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Absolute radioactivity measurement of radioactive strontium without chemical treatme
nt
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Sr/Y-90

A new measurement method for Sr/Y-90 radioactivity was developed. Sr/Y-90 was one
of the concerned radionuclide for radiation protection after Fukushima Daiichi Nuclear Power Plant. The me
thod can be applied for rapid measurement by general personnel without chemical treatment. An experimental

result for demonstration verified validity of the method by comparison with a known value. For practical
application, technical issues which should be resolved were pointed out from the experiment. A beta ray de
tector which had a higher counting efficiency than the validity experiment was proposed. Furthermore, a si
mulation which treated simultaneous beta and gamma ray emission along with nuclear data was built to desig
n a next measurement instrument.



B X C—19, F—19., Z—19 (GtaH)

1. WSO 5

() w\BEE R ENTFRICEY, KE
D HGHEE S i S, RIS 72 5 ikt
BEDMIE N M & 7p o 7=, FHIT X 2 ik
WME O EOFAM & RRE=% 1 7D
FERND . WEXTGEEREIT Cs—134 (R
2.065 4F) & Cs—137 (30.04 ) ThHLE
ZHNTWD, UL, o k5 ERE
A LA OB S S Sr/Y-90 (IR 28. 74
4 Sr-90 Z KR L LT Y-90 & ik ARk
HE) HRILRIZ LY | HEGHRRBIEIC BT
HEREHETH D, EBEIC, mEE T
FEEATOIFEYKRR, WEICEFNBAE LT
)V ) T AV JRA T)FEEF O TIE
Sr/Y-90 W& < R S Tun 5,

(2) Sr/Y-90 134 v ~#AE T Liaunfix—
AT CTH D, X—FHHIE TITIREL TV
Lo L XB] L CHAREZRET D Z
ENREEL W, EIEESEEN VST
W5, OB, AL ST ERED E
FHAO SN & BN CTH D, £72, Y-90 D
AFR DT ORI, FOS I m#E T
HFECREST AR 2 @800 . HIESR
BIZH DR R RV, —FH T, —IEXR
THHEZ I T, WEMREISRHITHE S
NDFT- 72 E FIERRD BN TN D,

(3) ARWFFLOMFZEAREH L, Sr/Y-90 fdtae
ZRET HH- 2 ETEE LT, &2X—%
BRI RIS B~ B R D X — Z R
MR EZ LI PIEEBR LI, ZOHIE
T, &@X—FHHHE%E 4 © - RFRFE
BAEOIIC X 0 feHlE T %, T~k
HER O R —Z R E B~ AT
A MVIZEDBEET S,

(4) AWFFECTHHFRIZHGHTe Sr/Y-90 HUHRER
FEFIEICBW TR, AL BEO BRI/
L HES 7 2 g FA] 23 TR R L A & A,
Sr/Y=90 FUHREMIEN & W A LT 72 % wHeME
VAN YR

2. WHEOHM

(1) fbZ50BkE% V771, Cs—134, Cs—137 &
TRAE L7 3B o Sr/Y-90 e 2 E+ 5
FEEZHRTLIZEEEHNET D,

(2) AFEOBBIZBWNT, FH A ETFT D
T2 DERE LM L, BEAME & OlRiz LY
FEBRAER A EET 5,

(3) EREEBRD IO DIE KT D, HiE
DT, it & MERIE 2 3G L, FEIC
BT THES 2,

(4) SERBHAE ~D 3 AL 2 &I E T
REZR O IOEALIZ 18 7o et & i 5.

3. WD Ik

(1) ARAFFEOREFIEN, FE LR 572
T, EBEOREICHEHTEL L e
FET DI DOERE Eh Lz, SEAFER T,
B REOMHFEZ AR ZHE L, HE
FERDZOEMEL TS5 L 2R LT,

(2) ARHFETRIFET HME FIEOREN 4
n By BERFEERZICHT s, &
B St S _R—=F L T ~BON
FIZx L TERWEHEG R E RS X H1c, FEEE
EERAIZH WD BRI R & 72 kA % £
DEDICHEE LT, MMM ODETND,
NR— WL T~ MR E A A U LT, il
HOREEER 247 74 TUET S
72, VAT —XE L@ ofiz S L
oo BRI, N—FBHUEIZOWNTIE, KW
R E LS <IEE L, RO EE
X -7z,

3) LM Eafia., 4 n By [RIKFEE
B H o~ ARY o A MU IzESN
THHT L 7=,

4) 4 n B-vy FERFEIETIE, 2X—F %
B REZRET DD, BT ~#E
FEIC 6 LT, W~ MR & RIS
AT 5, FRFFHCRIE, X— 2R
DA DIRNMUD SR 2 I LEVWEE B, &
fEL T\ R—Z MEH R & RRFEHECE %
KA T CTRMEE L7z, 3 DOFHRIX, W
AU b ARG R & oy iR IR 28 BB 0 FHECR I )
LTHZDEELMIEL,

(5) N—HMEEFE (o ,). T ~vfeHcE
(0 ,). FRFHCE (0, 7O TXOB&K
W2k, A Eoex—2 kg (V)
PRE LT,
N =0 ;X0 ,)/00m

W2~ BREHHCR LRGSR 2 D REl &
LR —ZEHE RO BT 5. BT
FOER—ZBIEHROEAE R—H BRI
EmLEVWVEZEZ ST TEHM L, X—Z 5
BRI 100 K25 ML, BoOEN
— AR A E Lz, ZORE, Cs—137 i
KD 662 keV A2~ MRFHHCEN A LW EE
BrEEE T LT,

6) Hr=fpA~7 b A MY TlL, Cs-134
L Cs—137 OXR—Z R E | LB —7
DR L BRSO ITE LT, AFET
WD T o< AT hr A —4 % Nal(T1)
rFL—va VRS TH D, Cs-134 B2k
D 605 keV JEHEE— 27 & Cs—137 H3ED 662
keV B — 7 N @M ETERVE S,
N— KL ORIFFFHE X Cs—134 Bk L
NEFENRNT EEFMALCT, Cs-134 &
Cs=137 DFNFNDOFHEFEZ JBEL TR
775

(7) SEREFER O R ERE R T 5 Al S



DFHMi & . HIE RO FOE I8 T THRRGEEDS
IR EAN SR 2 2 WAl L7,

(8) HeffEFD—oL LT, _N— e
KoM EICERAT, TDidh, X—X iR
HUBR P 2 0 2 2B 2 F2 0 L 7=,

(9) b9 —ODOHNER L LT, "—FKEL
W< RFICHRETS I — 3
OBF & EhE LT,

. WFZEEA

(D) KR T LD, EEERH O % |
MWAMEOEWW T I RF v 7 FL— 3
VR LA N—Z B HER L Nal (T1) &
VFL—va VRIERIZE B~ R
RTHERC LTz, ABHI 2 DT T AT v 7 v
VT —F ORNIERATE,

Plastic — Photomultiplier for PLS

quntlllatm
/_/

! NalI(TI) —>l
/ N
Light guide -

Preamplifier —

LS)

Preamplifier —

Dried Sample |

B 1 - SERESERHME &

(2) _N—=F@EEmoti (X2) & ~frig
%%ﬁ(ﬂS)%ﬁﬁLtolzmﬁﬁ%f
KT LT, 2 O0DOR—F AN EFHEE
ﬁawﬂﬁhﬁ@ﬁ%ﬁﬁkbfﬁo_
2KV R—=HBOEKREE A E TRIET 5
ZEEREBLE, £, K3WrRTIOK
FT7 T A BRI LY, N“&rﬁ?&ﬂﬁﬂ*ﬁ
HENDRDTHD Cs—134 DI EmA
Cs—137T BB S NT=,

(3) HIE ft§%0>ﬁ¢$ﬁ kv Cs-134 & Cs-137
LIRTE LT RRE BBk o Sr/Y-90 ikt
HElX 53.6 Bq (@E%ﬂ% 52.0 Bq) & #RHfiSH
Too ZAUCE D ARPNETFIENEBICRNLT
DI EREITE,

(4) WMESH7z Sr/Y-90 B BED RHeN & D
T A T U 7m, SR OM LR S 1
5.2% (A& k=2) LiMisn-, £/
BIEEZ ST DL, BIERENS Z/NEL
Mz D1=0l, X—2fEHEGhEE2m Es&
HIENBEHETHDZ EBRENT, £,
4 7 B-y FREFHEGEIZ X W &2 — 2 i
BOPREIZBWTH U~ HEEHEEROEED

0%

Count

AT TN T Y VN T T T IV N T S WY S M S o O 1
o 2000 4Q0Q 6000 8000 10000 12000 14000 16000

Pulse height () [ch]

X2 : f\“—ﬁn‘i{ﬁ Al

T
Raw y ray distribution|
Coincident with B ray

= o / M""’ \

0] w / ﬂ MI

§ 605kevr”] MWW' iy \ h M

< 1074 796ke\’/ [(u) [Sum peak il I E
10° / L

T
200 100 600 800

Pulse height [ch]

B3~ M AR
EWRED XS ITHET 00, Wbl
TELIENBETHL L bRENT,

(5) N—ZHBNRIZHOWT, EiFERH
B EHRTIE Cs—134 FhBEICxt L C 75 %FRfE
ThO,.ZNxE 0% ETMESEL7D,
Mmiﬁéﬁﬁbtofix%yﬁvy%v
— & LEEFHEE OMA T AR T,
772?/ﬁ//%v%&mwiﬁ%£ﬁ
EBRE D L RE Vi RATEZRT HEEIC
EHELI-, £, LB FHEEEE 1 OI2HS
L CRHMZE LB HEEE 122D
DZNHEEZESCT LHIICET L, Zong
b KIERFHEROM BIZE 67205
Teo T, HEHMEE Z /T A XN
1K<, 2o, BRENE W A 7 (R9880U-210)
WCER LT, ZHUCHIG L, 77 AF v 7 v
VFL—F DOV A XIS EF LT, £D
AR RHEGHRIZ 91 %FE T LT 5 2 LA
BN o T,

6) 4 n B-vy RKFEKIEICBT DN v~
BHEBOBREIZONWT, YIal—va vk
Hﬂb\f*ﬁ%ﬁ%%ﬁ@bﬁ_o vIal—Ig 7T
VL. BRI TR O RREE D@ D 1T — &
ER U~ RERBT2MEEERE L, Zh
X, BT ETEE AT S EGSS = — R
DIATF 0T LN, BIRT 07T Ll



FIANTEI LT, K4 I1Tr-T X912, BIR
Ta T ATIE, RX—=FREHT RO
LA —BOFETEBELTEBL, HoN
BT —HITENENRIGLTWND, DD,
AAFFED AHNTKT L TIE, N—ZfaHes &
W< RSO EE ) A T —X L L
TELND XL OITkoT,

2=t (- )
P FATT T T L ()
EGS5=1—
BLU

B 7 7 A v

Bk - y A~ SRR

\. ,
\. /

M4 :vIal—yalAlfniErass
LroTay 7REMRET 7 AND—E

(7 K5icvIab—yars 4
B~y [REREFHEIEIC L 0 Cs-134 HhRE Dt
EERET HIMEEZET LR ERT,
X 5 CTl, _"—ZfitEhEn 11cm3< &
FRHHIX O IZE-D &, MElhlo &~ — 2 BRatEsh
RITBWTRHMEE S AT Lol (&
DUNEAR—Z B ER) NEOEIZIT SV T
W<, BEOIBRIZ. VIS v~ oK
BLMEI A S, 2DV I 2 —3 g U
RATH LT, _R—=ZHE RO v~ B
ERRE A BT D & Ak O SRS
ERTOHMEFR TEDZ L 0NHENIDDL
Nz, iz, o ~BBRHESBOMBEIZLD .,
HIBROERBRKE LSBT D ENRSH
7o 12121, HEREREIZB W T —Z #if
BB E WD T AT OE
LENRENWZEETHLMNZI SN, 2D
Salb—yaitkn, Hr~EERE
< HEREDORSE TRMETE 5
IR Ay

[y ROT [keV]
= 180-605 —=—180-802
L100 u 1801401 v 605 1
+ 605-802 <« 6051401 P
108 —» 796-802 e 796-1401 TS 1
::a -
£ 106} . ]
2 . o«
Q 44
© 1.04} . o« B
= P
. Ak A A A 4 o4 g4
g 1.02 i~ : . ; +4
=S P Py | ¢ i
o §F ot 7 "
< 1.00F ; o o+t .v v 7 > B
: Y v vvr?V -
>
0.98 s S B
A . .
0.0 0.2 0.4 0.6 0.8 1.0

X5 :4xp-yREHEEICBT?
Cs-134 A REYETE D AfEfRE

5. EARFERE

UEams) Gt 5 )

O I BRI Bk, KR Rz, ek
K HEH—., A # . Radioactivity
measurement of Sr/Y-90 mixed with
Cs—134 and Cs—137 using large solid
angle detectors without chemical
separation, Journal of Nuclear Science
and Technology. &FHiA. bl &, 2014,
376-384
DOI: 10.1080/00223131. 2013. 872584

© WEEr IR, 0 ek, KR HEZ . ek
AN — . MK ¥ . Monte Carlo
simulation of large solid angle beta
and gamma ray detectors for absolute
radioactivity measurements, RADIATION
DETECTORS AND THEIR USES. Proceedings
of the 27thWorkshop on Radiation
Detectors and Their Uses in KEK, #f
FA. 2014, 100-110
http://www-1ib. kek. jp/tiff/2013/132
5/1325009. pdf

@ WEEr Ff. MR B Rk R i B
fH. Estimation of immediate fallout
after Fukushima NPP Accident with HPGe
detector using EGS5 code . Applied
Radiation and Isotopes. #Ft A . 81
%, 2013, 348-352
DOI: 10.1016/j. apradiso. 2013. 03. 013

@ MEEP R, R Rk, KR HEz | ek
A E—, B 5L Application and
validation of EGS5 code to estimate
detection efficiencies of
multi-cascade nuclides. Proceedings
of the 19th EGS Users’ Meeting in Japan.
e, 2012, 10-15
http://www-1ib. kek. jp/tiff/2012/122
5/1225007. pdf

©® WEEr Fem, 0 Rk, KR RE2 | ek
AR {EH—, MR F. Application of beta
coincidence to nuclide determination
of radioactive samples contaminated
by Fukushima accident. Progress in
nuclear science and technology. ##Ht
A. 2014, in press

ryE) Gt 8 1)

O  HEEr Fe, 0 Bk, KR Rz, s
K E—, MK . Betaray coincidence
in radioactivity measurement of mixed
radionuclide samples . American
Nuclear Society Winter Meeting 2013,
20134F 11 A 13 A, KED > ko DC

© WBE FR. ek ik, HOR M2, ek
A E— MR B, RSEAH—F -5
v (R RERR BT K 2 e B o I 2
BT DET AR EEOMEM, 5
S Uik g & 2ol G 27 [8l)
20134E 2 A 5 A, KRR T

@ Bl ZR. Vet ik, R M2, e
KN E— TITIRAF v I FL—FIC



(1

K D= & R L 72 i Re
EEOBFE, HARRA )54 2012 45K
DR, 2012499 A 19 H, JREREIA
=0

MR FAR . Vel ik, R ez, fex
AR E— AN ZERE U RE R E D
DD TTAF 7w F—HIGE
R, B 73 RIS AP S IR S
2012429 A 12 H, ZhgRpa L

MR FAR . Vel ik, R ez, fex
K E — . Application of beta
coincidence to nuclide determination
of radioactive samples contaminated
by Fukushima accident . 12t
International Conference on Radiation
Shielding, 20124FE9 H 2 H, BRIEL
Bifi

MR FAR . Vel ik, AR ez, fex
A B 5L, BGS5 2 — FIZ X%
~ VT T A — R EREERLHE O f R
DR, B 19 [8 [EGS #F%t4y ), 2012
F8H 2 B, KRS ITH

WE ZRMR. MR 2. 1R &R 28 R
o, PERIFO 1T E v 2 —I2 BT D
PERE T OB AT & EEHIE. 5 49
Bl7 A Y =7« BRI R4,

20124 7 H 9 B, HAEFH UK

MY R, whok &, ek /R, A7
B2 AT O MR T oRE . H AR
TR RS, 2012 4 4 A
20 H ., ZRISIR RS

F Gt 0

(PESEIA PEHE]
Oikoe Gt 1 )

BWR o RILARFTT =it ~— 2 BRIl R

WE

JEMH

F oW R/, xR H— KR R

ik, #E HEZ

MEFIZE - Bl E

FEFE : HFeF

F : F5FE 2013-197916 =
HFEAEA H : 2013429 A 25 H
EARAOR] : BN

Ol

(<
'L

ke Gt o 1)

DAth)

6. WFFER

(1) WFgefss

WEEF 28 (UNNO, Yasuhiro)
SEATEOE N PE R AW IEAT « R
HERFIEELRY - WFIEE

WeEFKE: 90462837



