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Abstract

Liquid scintillation process is conversion of the energy of radioactive decay into
photons. The conversion efficiency depends on the sample conditions such as existence
of a quencher and color of the sample. To determine the activity of an unknown sample
by using a liquid scintillation counter, the conversion efficiency must be accurately
determined. The conversion efficiency for two liquid scintillation counters, which is
called a quench curve, was measured using two series of tritium standard samples.
Accurate quench curves for both counters were obtained. The quench curves differed
from each other because the energy window of tritium on multi-channel analyzers
differed. The characteristics of the quench curves were essentially similar to each

counter systems. The quench curves indicated that the accuracy of counting decreased
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with strengthening of quenching for both liquid scintillation counters. On the other

hand, the quench curves were independent of the activity of tritium.
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Table 1. Specification of Liquid Scintillation Counter

Tri-Carb 2100TR LSC-LB5

Photo multiplier (PMT) for

] 2 tubes 3 tubes
couting
High tension for PMT HVR:3171,HVL2976 1533V
Energy range 0-2000keV 0-2000keV

0.5 keV/ch, >200 keV

Energy resolution 0.5 keV/ch

0.05 keV/ch, <200 keV

Tritium channel
] ] 0-18.6 keV (39 channel) 20-99 channel (1-4.95 keV)
(Single nuclide)

Quench indicating parameter | Transformed Spectral Index | External Standard Channels

(QlP) of the External Standard Ration
External standard source “°Ba *iCs
Sample Temperature ambient 287K
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Table 2. Specification of Tritium Standard Sample

Sample A Sample B
Distributor Packard Aloka
Vial Size: 20 ml Size: 20 ml

10 vial /set 10 vial /set
Activity 271.9 kDPMvial 302 kDPMMial
Assay date 247; July, 1998 5, Nov, 1980
Uncertainty 1.6% -—
Current activity 184.0 kDPM 75.9 kDPM
(half-life; 12.43y) 30, May, 2005 30, May, 2005
Traceability NIST SRM4947C -—-

89



R IEE - PEBRA - BEER - RIUBeR

2B, FIFULAOEREDITI2. BELOBEOHRELH DD, NI TFULOEESLE L
TNISTIC L VT REN TV A 12. 43E & SHE AW, REMIZ DUV TIINISTOSRMA947C & D
MUHEY T 4 —DHEEENTEY, RERE CHREREDTRHED JI1X99%DFHEE TE1. 6%
Thh.

2.3 BIEHRE
TRI-CarblZiZ#I400ADREI R —EIZER TE, Ny 7 77 U v FREO2KZ & HREN
(104) E3REIB (104) DE22AD AL T2 —EICER LBIEZ{To7-. —7F, LBS®

REAT —VI—EI20KTH D Z &b, REARUREBLL—ATo>REHL, THh
ZTROREEIARL Lz, Ny 7 7T 0 RO2REEOF20ERDNA T N2 ¥m LEEEZ

To7=. 728, LBS CTOREITIX20mINA TNVROT ¥ 77 —ZFA L.

BIE XN T OEERE TEREHI DWW TIEK, e L ToRID105 Iz T>72. Zh
E1HA 0L, 23 A 7 VOREEITY, ETORBHIOWTI0RIDFHEIEZ /. *
o, 70 F 7 OEED L 72 2RO BEIE, TRI-CarbTiE1600004 7 > MIEY
% E TITV, LB CIdatEkicBb v L 1B OB 21T 572, TRI-Carb TIISHHRIRD
HEMZI 7V MNEEZECRD TCWVWDIDOR, JZ Vv F U T OBERE R

%'=hmmm=wmkﬁﬂ~ﬁﬂb,&nyyf®%@ﬁaéwmwﬁﬁmé%ﬁ
Counts 160000

WC—EIZT D7D THD.

3. MRLEZE

3.1 REFRAROEE OB

X1, 21258k & tSIESH BV NXESCROBIfR AT . BLITRI-CarbDfER, K2IILBSDHRER
ERT. TREFNRORESDEIFEE, 7 F o 7 OBETHHSIERVESCRE $1210
B DORIEDFEHEEZET. TRI-Carb TIItSIEDENR K E < 72 D120V, FHELEML TW
5. ZHUIRENA, REBE LREKTHSD. —F, LBSTIFESCRA K E < 72 B ITHEV FHEUTHE
042 AESCRBFIS THERIZ R > 72, BHEDEWIX MY FU LAORIET ¥ » FIVDOREH K
BRLTWBTHD. BE v FL—rarv v d—CHAEND ) FULDBHK

90



BIE TFrv—va o F—0HEREELE 7o F U IRKE

ART MV, JFUTBKRE
K RBIZHEV, Bz F—fIE
fLL TV, Zod, FIFUA
DY FlL—va AT MDY
— T ERDTF X RN T T
TIZHEWMEZ X VX —fliz > 7 b
5. TRI-CarbTi%, BIEV 4> Kv
120225 18.5keVETTH Y, MU F
U LD BERDET RV X —Hi [ &
EVALRyELTWATED, b
FULHEF ¥ FAFOH Tk
B o F o IRKREL 2 DBITHE
WEZ VX —D BRIFIFE S h
By, J2UF TS CTE
Bl sn. —JF, LB5TIiX
1-4. 95keVICHIE 7 1 > KU DERE
INTEY, AT MO—E%H
ELTWHDT, WD F
7 LA BOBEFRAF L.

RIZT T F o TOREDIESD
SOV THRE L. EREhoik
BHZXT L CL0EIF > DBEIEZEIT-> T

Counts, ¢/min

Fig.

Counts, ¢/min

Fig

3 3 T T T T
120000 |- ' -
SampleA g
= //
100000 - o
v."/
80000 |- ’
,.
60000 |- - .
" —® Sample B
40000 | Y, o p
- «
o ,//"
20000 o _ *
°®
0 ! 1 " i 1 1 " 1
0 200 400 600 800 1000
tSIE
1. Relationship between counting rate and

tSIE on TRI-Carb.

60000 T .
a -
50000 |- ///_L T
Sample A -
40000 ) .
[
30000
a ‘ @ —@ Sample B
20000 | o & P
P
10000 |- .)/
o
ole® i
0 1 2 3 4 5 6 7 8
ESCR

. 2. Relationship between counting rate and
ESCR on LB5.

WHDOT, BT LIZ 7 = F U VT OEDIERRZER RS, FHETHRETSIZLiIck
WEBOKRE S&KOT. BIEEENREREHNC DT I0ETH S Z L b EIEERELIE
BlREL L. TORREZRS, 41277, TRI-CarbTIEZ = F o ZFOREVEERT, R
BHEIDLSIEDIT H O IIKRE L, tSIERKE K RBICHEVIEL DX I/ EL< 22D, tSIED
S00fREE TIE 5o X (30. 005F2EE L 72 0, EEMREUZI0. 5% & 72 5. TRI-CarblZ 3\ TIXtSIE
ZRODITHIZY, SEFIROBITIC X 0 FHEE SNz 5HEH3160000 & 72 5 % TR LK D

91



R EF - PEEKX - MEER - LB

TEY, BHREOHEORENSIZ
95%DIEFEE TO.5%TH VY, TDOEE)
fRET0. 25% L REEL ONLD. LA,
EBEOMEIIENIKEL RTINS,

LB5|Z 8\ T % TRI-Carb & [A#k 72
BEBIELN, 7 UFrrMhes
KBRBIZENELHE T/ 2o
TUW 5. ESCR#S 3 LA EDFEIK CIdE
130 007TREET—E L 5.

b, 7z F U TEEOEEHD
BanD, MEOBWBIELT I
{ZTRI-Carb TIZtSIEAS400L4 k=, LB5
TIXESCRASSLL Lo RE AR A2 T 5
DOREFLWNEEZBND.

KIZ, SHEOEBERF L. £
DOFER%X5, 61T, MedhIae 2
& DEHEEICR T HIREREL FH
fECRLZbO, HElis o5
JOEETHD. ZZTHHXS, 4&
FRIFRICHEEREREZBEREL L
7=, ¥7z, 1EIORIEIX1I05 B O E
EZ10MOFHEIETHHCPME LT,

0.015 T T T T T

Sample A

o

o

=

o
T

) Sample B

Ratio of standard deviation of
tSIE to mean tSIE
o
8
(5]
n
°
°
[ ]

n 1 i
0 200 400 600 800 1000
tSIE

Fig. 3. Relationship between coefficient of
variation for tSIE and tSIE.

0.015

Sample B

o
o
=
=)

Sample A

Ratio of standard deviation of
ESCR to mean ESCR
o
o
3
)
]

0.000
0

Fig. 4. Realtionship between coefficient of variation
for ESCR and ESCR.

0EIBAIEDEHE L IBERRELZEH L. ZOBRAEDOCCPMORHEN S ITEERED
(1/(10X10))**fF L 22 203, 2 TOREDOBEIEER L EERR L THLHDTI D EITEREIC
ANz o7z, K5IZIXTRI-Carb, K6IZIZLBSOFER %77, BE, HKEREsHAC BT 55

HORIERZT
o=(N)*® (1)
TEN, FHEIIIT 5EHI

92



BE o Fo—ar o F—D B ) 2 F U TRE

dv=(1/N)**  (2)

L%, @QRXVRDONI-ZEEE
AUALARICE Y RT. BUAL
ERIFIZTNEFNOREZ 10EHIE L
/o= FHELIEERELVRD
TTETHD. 5L 7 F 7N
INEL RDIZENEB /ML 2o
Tz, ZOMEmITEE, BL bR
THY, HEEOBWVNZLDEHOT
IX2NWZ R gholz. EBiT, 7
TF TR EL 72 BITHEN(2)
KNIV RDT-EE & EROEBDZE
D/NEL 720, tSIEAS200LA L ClEE
BE@AXLYVKRDEMEIXIZEF—K
Liz. D%, JZUF U ITBhs
WERIR T, BIEEEIC K DD
RWOIXRVD, o F U IRRE
WVEIE TITEH O RN I N K E <
BT EERLTWA. LA L, tSIE
D100LA £ TIFEEITRE S 7
BOEDIBLANITILE v, tSIEA300
U ETIH0. 3% BE TIHIE—FIL2

0.03

Ratio of Standard deviation of
cpm to mean cpm

Fig. 5.

0.03

0.02 |-

T T T T
o
° Sample B |
oce
]
Sample A
o
= o.
on & o o o
Ue ol o U o
L E B A 1 1 . l‘.
0 200 400 600 800 1000
tSIE

Relationship between coefficient of
variation for CPM and tSIE.

o
Q
R

Ratio of Standard deviation of
cpm to mean cpm
=]
(=]

Fig. 6.

o
] .
lo) Sample B
e O
® o} Sample A
a
o o O
" 2 2 ] o o
- [ J
1 1 . 1 1 - .1 . . k . l.
1 2 3 4 5 6 7 8
ESCR

Relationship between coefficient of
variation for CPM and ESCR.

HZEBHALNER-5TEY, tSIEA100LL EOREThHIVE, FUHEESHAIOLENE & 1T

[ CIZ72 0 BIEREBEDOREEIT/ NIV,

LB5 & TRI-Carb & E#RREMMB R 57 = F 0 7 ORE WEEIRIZ IV TESCRO L E A3
REL22>TWS. QALY KROOLNTEL Y EROEBIILTOFEIT/IEL 2> TWH
5. ZhiE, LBSTIE MU FULDRIETF ¥ V FAMEZ AL F—RO—EHEFEAL TS
TEOEBB/NEL RolcbD L Bbd. EEORIIETOEK CIRI-CarbL V /h &<,

93



R IEFE - FEBRX - MEEE -

FRUBER

WU T E72oTWA., LoL, 7o FrZn/NEL 2 BESCRA2L D K& 728K Tld

TRI-CarbDZEEhig & 1%

EREBE LY,

TEMEEIT0. 2% RRETH D.

G, eHEOEEOBAND, BEOEWEIEIZIXTRI-Carb TiXtSIEAS300LL L, LBST
IZESCRS2LL B & 72 23 Et 2 AT A ONEE L.

I F U OEREOEE, RUBROLBOBLA,D, REORWRIEZ

TRI-Carb TlXtSIEAS400LL k-, LB5T
IZESCR2I3LL L DB 2 FABLT 5 D
NEF LUV

3.2 RIEdhRR
B1, 205 E BRI RICEREL,
HEHRE 7 F U T OREDOR
RERET 5. FHEIRICER L
FERAZXT, 8IZRT. KTIZTRI-Carb,
KBIZLBSDFERE =T . K7LV, R
KA, SEBOFHEZhER & tSIEIX—D
DHBRIZE-TEY, BEKRFEEIX
ZEALEEBNZ ENRGS. LL
HHICRETT 272, EnEhoR
BHZOWT=ZRBEEKTT —# 27
LZDESZRDT=. ZOFER, tSIE
23100%> 5 700D TEEZIRDZEIT
BRECLRLANTH D Z &Moo
7. LB b RIEROFERTH Y, 3HEH
5 L ESCROBARITHE DB RED
(ZBIER 2 < — o D BIR IC S5 A
LTW5. TRI-Carb®DFER & RIRIZ
REHZ LI =ERBEBIC RV ER L,

94

179 BRIzix

70

.
&
60 |- PP
50 1
g 4 \
= sl
12 \ Sample A
30}
8 Sample B
g f "
10 ’.
0 ) A . ; "
o 0 200 400 600 800 1000
H tSIE
8 2
5 11
% 0 ~ S
g4t e
3 2+ } + t =+ t
5 o 200 400 600 800 1000
<

Fig. 7. Dependence of quench curve on activity

for TRI-Carb.

o /fz'—\tl\xi
2 e .\
25+ = / \ _ -
2 Hl Sample B
> [ 3
f%’ 15 o Sample A
o
E 10 /

Fig. 8. Dependence of quench curve on
for LB5.

@ 8
B ESCR

o 2y et
5 11 L |
S o — ‘
jai s

3 9 | L |
g “o 1 2 3 4 5 6 7 8
<

activity



Bk FL—vahor —0EEL 7 0 F U URE

TOEHFZRDT. ZOFRKER, ESCRA0.80>56% TOR TEHEZIEOZITIZIFI%LANITIN
EoTEY, TRI-CarbDFER L FRRIZFHEME L 7 = F o 7 DBURIT K X e BRI
IIRO Lo Tz,

UEDRERLY, FEGIEL 7 =0 F 0 7V OREORICHHIEDRE DEEMN/ SN
EDADDEIRTeDT, BB, BESORIEREZBICHEDRL 7 20 F 0 7 OfED
Btk ZRO7. {Bo-=KkOEIFEIEKIE, TRI-CarbT
Efficency = -6.03+1.59x107"' X +1.23x107* X? +3.40x 108 X3
THY, TOHEEMRE (r)130.999Th 7. F7-, LB5Tit
Efficency =-6.37+16.1X -2.10X* +6.52x10 X

THY, TOHEEHRE(r)130.998Th -7z, WEIF ORI D T 1I18L, |
IREBNERZH R L TVA I RSt

4. £¢

PackardftB D TRI-Carb2100TR & AlokattBILSC-LB5 % U F 7 AJEEE D 5 2MEE D 7 =
YFUTARZE—RERWTKRELE. bbE TCRENSICRIET Vv F o 7 DR
b EHAm L 7.

JTF T DBOVRAEITIE, 7 F I DIEE (tSIE, ESCR) OFRMENS Ak X <
8DW, 72 F U TBRBFL RDIHNTHEDNE bIREIZ/NE L 720, TRI-Carb2100TRT
($tSIEA400LL |, LSC-LB5 TIZESCRASILA E CHRRED S I —TE & 2 D EN Do 72,

7T F TN TIE, SHEORHEN S b BE ORAREE O R S IC K
< RoTe. T OFEIITRI-Carb2100TR Tl t SIEAS100L8L FCHALE. LSC-LBS TIXLTD
I TR DTN S ITBUREHB OFRFEN SITHANKE IZE) o120, o F oy
DFEVESCRAS2LA T DRI TIXFH DO RN ENKE L R o e,

AER YT 2 F U T OBEOTRENES~D I T F o FOEENL, BERREHT
tSIEZ3400LL £ % VNIESCROIBLA L DOREIOFRARBNE F Ly,

TRI-Carb2100TRAX OLSC-LBSIZEB W TEHEZI R L /= F U ZVOBMRICIZ R U F 7 A
EEFHEIRONRD o7, ZOZLNLBEDES Z SOOI T F U S RE L F— KD
REAWT, ORI F o VT OEDOBGREBD N TET-.

95



R IERE - PEEA - FERR - IUBeR

BE R
1. TRI-Carb liquid Scintillation Analyzers, Operation Manual, Publication No. 169-4140, 1995.
2. M. P. Unterweger, B. M. Coursey, F. J. Schima, W. B. Mann, Int. J. Appl. Radiat. Isot.

31(1980)611.
3. M. P. Unterweger, L. L. Lucas, Appl. Radiat. Isot., 52(2000)527.

96



