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Abstract: China imports a large amount of bulk minerals and rare metals every year, and during
customs radiation monitoring, harmless alarms are often triggered due to the presence of natural
radioactive elements (NORM) in the minerals. At present, on-site sampling and third-party
laboratory testing are commonly used to identify whether the mineral is hazardous, which is time-
consuming and hinders trade facilitation. Based on the actual demand of customs for rapid on-site
detection of natural radioactive substances in minerals, research is being conducted on the rapid
detection technology of natural radioactive substances in import and export goods, which can quickly
identify whether the radioactive substances in minerals are natural nuclides or illegal trafficking on
site, and improve the clearance rate. The average detection time is 46.5 seconds, the relative error of
specific activity is less than 10%.
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Fig.1 Procedure for radioactivity monitor of
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Fig.2 Energy spectrum of sodium iodide background test
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Table 1 Calculation results of copper’s X-ray absorption

B /keV TR R 5 (em® g D) JEJF /em BRE/(grom ) AR/ (grem D) FERRI Y g
90 0.6271 0.1 8.96 0.896 57.01% 42.99%
90 0.6271 0.2 8.96 1.792 32.51% 67.49%
90 0.6271 0.3 8.96 2.688 18.53% 81.47%
90 0.6271 0.5 8.96 4.480 6.02% 93.98%
90 0.6271 0.6 8.96 5.376 3.43% 96.57%
90 0.6271 0.7 8.96 6.272 1.96% 98.04%
90 0.6271 0.8 8.96 7.168 1.12% 98.88%
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Fig.4 Schematic diagram of the Marinelli beaker
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Fig.5 Marin cup diameter calculation model
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Fig.6 Calculation results of radial thickness and relative

counting ratio of ore in Marin Cup

R TH S 45 2R, TR AR o) 4 ot J5E B R T
100 mm, TR B34 0 5 FF &S B 7E 50 mm,
THECE A F 1 A 19 29 80%; FF & R BE R T
20 mm, T ER K TR AE R 50%, e A i
1% In] B BE N AE 20 mm~ 50 mmZ [8] K& & . B
MR i BE T AR AR T & 7, B 45 R
T 8,

TS5 R R ], EARAR Bl e 4 o SR B R T
80 mm I, T %5 8 He AR B 3G ;A R R AR

50 mm B, 1505 08 10 FUE 19 29 80%; FF i J5 )
KT 20 mm i, 3 BCR K T4 ME 19 29 50%.
PRI LM 5 PROPR il ) 79 B 7 JEE J3E 17 #F 20 mm~ 50 mm
Z AR G o B AR RS B T 456 5 S R A
Je B, AR DA B R BEA T AR B, 4

el

AR

FRobie

AL Bt A

B 7 DRAEETEER
Fig.7 Marlin cup height calculation model
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Fig.8 Calculation results of axial thickness and relative

counting ratio of ore in Marin Cup
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Table 3 Comparison of sample quality and matching lead chamber weight for different marin cups
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1)238.63 keV: Pb-212>Bi-212(100% B F74E),
Hoor 3k 43.6%;

2)583.19 keV: TI-208>Pb-208(100% B %),
Ay R 30.36%.

MR P GEANT4 B, X F W A B8 & 1Y TR
RORPLE S5 5 T3k 4.

SR A MERE S, FES M D
FIR K )7 CRE & 1D 5 BE D b o B i U7, 458 e
HIAM 2023422 H 8 HAI20234E2 H9oH . H

R4 Geantd REIAE M FHITHEERRYE
Table 4 Calculation of energy deposition efficiency for

geant4 model with different particle numbers

fit it /keV AR ITAALR OB T4 107
238.63 0.0806513
583.19 0.0558754

Geantd JLAURCR AL A 3 25 ~F L fL A &R 48 31
T3 238 keV il 583 keV b fEAF i 1Y 16 5 K¢
T AT X X BRRR MR A 1A 4 SR X R
T3R5,
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Table 5 Activity analysis comparison of sample I

FHIEE R ke V el TR E)/s TS /Bq PRI /B i 2E/%
238.63 880718 85000 303.542 273.508 10.98
583.19 368011 85000 303.71 276.663 9.78

Xf BEARERE i T TH R Z5 R B8 T35 6.
*6 HRBUFEEFWIE
Table 6 Activity analysis comparison of sample 11
FHERE R keV IR TH IR/ TG /B FRfERETG B /Bq i2E/%
238.63 840182 85000 287.012 258.052 11.22
583.19 346700 85000 284.1 258.273 10
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Table 7 Measurement data and results of a rapid

detection system for natural radioactive substances

R MR WA/ (Bakg D MINFRZE%  AZERhK

1 45 815 6.6 Th-232
2 48 826 8.1 Th-232
3 47 737 -3.5 Th-232
4 49 829 8.5 Th-232
5 45 713 —6.6 Th-232
6 41 730 —4.4 Th-232
7 50 737 -3.5 Th-232
8 48 831 8.8 Th-232
9 44 822 7.6 Th-232
10 48 834 9.1 Th-232
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