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Radiochemistry, APSORC 2025 ) » &fimEFERUR EiE 2 (B2 thriddlr ~ e
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IR I - W20 S U AL AE 22 /8 o BB O A S R AR R 1 -
WISE-137 FEARMEDK ARSI EIE M ~ #f (Pu) FEIIRYPERVERERS ~ DUk
TR 2 T E B B R i i T - &5 L AR G BRI LT 7
s > L E B — A e AT [ B S M R A L 2 A R (i R LB e - A Lol
BRI M RSS2 EE -



o,

W

=

’ t

T e 1
TR e 2
HEBRAT TR ...t sss s 3
— ~ AT 2 AEER TR e 3
o R BB TR e 13
= THRZ R ZIZTETBRS ..o 21
I et 38
JBEERR ettt b ettt ettt ettt ettt ettt s b s st 40
BB e 41
BEFEEIL e 43
T TR et 47



HEY

o Em KA B2 TS & ( The 7th Asia-Pacific Symposium on
Radiochemistry, APSORC 2025 ) A ERER 114 429 A 14 HZE 19 H{RH A EMER%
FAVLT Kunibiki Messe 22817 - &3 £ & BUAHM CER RO 3 ~ ROPARHIEER ~
RSV EH ~ BB SR ~ U R e ety ~ I S8R ~ #%
TRt KR LR R BERA R T 2 (< > B A\ B2 E s Al R T R
B2 e ER - BT A S -

ARHULIRES IR G 38 B SRR MG s g
ANBZ AR S L BRI B BT T I SR B i S8 e 3 I SR R
Az R AT T ~ BREn AR BT ~ A B AR BB R E N F R
lir 2 JfE FFR S B A 8% Je 7 (7] - g P T BRI S TP U AR T /% ~ U
B fREE (QA/QC) KEIFERETIE AR (Proficiency Testing, PT) 1/
TTIHET » BRSO HEBN BRI U ME R B D M (R 2 FOlohs I R 25 (E1E -

&F b SIS G 7 B A T L IR B Sof U BER R o Eh A - o
feorthae JEREE EH » AAF R R AR E] S g T B iU 1 e M B S B R
B9 TAE Z SRS -
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%~ HEEE

AR G W B ELIE RS LA ZA BB TR ~ B o IRy AT
SR ERE - A BN REIIA T L B RE T B PSS B

— BETMERE AR

Bt e i S P A R A BB A Bl L (5 P B R PR R S A /K o
#E > FAgEHE-135 FEAEY)E K (8L IREM G B AT E R (Inductively Coupled Plasma
Mass Spectrometry, ICP-MS) JEtREEMES (Cm) - SERENREE UBIALE
R BERE L Z FEF] - W e U R T = B U ~ P bl s
JTIEVSE R AT AR AR R BB AT AR R B 2 S HE -

()~ REUFEYEH IR MBS R E T

TS FIABLAT AR - FIAEREIRIERHTERT (NIES) » BIZRRE A
S BB LMY BT S o R T B LB ~ S -
R T2 R AN AR TE S » S TEHE BRI EE RO R B SEe » s
3 AL AR - I 2Bk R S — L
IS PR SR » R (L S B e b R B 50
DURCSH ~ §F - S5 (R T2 E T O A BRI - BTG B BRE
BTG T TS - BEVEARE - B = (AR -
B9\ B FIB RS- (EH BT » S5 B2 h(0 - 30 23598 £
(30- 60 2343) (& 1) BEAREK 800°C iRt/ /NS » U DRI B h
1 141°C FATELRA AR (4 X 5740856 E3 B Xray Fluorescence, XRF )
ETEETEER - RARGHEGE © JF-40)FTHI R LIS (SH% (High
purity germanium, HPGe ) » [2]8% FII A S A5 U A0 2 1] S Mg R ] 22

B -

bFEss R » it i fE e R ERYSDEAY. (Ferralsols) » S &
& 66-69%  fAfbim 4.9 - 7.8% > FALFHEAEALEEAIRK - $-40 JHERETT



= (1.2-2.0kBq/kg) » 4R 2ERF(E (0.4kBakg) Y 3-5 % - e
[ R Ry E S E RS - S I MR h BB UMAR I - B R T
HURHERHR R B EEAIR < XRF AISHYE(L8 & &8 HPGe JHTFHYSH-40 /&
EEE—2 (B 1) EITEOIEIR - 8 - 87 - 8 - SRR H A TBER
FRAE(HE 200ppm ~ §7 20ppm ~ §ii 100ppm ~ §¥ 300ppm) © [k ~ B E H A
TIEEAREAE(SE 10ppm ~ Bifi 10ppm) A - {HE M #EEEEEIRZ (Environmental
Protection Agency, EPA) fRAE(5f 3ppm ~ fift 1.5ppm) » [A|FCEEERAEEH] -

&hiam Ay MR T B A & BT > m] FIMEACRERES: - B E M ETT
(st ~ #mE > ERCNEHETT - DERHEYIEEER -

Concentration per dried soil weight (%)

Sample name{ Depth (cm)

SiO; 1i0. ALO. Fe O, MnO MgO CaO Na O K.O0 P.O«

A-30-1 66.14 0 1436 129 013 038 027 0.31 8 0.26
B-30-1 6878 0 1467 o 014 0.30 017 030 9 on
C-30-1 67.82 0.31 1434 3.98 0.13 0.9 0.07 0.31 7.5 013
D-30-1 66.1¢ 03s 1545 144 016 oM o 03 764 0
E-30-1 6694 039 1591 166 021 031 028 028 621 016
F30 w 8.2 0.31 (RN 3.76 o 03 0.15 029 .08 o
G-30-1 68.78 0.36 s 3.9 015 023 0.07 0.29 7.8 on
H-30-1 66.66 0.3¢ 1532 3.63 0.16 028 025 031 654 o
1-30-1 79.% 03} 1655 3 017 oM 013 017 5% on
3-30-1 ) 0 1641 3.93 0.18 0.38 0.11 0.18 566 0.13
Averag 9.21 0.34 1529 103 0.16 0.31 0.1?7 028 6.86 0.16

A-60-1 65.9) 03 1458 1% 017 0 0.10 030 709 oM
Bl 66.19 0.5 1528 3.89 0.18 (&3] 0.06 0.29 6.96 0.0
C-60-1 6558 038 1537 3.96 o 09 008 09 6.7 0w
D-60-1 65.00 0.36 1874 422 018 038 0.07 0.31 708 0.08
E-60-1 6495 041 1638 133 0.37 oM 0.19 0.27 59 0
F-60.1 = 66.77 0.33 1469 1.0% 018 033 0.07 0.29 6.76 0.07
G601 6% 0 1412 109 020 00 004 0.3 69 om
H-60-1 6509 039 1663 428 016 03 016 028 [33] 0w
[N 64.%0 0.42 1774 192 0.4 041 0.13 023 9 0w
)60 64.52 0.43 1754 13 0.16 0.41 0.10 0.24 LR 00
Average 65.52 0.37 1550 .24 0.19 034 0.10 0.28 6.36 0.08

1 ARID imRfRAE AT PR 20 (L8t in 2 XRF EMIGER

+HPGe resulty
+XRF calculated results

4K Concentrations (Bq kg ')
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ZEHH AR FEZEE G R K& (The Jikei University School of
Medicine) 1y Haruka Minowa HfI7E883% - W7y SRR RS (EFEHE-89 B
#8-90) 1F Rtz 2488 W) - IR E BLESHa Ss fHADL - Zhi R NG Ak -
B SER RHEE  RIRER IR  MAEE RI A B 2 H A - 281 > R
THAZIESC-90 (Y-90) B R/&ll 5 GHeptzfd > NEFTAESAEErEEsait - {F41
TR KA i P Y e P T B B R PR > 2 AR R R s B K s i HAE
EMEMATHY TR (RS ) ARyt - R HERR RN A% (5 e
5 ) WYHE o BT ENEE TSR A B R ARG B A AT SR - (HAEIGR
SEREH - HFREASIESEAEEE - W0 TR E R B AOR - (B 2) -

R » 5z 720y H RSB & —(E bR ~ e - B B FARRCA NS o i 7%
(R P {EHER S (Minimum Detectable Concentration, MDC ) H f225% 1& 7 1
{E&HY 0.001 Ba/L » DU 2 RS AR IRE BRI R o S 2k B el 7 e SRS A 2 Y
B BE R 51 AT —HE A4 R W B RS % S B A ( Modified Barium Silicate
Adsorbent, MAQ) E RyHIEEERA L BRI BCAHECIEGEE T H SxosEsEt -
HUHVEIR T EC R E=2E 4,200 mL/g - [fE7K RIS ~ $ ~ $5%5 FEOTRI
[ 7 FC (R - 49 20 mL/g » BUREZ R AIRES A SUREsR L PR A2
B8 - 14N » BIBREE I BRI RER R NS MBI su 08 - 24T
AREEE T MAQ WVERURME BLEARNTEL-90 Sy B RISl - BRSIEE S
TKAR A A b 1% B B AR R - BT RE SRR R B P R B HE R PR AR
BB - DUEAFE0-90 ZERURIE T - Bef% - ) DB AR A2 A AYEL
-90 TEHAR T o EELIZ > W HEEBIE T EEs T RAHE -

SAEsHEELE VB T ERREREUR (R 2) o b =R
36% » ELAPHER TRy 90% ~ SEHRHT ARy 70% ~ $LEIUR By 60% - FE#]2HY 100
EFHEEmMESTE > 5% 77,409 MDC £y 0.23Bq/L - BHFE UK ERYELR 7775
EE > ATERM B BEHRFIF R NES R EMN R (2 AP A - B
AH AR MDC W FHEL - EES R R AGTRIE 100 ZTHEINE] 10 AT > B
ZETHET ] DU MDC [FRE] HAZ(E 0.001Bq/L > [Hb—{EHIERPE RHE T 5 25 (547
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SEANIR B AR EARG BAR Ke LT EIUR

Start solution St St Sr yield Y yield Total
Sample | Simulated | Pureceram | Radioactive | sorption | desorption | in Y-milking | in Y-milking | Y yield
No. seawater MAq® Tracer (%) (%) (%) (%) (%)
(mL) (mg) 1> 2> 3> 1x2x3>
141-23 98 155.1 2SN 91.2 - = = -
141-33 100 148.6 ®sr 91.2 - 5 = -
J41-34 100 148.8 Sr 925 - - - -
A4K-23 98 150.0 ®sr 91.4 B = . -
J4K-51 100 148.2 Fsr 90.6 2 g = =
J4K-52 100 1491 ®Sr 88.7 70.4 E = =
oxalate
I5B-11 2M HCI. 100mL B35 Y 2 Z 05 67.9 -
J5B-12 2M HCI, 100mL ®Sr, oY - . 0.5 722 -
J5B-51 100 151.3 St 83.4 70.5 0.3 61.2 36.0
J5B-52 100 150.9 st 89.2 68.0 0.09 545 33.1
J5B-53 100 148.9 Sy 884 66.0 0.08 56.9 332
J5B-54 100 149.5 Tse 87.9 69.0 0.09 69.7 423
ecawater 100 m
& GMHCI2mL
& PureceramMAgq 150 mg
Stirring for &h
Sr sorption Y-milking

Leave for overnight

Centrifugaton

Ote-:ipi!a(w] [ Supernatant ]

l

Discard

St

transfer to a beaker
with 2M HCI 100mL

Heat 60°C
steringfor 2h
St desorption

Centrifugation

Precipitate ] Isupcmaum ISv

v

Dizcard Keep Sample Solution

p—p 230012 SOLUTION |20 HCL )
<& Sr carrier solution (Se10mg!
1(— Y carrler solution [Y5mg)
¢ NH,.C 10g

Heat 10 boiling
& 218% Ammonium hydroxide to pH=8

Heat to boiling for 10min

Supernatant | S¢

Discard

Heat 60C, for 20min

[T
FHITESY

time->

Vacuumfiltration
(tilter: SA, S5mmdg)

| Precipitate ' Y(OH),

Wash
< Hotammonium hydroxide [0.056%) 10mL

Precipitate

more than two weeks
untill equilidrum

Oxalate

precipitaion

—
| P

<& Desolve with 8M HO 6mlL
< Wash with Hot water SOmL

I Dessolution + Wash solution

Dilute with D.W. SOmL

Heat 50°C for 10min

oxalicacid 2g
14% Ammonium hydroxide

Heat 50T for 10min to pH=4

K(-n‘pin roomtemprature

Vacuum filtration
A Ifilter: 5C, 24mm9)

l

A Supernatant

-

ecipitate  (COO),Y,

[\Wash Discard

<DV 5SmL, Ethanol SmL

| P

recipitate

J

Dry

Beta-ray Masurement

fi 2

KSR B B




(2) -~ SEFJE ICP-MS JEESEHMEIR(Cm)[EALZE

Z 7T H H AR SR R E2HE TEZWEJE AT (Graduate School of Science and
Technology, University of Tsukuba) [/ Yuya Kasuga WF4C883% » IR E & A1E
BT HHAGE TR T 4.7x10"°Bq #Y $8-242 ~ §3-243 ~ $5-244 FZ0TE
TEfRE R THT LRI (04 A7) BREEMIEEA - §5-243 HEEMR(E > 49
Ky 0.54 Ba/kg « HZEE - fHET 0.29 fg/g (femtogram > fg=10"g) - AHERET
TRV SHBE BT T R B B B - (A0 RERE & A R

(ICP-MS) HERRERIE - LAY 107 BE/DHRIA T AR RE RN -
REFRZE 30 FesiEE S RERAEA BRI T 00T « BeAh - (AR o BI4ResE
ERERE $8-243 T $5-244 AIEAE S HE - BEHIE R BITT « SURTHIE B 1EE A
B AR E B SR E L RITEHEHIE -

B EEE DS ICP-MS R ReRERAIRET (FRmEA

IIEMIEETOEE) BT T ASMEL - BREREE - SRR EEER X
RECESE (Skimmer Cone) G Ry I MEEVERY S EEHEE (S8
J&  $ECIaeaTE B R RREURL - REFR AL SR T Ein ey - (s E
ERAVERIEIR (LOD) FISE SRIETRIRE ) - #2k4Y 1.3 ErVERUTHErt X
Ko [HH Aridus 3 ZAEIEEEE (Desolvating Nebulizer System ) #E1THZ R
BBAL > R D T AR S 2 TR AR RGN AR S B AUR N fEmE
BRUGHES T4 44 % B KEIEERE R (Auto-Tuning) (€54 - §if
(Ce)~$8 (T1) DURHERET HARSATYIRY $0-209 ~ $1-232 ~ §§-238 » LUEE
=B B RERERMERE - FARYY 3.2 MIVERUEIRTT &g o BN
(Rotary Pump)2[# (KA MEIER ST (FE 192 Pa [ 137 Pa) » 2035 1 e T {F i 28
o \HHY 1.2 HSVEBUERTT -

A TR R 1R B T B ORI $5-242 ~ $5-243 ~ §5-244 FiR[E
irZ - WHFeLlER (CO) RIS EY Bkt §5-248 (EREML ML
BTN SR AE Y E (Spike Creation) > 41[F] Tracer HY{E AT > R EHIEAYHR

-248 MAREIIER AT - i#i8 ICP-MS JHIE§E-248 BIEHIE i RAVELBIEAL -

7



AT DURE TE R 1 B2 55 i a8 A2 o T RE 38 A AR S B R BUE I SRR I RY R RE
BrgeEEREss (Sm) Mgl (Gd) FR#H(Cm) - $R(CH I BEHYIHEL B 52 (Analog
experiment){YEEETL R » H R EMHVEETFISAELL (BT B MHEIL - JERE R
K BERBERE - SRR - TR ET B Rt TR  MERDRR AT 1%
2 0 FOETT HERES - ROV BN o o BEEE BRI LoResin £fA5
(Lanthanide Resin) » 455BHERIE 0.4 M FSEEFI SOCCIEM: T » REAUE RS
FOSRE 7 EE (B 3a) > sz BRI B B FORHER (Tracer) HYAIHED
EYIE §5-248 -

BESh » WSt ERET TR E W o R (Am) Bl (Cm) #Y73HE > 2t T
{#iF Bio-Rad AG50W-X8 #f581 «-HIBA ( « -Hydroxyisobutyric Acid) B
LnResin EBfFEEHYEHT 72 (8 3b) -

A ICP-MS GEESIEIT R EA( L - BTN EGEE B ERIE D)
Hem T4y 20 fffoiE —REENIR S 5 E B MRR(LOQ FE £ &y 0.112ppq-
B4 TR I E SR AT RIVEE A BE 30 SRR £4Y 4 w0 50
THEAE(RASERE ICP-MS ETEEREEAPREET R EE TN
BT -

(a)
4 ﬁ 2.0 (b)
0 Cm —=Cf | ' 1.5
= \ g ——Am —Cm
/ 0
1 \ \ 0.E
0 5 0 15 20 25 3 o 5 10 15 20 % 0

Elution Volume/mlL Elution Velume, mL

3 £ 0.4MHNO: ~ 50°CIE&{F T 2 HeiHh4R (a) $8 (Cm) Bigk (C);
(b) 8 (Am) Eify (Cm) -
(I9) -~ ] P-MAQ SRIFAEIES TER I /K - MR A D 3 A
W2 H A E BRI A (Aichi Medical University) [ Yoshimune
Ogata TfF5E3E3%  THFE/K PG ESERVHT T2 » (R P-MAQ 2T ik
B (BaSi20s ) #y AR » FERLA/NGTFy 4 2 300 pm - RFFAZK > 488 (Sr)

8



HABERMIRITEETT - EERETIREEY] > P-MAQ AE#BERIE H S stz iy 9~
#% (Ra)~ i1 (Pb ) #1$H (Ba) et [RIIRF A1 I /K R EFERYHI (Na ) »
# (KD~ 8 (Mg)~ 5 (Ca) Mljt (Cs) FEZRET (B 4)  HH AR
TYRE o LEAN o BREYRI AR A E AR AR B TV AE

FEERRELEROE T - UFFTEIRIHS 100 mL JE/KEE G HYSE-85 B 130
mg Y P-MAQ - F#f IR Ry 4 /N (240 7388 ) ([ 5) BEEFEY 90% HY
RIS - SRAYR IR &2 B ALK T 85 T RS R B E 8 $5 RS A
IR 5l AT e W 2 FR GRS AR PR S AERE - B2 sRRIE A BN
PRI ORI B - (BT 4 /NRHRFR R AR AR

REBPEHE > 5 EHURE P-MAQ YIRS 25 B BLVURE L & 57k

4EE  EFEVEBEIEEE (Plastic Scintillation Bottle Method, PSB) ~ {KET 557

e EsTEEs A (Low Background Counter, LBC) ~ ¥ {EP/ S %A (Emulsion
Scintillation Method, ES ) A4 ZPT1E4EE % ( Gel Suspension Scintillation
Method, GSS) - £ 60 7y RaiFEPAIE T » AALPIMERGTE (ES) FISHERRE
PORERSE (GSS) J77AREER R EHIMERE - Rl @ s RRS R o (5 FiKER
/1,500mg #y P-MAQ) > ff&nltgtiiRE (MDC) mJZ%] 0.02Bg/L > %
BN BEIRIEER/KREIRE (41 ° HAE 30Bg/L) - RIS ZHHEEGER
Kar SR AMERT#ET A (LBC ) B MDC (0.6 Ba/L ) JNEZFAEMRERT 1/50-

&E LRTHC - PERTFERASEHY P-MAQ 3 /5 AR B EA2 i A s AV I 1L
SHY 2 F 3 AREGHEHEAE] 6 /INEF - B —ZEMER T ARIFEE - AF
FNGREC AT > HAE R T A EYERVFRCK < 50 sraal] 1 ez A T HERT YIRS K
R PSR PREERI 22 22 o317 Y ERAK ~ BanF L MRyl e il B A =

HEF -



10 soar aavas aana. V—— SRSRREE: :) 100y
=4 Na 3
g ) = 80
= 2
c Z 60}
£ poooo—Mio o4 3%
fad = =
- — 3 7 40
2 -0ty 9 I~
S Ca % 20t
10° =563 60 80 100 120 % 0 180 340
Elapsed time (mm) Elapsed time /mm
& 4 A& FPUfETTZE(Na, Mg, K, Ca) B 5 JERTE £E-85 pURRE%R
R

(F1) -~ BHRASE-135 BEAESEYE BRSSPl T & 25Tl
iz bt 78 B H A 2 SE RO &% & W FT AT (National Institute of Advanced
Industrial Science and Technology, AIST ) EHEZZ s BHE#EHZE P (National
Metrology Institute of Japan, NMIJ ) f/J Shiho Asai Wf478555  $f6-135 Eilgfi-137
W E LR —EE W FE R S ELE R E IO EMraE &
SRR DU A IEEL I PR A A AR T 22 - BediA & i+ SRl
BINEFELLX T EI - 185 S — X BRI T U R S R FACRATIT
BFEIGSS o Y $E-135 24l B STERIZTE - ((EAEESTHE 2 F] §i-
137 RGBT > Hii Fh=806-135 AUREEESEYIE (Certified Reference
Material, CRM ) » {E{GFF MR SE M kR ME - 17 ST w357 ( SI Traceability )
fy $f-135 BRI R $-135/8-137 SHEELLEEE WA ICP-MS (FUERMSG
BEATERE) WEEEREIACTRRRERE - SwInsE-137 R
WA Ry & A 50mg/kg HITEESHE-133 HEg - FEA ICP-MS » A
FEEBENY $E-137 BIRIEBIEEAR -
TR 4B A U7 & B A 1 B T AT A B e O ORI & 45 SR AY B AT LG M
( International Comparability ) » % {8 2 7 B #% 8 /G ISO/IEC 17025 1 ISO
17034 SRR > AGDIEETL ST BEMME Rl « TR = $6-135 B TR I
o WFEER A TR IETTOA - B AR ST m[AEMIAEE-137 FOsE-133 BiR
EILSFEEELL RI3T; #F 0 5HE $6-137/86-133 (VEEE SR ERT
K137/133 5 ¢ AR VERALRE K137/133 HESE R B RRE i Z$5E-135/

10



§6-133 > {3H4 K135/133 » fEffiatE Hsfh-135 0VEE 58 - NHEE EaE 5 (g
ISO FEAE > FEAEEYE ( Certified Reference Material, CRM ) Y4 AHEE S
Sy RREEETE C AR RIS EE = E TS & - R E T TR RA
CFAETTA ) BT | AL REUE R 6-133 E B BN REE R B E A
T KI135/133 7 [EIAyILEE SR EA AGTER » FF - W2 R REM L R A0 ¢ fiF
(Te) WEEAfRZE > B(ET ICP-MS 'HERI& 5 E TG MERTETE -

BFGEREUT - $6-135 HBESEINEMER 21.62 pg/g+0.90 pg/g (k=2)
(picogram > pg=10""2g) - Hr» FZIERF K135/133 #yatHEE TEHERE
FHEEEEREE SR 1.75% < (R3 KR 4) -

P A PEEARRE MEBRRE PR BE [ B B Afr (One-Way Analysis of Variance,
One-Way ANOVA ) - I AP S MEAHEE FERY_EFR Sy 0.65% - FERIIFRETETT
¥ $E-135 EESER $6-135/436-137 EELEET TS 1.5 FaYEl-
FatEEREU - WEEA A ERENRFFNE AR AREN - &
& i-135/30-137 S=HEEAYEE Sy 1.008 £ 0.053 (k=2) - iELEEERGEH T
ZOAREEELE 20 pg/g HUIREESET » (HEA RHHITREN -

&E b B S FE A T R AR - MECRPTBASEHY $-135 ($8-137)
ARABNEIR ST AlEWIHY $E-135 K $-135/§E-137 LEEAVIIE - EHHK
RH PR R L2 HE M B LS AR R A ERER - HAT
OIS &7 AR AR $-135/86-137 LLEAHRAMTZEFREL T A SEa R LA
SCPE > STt T AR RIER SR PR SR AR 2 M B AT -

3 #E-135/8-137TEH LB R HEE

Source of uncertainty Relative standard ~ Contribution

uncertainty rate
135CoC
e A mchrh 243% 9321%
molar ratio
Homogeneity <0.01% <0.01%
Stability 0.58 % 536%
Concentration factor 0.30% 143 %

Relative combined standard uncertainty: 2.51 %
135Cs/137Cs molar ratio  1.008 = 0.051 (#=2)
* Reference time: 1200 JST, 31 January, 2024

11



24 $f:-135 mass fraction HEELLFIHIATEEE

Relative standard ~ Contribution
uncertainty rate

Source of uncertainty

135Cs measured

5 9 55 9
mass fraction 1.75% 70.55 %
Homogeneity 0.65 % 9.58 %
Stability 0.88 % 17.80 %

Concentration factor 0.30 % 2.06 %
Relative combined standard uncertainty: 2.09 %

135Cs mass fraction 21.62 = 0.90 pg/g (¥=2)
* Reference time: 1200 JST, 31 January, 2024

(FN) B 5 BER DU A T 58 7R o 7% Ik FH 38 1% WAL 77 'E (Nuclear Fuel

Materials)fff5¢

2 AR AR SO B TRERZ (B2 %y (Department of Nuclear Chemistry,
CTU in Prague) HY Lucie Sifnerova W5585%% » S{EMRIZRERIEH T EHEIA
B (RIRE RN MR RS B B B R PR « (B4R A B A< H B T2 7%
FElRF HL& 2 A2 KRB KB AR R R R A (R B BUAE Rt
TEALRIRE R AL BRIV E RO - Bt H R R EYYE (dsh) 7
IRASREEEY) T B EN L > LB BB BV E B T AR E ~ 08U R 5
L AG b

BFEsEA T BB EE#E (Poly-silicate Iron » DU Al PSI) F Ayf% e iRz B
JEREEEINTES] - PSI 2 —HiE (Fe) f1 &b (SiO:2) 4HRZAESER (&l
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Abstract

137Cestum(*37Cs) is an artificial radionuclide with a half-life of 30.2 years, originating from historical nuclear weapons testing, fallout from nuclear
accidents, or planned discharges from nuclear facilities. It interacts with environmental, chemical. and biological factors and can persist and accumulate
in ecosystems over time. In this study. 659 surface soil samples were collected from various regions in Taiwan between 2020 and 2023. After
pretreatment. the samples were filled into standard containers and measured using a high-purity germanium (HPGe) detector. Efficiency calibration was
conducted using a mixed radionuclide source, allowing for accurate quantification of 13’Cs. The measured concentrations ranged from <MDA (0.3 Bg/kg
dry weight) to 157.5 Bg/kg dry weight. with an average of 4.8 Bg/kg dry weight—well below Taiwan's regulatory limit of 740 Bq/kg dry weight. A
distribution map created using Geographic Information System (GIS) indicated higher ¥’Cs levels in northern Taiwan, likely due to rainfall
accumulation influenced by the northeast monsoon.

Introduction

Background radiation originates from cosmic rays and terrestrial sources. The intensity of temrestrial radiation is influenced by the activity
concentrations of radionuclides present in rocks. soil. and sediments. Both naturally occurring radioactive materials (NORM) and artificial radionuclides
contribute to the overall radiation dose. Among artificial radionuclides, 13’Cs—mainly derived from nuclear fallout or planned discharges from nuclear
facilities—exhibits a relatively long half-life of 30.2 years, allowing it to persist and circulate within the environment and ecosystems. Consequently. the
monitoring of 1¥’Cs serves as a valuable indicator for assessing regional background radiation and tracing the distribution of anthropogenic
radionuclides in the environment. This study aims to assess the presence of B’Cs in surface soils across various regions of Taiwan, including
mountainous areas. plains. and zones surrounding nuclear facilities. A comprehensive dataset on environmental background radiation was established,
and the spatial distribution of ¥’Cs was visualized using Geographic Information System (GIS) tools. The findings provide a scientific basis for
environmental radiation monitoring, nuclear facility decommissioning, and emergency response planning in the event of future nuclear or radiological
incidents.

Experimental

The soil samples were dried and
filtered to remove large particles (Figure
1). then placed into standard containers at
different heights (including 0.5 cm, 1.0
cm, 2.0 cm, 3.0 cm, 4.5 cm). Different
radioactive isotopes (including !'Am.
105Cd. 57Co, SICr. $5Sr, 137Cs, ®Y. and
%0Co.) were mixed and used for efficiency -
calibration of the high-purity germanium T Figare 2. Mixed gamma radionuchide standard source s
detector. with an energy resolution of less Y i
than 2.5 keV at 1332 keV (Figure 2). PPN of Chiu et al
Subsequently, the soil samples were
prepared using the same measurement
container and geometric height as the
calibration source. All samples were
measured for at least 30,000 seconds to
ensure sufficient counts. The high-purity
germanium semiconductor detector and
Genie™ Spectroscopy Software were
used to measure the ¥’Cs content in the
soil (Figure 3), and the activity
concentration was analyzed using the
gamma spectral energy peak at 662 keV
within the energy range of 50~2000 keV
(Figure 4). Figure 3. High-purity germanium detector  Figare 4. Gamma-ray spectrum absolute efficiency curve

Location of Maximum **’Cs Activity
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Conclusions

In this study, 659 surface soil samples were collected from various regions in Taiwan between 2020 and 2023. The survey results show that 13’Cs was
detected in 51% of the soil samples, with activity levels ranging from below the minimum detectable amount (MDA, 0.3 Bg/kg dry weight) to 157.5
Bg/kg dry weight. and an average activity of 4.8 Bq/kg dry weight. Based on the sampling regions, the average *’Cs activity levels from highest to
lowest are as follows: northern Taiwan (7.3 Bg/kg dry weight, N = 322), central Taiwan (4.6 Bq/kg dry weight. N = 65). eastern Taiwan (2.8 Bq/kg dry
weight, N = 120), and southem Taiwan (1.2 Bq/kg dry weight, N = 152). The above result is similar to the 1¥’Cs activities on average 4.9 Bq/kg dry
weight for Japanese soils reported in 2000, but lower than the global average of 51 Bq/kg dry weight reported in a worldwide survey conducted in 2000.
The distribution of ¥’Cs is concentrated in northern Taiwan, with a maximum activity of 157.5 Bq/kg dry weight. Locations with higher *¥’Cs activity
levels receive an average annual rainfall of up to 4,000 mm, with precipitation primarily occurring during the winter. It is speculated that this
distribution is due to radioactive fallout from atmospheric nuclear tests in the 1960s, which was deposited through rainfall brought by the northeast
monsoon. This hypothesis is indirectly supported by the findings of Chiu et al. (1999). who investigated the levels of radionuclides in soil and plant in
northern Taiwan. Their study measured 13’Cs activity ranging from 29.2 to 95 Bg/kg in surface soil and the overlying organic layer. The authors
attributed the high levels of radioactive fallout in the nature reserve to the region’s high annual rainfall (up to 4.000 mm) and its tendency for winter
precipitation.




2. WEfe e 253 Study on Activity of Cesium-137 in Surface Seawater from the

Taiwan Coast
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Cesium-137. with a half-life of approximately 30 years, is an artificial radi lide produced as a byproduct of nuclear fission. It is one of the most abundant artificial

radionuclides in the marine environment. Its primary sources include nuclear weapon tests conducted between the 1950s and 1960s. reprocessing of spent nuclear fuel.

o

nuclear power plant and routine disch from nuclear facilities. I ional marine radiation pollution i igations often use Cesium-137 as a key

radionuclide for monitoring. It is necessary to continuously monitor Cesium-137 levels in the coastal waters of Taiwan and its outlying islands to ensure the safety of

seawater radiation levels. In this study. we utilized ammonium phosphomolybdate(AMP) and polyaluminum Chloride (PAC) to large-vol
samples collected from the nine ports and outlying islands of Taiwan within a single day. Measurements conducted using a h:gh-gurig germanium gamma spectrometer.
This method achieves a Minimum Detectable Amount (MDA) of 0.5 mBq/L. making it suitable for back d i and itoring of radioactive Cesium-137

in seawater. By analyzing Cesium-137 levels using this improved method. we found that activity concentration of Cesium-137 in seawater across the nine ports and

outlying islands ranged between 0.5 and 2 mBq/L. with no observed increasing trend.

Introduction
Trace amounts of Cesium-137 persist in the envi primarily originating from extensive nuclear weapons testing conducted by nucl pable nations between
1945 and 1980. The resulting fallout globally dispersed through pheric deposition. Additionally. normal operations and accidental incid at nuclear facilities

1 1id.

in the envi Taiwan's coastal waters experi d signifi dioacti ination from 1986 to 1988

contribute to increased levels of artificial

due to the Chernobyl nuclear disaster in the Soviet Union. During this period. the activity concentration of Cesium-137 in seawater was slightly elevated compared to
routine itoring values but ined below the i igati dard of 2 Bq/L set by the “Envi 1 Radiation Monitoring Regulation™. Radioacti b
released into the ocean can disperse via ocean currents and potentially reach the waters surrounding Taiwan. posing risks of widespread marine pollution. Hence. it is

necessary to continuously monitor Cesium-137 levels in the coastal waters of Taiwan and its outlying islands to ensure the safety of seawater radiation levels.

Experimental Results and Discussion

We employ AMP (Figure 1.) to capture Cesium-
137 and large-vol

This study investigated the activity range and trends of Cesium-137 in seawater from

2018 to 2024 at nine ports along the Taiwan’s coast and its outlying islands. as illustrated

1

samples. i ing PAC as a

to

in Figure 4. These results reveal that the activity concentration of Cesium-137 in Taiwan's
coastal waters ranged from 0.5 to 1.95 mBq/L. with an average of 1.1 mBq/L. In the
waters surrounding the outlying islands. the activity concentration ranged from 0.6 to 1.92

accelerate  sedimentation. The experimental

procedure is illustrated in Figure 2. The results

in Figure 3. show that the difference between mBgq/L. with an average of 1.2 mBq/L. To sum up. these levels in seawater are similar to
two methods was not significant. However. the | ™ the levels recorded in the western North Pacific Ocean (1.0-1.7 mBq/L). as reported in a
time for the proposed method (1 day) is much i previous study published in Progress in Oceanography in 2021[1]. The findings indicate
shorter than that of our conventional method (4- g an no increasing trend in Cesium-137 activity around Taiwan.
5 days). The MDA for this method remains 0.5 g "
mBqg/L. making it suitable for environmental |- o [1inoue M, Hanaki s, Takehara R, Kofui H, Matsunala T, Kuroda H, Teruchi Y, Kasa H, Morita T Mit , Nagao § (2021) Lateral variations of

P Commmirasas wpeueusass | “C5 and Ra concentrations in surface waters in the western North Pacific 2nd it ( basin-scale
background investigations. (st fém and local current circulations. Prog Oceanogr 195:102587

Figure 3. >
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