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A Study on Full-energy Peak Efficiency Curve of HPGe Detector in
Radioactivity Measurement of Environmental Samples
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Standard radioactive sources that are used in determining the efficiency of detectors used single nuclide stan-
dard radioactive sources that are composed of single gamma nuclides containing total energy area (60-1863
keV), including environmental soil samples for environmental monitoring with a purpose of controlling radio-
active. By measuring standard radioactive sources of diverse geometric shape of measuring containers (cylin-
dricalMarinelli type: 40, 450 and 1000 ml) calculated full-energy peak efficiency of HPGe detectors, and
compared this with full-energy peak efficiency of environmental sample soil. Spectrum was ready to measure
gamma energy up to 3 MeV in 8192 (16384) channels with measuring time 20000 seconds. The detectors used
in the experiments was from coaxial HPGe detectors of EG&G ORTEC. For 1332.5keV of gamma rays in
60Co, the energy resolving power is 1.8keV, relative efficiency 30%, and peak/Compton ratio 51/1. Fur-
thermore, when apply to environmental samples, for high energy area (>1000 keV), it waswithin allowable
error range of 4%, and the efficiency curves showed having uncertainties less than 4% within energy 60-
1863keV. In addition to this, it was proven that it is effective in standard radioactive sources that are used in
environmental monitoring around nuclear facilities. Thus it is considered that this might be highly effective in
analyzing wide range of gamma spectrum including routine environmental sample measurement or in mon-

itoring in case of emergency situation etc.

Key words: HPGe detectors, full-energy peak efficiencye, environmental samples, mixed standard radioactive
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Fig. 1. High Purity Germanium (HPGe) Gamma-ray
Spectroscopy System.
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Table 1. Nuclear data of a commercial source

k3 w7 71(d) Zrepba o 4 X (kev)
Am-241 158003 + 219 59.54
Cd-109 4614 + 12 88.03
C0-57 271.80 + 0.05 122.06, 136.47
Ce-139 137.641 £ 0.020 165.86
Cr-51 27.703 + 0.003 320.08
Sn-113 115.09 + 0.03 391.70
Sr-85 64.850 £ 0.007 514.00
Cs-137 10964+ 3 661.66
C0-60 19252 + 0.4 1173.23, 1332.49
Y-88 106.626 + 0.021 898.04, 1836.05

60 132

cylindrical

7 v ] Z
8 3 450ml Marinelli beaker T
beaker : 1

.

calculating geometry of

Fig. 2. Experimental and
cylindrical and Marinelli beakers.
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Table 2. Comparison between measured and calculated
efficiency for the 40 ml cylindrical type beaker

Energy Calculated = Measured  Measured
(Kev) Efficiency Efficiency Error (%)
59.54 0.006476 0.006484 4.16
88.03 0.11234 0.11055 4.87
122.06 0.11747 0.11779 4.21
136.47 0.11352 0.11914 4.26
165.86 0.10316 0.0986 41
320.08 0.06439 0.0638 4.54
391.7 0.05486 0.05484 5.02
514 0.0439 0.04593 5.2
661.66 0.03527 0.03616 41
898.04 0.02659 0.02486 4.02
1173.24 0.02057 0.02076 4
1332.49 0.01825 0.01883 4
1836.05 0.01404 0.0139 4.01

Table 3. Comparison between measured and calculated
efficiency for the 450 ml Marinellil type beaker

Energy Calculated ~ Measured Measured
(Kev) Efficiency Efficiency Error (%)
59.54 0.03205 0.03214 4.16
88.03 0.06051 0.05943 4.87
122.06 0.0677 0.06757 4.33
136.47 0.06668 0.06919 4.26
165.86 0.06222 0.06117 41

320.08 0.04055 0.03885 4.78
391.7 0.03483 0.03515 5.16

514 0.02828 0.03011 5.78

661.66 0.02321 0.02386 4.1
898.04 0.01811 0.01695 4.02

1173.24 0.01444 0.01458 4

1332.49 0.01293 0.01327 4

1836.05 0.00985 0.00977 4.02

Table 4. Comparison between measured and calculated
efficiency for the 1000 ml Marinellil type beaker

Energy Calculated  Measured Measured
(Kev) Efficiency Efficiency Error (%)
59.54 0.02146 0.02146 4.16
88.03 0.04046 0.04037 4.87
122.06 0.04595 0.04572 424
136.47 0.04554 0.04663 4.18
165.86 0.043 0.0423 4.1
320.08 0.02899 0.02841 4.83
391.7 0.02508 0.02524 5.08

514 0.02053 0.02144 5.78

661.66 0.01695 0.0173 4.1
898.04 0.01332 0.01256 4.02

1173.24 0.01069 0.01083 4

1332.49 0.00961 0.00985 4

1836.05 0.00741 0.00735 4.02
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Fig. 3. Comparison of efficiency between the commonly
used Calculated and Measured in the 40 ml
cylindrical beaker.
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Fig. 4. Comparison of efficiency between the commonly
used Calculated and Measured in the 450 ml
Marinelli beaker.
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Fig. 5. Comparison of efficiency between the commonly
used Calculated and Measured in the 1000 ml
Marinelli beaker.
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Fig. 6. The measured data(40, 450, 1000 ml) are shown in
red, yellow, blue and the calculated efficiency is in
the balck line.
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Fig. 7. Comparison of efficiency between the commonly
used Calculated and Measured in the 450 ml soil.
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