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Abstract - It is possible to count and perform quench correction on two S -label samples so
long as the maximum S -energies are sufficiently different. However, when the conventional
technique is applied to the radioassay of a mixture of more than three nuclides, the reliability
of the activities determined is considerably reduced, resulting from the large overlapping of
liquid scintillation pulse height distributions of each nuclide. A technique that allows the
activities of multiple £ -labeled samples to be radicassayed was proposed by using the least
square method. The technique was applied to mixture samples of SH, “C, 36Cl, and ®Sr. The
analytical values were in good agreement with the reference values within 7% relative error.

Key words : Radioassay, Multiple beta-labeled samples, Least Square Method, Quenching
correction, Liquid scintillator
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Table 1. Standard samples used for quenching correction and their SQP (spectral quenching parameter) values

1ti 1d-LLT
Sample| Kit(ea) | HO(g) |° ‘ma(gol) total(ml) | SQP(ow) |[SQP(high)
m
H-1 1 2 18 20 7717 776.6
3 | H-2 1 3 17 20 802.4 801.7
H-3 1 8 12 20 836.2 836.1
H-4 1 10 10 20 844.6 846.5
H-5 1 5 15 20 . 855.6 852.9
Ulti Id-LLT .
Sample| kit(ea) | H:O(g) ‘ma(gol) total(ml) | SQP(low) [SQP(high)
m
C-1 1 2 18 20 781.5 782.1
B | C-2 1 3 17 20 801.2 799.7
C-3 1 8 12 20 327.8 828.6
C-4 1 10 10 20 842.6 341.6
C-5 1 5 15 20 858.8 859.0
1ti Id-LLT .
Sample| sol'n(g) | H20(g) U 1ma(gol) total(ml) | SQP(low) [SQP(high)
m
Cl-1 | 1.0054 1 18 20 7779 779.4
¥l C1-2 | 0.9994 2 17 20 811.0 809.9
Cl-3 | 0.9999 7 12 20 8279 827.9
Cl-4 | 1.0035 9 10 20 338.4 841.0
Cl-5 | 1.0267 4 15 20 854.9 852.4
1ti Id-LLT
Sample| sol'n(g) { H20(g) v 1ma(gr;)1) total(ml} | SQP(low) [SQP(high)
Sr-1 | 0.5032 15 18 20 782.0 780.1
g | Sr-2 | 0.5079 25 17 20 801.2 801.5
Sr-3 | 05032 75 12 20 831.8 830.2
Sr-4 | 05078 95 10 20 R41.2 240.6
Sr-5 | 05071 45 15 20 862.8 861.8
Background 5 15 20 805.6 307.2
Table 2. Mixed Samples used for application of least square method
Ulti 1d-| total .
Sample Mixed Ratios H20(g) Lllin’l?(gr;l)l) ((r)n?) SQP(low)|SQP(high)
3 . 14 .
] H kit lea + "C kit lea
Mix-1 6.5 12 20 798.5 7949
+ %C1 1.0108g + *Sr 05102¢
. °H kit lea + "“C kit lea
Mix-2| 35 15 20 829.3 826.3
+ %C1 1.0154g + ¥Sr 0.5038¢
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Fig. 1 External standard quenching correction curves for low mode spectra in each bin for H 14C 36CI
and Sr respectively. Eight pulse height channels are used, and the channel numbers are shown in the
left side of corresponding curves. SQP means spectral quenching parameter of external standard method,
which is used as an indicator of the quenching level of the prepared samples.
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Fig. 2 External standard quenching correction curves for high mode spectra in each bin for H ‘4C 36CI
and Sr respectively. Eight pulse height channels are used, and the channel numbers are shown in the
left side of corresponding curves. SQP means spectral quenching parameter of external standard method,
which is used as an indicator of the guenching level of the prepared samples.
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Table 3. Radioactivities calculated for mixture sample Mix-1

) Calculated Calculated
# of bins Total Counts (dpm) Nuclides Counts (dpm) Error (%)

*H 193237.7 5.98

g AOTETRE uc 104976.2 -3.12

o) 108984.5 -241

T 82399.5 0.49

*H 193357.2 5.92

Low %0 A0TA88.0 “c 104828.7 -2.99
Mode Bl 108741.9 -2.19
Ogr 82530.7 0.33

*H 191238.8 7.09

60 AOT077.0 e | 105044.5 -3.19

%1 109288.3 -2.68

Ny 82206.0 0.72

*H 200036.3 2.38

8 336759.1 c 101493.1 0.20

¥C1 1071785 -0.77

Pgr 84287.0 -1.76

*H 194336.9 5.38

High 90 436697 4 e 101768.4 -0.07
Mode %01 © 1091539 -2.56
Py 831745 -0.45

SH 191976.1 6.68

60 — e 101929.4 -0.23

¥l 110086.5 -3.39

Vg 82614.6 0.23
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Table 4. Radioactivities calculated for mixture sample Mix-2
Calculated Calculated
# of bi i E (96)
o bins Total Counts (dpm) Nuclides Counts (dpm) rror e
s 194689.3 519
e 104'791.6 ~2.95
8 419228.3
R 1049791 1.31
Py 82327.8 0.58
S5 194356.6 5.37
Low “eo 104758.8 -2.92
20 419174.4
Mode ) 105757.6 0.57
Py 81956.6 1.03
3 192224.8 654
e 104908.3 -3.06
60 418667.5
el 105461.1 0.85
D 82110.1 0.84
G5 2021594 1.31
e 101500.4 0.20
8 346572.6
By 106086.1 0.26
Dy 82523.8 0.34
1 199449 8 2.68
High e 1017116 -0.01
20 346553.9 [
Mode 31 105830.6 0.45
Dy 82586.7 0.26
g 198723.7 3.06
“c 1017725 -0.07
60 346520.6
%01 105995.3 0.34
By 82497.0 0.37 ]
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Fig. 3. Liquid scintiliation pulse height distributions for mixture samples. Triangular and rectangular symbols represent
measured data from Mix-1 and Mix-2 samples, respectively. Estimated data using least square method are shown
as solid and dotted histograms for Mix-1 and Mix-2 samples, respectively. Estimated pulse height spectra of each
nuclides are shown for the cases, in which 60 channels are used for radioassay.
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