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Abstract 

Three kinds of natural radioactive samples of KCI powder, uranium phosphate minerals and air dust were prepared in 

order to determine the detection efficiency of a 160 cm] Ge detector. The samples were so thin that the count loss by the 

self-absorption effects of the gamma rays of energy higher than 0.1 MeV were negligible or could be corrected by calcula

tions. Few nuclei in the thorium series were included in the uranium phosphate minerals, and hence it was easy to identify 

many gamma-ray full energy peaks in the measured spectrum. As the uranium phosphate mineral sample is on sale as a 

teaching material, the acquirement of the sample is easy. In this study, the gamma-ray detection efficiencies at a position 5 

cm above the detector window were determined for the gamma rays in the energy range from 0.61 Me V to 2.2 Me V using 

only Kel and uranium phosphate mineral samples. The detection efficiencies on tlle detector window was also estimated for 

the strong gamma rays in the energy range from 0.14 Me V to 2.6 Me V that were emitted from these two kinds of samples 

and tl1e air-dust one. The estimated efficiencies were approximately consistent with those estimated for the 152Eu gamma 

rays from 0.12 MeV to 1.4 MeV. Environmental samples often include natural radioisotopes. The present detection efficien

cies will be useful for the quantitative measurements of the natural radioactivity in such samples. The more precise detenni

nations of weak natural activities such as 7Be in the air dust sample will be possible if the efficiencies on the detector win

dow are corrected taking into consideration the effects of coincidence summing the cascade gamma rays and x-rays. The 

discoveries of natural radioisotopes relate to the many succeeding scientific achievements by human beings. Therefore, the 

efficiency calibration using these samples in experiment classes will be useful for the students when they are learning basic 

natural science. 
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Introduction 

The discovery of the natural radioisotopes has largely 

contributed to the development of natural science. Learning 

on the natural radioactivity is therefore indispensable for 

education of basic modem natural science. Radiations and 

radioisotopes are available not only for researches but also 

for various practical works, such as medical diagnoses. 

Therefore, it is necessary to realize the effective lectures of 

radiological sciences in high schools or in institutions of 

higher education. It is meaningful for students to perform 

the gamma-ray spectrometry of the natural samples for this 

purpose. However, activity in such natural sample is gener

ally weak, and hence the sample volume is often large. For 

example, the rock reference samples from the Geological 

Survey of Japan were useful for quantitative measurements 

of natural radioactivity in the similar rock samples 1- 4). In 

the case of natural radioactivity in silicate rock samples, 

ordinary measurements using a well shielded 160 cm3 Ge 

detector required more than 25 g of powdered sample when 

the time of measurement is 1 - 2 days 3-4). It is inappropriate 

to use the reference rock sample for quantitative measure

ments of radioisotopes in the other kinds of environmental 

materials. Oczkowski used uranium pitchblende ore diluted 

in quartz sand to make a calibration standard for a Ge 

detector 5). The uranium pitchblende ore includes radioiso

topes not only in the uranium and actinium series but also 

in the thorium one. The several natural radioisotopes in the 

uranium, thorium and actinium series emit the gamma rays 

with numerous energies. This is the reason why assignment 

of nuclide and gamma-ray energy to full energy peak is 

often difficult when the sample includes every nucleus in 

the three radioactive series. In this study, the gamma rays 

from three natural samples, powder of KCI, uranium phos

phate mineral samples and air-dusts were measured by a Ge 

detector in order to examine whether they are useful for 

estimating gamma-ray detection efficiency of Ge detector. 

Few nuclei in the thorium series are included in the urani

um phosphate mineral sample. The air-dust sample includes 

a portion of radioisotopes in the three series. The samples 

are so thin that the count loss by self-absorption effects of 

the gamma rays are negligible or can be corrected by calcu

lations. As reported in this paper, the efficiency calibration 

by the three samples is possible, and hence they will be use

ful for educational and research works. 

Material and Methods 

Samples of natural radioactivity 

In order to prepare a sample of 40K activity, potassium 

chloride (KCI, Yoneyama Yakuhin Kogyo Co., Ltd., spe

cial grade) reagent was purchased, and a small portion was 

taken to be 0.100 g using an electric balance. The KCl was 

enclosed in aluminum foil of 0.12 micrometer in thickness. 

The area of the KCl sample is approximately 1 cm2. A sam

ple of 1.082 g KCI was also prepared for a calibration at the 

sample 5 cm above the detector window, where the area of 

the sample was 2.3 cm2
• 

The purchased uranium phosphate mineral sample, 

Kyoto-Kagaku Co., Ltd., 22689-46 was on sale as a teach

ing material by Shimadzu Rika-Kikai Co., Ltd. (K22-689-

46). The amount of minerals was 0.054 g. The particles 

were enveloped by the aluminum foil mentioned above. 

The area of the sample is approximately lcm2
• 

The air dusts were trapped using a two cooking papers 

(Lion Co., Ltd., Reed) on a circular entrance of a hosepipe 

of an electric cleaner (Toshiba Co., Ltd., VC-Al). The 

diameter was 3.4 cm, and the thickness of two sheets was 

0.35 mm. In the electric cleaner, the flow rate of air was 1.1 

m3/min, and the aspiration continued for 1 hour. The elec

tric cleaner was located out of the 3rd building (in the vicin

ity of a closed window for an office at the 4th floor) in the 

Mihara campus of the Prefectural University of Hiroshima. 

The two circular sheets were mounted on an acrylic plate, 

and were covered with polypropylene film (0.045mm in 

thickness). A microscope revealed that numerous air dusts 

of a few micrometers in size were trapped on the fibers of 

the papers. This suggests that a large percentage of air dusts 

can be collected by the papers. However, the collecting rate 

is unknown. 

Gamma-ray measurements 

The gamma rays from the samples of natural radioactivi

ty were measured with a high purity co-axial type Ge detec

tor (Oxford CPVDS30-0190, volume of 160cc) shielded 

with lead blocks thicker than 15 cm. Sample was put on the 

Ge detector. The samples of 1.082 g KCI and uranium 

phosphate minerals were located in a thin plastic laboratory 

dish. The laboratory dish was located 5 cm above the detec

tor window through a styrene foam block. The inner bottom 

of the dish was in 1.6 mm distance from the styrene foam 

block. The efficiencies at the distant position are scarcely 

influenced by small changes in the sample size and in the 

count loss incurred by coincidence summing the cascade 

gamma rays or x-rays. In order to precisely determine the 

214Bi activity in the uranium phosphate mineral sample, 

both of the 1.082 g KCl sample and the uranium phosphate 

mineral one were measured at the position 5 cm above the 

detector window. In the next, the gamma-ray measurements 

were performed for the 0.100 g KCI sample, uranium phos 
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phate mineral one, and air-dust one on the detector window, 

The KCl sample and uranium phosphate mineral one were 

located in the laboratory dish mentioned above, 

The detection efficiencies of the Ge detector for 152Eu 

gamma rays from 121 keY to 1.46 MeV were previously 

determined using two 152Eu calibration sources, One of 

them was a point-like source of radius less than 3 mm 

(Calibration source A, Japan Isotope Cooperation, EU-402) 

with 3% of uncertainty of activity l), Another one 

(Calibration source B) was made from the 152Eu standard 

solution of 1,8 cm in radius (Japan Isotope Cooperation, 

EU050, 0002) of which specific activity less than 500 

Bq/ml was guaranteed within 23 % of uncertainty, Ten ml 

of 1 M HCI including 2 mg of Fe ion was added to the 152Eu 

standard solution of which mass was 0.965 ± 0.003 g. 

After neutralization by NaOH, the solution stood over two 

days. The precipitate was collected by filtration, and cov

ered by polypropylene film, which was also used for air 

dust sample mentioned above. The efficiencies for the 152Eu 

gamma rays from these calibration sources were compared 

with those for the natural gamma rays from three kinds of 

sample. In the analyses of the full energy peaks, the half

lives of the nuclides, gamma-ray intensities and gamma-ray 

energies were quoted from "Table of Isotopes" 6). 

Measurement of the background gamma rays was also per

formed before or after each measurement for sample, and 

total background counts in peak regions were calculated in 

order to subtract back ground counts from the peak counts 

in the measured spectra for the natural samples. 
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Fig.1 Gamma-ray spectrum for 1.082 g of KCI powdered 

sample 5 cm above the window of Ge detector. 

The measurement lasted for 516219 sec. Background 

spectrum was also measured and was subtracted from the 

spectrum for the sample after adjusting the difference in 

elapsed times for measurements. 

Results 

The gamma-ray spectrum measured for the 1.082 g of 

KCI sample 5cm above the window of the detector is 

shown in Fig. 1. The mass of the dTied KCI powder was 

measured with 0.003 g of uncertainty. The activity of 4°K in 

the sample was calculated to be 17.6 ± 0.2 Bq. As shown 

in Fig. 1, the peak of 4°K 1461 ke V gamma ray was so high 

that the peak area was calculated with small uncertainty. 

The number of the gamma rays absorbed in the sample was 

calculated using the photon cross-section data 7). Thus, the 

detection efficiency for 1461 keY gamma ray was deter

mined. Fig. 2 shows the gamma-ray spectrum measured for 

the uranium-phosphate mineral sample located 5 cm above 

the detector window. The peaks found in the spectrum are 

listed in Table 1. As shown in Table 1, most of gamma rays 

are emitted in the decays of 235U, 214Pb and 214Bi. The center 

channels of 14 single peaks except two peaks of No. 20 and 

No. 21 gamma rays were determined fitting the Gaussian 

distribution function to each peak. Using the center chan

nels, a linear function was determined for expressing the 

relationship of energy to channel between 163 keY and 

2448 ke V. The deviation of the peak center from that calcu

lated by the function was only 0.17 channel (0.09 keY), at 

the maximum. 

Three full energy peaks for No. 20 e14Bi, 1401.5), No. 

21 e14Bi, 1407.98) and No. 22 e14Bi, 1509.228) were ana

lyzed, and the relative detection efficiencies (count rate 

divided by gamma-ray intensity) were calculated. A linear 

function was fitted to the three data of energy and the rela-
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Fig.2 Gamma-ray spectrum for uranium rock sample 5 cm 

above the window of Ge detector.The measurement lasted 

for 335238 sec. The numbers shown over full energy 

peaks are the peak numbers in the list of the gamma-ray 

peaks found in this spectrum (See Table 1). The small 

peaks are not seen in this figure. and so the numbers to 

indicate the small peaks were omitted from this figure. 
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Table I Gamma-ray peaks in a measured spectrum (Fig. 2) for the uranium phosphate mineral 
sample (K yoto-Kagaku, 22689-46) 

No. Nuclide Energl Intensity (%) # / 

1 U-235 143.764 10.96 ± 0.08 
Ra-223 144.232 3.2195 ± 0.0685 

2 U-235 163.358 5.08 ± 0.04 
3 U-235 185.712 57.2 ± 0.5 

Ra-226 186.211 3.59 ± 0.06 
4 U-235 205.309 5.01 ± 0.05 
5 Th-227 235.971 12.3 ± 1.3 
6 Pb-214 241.997 7.43 ± 0.11 

U-235 240.875 0.075 ± 0.006 
Th-227 246.19 0.00984 ± 0.00104 

7 Ra-223 269.459 13.7 ± 0.2 
219-Rn 271.23 10.8 ± 0.7 

8 Pb-214 295.224 19.3 ± 0.2 
Th-227 292.41,296.5 0.521 ± 0.14 

9 Pb-214 351.932 37.6 ± 0.4 
Bi-211 351.059 12.91426 ± 0.109696 
Bi-214 348.92, 351.9 0.19 ± 0.05 
Th-227 350.43 0.113 ± 0.018 

10 Bi-214 609.312 46.1 ± 0.5 
11 Bi-214 665.453 1.46 ± 0.03 
12 Bi-214 768.356 4.94 ± 0.06 

Pb-214 765.96 0.078 ± 0.014 
Pa-234m(1.17min) 766.38 0.294 ± 0.012 
Bi-214 769.7 0.03 ± 0.01 

13 Bi-214 806.174 1.22 ± 0.02 
14 Bi-214 934.061,934.1,934.5 3.09 ± 0.053 
15 Bi-214 1120.287, 1118.9 15.18 ± 0.21 
16 Bi-214 1155.19, 1155.6, 1156 1.653 ± 0.027 
17 Bi-214 1238.11 5.79 ± 0.08 
18 Bi-214 1280.96, 1279 1.442 ± 0.023 
19 Bi-214 1377.669 4 ± 0.06 
20 Bi-214 1401.5 1.27 ± 0.02 
21 Bi-214 1407.98 2.15 ± 0.05 
22 Bi-214 1509.228 2.11 ± 0.04 
23 Bi-214 1661.28 1.15 ± 0.03 
24 Bi-214 1729.595 2.92 ± 0.04 

Pa-234m(1.17min) 1732.2 0.0018 ± 0.0003 
25 Bi-214 1764.494 15.4 ± 0.2 
26 Bi-214 1847.42 2.11 ± 0.03 
27 Bi-214 2118.55,2120 1.147 ± 0.032 
28 Bi-214 2204.21 5.08 ± 0.04 
29 Bi-214 2447.86 1.57 ± 0.02 

# Energy and intensity were quoted from "Table of Isotopes" 6). For peak including plural gamma 
rays from a nuclide, the gamma-ray intensities were summed up. 
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tive detection efficiency in order to evaluate the relative 

detection efficiency at 1461 keY. The result was used for 

calculating the activity of 2l4Bi in the uranium phosphate 

mineral sample from the detection efficiency at 1461 keY 

determined by the measurement of the large KCI sample. 

The calculated activity was 258 ± 11 Bq. Thus, the detec

tion efficiencies for the 214Bi gamma rays were estimated 

from the activity of 214Bi, the gamma-ray intensities and the 

count-rates of the full energy peaks. Fig. 3 shows the results 

and the efficiencies for 152Eu gamma rays from the point 

like standard source (Source A) in the laboratory dish. The 

both are consistent with each other. 

The gamma-ray measurements were performed for the 
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Fig.3 Gamma-ray detection efficiency 5cm above the win

dow of Ge detector. 

The efficiency for 4°K 1461 keY gamma ray is shown 

in a large filled square (.). The efficiencies for the 

gamma rays from 214Bi in uranium phosphate mineral 

sample are shown in filled circles (e). The open squares 

(0) show the efficiencies for the 152Eu gamma-rays from a 

point-like standard source (Source A: Japan Isotope 

Cooperation, EU-402). The uncertainties are so small that 

the error bars are not indicated. 

small KCI sample, uranium phosphate mineral one and air

dust one on the window of the detector. The spectra for 

small KCI sample and uranium phosphate one were similar 

to those shown in Fig. 1 and Fig. 2, respectively. The full 

energy peaks for 4°K and 214Bi gamma rays were analyzed 

in order to evaluate the detection efficiencies. The estimates 

of the detection efficiencies from the full energy peaks 

including gamma-ray counts for 214Pb, 226Ra and 2.l4Pa were 

also performed assuming that the activities in these nuclides 

of the uranium series were same as that of 214Bi. The 

gamma-ray spectrum measured for the air-dust sample is 

shown in Fig. 4. The peaks found in the spectrum are listed 

in Table 2. As shown in Table 2, the gamma rays from 212Pb 
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FigA Gamma-ray spectrum for air-dust sample on the win

dow of Ge detector. 

The measurement lasted for 85995 sec. The numbers 

shown over full energy peaks are those in the list of the 

gamma-ray peaks found in this spectrum (See Table 2). 

Table 2 Gamma-ray peaks in a measured spectrum (Fig. 4) for the air dust sample 

No. Nuclide Energ/ Intensity (%) # 

1 Pb-212 238.632 43.30 ± 0.35 
Pb-214 241.997 7.43 + 0.11 

2 Pb-214 295.224 19.30 ± 0.20 
" Pb-214 351.932 37.60 ± 0.40 .) 

4 Be-7 477.595 10.52 + 0.06 
5 Tl-208 583.191 85.20 + 0.10 
6 Bi-214 609.312 46.10 ± 0.50 
7 Bi-212 727.33 6.58 ± 0.05 
8 Bi-214 1120.287 15.14 ± 0.20 
9 Bi-214 1764.494 15.40 ± 0.20 
10 TI-208 2614.533 99.16 ± 0.01 

# Energy and intensity were quoted from "Table of Isotopes" 6) . 
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(10.64 h), 208T! (3.053 min) and 212Bi (60.6 min) were 

observed. The detection efficiencies for 727.33 ke V from 

2l2Bi (No.7 in Table 2) and 583.19 keY from 208TI (No.5 in 

Table 2) were estimated from the detection efficiencies for 

the 214Bi gamma-rays of 609.312 keY (No. 10 in Table 1), 

665.453 (No. 11 in Table 1), 768.356 keY (No.12 in Table 

1) and 806.174 keY (No. 13, Table 1) observed in the 

measured spectrum for the uranium phosphate mineral sam

ple. Thus, 212Bi and 208TI activities in the air dust sample 

were estimated. The detection efficiency for 212Pb 

238.632keV (No.1 in Table 2) was estimated from the 

activity of 212Bi, assuming that the activities of 212Pb and 

212Bi are the same. Small amount of counts for 214Pb 

241.997keV gamma ray were included in the peak for 2I2Pb 

238.632keV. The activity of 214Pb activity was estimated 

from the analysis of the peak for 214Bi 609.312 keY (No.7 

in Table 2). The measurement was repeated twice, and the 

estimated detection efficiencies for 2l2Pb 238.632 keY 

gamma rays were 0.099 ± 0.006 and 0.094 ± 0.010. The 

mean value was used for estimating the efficiency for 227Th 

235.971 keY gamma rays (No.5 in Table 1). The difference 

of energy in these two gamma rays was only 2.6 keY and 

was not considered in the estimation. Thus the activity of 

227Th was estimated to be 18.8 ± 2.7 Bq. Assuming that the 

radioactive equilibrium in the actinium series in the urani

um phosphate mineral sample, the activity of 227Th was 

used for estimating the detection efficiencies for the gamma 

rays from 235U and 223Ra. The results are shown in Fig. 5. 

The detection efficiency for high-energy gamma ray, 208TI 

2614.533 keY was estimated to be 0.0101 ± 0.0020, and 

0.0096 ± 0.0027, in the measurements of two air dust sam

ples. The mean value was also shown in Fig. 5. 

The efficiencies determined by the gamma rays from nat

ural radioisotopes were compared with those determined 

using the 152Eu sources of which activities were precisely 

determined by Japan Isotope Cooperation. As shown in 

Figs. 3 and 5, the efficiencies for 214Bi gamma rays with 

energy higher than 690 ke V were sufficiently coincident 

with those for 152Eu gamma rays from the calibration source 

A. The activity of 235U in the uranium phosphate mineral 

sample was weak. The full energy peaks for 214Pb gamma 

rays with energy lower than 350 keY were contaminated 

with the other gamma rays. However, the efficiencies for 

these gamma rays were evaluated with relatively small 

uncertainties (20 - 30 %), as shown in Fig. 5. Within the 

uncertainties, few discrepancy could be seen between the 

efficiencies for the three strong 152Eu gamma rays from the 

calibration source B and those for the natural gamma rays 

in the low energy region under 350 keY. 

Discussion 

The Ge detector used in this study was large, and hence 

only 0.1 g of KCI is enough to precisely determine the 

detection efficiency for 4DK 1461 keY gamma rayon the 

window of the detector. Even at 5 cm distant from the win

dow, only I g of KCI is enough for the calibration at 1461 

keY. The gamma-ray energy is so high that the absorption 

in the sample itself scarcely increases the uncertainty of the 

4°K gamma-ray flux calculated from the mass of the sample 

if it is corrected using the photon cross-section data. The 

KCI sample is quite important for calibration of gamma-ray 

detector. The present calibration was realized by the use of 

the KCI reagent. In the uranium phosphate mineral sample, 

no gamma ray from the nuclides in thorium series was 

observed. For example, sample including 228 Ac nuclei emit 

gamma rays with numerous energies. If the sample includes 

228 Ac atoms, the peak analyses in the spectrum might have 

been difficult. In this study, the efficiency calibration at the 

position 5 cm above the detector window was successfully 

achieved using the natural samples of KCI and uranium 

phosphate minerals. 

As shown in Fig. 5, the efficiencies for the gamma rays 

from 214Bi. 235U and 214Pb in uranium phosphate mineral 

(UJOl 
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Gamma-rayene,rgy (keV) 
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Fig.5 Gamma-ray detection efficiency on the window of 

the Ge detector. 

The efficiency for 4°K 1461 keY gamma ray is shown 

in a large filled square (.). The efficiencies for the 

gamma rays from 214Bi, 235U and 214Pb in uranium phos

phate mineral sample are shown in filled circles (e), filled 

triangles CA..) and filled dianlonds (.), respectively. The 

efficiencies for the 208T! 2614.533 keY gamma ray is 

shown in a small filled square (_). The open circles (0) 

show the efficiencies for the gamma rays from the stan

dard source B, which was a circular source of 3.6 cm in 

diameter made from the standard solution (Japan Isotope 

Cooperation, EU050, 0002). 
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sample on the window of the detector were approximately 

coincident with those for the 152Eu gamma rays. This sug

gests that the effects of coincidence summing cascade 

gamma rays and x-rays from these nuclides are similar to 

one another. The efficiency for the 40K 1461 keY gamma 

ray shown in Fig. 5 was independently measured using the 

0.100 g of KCI sample. The efficiency for 4°K 1461 keY 

gamma ray was slightly higher than those for 152Eu and 

214Bl gamma rays with energy close to 1461 keY. On the 

window of the Ge detector, the detection efficiency for 214Bi 

1729.6 keY gamma ray was clearly larger than those for the 

other 214Bi gamma rays with energy from 1509 keY to 1847 

keY. The peak for 214Bi 1729.6 keY gamma rays included 

the counts for 234mpa 1732.2 ke V gamma rays. However, the 

intensity of 234mpa 1732.2 keY gamma ray is so weak that 

this could not contribute the difference. The 1120.3 keY 

and 609.3 keY gamma rays sequentially emitted after the 

decay of 214Bi are counted in the 1729.6 keY full energy 

peak when both of the gamma rays release all their energies 

in the Ge detector. The intensities of 214Bi 1120.3 keY and 

609.3 keY gamma rays are much higher than that of 214Bi 

1729.6 ke V one 6). This is the reason why the efficiency for 

214Bi 1729.6 keY gamma rays was higher than those for the 

other gamma rays with energy close to 1729.6 keY. 

The No.3 peak in Table 1 originated from 235U 185.712 

keY and 226Ra 186.211 keY gamma rays. The activity of 

226Ra was estimated from that of 214Bi assuming the 

radioactive equilibrium in the uranium series in the uranium 

phosphate mineral sample. The calculated efficiency at 186 

keY was 0.110 ± 0.016. This seems to be reasonable con

sidering the efficiency for the l52Eu 121.8 keY gamma ray, 

as shown in Fig. 5. This shows that the activities of 226Ra 

and 214Bi were close to each other in this mineral sample. 

In this study, the air-dusts were collected in circular filter 

with 1.7 cm in radius. It was assumed that the efficiency for 

the air-dust sample on the detector was as same as that for 

the uranium phosphate mineral sample in the plastic labora

tory dish. In a preliminary study, the efficiencies for the six 

strong 152Eu gamma rays from 124 keY to 1406 keY were 

examined using the point-like calibration source A in the 

plastic laboratory dish and the calibration source B with 3.6 

cm in diameter. The ratio of the efficiency for the calibra

tion source A to that for the calibration source B did not 

vary with the gamma-ray energy, and the mean ratio was 

1.01 ± 0.02. The both were lower than the efficiency for 

the gamma rays from the calibration source A directly 

located on the detector window. The more measurements 

were performed for the gamma rays from the 152Eu calibra

tion source A at several positions on the window of the Ge 

detector. From the results, it was inferred that the efficiency 

of the thin circular source with 1 cm in radius was 1.7 % 

less than that for the point source. It was also estimated that 

the efficiency decreased by 0.9 % as the radius increase 

from 1.7 cm to 1.8 cm on the detector window. This sug

gests that the efficiencies for the gamma rays from the air

dust sample were 2.5 % less than those for the uranium 

phosphate mineral sample. In the present study, this prob

lem incurred from the small differences in sample size was 

not considered as mentioned above. The air-dust sample 

was not used for the efficiency calibration at the position 5 

cm above the detector window, because the activities were 

so weak. The stronger air-dust sample sized to the uranium 

phosphate mineral sample will be prepared in near future. 

The sample will allow us to reduce the uncertainties of the 

efficiencies at the position on the detector window. 

Moreover, the efficiencies will be modified for the effects 

of coincidence summing the cascade gamma rays and x

rays. The efficiencies will be useful for accurate determina

tions of the weak radioactivities of natural radioisotopes, 

which were not used for the present efficiency calibrations. 

The specific activities in the samples used in this study 

were not guaranteed in any institution, except that in KCI 

sample. The count loss by self-absorption effect is negligi

ble or is easily corrected by calculation. The process of the 

efficiency calibration by the uses of these natural samples is 

simple. Therefore, the present thin natural samples are 

appropriate not only for the gamma-ray measurements of 

environmental samples, but also for teaching radiological 

science in extensive educational institutions. 

Conclusion 

The KCl powder sample, uranium phosphate mineral 

one, and air-dust samples were used for efficiency calibra

tion of a 160 cm3 Ge detector surrounded by a lead shield 

thicker than 15 em. The efficiencies were estimated for 

gamma rays in an energy region from 0.6 MeV to 2.2 MeV 

in the case of 5 cm above the window. The efficiencies in 

the wider energy region from 0.144 to 2.615 MeV were 

also estimated for the KCI powder sample, uranium phos

phate mineral one, and air-dust samples located on the win

dow of the Ge detector. The estimated efficiencies were 

approximately in agreement with those determined for the 

152Eu gamma rays with energy from 122 keY to 1408 keY. 

The present study revealed that these natural samples were 

available for the efficiency calibrations of the Ge detector. 
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