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MDA Assessment of Nal(Tl), LaBr,(Ce), and CeBr, Detectors for Freshly
Deposited Radionuclides on the Soil
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The detection performances of the Nal(Tl), LaBr;(Ce) and CeBr; scintillation detectors, which can be used to rapidly evaluate the major ar-
tificial radionuclides deposited on the soil surface in a nuclear accident or radiological emergency, were compared. Detection performance
was assessed by calculating the minimum detectable activity (MDA). The detection efficiency of each detector for artificial radionuclides
was semi-empirically determined using mathematical modelling and point-like sources having certified radioactivity. The background
gamma-ray energy spectrum for MDA evaluation was obtained from relatively wide and flat grassland, and the MDA values of each detec-
tor for the major artificial radionuclides that could be released in nuclear accidents were calculated. As a result, the relative MDA values of
each detector regarding surface deposition distribution at normal environmental radiation level were evaluated as high in the order of the
Nal(Tl), LaBr;(Ce), and CeBr; detectors. These results were compared based on each detector’s intrinsic and measurement environment

background, detection efficiency, and energy resolution for the gamma-ray energy region of the radionuclide of interest.
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Table 1. Physical specification of 2"@ x 2" Nal(T1), LaBr;(Ce) and CeBr; used in the study

Nal(TI) LaBry(Ce) CeBr;
Density (g-cm?) 3.7 53 5.1
Effective atomic number 50.8 483 459
Light yields 38,000 60,000 50,000
(photons/MeV at 662 keV)
Decay time (ns) 230 16 20
Internal radionuclides - 138La (0.09%), *’Ac 2Ac
Relative efficiency (%)* 28.8 40.3 39.6

*Measured value in this study
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Fig. 1. Resolutions of 2"@ x 2" Nal(T1), LaBr;(Ce) and CeBr; detectors.
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Fig. 2. The experimental setup for the internal background measurement
of the scintillation detector.
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Fig. 3. In-situ measurement setup of 2"@ x 2" Nal(T1), LaBr;(Ce) and CeBr; detectors.
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Fig. 4. (a) Theoretical flux for a/p=6.25 cm?>g", (b) detector response and (c) angular correction factor with gamma energy for conversion factor
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Fig. 5. Internal background of 2"@ x 2" Nal(T1), LaBr;(Ce) and CeBr; detectors in a low-level lead shield. (a) Nal(T1), (b) LaBr;(Ce), (c) CeBrs;.
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Fig. 6. In-situ measurement spectra of 2"@ x 2" Nal(TI), LaBr;(Ce) and
CeBr; detectors.
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Table 2. The in-situ and intrinsic background measurement results, N/A, and MDA for some artificial radionuclides using 2'@ x 2" Nal(T1) detector,
assuming deposition on the ground surface (a/p=6.25 cm*g’!, Measurement time is 3600 sec)

In-situ background

Intrinsic background

. Energy range y MDA
Nuclide Frerey (keV) (I%ZV) : *Gross **Count/keV *Gross **Count/keV NAX (Bqm?)
BT 364.5 324.0~405.0 34957 431 401 4.95 174 139
15Ru 497.1 448.0~546.2 21272 217 303 3.09 15.7 121
1“Ba 537.3 485.9~588.7 20270 197 305 297 4.03 459
3Cs 604.7 549.7~659.7 18600 169 291 2.65 14.2 124
B1Cs 661.6 603.8~719.4 15215 132 237 2.05 113 142
5Zr 756.7 694.3~819.1 12138 97.2 160 1.28 6.32 226

*ROI in spectrum for the artificial radionuclides is the 2.5 times FWHM
**The ratio of gross count to energy range

Table 3. The in-situ and intrinsic background measurement results, N/A, and MDA for some artificial radionuclides using 2"@ x 2" LaBr;(Ce) detector,
assuming deposition on the ground surface (a/p=6.25 cm*g’!, Measurement time is 3600 sec)

In-situ background

Intrinsic background

. Energy range y MDA
Nuclide Frerey (V) (EZV) : *Gross **Count/keV *Gross **Count/keV NAIX (Bqm?)
BT 364.5 347.3~381.6 22908 668 5780 169 19.6 100
1%5Ru 497.1 477.0~517.2 17520 436 7244 180 18.3 94
1“Ba 5373 516.3~558.3 16717 398 7068 168 4.79 351
34Cs 604.7 582.2~627.2 18806 419 7434 165 17.3 103
B1Cs 661.6 638.1~685.1 12801 272 6866 146 14.1 104
"Zr 756.7 731.1~782.3 12223 239 5533 108 8.16 176

*ROI in spectrum for the artificial radionuclides is the 2.5 times FWHM
**The ratio of gross count to energy range
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Table 4. The in-situ and intrinsic background measurement results, N/A, and MDA for some artificial radionuclides using 2@ x 2" CeBr; detector,
assuming deposition on the ground surface (a/p=6.25 cm*g"!, Measurement time is 3600 sec)

In-situ background

Intrinsic background

. Energy range y MDA
Nuclide Frerey (keV) (EZV) : *Gross **Count/keV *Gross **Count/keV N/A" (Bqm?)
BT 364.5 339.2~389.8 24319 480 306 6.04 19.7 103
1%Ru 497.1 467.8~526.4 15589 266 216 3.69 183 89
1“Ba 537.3 506.9~567.7 14133 233 165 271 4.73 326
3Cs 604.7 572.7~636.7 14717 230 222 3.47 17.0 93
B1Cs 661.6 628.3~694.9 9550 144 136 2.04 13.6 93
SZr 756.7 721.1~792.3 8740 123 124 1.74 7.77 156

*ROI in spectrum for the artificial radionuclides is the 2.5 times FWHM
**The ratio of gross count to energy range
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