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A rapid and simple method to measure the concentration of ’Sr in water by measuring f-rays
from Y was presented. Under the situation that *Sr/”"Y, '*'Cs and "'Cs are the main radionuclides
included in the water sample, only f-rays from *°Y can transmit through 1.5-mm-thick polyethylene.
From this fact, it is possible to measure f-rays from *Y using a f-ray detector, such as the GM-coun-
ter, set beneath the 1.5-mm-thick bottom of the water bottle containing the sample with *’Sr/*Y. The
acrylic resin collimator having 0 cm, 1.00 cm, 1.50 cm or 3.00 cm diameter was made to detect f-rays
at the fixed region of the GM-counter used. Contributions from bremsstrahlung produced by f[-rays
and y-rays from radionuclides such as '*Cs and "'Cs/"""™Ba are removed by subtracting the count
rate measured with a 1.00 cm acrylic resin collimator without a hole as the background count rate.
The developed method was studied using the bottle routinely used at the Fukushima Daiichi Nuclear
Power Station. It was confirmed that the developed method can be applied to measure the *Sr concen-
tration in water to the order of several Bg/cm?® if **Cs and '*'Cs concentrations are less than or equal
to the *Sr/*Y concentration.
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Table 1 p-rays and y-rays from main radionuclides identified in water samples at the Fukushima Daiichi Nuclear Power

Station
. . Maximum f-ray L y-ray energy L
Nuclide Half-life Decay mode Emission rate Emission rate
energy (MeV) (MeV)

*Mn 312.03d EC 1.0 0.836 1.0
w0 59713 - 0.318 0.999 1.173 0.999
© ’ y b 1.491 0.0012 1.333 1.0

Sy 28.79y ' 0.546 1.0
Py 64.00 h ' 2.28 1.0
1%Ru 373.59d ' 0.0394 1.0
2.407 0.100 0.512 0.204
- 99.80 - 3.029 0.081 0.662 0.099
oS b 3.541 0.786 1.05 0.016
Others Others
0.0953 0.134 0.176 0.069
0.125 0.058 0.38 0.015
0.131 0.179 0.428 0.298
0.241 0.016 0.463 0.106
#3h 2.75856 y B 0.303 0.404 0.601 0.178
0.446 0.072 0.607 0.05
0.622 0.136 0.636 0.113
Others 0.671 0.018
Others
0.0888 0.273 0.563 0.084
0.415 0.025 0.569 0.154
0.658 0.702 0.605 0.976
¥iCs 2.065y B Others 0.796 0.866
0.802 0.087
1.365 0.03
Others
\ 0.514 0.944
¥1Cs 30.1671y I'n
1.176 0.056
“"mBa 2.532 m IT 0.662 0.851
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Fig. 1 Calculated f-ray flux with egs5 from 1.5cm pure-
water or sea-water including *’Sr, *°Y, *Sr, *'Cs, or
¥Cs with concentration of 1 Bq/cm” as a function of
polyethylene thickness inserted
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Fig. 2 Increase of ™Y concentration after ¢ hours as the
function of equivalent ratio between *’Y and *Sr
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holder used for measurement
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Fig. 4 Schematic diagram of T-bottle used
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Fig. 5 Count rate unevenness of *’Y f-rays from water in-
cluding *Sr/®Y with concentration of 523.9 Bq/cm®
due to T-bottle used
(a) 1.50 cm diameter collimator, (b) 3.00 cm diame-
ter collimator.

HOHETIE, HE3.00ecm IV A —F DA T 1.5%,
B 150cm I XA — ¥ DA T3.0%EETH Y, Hit
PP S ERBETH L Ehbh o7, No.1 74 Tk
No.2 ¥ 4 7OZMH i T A SN h b o 72 MOk
Es, T-BHOELOX I AEBIERTELI L
Bhho f:o

3. T-BEROEEBEDXE

HWEICHH L2z T-B8E, Fig. 4 2R LzX912, K
AT, FLEPED L25) 2 Bh2B L0 b
IRV 5 TV D, 2 OREDFIHEERAEEZHRD
72012, 523.9 Bg/em® @ *°Sr/*Y DA -7z T-Fes B L O
JEASES R US s vzl R &, egsh TR L
72a) A= HOTO BREE 2 LK L 7. egsh DETEE
X, BRI, —RRIS TS & Y HERET S E LT,
15mm OFRY TF Ly OBERIZEE 1.00cm DT 7 ) v
Y RXA=FHRHLBIRT, a9 2A—=FHBIOTOER YD
DBBHERDIZBDTH L, T-HEIR) F L v #
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T, KHE S EP0H T 1.5 mm, FBEETIE 1.0 mm
DESTH D, UsSEEIE, KUV ZXFLyHT KEDE
XF—KT1.5mm THhb, Table 2231 X —¥ DEF
REZIGEOWEME L FREMOLIEERT, EHELO%K
ORI RE L OEWIZ1I0% DT TH 525, FHEHUS
BROKMZHELTVWLEI DY, USHEBOTHI4E
I E L —FH LT, EHFE1.00em B L O 1.50 cm
DAY A= O US B DFHEAED T A D,
T-ZA2 DR IFIRETREY E2so Tw 8L Bbhb,
—7, EA3.00cm DI X—F T, T-HeOFEED
FHEL o TWBHDIE, T-FesDEIE O FBH DR
IFLVDEIPRFENZERFG L TwbEEbNhs, D
L OFERP S, T-FRROKIIERIFH TR W &I,
BRI —EORENH LS00, HHTAERE VTl
BARMAEIE L TBINERE AR SERICE 2 S 2w
LEZOLND,

4. MGt O LOFE

FHEAKHFIZ Cs R Cs/PBa BEENT VLA D
Y MO EBEERRD 72012, 7,405 Bg/em® ® *Cs 7213
10,800 Bq/cm® ® "Cs/""™Ba % &t ilbik & W THlE
%475 72, Table 312, 10kBg/cm® 4720 @ Y @ g #
12X BEHERE PCs £ 7213 PTCs/ ™ Ba D EHUR D LR
BT, LAY AXA—=FOPAHTL, PCs B LUV Cs/
YTBa DFMEHE L, YD B RO HEDO 4% LT TH

Table 2 Comparison between measured count rate and
number of f-rays calculated with egs5

Diameter of Count rate  egsb calculation

Type of

collimator (A) cpsfor  (B) f-raysfor A/B
bottole 3 R
(cm) 524.6 Bq/cm® 524.6 Bq/cm
T-bottole 4.5+0.3 0.91
1 5.0£0.2
Us 4.9+0.2 0.97
T-bottole 14.4%+0.9 0.91
1.5 15.8+0.3
U8 15.4+0.4 0.98
T-bottole 89+2 0.99
3 90+ 1
us 82.8+0.6 0.92

Y, WHE3em DAY X —F EHHLHEIIONT,
egsh ZHHWT, ®'Cs BLIV " Cs Dy D 1em DT 2
WIZEBIREEFE L2, 1.5mm OKY TF L Y OF#E
C1lem DT 7 UMD EEE L LEVEAED y ORI
F—oltix, *Cs & "Cs/"™Ba & bW Fhd 0.95 T
Holzo —F, EHE3ecm DI A —% LBTIED %W
lem 7 7 ) VOEGHEOEKED I, *Cs TIX0.85
T Cs/"”™Ba T2 0.78 LEME TR LN EMBT 5 T A
VEF—DRELIYKELL L >TWDE, ZOHBEIZ, Fig. 1
PO LRI, 1.5mm OE) TF L OFH%RTIE,
DIENTHLINPER L BRBH Y, BRE yBRITHT 2
GM M IR DK DD 5 B ORENFE L L TEE
LTWB2DTHb, 2D EIE, ¥'Cs/™™Ba D) D%
EPRREWIEDPLLHMHRATESL, LA >T, 1lem D
TZUNIZE Dy BMOWHEIL, egsh THOLNIZ 5% RS
ThbEEZLND,

Cs F 7213 Y Cs DUEEED Sr/TY OEE X V) BV
HIE, y BOEEIMZ BN, TOHEITIE, DWToJ
ECHARHMi 285 2 225 CT& S, 72721, 100 f5LL L
Wbl "CsBIOFCsD fHOFLNMHTE L
{BBDT, ZOHBEIZLAHMILILEHTE v,

(1) Ge MtHi#ZRSIC X DK D *'Cs BLV " Cs
WEEZMET 5, (LA, ZoRENERITHLNT
WwWrEEZLNS,)

(2) ZNZNORELIBREDSFFBENDBREREK
(Table 3 X 0, H£3.00cm D) X — ¥ DOpfyr, Cs
0.0062, *'Cs/*™Ba : 0.0038 cps per Bq/cm®) Z T,
M0s BL U Cs/"™Ba D y MU X BRMEFEED L b,

(3) AV A—=F TOFEELOLHITO LT ) X =%
TOMERE TN ZZEFEED S & 512 R TR 7251 5l
FAELGIWEZ, YO BRI X BEIBERET S,

5. EHHIERE Y BELDERMEDESRE Y D B
REHHERD SEENDBEB R DRTE
REFICL B Y RSB E & GM B2 0GR O
BItRZ N2 72912, ¥ 138.0, 523.9, 5244 B L ¥
11,660 Bq/cm® ® PSr/*Y % &L ik 2 w72l & %

Table 3 Comparison of count rate between **'Cs, *'Cs and *Sr/”Y

cps for 10 kBq/cm®

Colimator diameter

Y (A) Cs (B) ¥Cs/""™Ba (C) (B)/(A) (©)/(A)
1.00 cm 86.8+1.1 -4.92%2.29 —4.80%0.57 — —
1.50 cm 276£0.3 7.22+1.76 2.25%1.20 2.6% 0.8%
3.00 cm 1,824+13 61.6=3.1 38.2%2.6 3.4% 2.1%

DA 1.00em DI A—F T, YA FADHEIC 5T VDD
1, 3 A—F TESNEEE D S BILEED 2\ 1.00 cm &
XOT7 7 VVOREORBALZ 2 LTIV TH Y, FHm
FZHRFALEVI ZEZRLTVDEEZLND,
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Fig. 6 Relation between “Sr/®Y concentration and count
rate of Y f-rays
(a) 1.00 cm diameter collimator, (b) 1.50 cm diame-
ter collimator, (¢) 3.00 cm diameter collimator.

15720 Fig. 6 ICHEREZRT, EOEFEDITI) A—=F D
BEb, SOEBEYNH LD bh b, 1Bg/em® 72
D OFEFEIE, A 1.00cm, 1.50cm B X F3.00cm @
Y RX=FIIX LT, Th£h 000871, 0.0277 B &
0.181 cps EWIHFERTH > 726
TG R & /N BT X0 FHEEED SR EAN DR
REL LT,
HE£1.00cm DY X —4%
115+ 0.4 Bq/cm® per cps
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3¢ CFi, i)

EfE150ecm DI A =% ¢
36.2+0.1 Bq/cm® per cps
B 3.00cm DY A—%:
5.52 +0.04 Bq/cm® per cps
BBz,

6. AFEDEHPRTR
MR Y,

n=(k/2) (k/t+V (/D" +4n,(1/t+1]1,)) (9)
THEIND, 2T, nIZWHBRAOFEZE(cps), kX
FUKEE, X OWERER, t, 13Ny 2 7T FO
WERE R, ny &8y 7 275 v Nt (cps) TH bo %
FEFEERZAT o 72 AT O FE 2 3% L TV R WG Ol E B
BN 7 75 FLAJVIE, 1.8cps Tholzo F1HE
FIOWMERY T, ZOBETHLWRELND 5, ATHE
TlL, MEOEHORVI Y X =5 TORTIZ X BEEEL
W 2757 Y NEtBRICEDTEZLVLEND 5. Wk
KD *°Sy/*Y @ AR X B HIBES X B X BNy &
75y FitiERiz, BB X% 0.0007(cps per Bg/cm®?)
T, PSr/"Y OiLEH 1,800 Bg/em® LUF T, M
BEONy 2759 Y RPLRWICHE B, /2, Cs
F7212 ¥Cs/™Ba DAL, y I BNy Ty
v FEMHEERRZ R ZN, 0.036 BX U 0.014(cps per Bq/
em®) TH B DT, *Cs D ¥4 13 35 Bg/em® LU F T,
¥Cs/"™Ba O¥i4rid 91 Bg/em® LT Tl ERBE DN v &
799 Y NPERMICR 5, WERSEONY 7759 2 F
DBEBZIREET, k=3¢ L, REKENY I ZFF ¥
FOWERMZ 1052328, WERBEDONY 775w
YR L ANRIVA 1.3 cps DA I, MRG0 1
0.21cps 2, 3cps DHAIX 0.31cps &% b0 D IKEDN
FEV3em 3 A — ¥ OIRELRE 5.52(Bg/cm® per cps)
L, TNENOBMRIFEEREX 1.1 B X 1.7(Bg/
em®) \ZHB T 5, BROZ AR5, BREIEREK
HoPCs BLO W CsigIELMBERED Ny 7 75 v
FLANRWVIRIEST 525, Cs BLUYCs Dy DH S
DBHERBEDOINYy 7 757 FEX)/RNEWGEIZIE, AT
B X B HHBRRE, B Bq/em® BETH S E VR Do

V.8 @&

BT O EE R AEAE A Se/TY, PCs BLUCs T
HHEVIENETT, 1.5mmDE)ZFL I PY
D BBUSND BRERETEL L EBT 2,
7 & Sr/PY # &Lkl Ak 2 B IS AN 72 IRIE Tl g
FTAHIEIZXY, MR VEPE O PSr D RE i
EARWET 27 FHEERE L7z, BRI RERE %
AP L 723 B K & FL S BATCTHEICHEAH L T2 T-
Bk 72 IR EEBR 2 T LT O mATS b iz,

(1) F1ZEEHTHHINTWS -2 M0 L2204
DEHTEDIIHDEE, FalAEN S OHPANTH D,
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RIS EZ 5.2 v,

(2) T-BEREIOFH TR WL, KEAFEI L US
Boa oA L BT OB D LD, TOHBILNE
, HHTESREM- T [MER/RE] 2RELTBY
W, HROLHEL SITEEZ 125 3 v,

(3) FUEbKH B L O T B MIC K D 54T S flE)
W XMoFE5 1, OOz wa) 2 =212k 555
filizNy 2759 FELTELIKZEIRIYVBRLZE
NTE 5,

(4) BEAKP D *Cs F 7213 PCs/P™Ba 0 H D y D
L ) U BRI EE o Y B BT X B EFUE D 4% DL
TTH b, Cs-134 F 7213 ¥'Cs D WY B2 E A% P°Sr/™Y
DS HEREE D 100 f5 LT O¥4121E, ™Cs F721 ¥Cs
DGR D & y MIC X DR E KD, Y MIC &k
HEMEAEA S8 22X Y oML E BT S 2 &
NTE 5,

(5) GM M OFMHEER & Y BUTREIRE ORIE, &
DEED T A= FZDWT HEVEPHO Y B
R LTEVERESD 5.

(6) FEAH D PSr & Y AURBCEEISELTWS Z
EDHERREIN TV R WIEAETY, SRMEEOMEZ BV
7Z2MOPEELITH LI X D S DGR IE & 15 5
ZENTES,

(7) WOHEEFBVEE3.00cm DI A —F F i}
L7-85a, ®Cs B LU Cs/®™Ba @ y $0 #5250 &
BEONY 775 v FE)/NSWEEIE, WERED
Ny 775 FLNWIZ X DA, /MR i e 1%
¥ Bq/em® HETH 5,

CORERNPS, AT F1L B CHEDS L ERILH
7 LI D% B D FEK T D CSr T AR I A T L E
FTHFEELTHATAIENTELEELLLONLD, Bl
WO Y 720 TR T ORI ET 5 2 EDWET
Hbo

(1) AFPE, “SrofEIc L VAL S *Y AUKHIT—
BCHFIET A2 L ZRIHRICL T 5D, Lzdto T, 3kbk
i, RS Tav A FAERZIHS 2 -0 Bk
L, PR T-EA~0WA5 % b < 7z o ok %2 33in 4 5
CENUETH S,

(2) ¥+ 5GMMIBEBORNEERIZ, H52 L2
BIRESIC L VRO TBE, BRI KRR OHiE
BT ZEVETH B,

(3) GM MM OMHEALEIL, FLE A= —D#HT
Ho THREDPRLR LWHEEDLH 5 DT, FilEBHRTIT-
72 & O ST RE IR E DSR2 o THET B A, A
FEHEFEE T L 72 TGS-146B % MV CTHIXT I e ¢

O KRBT L2 ED R /NS WV 1em 2 X — 7 D4
1,000 cps % ERRE 42 LHIETE 5 EPUZ, 10°Bg/em® TH
5o egsh OFMETIE, HE04ecm DI A —F DA, 2X
10°Bq/em® F CHIEMAEE 2 L W REIE SN TV 5,

LUEND L,

(4) W O PSr/*Y OB R EE AT T E WA
12id, GM MBS AR OMIEA KX BB DT
Y O pEICHERT A2 S XY TIE RV, ZOWA
i, BEESIDAESVaY A=Y F2IAREER O
AR ZTTICp e E T E BIER (B 2L, BUkA
KRBT —RA A= ) 2T E2LEND D, &
DYty RFETIT - 72 & 9 RIEEABER 0K %2 i T
WERBREIET S EDPUETH 5,

(5) FEAKH D PSr-90 & *Y-90 R D Fr 4t o F 5%
BT 2EMERE L SHD 2012, SRdEb 10
B, TXRIZ1IHZBOWTHNELRZIT) LEDD S,

(6) ATFEEIE, HROF1IREEIHICBT LR ADL S
2, FEEREMED OSr/MY, PCs BLO ¥ Cs TH B LW
IGMTTHHTELLDTH B, SHROBEFEEIHER
OHT, BRFIES % &4k 5 E LG A1,
& EN DO L E TR CTHEA O T % Katd 5 0%
»dH Do

F13$EIICE 5T, “Sr #EH T2 2 L I3IFEFICEE
HZ ETHY, FHFKE O PSr BB E % H RS
ICMET B EDRDONT VS, B Bg/em® P EE W
) TG REIREE D RRBIR DS R 72 5 0%, ALZERYIRMEATANEE
T, BEICANZZIRETIET LR Lo KRy MIX
LEEE AL LEOFEMZMNET LV AT LET ST
EDMRETHY, AFEEEHTLILICLVKRERS
FCORM EREZ RIBICWET 2 2 LW TE %,
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