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Abstract: Liquid scintillation (LS) counting has advantages in noself-absorption, simple
sample preparation, and relatively easy application tomany radionuclides, especially for *H
which emits low energy f rays. The aim of this work is to calibrate the specific activity of the
standard reference material of tritiated water to be developed, and the CIEMAT/NIST and
TDCR methods were studied. The CIEMAT/NIST method with ** Mn efficiency tracing was
applied to standardize tritiated water on a Packard Tri-carb 3100TR spectrometer, and the
combined standard uncertainty was 0. 80%. The triple to double coincidence ratio (TDCR)
efficiency calculation method requires a special LS-counter equipped with 3 photomultiplier
tubes (PMTs) in coincidence, and could determine the specific activity through the informa-

tion of coincidence counts. The tritiated water was also absolutely measured by the TDCR
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method, and the combined standard uncertainty is 0. 66%. The results determined by the

two methods are consistent with each other within E, criterion.
Key words: tritiated water; liquid scintillation counting; TDCR method; CIEMAT/NIST
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Schematic diagram of TDCR liquid scintillation counting system
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Table 1

Measured and calculated

detection efficiency of ** Mn

FE A /mg SIE A/Bq ¢(*Mn) A

Mo 28. 96 494. 5 6 041 0.421 8 1. 515
M1 14.47 472. 4 3019 0.406 6 1. 575
M2 13.25 449.1 2 764 0.393 3 1. 631
M3 15.77 433.5 3 290 0.382 4 1. 679
M4 15. 40 414. 2 3213 0.366 3 1. 755
M5 16. 06 401. 2 3 350 0.358 6 1.793
M6 14.73 383.7 3073 0.348 2 1. 847
M7 14. 36 364. 6 2 996 0.3320 1. 937
Ms8 12.81 356. 9 2672 0.327 2 1. 965
M9 15.53 349. 1 3 240 0.3220 1. 997
M10 15.56 332.6 3 246 0.308 6 2.084
M11 14.62 321.6 3 050 0.299 8 2. 145
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Fig. 2 Quench correction curve of * H detection efficiency

versus quench indicating parameter (tSIE)
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Table 2 Specific activity of a tritiated water solution

measured by the C/N and TDCR methods

B W/ a/(kBq g™ AR
5 mg C/N % TDCR s 2%
HO  90.59  493.2 74.73 75.52 —1.05%
H1l  79.17 474.2 74. 91 75. 35 —0.58%
H2 82.76  454.8 74. 86 75. 40 —0.71%
H3  103.5 438.7 74. 91 75. 50 —0.79%
H4  73.45  424.0 74. 87 75. 35 —0.63%
H5 71.79 413.3 74. 88 75. 28 —0.53%
H6 88.78  393.2 74. 54 75. 25 —0.95%
H7  62.77 383.1 74.75 75.29 —0.71%
H8 55.96 372.6 74.67 75. 35 —0.91%
74. 79V 75.37Y  —0.77%V
0.17%% 0.12%%

WD SFHE
2) X A o g 22

F 3 WIN C/N JEf TDCR J7 8 B9 A & B VEAG
Table 3 Uncertainty evaluation of the specific activity
of a tritiated water solution measured

by the C/N and TDCR methods

R iE BE/ %
Vi
C/N i TDCR
R Enay 0.11 0.10
FRE 0. 05 0.05
BE I [H] 0.10 0. 06
PN 0. 02 0.03
PEWIEIE <<0. 001 <<0. 001
KRR S E (SIE) <<0. 001
AR (O Min 228 SRR 0.31
IREEAZZR (O Mn) 0.72
BT (ke {EF1 TDCR ) 0.65
B IR AN T E 0. 80 0. 66

3.0 3.5 4.() 4.5 5.0 5.5
THER W%/ %
Bl 3 °' Mn B I BE AN SE B 0. 75 6
P H AN E BE R AR A2 A
Fig. 3 Uncertainty component for * H caused
by ® Mn specific activity uncertainty (0. 75%)

as a function of the counting efficiency
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