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Real-time Sr-90 Counter
H. ITO, H. Kawai, M. Tabata
Graduate School of Science, Chiba Univ.,Japan

abstract

We have developed a new detector, real-time Sr-90 counter, which achieved detection limit of
0.3 Bg/kg for only beta-ray from Sr-90 in an hour at any radiation background. In 2011 Japan,
Fukushima Nuclear accident has spread radioisotope around Japan and Ocean Pacific. A problem
is contaminated water including radiation produced from nuclear reactor. Especially Sr-90 is more
dangerous which has effective half-life of about 18 years as a property of accumulating into a
bone. We have produced prototype and performed estimation using radiation source defined by
isotope association. This counter is based on aerogel Cherenkov counter and has effective area of
300 mm S¥timesS 100 mm. As the result of the estimation, it is obtained Sr-90 sensitivity of
S(g.49 ¥pm 0.06) ¥times 10~{-3}S Hz/Bqg and Cs-137/Sr-90 ratio of $(2.2 ¥pm 1.2) ¥times 107{-
3}S.

Bald . iLWRHESRZEAR L. ZDRETYTIVIAMLRNOYFOLIOANI VI —] . 2L H 5P DGR
INYD TS RDIEHNTHIBFEITSr-90H05D B #§7217%0.3 Bq/kgDRHEIR R TDBRIE ZZERK L7z, 2011
FHAT. BERREENIHERPZL TR FICHHMERAMAZRE L, BEIXRFIFEINISERRINTIK
HEEASATSTFRKTCHD HICETHBIANISECERICERITOIMEAEDS-O0NBIRTH D, Brlds
VE=BUEL . 714V M—THEPN EE LR GHRRZ{F > THREsE MLz, COAD VY —IET7a5 IILF L
VATHIVA—HR—=IZLTHY. BZIEFE300 mm x 100 mm%aL D, S MDFERE LT, Sr-90D B E
(5.49 =+ 0.06) x 10 Bq/kg. Cs-137/Sr-90DREEELL(2.2 + 1.2) x 10 AR L7,



Conference Record (ANIMMA2015)
Trans. NS [Sr-90 Counter]

I. INTRODUCTION

N march 2011, an acadent at Fukushima daiichi Nuclear

power station has been emitting about M) PBg as a
conversion of 1odine with Internal Nuclear Event Scale (INES-
estimation) of the radioisotope into the atmosphere, which 15
equivalent to one sixth of the nuclear accident at Chernobyl
power plant. From the accident, a larger area (1800 km® ) inside
of Fukushima Prefecture in Japan has become to dangerous
area when possible of emitting is 5 mSv/year or more [1].

Main radioisotope produced by nuclear reactor 15 known
as I-131, Te-129m, Pu-238, Sr-90, Cs-134, Cs-137. Xe-133,
Ru-106 and so on. Just after the accident occurred, we had
been careful about internal exposure at the thyroid gland by
accumulating I- 131 through a breath. which has a shorter half-
hie (8 days). Currently 1n 2015, we are careful about exposure
through the contamination water having Sr-90, Cs-137 and so
on, which have a longer half-life and soluble.
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2011 E3 . BERIRFNREREFRDRFIFEILZE
K[UARIZINESIC & BTV HRE THOI00PBgHE 2 D F &t
MYB ARG Lz, CNIEF IV TA)EHRD/61C
AT, DEHRHISKEE(1800 km2)DEE R
RIEFERESMSVUL EDEMRX I Ao 7 [1],

[RFIFENSERRIN - ERETERAL AL 1-131,
Te-129m, Pu-238, Sr-90, Cs-134, Cs-137, Xe-
133, Ru-106 7 ED SN TWS, BHUFE LB, 1]
SBEHNSBHRIRICETETSI-131ORERBFEEREICDL
TREDIF TV IFI3TIFEVWEEEEBH) 2 #F
D, 2015FBFE. RWHERHEIE KB ZFDSr-90%
Cs-137EDFRKICLBERAET A DIF TS,

[1] TEPCO, The Estimated Amount of Radioactive
Materials Released into the Air and the Ocean
Caused by Fukushima Daiichi Nuclear Power
Station Accident Due to the Tohoku-Chihou-
Taiheiyou-Oki Earthquake (As of May 2012),
TEPCO Press Release (May 24, 2012);
http://www.tepco.co.jp/en/press/corp-
com/release/ 2012/1204659_1870.html.
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A, Risk of Comantinared Warer

Atomic nuclear including in contaminated water with ra-
dicactivity are Sr-90 and Cs-137 mainly. Sr-9) 1s Alkali earth
metal and has physical life-time of 29 years, biological life-
time of 49 years and effective life-time of 18 years. On the
other hands, Cs-137 1s Alkali metal and has physical life-time
of 30 years, biological life-time of 70 days and effective life-
nme of 70 days. When the nucler is absorbed in the body,
Sr-90 is accumulated into the bone. In the case of Cs-137, it
15 flowed out by the basal metabolism. The effective life-time
Terf 15 defined as

Tl_f :i' - Tr;-i.'f# ™ Tr;tlw‘ (1)
which 7, ¢ ¢ is physical life-time and 7,, is biclogical life-time,
and describes the incubation period in the body.

After the Sr-90 emitted into the sea, these accumulate into
the fish. Therefore, we have dangerous to take them. Since the
Sr-90 has a property of accumulating into the bone, there is
possibility that the fish is accumulated them according to the
period from the accident.
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FBRKELTHREIN-HEEMED X (T
S~{90}SSr&SAM137)SCsTH %, MIEF R
SRERIXFNFN29FE &304, £ Y4 5 HA
IEZNETNA9FEETOEHTH S, EYF IR
HOFSITEITIEZHEEICLDZED L L,
Sr-90IX7 IV A T FHERB THRRICRININD
EBICERINDG, —ACs-1371 7 IV AV EE
THRRICIRININ TERB L > THRANHEH
INd, N oYIE ¥ HE S¥tau_{phys)
SEEMEM R EISYtau_[bio)SEZEE LT
E1TH B HEIS¥tau_{eff}S:

¥tau_{effir{-1} = ¥tau_{phys}*{-1} +
¥tau_{phys}*{-1}

ICE>THRATDERIEZRTT 5.

BANRBINZFLRKITIENFICERIN
. BADEERTEEREDNH S, FFIZSr-90
IXBICEBINIOELLOEMRNSEHIR
DI TEZLEBL WS EEMER D,
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B. Radiation inspection

Since of the above, measuring Sr-90 acbivity concentration
is necessary. Now, the seawater has possibility to include Sr-
90, Cs-137, Cs-134 and K-40 mainly as radiation. Sr-90 emits
beta-ray with maximum (0.544 MeV after decay to Y- in
half-life of 30 years. Then, Y-90 emits beta-ray with maximum
2.28 MeV after decay to stabled Zr-%) in hali-life of 64 hours.
Cs-137 emits beta-ray with maximum (0.512 MeV and gamma-
ray with 0.662 MeV (94.6%) or beta-ray with maximum 1.17
MeV (5.4%) after decay to Ba-137. Cs-134 emits beta-ray
with maximom 0.658 MeV and 2 gamma-rays with 0.795 and
0.604 MeV (58%) mainly after decay to Ba-134 in half-ife
of 2 years. K-40 is 0.0117% in natural potassiums and has
radioactivity of 30.4 Bg/g. It is known there 15 about |2 Bg/L
of K-40 in seawater. It emits beta-ray with maximum 1.3
MeV (89%) or gamma-ray with 1.5 MeV (11%).

In a detecting gcamma-rays, radiation atomic can be iden-
tified from a decay mode by energy spectrometer. In adding,
since camma-rays have a lmgher permeability, beta-ray back-
eground from other radiation is able o be suppressed by
shielding. On the other hands, beta-rays from S-90 should be
detected surface mspection, Because the beta-ray has lower
permeability, which 1t stop at depth of | cm 1n water, |0cm
in air with Ey < 1 MeV. And it 1s more difficult to identify
Sr-90 because background of other radiation from mixed and
contaminated water.
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LENSS-O0DFREEEBETINELH D, FLKIC
EFNTVWBELRMDIESr-90, Cs-137, Cs-134F L TK-40
TH5,Sr-90lF R K0.544MeVD B A& HE LTY-90ICH
ELE. mKR2.28MeVD B IR %= L TZr-90&R EIREEIC
HRIE T 3, Cs-1371X & A0.512MeVD B #5&0.662MeV D
¥ #2(94.6%)E LI, B KR1.17MeVD B #R (5.4%) & H T
%,Cs-1341FF ICHRKX0.658 MeVD B #R £0.795 MeVe&
0.604 MeV®D vy #2(58%) & X ICHHE T 5, K-401E KRN
LFIZ0.0117%DEIE THEEL., ETEE#E 1330.4Bq/gT
H5,BKICIEH12 Bg/LEFh TWBEEHNTWS . I
IEEK1.31 MeVD B #£(89%)E LK IE1.5 MeVD v #&
(11%)% 849 %,

HUTIAEICEDIRILF—ARINOROE— I ERIE
E—RDOSRERFREEBNTEIENTES T, vy BIIEEM
MRS <D BNV I TSV R % ERR L CUE T35
D, —ASr-901E BIRERHE T BERZEE—RLARWL, B
MITEBMICZ L KT ecmTIEEY ., ZEFHE10 ecmid F
X7 W (SE_{¥beta) < 1S MeVTIX)RFEEE D, LD 2T,
MBERICEEN B BEHNEZDBIEIZTREHFERETULET
Mg BIENTERWN, F BRKICEEFNEHETEETILAY
ERBEAMEINSD BN /A XERYIEFEICS-902RITET S
ZEDTER,
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C. Chemical inspection

In conventional method. mount of Sr-%{) i1n sample 15 es-
imated by chemical extraction. At first, pure strontiums are
extracted from samples. Then, they are waited about a month
to be a condition of radiative equilibrium. After becoming the
condition, the mount of Sr-90 15 estimated by measurement of
Y-H) including the Strontiums. Therefore, this method has a
long measurement time. Typically, 1t 15 necessary few weeks
or about month for accuracy of .02 Bqg/ka.

TEETIESr- 90D E A EIFMEFEICH B L TR %, £9 5
RO S HEFE AR SraH U CEOERIS¥simSE» B B E L TSr-90
DL =1F D, TDEYEAME L TY-90%RETBIETARE
SRHCE in’CL\T\_Sr Q0%FE ML TWB, LI=D>T,. 2D AEIE
AR EIACE U, 58, 0.02 Bo/kgDIEEE D 7= 01 I BEERIML
IXFMyHEVNETHS,
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0, This study purpose

A new device has request of following; detecting only beta-
ray from Sr-90, identifable the radiation with a detection limit
of less than 1 Bg/kg and measuring short-time or real-time in
hour. This article describes the construction, the system design
and mechanism and performance estimation nsing radioactve
SOUrCe.

FLOWT NIRRT TDEFE #ZIFTWVD;Sr-900 5D B IR7Z1F
MR TE, 1Bg/kg R TORIBEAFAITES. DR GHIE
ARE, COMMX TIL ZHBEDEK, VAT LDERETERIE, ZLT
HRIR 2 F LN M BE R IC D W T ERBA S %,
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“The AX-PET demonstrator—Design, construction and characterization”,
Nuclear Instruments and Methods in Physics Research A 654 (2011) 546-
559.
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The scanning set-up for the
single module characterization
is shown in Fig. 8.

—DDEIA—ILDEFEDI=HD
2Ax vy -ty b7y TIEE8ICR
9,

A 22Na radioactive source is used.

2NaffiRAFRA L,

RIEEY 12— ENIWI U FL—o a3V ERODBICEAITONTWS,
TMBqD & 8E T, BMEFAEIFER0.25 mm, EE25.4 mm

S5mmDTLFOHSADARRICERDIEN TS

The source (activity 1T MBq, active diameter O. embedded in the center of a
plexiglass disc of 25.4 mm diameter and 6.35 mm thicknesS) is mounted between the
module and a small scintillating crystal, used to tag the 511 keV photons from the

source, by selecting coincidence events between the module and the scintillator.

e FRERDOD511 keVD AV TIRIRINF—DI T %EALT,
= A P @AY EVa—IEVVFL—YDAAMVITUVARAEBEREEIRLTWS,

11 -
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The tagging crystal (LYSO) is read by a fast photomultiplier tube with 8 mm
active diameter, from Hamamatsu Photonics, Model R7400U.

5 L—C\,\%%naa(LYSO)‘i ﬁ\,\PMT—CﬁﬂJEFﬁ Z8mm (AR ) BUFER7400UT
mAHINTWS,

are used.
2DDERBYIT L TWBESRIF2Xx2x12 &

Acting on the relative distances between the tagger, the source and the
module, different photon beam spot sizes on the module are achieved

§H—(EV2—ILEAE) MBI AN T EV1— L TORABIHFE—LDH
DY A X% Lz 7,

-12 -
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Typically, two different configurations are adopted.
'ﬁﬂi‘ﬁgﬂ’:”\—\ ngfck% /I_:E%t”]z_f\.o

L

The first one (" ‘small tagger set-up’’) uses the smaller crystal as a tagger and the
source placed as close as possible to the module; this provides a collimated photon
beam of ~ 0.4 mm RMS on the most external layer.

—DH (small tagger setup) (&9 H— tL’C/J\"‘ch%naa%':ﬁﬂib FLTURREITES 12—

DUFBLEWICE W CHUEEERDIFEAEDETHFE—LZRMST 0.4 mm4Ard ) X—p
HIEELTWS,
e . m_ e s

The second arrangement (‘‘big tagger set-up’’) uses the bigger crystal and the
maximum distance between the source and the module to achieve a large spot with a
uniform |IIum|nat|on of the module.

2D HEHD%E (big tagger setup)ld AEWEREIRIREE 21— IILDOEDHRANERHZLLOL. B
E’Jcatjc%b\zzful\’c:Ey:L IVDIRE—kkEZH5,

- 13 -
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L

W L

Typical rates of about 100 and 450 Hz are recorded, respectively, for
the small and big tagger set-up.

EAIRYIC100&£450 kHzDSEE TRE/ND YR v TZ2ENENiEEK LT

This is in good agreement with the values expected from solid angle
and detection probability considerations.

INIFIIABERHERDODEZERNOFHINSEER—HT S,
‘T

- 14 -
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In the set-up the module is kept fixed, while
the 22Na source is mounted on a movable
two axes (Y and Z) linear motion system,
together with the tagger.

TOEYRNTYT T ES1— )Lt 22NalgE A Y
H—E&— 28 (YEZ) S REICEIT BV AT LIS
EXMFSMTOWABIIREEINEITS>ND,

By displacing the source and tagger
system, the full module surface can
be scanned with a precision of
about 0.1 mm.
WMREEIN—%ZTHT VAT ALICEST,
P 2EYVaA—IILREIFNO.T mmDFHX

. CRFVYVITBIENTES,

The two axes are motorized
and computer controlled via a |
LabVIEW interface.

2D UITE—H—DMFIFE
LabVIEWA >4 —TJ x4 A %=X H
LTarvEa1—%FHEIN S,

- 15 -
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F—<[CR-39] @Marco

CR-39 (B .\'LHYOTHME} M slesr frack plagsic detectar 1when chargad particles with 2rough

_ET enter -ha plastiz de-sctos, fhay ls2ve tracks thas can be analyzad

. Detaclor has a LET threshold valus ; incldent Eﬂl‘ﬂds have a LET 100 low to leava
tracks, thiss only the high LET secondary particles ars visible

«  The detector I3 alzo the target : Incoming lon-beam Induce target fragmentation
reactiol ctor; the targel ments than prodi rach in the datacts

. The e pesed by the thrae mes: common astors humar b
tHydrogan, Qxygan and Gar’buﬂ' whizk account for 98% o’ the hurmnan's aloms)

Trecize, simpla, rellable. plastic prodyse inthe idusty sinee tre 1940's, and no
lectra:

CR 39 plasuc nuclear track detccter

Procedures : Etching

» lons produce tracks when entering the plastic detector. but these
tracks are too small to be observed via optical microscope, s0
they are chemically enlarged by etching.

» Etching is done using Sodium Hydroxide (N;

a0H}. ina
concentration of 7N (288.7g/L), at 70" G for 8h

« The whole surface of the detsctor is etched, but tha eiching

is faster along the tracks. creating conical pits
m s The depth of detector etched is called the bulk etch
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GP-IB VAR

pic-4301 GP-IB |
DAQ text o
source

dag_osc.c  dg_osc data

OS:Fedra14(32bit)

kernel:Linux 2.6.35.6-45.fc14.i686 dv/Nq)ba<x VR
GNOME2.32.0 Sgc_gpib dag_osc
XEY:1GB

CPU:Intel(R)Pentium(R)4 2.80GHz ET771)L
HDD:30GB S./daq_osc

driver:GPIB PCI-4301

Al o012 71 - ./dat
Oscilloscope: TDS2012: 77 /rija%az)]g?.désa a/

17 -



EH RS

. o em e s 2015.05.01
ZFoaORa—7HEIEOE IR H ITO

daqg_osc program source

sprintf(commandString
ExecuteCommand(command3tring,

H
fprintf(
sprintf mmandString, i1

ExecuteCommand(command3tring,

aceiveDatalcurveString, Zé 3 eviceAddrTabl
T o ’ . m = WaveFormStrinaToData
sprintf(commandString, Riz 1k 7 ,timeDive

cuteCommand( riMain avicefddrTab
cuteCommand(" TF r:Main;:EDGE [ peDeviceAddrTable);

DeviceAddrTab
AddrTable);

' ScopeDeviceAddrTable);

PciGpibExFinishBoard(BoardAddress
Termina yPciGpibExInitBoard(Boardhddr

sDeviceAddrTable);

ScopeDevicefddrTab

mmand("DATa:80Urce : ] =

printf(name,
cutefommand

int b= -
printf{name
ExecuteCommand(

printf{name 3 dat”, filename, filenum)

if((TVv=fopen(name, " )
printf( annot ope ¥n", name) ;
exit(-

-18 -
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Output data

BffEins EEEmMV
'.:"H_:']l-ll_ ! 1100
Qa0 ¢ gop P TP T I T TP TN, | P ey e
080, ( 800 LR R
Q80 [ 200 Lo R
980 ¢ 600 LR

EI'E]EI BO0 Lot e e

' v /data002.dat”
bty it b DhLL L o i

200 bR

9800 100 b

260. 0 0

| | 1 | | | 1 | |
-250 =200 =150 =100 -50 o 50 100 150 200 250

1000. 0
1000. 0 gnuplot
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