AFE T, BEEAND 2#E (KR - /) TRELEARIL, LFE0BAREL -
B, BRDBEE A — IV HF ST 74 —EFAVWTCsMP OBESHEBITLT, £3. B
W CIERE Fe BILME DR L. CsMP LTI ODEEEA RS L1z, RIZ, KIEH
MzaiTUO, 63 um U T ORFEER LTze DR, RURXRYITXTVBERS MY 7LEZRAL
ERDBEHCE Y, 1.8~3.0g/cm*DEE T8 DNBEXBI-NEE L7z, BEIC, F—
TVFTT T4 —ICL > TRBERBOABOMITHEZEBE L. CsMP O ENT % 2T
L7
3. fER - ER  KROTEICHWLTIE, CsMP A'EIC 2.2~2.4 g/cm* DB EXEIZHH
LTWB ZENHERENTZ, TNIE—MBRTABIEN 7 ZOEE (22~25 g/cm?) &
—2 L. CSMP OFEFDN SI0, THB I LxRMLTWBREEZLND, —FH, /JADt
ETIE CSMP O TAKRREITELR Y, 24~26g/cm*ODBEXBE(CS HERI N,
7o, BRETEERE OB TIE. MY RE LT <. BEERERICEEL RIFTA
BEMEATRB E NI, IS DA DEBEREICEWTIE MY H e E%s RIT LR,
CsMP & XBIT 5 Z L AREERIBENH -7, BRETEEELEICELNTH, BE 2.2~
24g/cm*OXBEZ BRSNS 52 & T, CsMP &8 Z#RI L. ERET 52 &
AR TH B I EDRE I N,
4. $5:m
AFRIZE Y. CSMP OBESFIETIC 2.2~24g/cm*D&EEICER L TH Y, MLy e
ERR DA O LA ERINT, 7. BRFTEERELECIM IO ELZITS
B, BYHBEDEZIT) 2 & TCsMP OBENRIEETH 2 Z LRI NIz, SkIE. BED
XY HEEEL L. £Y3ENL CsMP ODBEFEA2HEILIT 2 EAROOSNDB,
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KFRRLAED b F 7 LIZRFHEERRD O ESHICRRERE I NS WHAEYED—DT
Hb, BEMICERGER - FENEERICEOC M F7 LOREFZETHRIIAROR [VEREE
RDIcHICEETH D, Ny VHRBREHREOHRARMIIERENBES —RFHOHEEM

(FDNPP) =i (K E CER LD X—XEREREBEDO N F 7 LOHAEICET 2RI
TR ERFEZGV, AR TIE, FDNPP AEOEYMFR ) TV LREZRONICTE I %
B#y& L7, FDNPP o6 &% 2km DIt EEAD 2 m T, MES LU LE 30cm 37 %
PREX L 7co BRERENAERIZ 7L /Ny 7 ICHA L ERBRE (CHE L 7o, IMEICDOWTIE, PTFE
TANZ—FZBWTBYEER LU ATV ERWBEETEBEAKNY F7 L%[E
WL, MBEEICE > THERIESR MY F U LB L7, EKZZEELIcDL, BEIRLF
—BELFL—a vBHBZRAWT, MU F U LB EER L 7o, HEBHEKNY
F U LORE I, dtESR T 0.55 Bg/L, MEMSAT 1.05Bg/L THo7, BEHBEEE LU F
LOREE. dbFaH# R T 0.72 Ba/L-AKEK, R R T 1.03 Ba/L-MABEk TH > 7o, MBIBE K
RRUTFYLREND 2024 F 9 AERBFROFHESKT F) 7TV LORENALS NS N, —
7. BEEEE N T LRED OMECEBHEO U FU LREDFHELN SN HF
DAARTHEANEND NNy 7770 FRELEARBENMPPEVWNITVLRETHD Z N
oM ICR o7,
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FIECBR) & &K UFREIINICEH 1T 5 HAKE D 1291 EhiE

MIERAERE : il &E
WREHRINERE 8 20 - FE K—
W AEBIFRE A 5EE - ifh B

BERFELC L UnEa N7 1-129 (FEHE 1570 BE) DEIE 5.2~7.3 GBq TH Y.
ZDHH 2.76GBa AREMIILAE LI EHEINTWL D, EREBHRUUE, T3], Mk BK
MEICEEND I-129 DEREEICET 2RAENMTHONTE A, AIKENRE LD
DIFES) L e < Z DENREICEI T 2 HI B A D 7 LN, 2023 FITEFERH A FA S 117z Alps
IBAKDHIZH 129 B ENTEY ., BEAOEEZBET 57-0I1CH,. BEEHERED |-
129 DENREA FEMICFHAT 22 L IBEEARETH L EEZI LN D,

BREEE O, AIICE T2 1-129 BhReICREd 23t e L <. WERIIFR (B5). FTH
JWTFGR (RET) - ER (BRF) TEERL 72K - BBYWERAR OO EIT-oTE, TNET
ICRIECBR) ISR T, FTEITIE 1F129 SRE DO A7 o9, 1-129/1-127 bR AT 058
REAE N ENHEREI NI, 2023 FERNITIT 572 2016 F 8 B DHAKA N> MRFICHH
NN ERTEERL 72RO Tl FTRIITRICENTE 1129 BEN S L. BERHH
ED 129 LB EN LW I EREA SO [-129 RE I T ARBEOFTENKRETLL KB
EDTREENT, SEEIL, 2017 F£ 10 BDHEKA R MEFICHA)I ER TR L 250E
DO EITV, INEFTIC/ONEHR LD EZIT> 72,

FER)ERD 2017 F£ 10 BA XY FEFORBRGFEI-129 BE. BEYWED I-129 8E. R
MM ODERBDOFESEIZ, FNFhN 0.27 uBg/L (n=6). 5.2 mBqg/kg (n=5). 22000
L/kg(n=5)Td -7, H/KHBEFDAFRE, BEHED 1-129 FTHEIZZNZ N 730 Ba.
5600 Bq T -7z, I-129 BENKEDBIZL L THREBYWED |-129 BEABEDFHET
— R eI B MERE)IIFRTIE 0.44~1.0 mBg/kg., FEJITRTIE 2.4~4.1
mBa/kg TH Y. RFEAD 1-129 DEEENBWVIEEEL R D I ENERIN, £1-.
EN T ODEFRBICOVWTHRAZITY &, FER)IFRTIE 4300~6100 L/kg, #HE)IT
JE Tl 22000~25000 L/kg TH Y. FEIICEWT 1-129 »EREYEICKL CRERIFINT
Wb ZEDNREEIND, 1-129 RHEITRIF E HARY M OFEIEKFT 20, FTEFR)I

T I-129 fERHE 1T 2 EBRE 1-129 RHEEDOEGIL 2018 F 7T DA R T 20%
£ 2018 F 10 BOARY FTT3% LA HZ—A, FRINDO 42072ty b (24
Ry b x2H8) T83~IT% LML THEWMEZRL T\, 2D ED LREKEHFTIFED
1-129 OLEBEENZWLWREIZE ., BREICHT 2BEREE L THFENKEN EAHER
iz, 5%, BEERSHEED I-129 LEENZ W EEZ NS, FRIIIGEDEEY
ANICEREH TR ZEICE > T, RAMWRIET B Z & ZETEIL TWLW 5,

SEEORE L LT, 2024 EEFICFHERRR/INCH TS 2018 FOEAFERICE W TH
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X 1#&#AFL7 (Wakiyama et al. 2024, Appl. Geochem. 173, 106134), BI&#E L T,
TRV Y —=2%TV (BEARFE 189 BEAIRZESR 2024 F 11 A 13 )., #AEIC1
HigE s N (BRE 2024 £12 B 13 H 53999 5),

Wakiyama, Y., Matsumura, M., Matsunaka, T., Hirao, S., Sasa, K. 2024. Riverine 129|
dynamics during high-flow events on the Abukuma River in Fukushima. Applied
Geochemistry, 173, 106134. https://doi.org/10.1016/j.apgeochem.2024.106134
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DES

Hard tissues, such as bones and teeth, retain their shape and can be preserved for extended
periods, making them useful in species identification within the field of ecology. Recent
advancements in analytical technology have made it possible to extract valuable information
from archived hard tissue samples. In this study, we will utilize hard tissue specimens that
have already been collected to measure levels of radioactive strontium, which is known to
accumulate in teeth and bones, and CO2- radicals, which are known to accumulate in tooth
enamel. By doing so, we will be able to assess the radiation exposure levels of wildlife living
in the difficult-to-return zone in Fukushima Prefecture.

In last fiscal year, we could measure CO2- radicals from the tooth of large Japanese field
mouse (Apodemus speciosus) successfully by electron spin resonance (ESR). As the next step,
we estimated exposed dose in mice tooth by additive dose method in this fiscal year. Because
of the small size of mouse teeth, making it challenging to detect radical signals, 15 mice teeth
were combined together and two groups, young (under 14 months old) and old (over 1 year
old), were set up based on the degree of wear of the molars. Each sample was irradiated with
60Co in 100 mGy increments up to 300 mGy and the CO2- radical intensity was measured. The
obtained values were used to create a regression line for the two samples to obtain the
exposed dose values for the teeth. A comparison of the results obtained with additive dose
method and radiological assessment showed a huge difference in values. The reasons for this
are that in ESR, the old group had a small sample volume, so the variation in the CO2- radical
intensity extracted by ESR measurement was large. Furthermore, the ecological
characteristics of rodents, such as lifetime migration and habitat preference, were not taken

into account in the calculation, which may be another reason.
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1. BR
ERBHEEE—RFHAXRBFROBHRICL VEBEPICHE SN ARSTEYE IS & 24T
OEYFRIZERBLI L <ITHNTEZ, LHL., INODOHBRDOREIZ. BHETD
Ny 0TI FT—=2RRMLTWBZ EICH D, THIRRIITHHEEL S - KEUHA
FICEARTIEC AL, - M0EREIC & VI ER 2 E 2 AJReENE X b N b, 5 6
FEIZ. BV TLORELZENE L TERENTFNO 3R zfAEL. REANES
SJUOBETHXXIDHEAER LT, HELL S TOBETHRXS (Apodemus
speciosus) H o, BERE. APEE. BEE. OB, Bb. BN, ETEERE S L OB A REL .
HA 7RERE L TRE L2, 0 5 SEMBBICKEL 727 h & X T E4ER S ERAN B
VTILNT —hATICEHREN, DOl A FEITE i (DOl 10.34355/sample-
IREM.Hirosaki.U.00137), &6 FEDEZET H3x X IHKHI DWW TIE, ERAN 4> 7L
—HhA TICHBERATH S,
(& hE2s iR O LE - RTFIRR])
OFFfE. B, A, OfE. KRB 10% REEE L~ ) v EER, BRFRET 2 e
LD T T 4 o BIBHERE 2 L 7o, FRAIC RV R EGRORML FIEETH B,
7o, BT ICHD®, RERBRTEERSEL 7, -80°CTHREFLTWVS
QOEfE : S EZ TV, RERERZFE L. FEFREMEERZ IS l,to AT
ICERORENRIBEETH B,
@m& MED R, BREABRTERDEL, -80°CTREFEL TV
OB . 77V RELIF10%FERERILTY v CEER. /87 74 > SIBEEBZE/HL
Too ETo. MERZ/NRICHTE, REBHRTEERDSE LT, -80°CTRELTWVLD
®IE: 77V REIL 10% PHEEE L)V TEER, /87 7 1 OIEABE i L
7=
® : B (B, &) : -30°CTRELTLS

2. W
1. Miura, T., Imada, S., Ohtsuka, Y., Nakahira, R., Ishiniwa, H., Yamashiro, H., Nakata, A.,
Anderson, D., Fujishima, Y., (2024) Biological samples of wild animal (large Japanese field
mouse: Apodemus supeciosus) in Rokkasho, Aomori, Japan, Center for Research in
Radiation, Isotopes, and Earth System Sciences (CRIiES), University of Tsukuba, DOI:
10.34355/sample-IREM.Hirosaki.U.00137
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S[E-KBEIRBICE T 2MEOEBREZIALMNICT 270121, BXEERTH B KOFEE), BERE
BZHEONICTHIERFEETH D, HEATHAINIZEKICEEINS MY FTLIE SRE
I F EBmWMEREZ TR [RBENR] A"ROONTVWEZENMoNT WS, 47 HEAFEDH

TRSBEICMNET 2IBETIE. P FVLEBENAREINTULSA (Akataetal. 2021).

IRFOKDRRIAAERKIC D NTIETD EIETE ARV, AR TIE, BELIRTICHE W TAM

PEXEIRENL . £ DKFR-BRRFAMAHEKREZRAONCT LS EZENE LT,

2020 1 Bhw 2024 F£ 4 BICE T 2K MY F7 LBEZAIE LR, 0.28-1.27Bg/L
OREHETH Y FEEKP Y F U LEEIL 0.65+0.27Bg/L TH - 72, Akata et al.(2021)

DI|EICEWT2015F7 AAH 2019 FKF TOREKA MY F 7 LIREERFHIE 0.24-1.59Bq/L.
KR Y F U LEEL 0.6820.30Bg/L TH-T-7-H, RRREDEETH>T-, T8
HERER, BEXKFD MY FULREIFELICEL, ERICEVERZR L, BKPKEERSRE
DENEEE L Z N Z11-103.88-9.26%0. -15.46-1.73% DEFETH -7, XZ=D 11 BH'5 2

ARUZDOMORHD 3 Ah o 10 B ORKFKERRRAMVEORIGERE R 2 &, £F=EX
KIEL Y BURAKRE L, BEHMEFEDERANBEEICE oN, /2. ZOMOEHIZRK
MREFBEORISERE QY XHMEE —BT 2R EL -7,

N. Akata, K. Okada, N. Otashiro, H. Kuwata, K. Kheamsiri, K. Ohno, Y. Yoshinaka, R. Yamada,
M. Tanaka: Performance test of improved commercially available tritium enrichment system:
Toward rapid and high efficiency enrichment. Radiat. Environ. Med., 13, 60-64. (2024)
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Estimating radiation exposure in wild boars through chromosomal
damage assessment in Fukushima Prefecture

MEREXRE T X—Y>y K/ 77>
AR E Ak BT - BIE FF¥ - =8 858

SES
Estimating the total radiation dose received by large mammals, such as wild boars inhabiting
areas contaminated with radionuclides, presents significant challenges—particularly in
regions with heterogeneous contamination. These challenges arise from the animals'
movement across varied landscapes, leading to fluctuating external exposures. While
internal dose rates from radionuclides like 137Cs and 134Cs can be estimated through high-
purity germanium (HPGe) detector measurements, accurately assessing external dose rates
is more complex. This study aims to investigate the impact of the Fukushima nuclear
disaster on wild animals, focusing on the challenges in assessing both internal and external
radiation exposure amid environmental heterogeneity. To address this, an established dose-
response calibration curve, developed through in vitro irradiation, was utilized. Accurately
determining radiation doses in environmental components following the release of
radioactive materials is crucial for radioecological studies. However, radiation dosimetry for
wildlife, especially in chronic low-dose scenarios, is complicated by several factors: Spatial
variability in environmental contamination. Changes in external dose rates over an animal’s
lifetime due to movement patterns Seasonal habitat use and shifts in food availability, which
influence radionuclide uptake (e.g., ingestion of contaminated vegetation during grazing)
Such variability complicates dose estimation for large mammals like wild boars. To address
these challenges, this study explored different methodologies to estimate radiation doses
in wild boars from Fukushima. Since ionizing radiation is imperceptible to human senses,
dosimetric devices like thermoluminescent dosimeters (TLDs) are typically employed.
However, these devices are not always available, and animals (or exposed individuals) may
not have worn them. As an alternative, biological dosimetry methods, such as the dicentric
chromosome assay (DCA), can be used to retrospectively estimate radiation doses. The DCA
detects dicentric chromosomes—formed from misrepaired DNA double-strand breaks—
which can be measured from blood samples collected shortly after exposure. Although a
dose-response calibration curve has been established, its applicability to wild boars in
Fukushima remains uncertain. Notably, boars captured in 2018-2019 showed no detectable
dicentric aberrations, whereas samples from 2016 displayed higher frequencies (0.01 to 0.05
dicentrics per 100 cells). Using the 2016 data, differences emerged between dose estimates

derived from low-dose rate (1.43 mGy/min) and high-dose rate (200 mGy/min) calibration



curves, with calculated doses ranging from background levels up to approximately 600 mGy.
Future work will focus on increasing the number of scored cells to refine dose-response
curves and improve dose estimation in Fukushima boars. Efforts will also be directed toward
developing correction factors for dose rate effects. Additionally, alternative methods such

as electron spin resonance (ESR) will be explored for comparative dose assessments.
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