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[ Abstract ] Objective To validate the effect of the Laboratory Sourceless Calibration Software
(LabSOCS) in the actual sample measurement, and to study the effect of sample self-absorption correction
and cascade radiation coincidence correction. Methods Two standard samples from the analytics company
were measured using the two gamma spectrometers at our laboratory. The result were calculated using the
efficiency generated by LabSOCS. Calculated result of each nuclide were analyzed. Results were compared
with the standard value provided in the certificate. Results The LabSOCS may solve the problem of
sample self-absorption correction in gamma energy spectrum measurement and analysis. The maximum
deviation between the values of **' Am and ' Cd analyzed by LabSOCS and the reference value was less than
4% for the broad-energy high-purity germanium gamma-ray spectrometers. However, the coincidence
additive correction caused by cascade radiation could not be solved directly. Conclusions The research
shows that the LabSOCS can solve the problem of sample self-absorption correction by describing the
composition and density of the samples accurately. However, when analyzing the nuclides with cascade
radiation, the coincidence addition effects should be considered. The flexible simulation method of the
LabSOCS can be used to increase the distance from the cascade nuclide sample to the detector and to
complete the accurate measurement of the cascade nuclide.

[ Key words] Sourceless calibration; <y-spectrometry; Self-absorption correction

Fund program: Support Program of Ministry of Science and Technology (2014FY211000)

BEERZRE . EORIONEH, ol fl vy BEREIAE TR RE LA T BT i (e G T A A ZE N S 1
PRGEAE fh B HCH PRI R T R 2, y BETE IURRSR LA ARAR R | o — A sl el | i o



£ 292 - P AR BE AR S 3P 4 2018 4F 4 5538 %54 ] Chin J Radiol Med Prot, April 2018, Vol. 38 ,No. 4

FEFE BRI AT R 2 Y . TAER K,
P . LabSOCS 42 3& [E Canberra 23 w6 B4 H Y
S % TIRRCR 2N BE A R TG . TAERCR .
LD P SR TR #5 EAT RAE T LRI #5 FRAF
SCAH, SR e AR A D S ) R G A3 ) R A )
ATR (A AT S R ), 6T i RURE XoF T 2 A 35 3R £ 7
SR, T2 IR AT R AR AR 1 B I AMAR IR 1 I A
CUNTS I i R X0 Ry s U ARy 2 L 3 ]
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v RETEAY (GC3018) , HHXTF 3" x 3" Nal (T1) fhiAiy
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it <150, 150 ~400, >400 keV 3 HEHEJEHA
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M TR 53, LabSOCS TG Y5 550 5 2 JiF 45
RSB R S AT LA Z 1Y

2. AR UEAE A A S0 2 BT AR AR R S
A PRI 675 mm x 70 mm [RIAERIARERE S H

K1 iR SR

Table 1 Standard sample parameters

P e +4 H#%E
BE L RERGe) O e pesmaE(n” | WEG A (%)
1 Am 59.5 1. 580 x 103 3.760 x 103 3.6 3.773 x10° 3.6
¥cd 88.0 4. 614 x 102 3.425 x 104 4.6 3.437 x 10* 4.6
7 Co 122.1 2.71 x10? 8. 857 x10? 3.5 8. 886 x 10? 3.5
1% Ce 165.9 1. 376 x 10? 1.194 x 103 3.6 1.198 x 103 3.6
W Hg 279.2 4.659 x 10! 2.852 x 10° 3.5 2.862 x10° 3.5
13gp 391.7 1. 151 x 102 1.899 x 103 3.5 1.905 x 103 3.5
gy 514.0 6.485 x 10! 3.176 x 10° 3.5 3.187 x10° 3.5
134 Cs 604.7 7.543 x 102 4.261 x 103 3.5 4.276 x 103 3.5
B37¢s 661.7 1. 099 x 10* 1.003 x 103 3.5 1. 006 x 103 3.5
34 Cs 795.9 7.543 x10? 4.261 x 103 3.5 4.276 x 103 3.5
3 Mn 834.8 3. 121 x 102 2.382 x 103 3.3 2.389 x 103 3.3
8y 898. 0 1. 066 x 10? 4.366 x 10° 3.3 4.381 x 103 3.3
8 7n 1115.5 2.439 x 10? 6.287 x10° 3.5 6.308 x 10° 3.5
8y 1836.1 1. 066 x 10? 4.366 x 103 3.3 4,381 x10° 3.3
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Table 2

Close distance measurement of samples using

y-spectrometry ( BES030)

3 HAE%

) [ ; bR (e ; Strifefd
px M P Ty LA T Ll
(keV) (Bq.A£U) AR 22 (By.A =U) FEXT i 2

q,A * (%) q, A * (%)

HAm 59.5  (3.91£0.32) x103 3.99  (3.63+0.29) x10®° -3.72
¢4 88.0 (3.52+0.28) x10* 2.85 (3.30+0.27) x10* -3.94
TCo 122,11 (9.19£0.74) x10*> 3.74 (8.62+0.70) x10*> -3.04
¥9Ce  165.9  (1.20+0.09) x10°> 0.64 (1.08 £0.09) x10° -9.52
MHg  279.2  (3.02+0.24) x10°  5.72  (2.83£0.23) x10> -1.29
Bgy 3917 (2.04£0.17) x10°  7.64 (1.91 £0.15) x10°  0.43
855G 5140 (2.97+0.24) x10° -6.64  (2.81+0.23) x10° -11.80
B4cs 604.7  (3.91£0.32) x10° -8.22  (3.75+0.30) x10> -12.40
37¢s 661.7  (1.06+0.08) x10° 5.64 (1.01+0.07) x103  0.44
B4Cs 795.9  (3.94£0.32) x10° -7.61  (3.77 £0.30) x10°> -11.80
¥Mn  834.8  (2.530.20) x10° 6.14  (2.38+0.19) x10> -0.37
Y  898.0 (4.26+0.34) x10> -2.51  (3.98 £0.32) x10> -9.13
7n 1115.5  (6.86+0.55) x10° 9.12  (6.43 £0.52) x10°  1.89
8y 1836.1 (4.11+0.33) x10> -5.81  (3.87 £0.31) x10® -11.70

K3y BB (GC3018) T 25 AL S I
Table 3

Close distance measurement of samples using

y-spectrometry ( GC3018)

+3% EEZ3

. fEE . SipRiEfE . ShRifE(E

BE e (ﬁqﬁf%) xRz &“T%) ki
(%) (%)

2Am 59.5  (3.45+0.28) x10° -8.16 (3.25+0.26) x10> -13.74
1%cd  88.0 (3.30+0.27) x10* -3.53 (3.04 £0.25) x10* -11.53
Co  122.1 (8.76+0.71) x10*> -1.04 (8.19+0.66) x10> =-7.80
Ce  165.9  (1.21£0.10) x10°  1.50 (1.12£0.09) x10>° -6.58
MHg  279.2 (2.92+0.24) x10° 232 (2.69£0.22) x10° -5.98
3gn 391.7  (1.95+0.16) x10°  2.66 (1.84+0.15) x10° -3.52
855G 5140 (2.99+0.24) x10* -5.90 (2.75+0.22) x10° -13.84
B40s 604.7  (3.81£0.31) x10° -10.68 (3.63 £0.29) x10° -15.21
37¢s  661.7  (1.02+0.07) x10°  1.35 (9.65+0.70) x10> -4.12
B4Cs 795.9  (3.80+0.31) x10° -10.89 (3.63 £0.29) x10° -15.09
MMn  834.8  (2.41+0.20) x10°  1.36 (2.27+0.18) x10° =-5.10
8y 898.0 (4.11%0.33) x103 -5.92 (3.86£0.31) x10® -11.85
Zn 1115.5 (6.59+0.53) x10> 477 (6.16+0.50) x10> -2.31
Y 1836.1 (3.89+0.31) x10° -10.96 (3.67 £0.30) x10° -16.23
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Table 4 Long distance measurement of soil samples using y-spectrometry ( BE5030)
HfRL K 5 om FIFRSL K 10 cm PEHRL LI 15 cm HRHRSL#TH 20 cm
B fight Sy BT R SR Sy BT R SR Sy BT B 5FRUE(E S M 5FRUE(E
(keV)  ( x10°Bq, AFXT i 2 ( x103Bq, AHXT G 2 ( x103Bq, AFXT i 2 ( x103Bq, AT 2
A=xU) (%) A+U) (%) A+U) (%) A+U) (%)
83 514.0 2.32+0.20 -26.90 1.99 +£0. 19 -37.20 1.91 £0. 17 —40.00 1.69 +0. 16 -46.70
134Cs 604. 7 4.36 £0.32 2.32 4.42 £0.32 3.66 4.47 £0.33 4.99 4.41 £0.32 3.48
34 s 795.9 4.39 £0.32 3.01 4.41 £0.32 3.41 4.48 +0.33 5.13 4.44 +£0. 32 4.21
8y 898.0 4.37 £0.32 0.09 4.36 £0.32 -0.06 4.40 +0. 32 0. 82 4.39 +£0.32 0.47
8y 1836.1 4.16 £0. 31 -4.78 4.15 +£0.31 -5.03 4.20 +0. 31 -3.89 4.20 £0. 31 -3.92
RSy RENEL(BES030) i I 5 1 22 2 B S it
Table 5 Long distance measurement of white quinoa samples using y-spectrometry ( BE5030)
FEARSL R S em B PR ET 10 om FEARSL K 15 em FEARSL K 20 em
v il Gy BT B S hRE(E S AT B ShRE(E Sy BT B 5 bR Sy HTi B S hRE(E
(keV) ( x10%Bq, HEXT i 22 ( x10°Bq, HEXT i 22 ( x10°Bq, HEXT R 22 (x10°Bq,  HHXfR 2
A=+U) (%) A+U) (%) A=+U) (%) A=+U) (%)
88 514.0 2.23 +0.20 -30.20 2.12 +0.20 -33.55 1.92 +0.17 -39.90 1.55+0. 14 -51.50
B34 Cs 604. 7 4.36 +0. 32 1.87 4.36 £0. 32 1.92 4.42 +0.32 3.28 4.32 +0.32 1.11
B34 Cs 795.9 4.37 +0.32 2.29 4.43 £0.32 3.53 4.43 +0.32 3.49 4.36 +0. 32 1.95
8y 898.0 4.48 +0. 33 2.33 4.47 £0. 33 2.14 4.48 +0.33 2.32 4.34 +0.32 -0.99
8y 1836.1 4.26 £0.32 -2.76 4.36 £0.32 -0.56 4.26 £0. 31 -2.76 4.21 £0.31 -3.84

o 4,5 AT, ORI A 5 R [R] B B
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w22 . B3R IR 22 R HERE S b Cs S AR IEAE
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FRE A7 B A i T Y 55 o 1B D 22 19 B R A
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5 R HEARURE X I 22 Bt 55 44000 45 3% 1T BB 2 7 1 n
TANIIE K, - 3ERE S Se 5547 (8 ) I 22 I
ITHE Y —6.64% W KRBT -26.9% . -37.2% .
-40.0% . -46.7% ; AHEZFE 5™ Sr SR iE(H
M 22 NIE B A - 11. 8% B4 K3 T - 30.2% .
-33.55% . -39.9% . -51.5%,

VNGB 35 & TS PR R AT e
W6, HFE6 nJ A, A H LabSOCS #L A= B A [
FECRIT AR R I B, 5 A R 3 R R R
BRIF L, IRRE X R CY Am 1" Cd) S bR E(E AR

R 6 LabSOCS HLLLLE W) HE BB 0 L3R i (4 73 BT 285
Table 6 Analytical results of soil samples using LabSOCS-

simulated biomaterial efficiency

LabSOCS A A AT LabSOCS BEMIAE p 148
&Yy i Y iy
figie

(753 . Ekri . Ebrifi
G gt O ey IR
(By.A =U) HEXT O 2 (By.A£0) AR O 22

q,A = (%) q,A = (%)
2Am 59.5 (3.29£0.27) x10°  -12.50 (3.91£0.32) x10° 3.99
19cqd  88.0 (3.28£0.27) x10*  -4.14 (3.52£0.28) x10* 2.85
Co  122.1 (8.80£0.71) x10>  —0.61 (9.19+0.74) x10> 3.74
e 165.9 (1.16£0.09) x10°  -2.53 (1.20+0.09) x10°  0.64
MHg 279.2 (2.95£0.24) x10° 3.32 (3.02+0.24) x10°  5.72
13¢n 391.7 (2.00 £0.16) x10° 5.50 (2.04+0.17) x10* 7.64
8¢ 514.0 (2.91£0.24) x10°  -8.31 (2.97+0.24) x10° -6.64
B40s 604.7 (3.85+0.31) x10°  =9.76 (3.91£0.32) x10° -8.22
370s 661.7 (1.04 £0.08) x10° 3.93 (1.06+0.08) x10° 5.64
34Cs 795.9 (3.88+0.31) x10° -8.99 (3.94+0.32) x10® -7.61
SMn 834.8 (2.49 £0.20) x10° 4.58 (2.53+0.20) x10° 6.14
8Y  898.0 (4.20+0.34) x10°  -3.89 (4.26£0.34) x10® -2.51
%zn 1115.5 (6.77 +0.55) x10° 7.72 (6.86+0.55) x10°  9.12
8Y 1836.1 (4.07+0.33) x10° -6.80 (4.11+0.33) x10> -5.81
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FIBE . M\ y BETE Y ( BESO30 ) 4 %5 5 1] FAAE &y
MHE2E RS F | LabSOCS JCIR 85K %) B 4003 1Y
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