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Abstract The Efficiency calibration of a spectrometer (HPGe detector) was performed to measure radionuclide
concentrations in milk powder. A calibration standard (Eu-152) was used, and counting has been taken for two different
positions and a procedure of analyzing milk powder samples was established with a relative error of about 2 to 5%. The
geometrical and self-absorption effects, as well as the density dependence of milk powder samples, were investigated.
Self-absorption was measured for the activity calculation of the 120 keV-1408 KeV lines of the Eu-152 standard, in powder
milk samples. The activities for different samples were ranging from 163.595 Bqg/gm to 400.425 Bq/gm and no variation of
activity was found due to different detection systems. The variation of efficiency occurred due to different sample matrix,
detection system and detector’s relative efficiency. It is observed that the efficiency is inversely proportional to the energy.
The acquired information would be useful for making an appropriate radiation control limit which could be imposed on milk
powder for public consumption in Bangladesh. The experimental result obtained in this study would be useful for future

reference.
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1. Introduction

High Purity Germanium (HPGe) detector with computer
based MCA is the most significant instrument both for
qualitative and quantitative analysis of radiation or the
concentration of radionuclide in environmental samples.
Chemical composition in environmental samples may
ranging in density from near 0 to about 2.0 gm/cm’ [1].
However, this measurement system for different types of
matrix sample is not applicable due to the measurement error,
sample counting error as well as similar types of standards. It
is necessary to develop a new and efficient method. The
accurate measurement of the efficiency concentration of the
sample is very much significant to determine activity
concentration. The efficiency is a function of the gamma ray
energy, sample composition, density, sample size, detection
system and detector’s relative efficiency [2, 3, 4, 5]. Another
significant effect among them is self absorption for large
volume. The detector efficiency would be determined by
count rates per second for corresponding full energy peak.
The work presents a method of measuring radionuclide
concentrations in milk powder samples by a low background
HPGe spectrometer at the range of 120KeV to 1410 KeV
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gamma photo-peak. In order to measure the efficiency, the
milk powder sample of the same density taken in different
geometrical cylinder for spectroscopy analysis. The counting
time for each sample was set to 10000 seconds. A calibration
standard (Eu-152) was used for preparation of the standard
sample. The error (%) of the homogeneity of the primary
standard sample matrix was (1-3)%. The procedure of
analyzing milk powder samples was established with a
relative error of about 2 to 5%. In this work, the spectra were
obtained from two HPGe detectors having different relative
efficiency (20% & 40%). The efficiency of HPGe detector is
a product of geometric efficiency, intrinsic efficiency and
sample efficiency [6]. For efficiency calculation, counting
has been taken by keeping the samples at two different
positions which were at the end cape of the detector and zero
to 10 cm from the surface for both detectors. Efficiency as a
function of energy is usually fitted by polynomial function of
the 2™ degree.

2. Methods and Materials

HPGe detector technology is capable to provide sufficient
information to identify radionuclide’s from their passive
gamma ray emissions accurately and reliably. The HPGe
detector has 20-30 times better resolution than the Nal
detectors [7].

Materials and Reagents
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For this study plastic container, 100ml, 150ml, 200ml,
250ml, 300ml and Eu-152 standard solution were used. Milk
powder samples were collected from the local market. The
energy calibration of gamma ray spectrometer in accordance
with the IAEA recommendation (IAEA, 1989).

Table 1. The sample description

Sample ID Weight (gm) Height (cm)
MPSTD-1 55.61 3.00
MPSTD-2 73.36 5.00
MPSTD-3 83.26 5.00
MPSTD-4 93.73 4.90
MPSTD-5 120.78 4.50

Sample Preparation

The milk powder sample is prepared by injecting 0.52gm
of EU-152 standard solution into the container of 10gm milk
powder sample. The sample was carefully mixed before
taking count rates to ensure the homogeneous distribution of
EU standard source with milk powder sample. Then the
activated 2gm of milk powder sample of same weight and
height was taken into three 100mL container and detector
count was taken. The detector count rates of three containers
were same which indicates that the EU-152 standard was
homogeneously mixed up. By this process, MPSTD-1
sample was prepared. Similar procedure was used to prepare
the other samples, MPSTD-2, MPSTD-3, MPSTD-4 and

MPSTD-5. The weight and height of five samples of five
different containers were not same. But the density of the
samples of each container was same, and it was 0.55gm/cm’.
The containers were sealed tightly and wrapped with thick
vinyl tapes around their screw necks. Then the samples were
kept for a preset periods of time and then gamma
spectrometry was performed. Gamma spectra were collected
three times for each measuring point.

3. Results and Discussion

Efficiency calibration and measurement of self-absorption
correction for milk powder sample was carried out by using
cylindrical container of different volume. Efficiency
Calibration were carried out for source energy at 121.74,
244.69, 344.27, 411.11, 443.91, 778.89, 963.38, 1085.78,
1112.02, 1407.95 KeV. Counting times for all types of
samples were 10000 seconds for each energy. The activity of
a source at any time from the day of its primary activity A,
can be calculated by using the radioactive decay equation as

—0.693xt
M

ZLl/2

Where, A, is the initial activity of the standard source at
t=0, A is the activity of the source after time t and t,, is the
half life of the source.

Table 2. Specification of the Standard y - Ray Sources

Sample code | Sample Geometry | Sample volume | Source Half life Initial activity | Present activity
MPSTD-1 100 ml 90.478 cm? 18.5973 16.3595
MPSTD-2 150 ml 66.01287 cm’ 21.0285 18.4982
MPSTD-3 200 ml 114.511 cm? EU-152 | 4854.5 day 31.4530 27.6684
MPSTD-4 250 ml 125.0364 cm’ 29.1205 25.6163
MPSTD-5 300 ml 14476 cm® 45.5198 40.0426
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Figure 1. Efficiency versus energy graph (a) at end cap position (b) at 0 to 10 cm distance from detector surface for the detector of relative efficiency 40%
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Figure 2. Efficiency versus energy graph (a) at end cap position (b) at 0 to 10 cm distance from the detector surface for the detector of relative efficiency
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Figure 3. At end cap position for detector (relative efficiency 40%)
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Figure 4. At 0 to 10cm distance from detector surface for detector (relative efficiency 40%)

Efficiency calibration

Efficiency calibrated at end cap position of the detector
and 0 tol0cm distances from the detector surface for detector
(relative efficiency 40%) & detector (relative efficiency
20%).

From the above figure, the efficiency curve is falling in
nature. There is a sharp decrease of the efficiency (%) with

the increasing energy. At higher energy range, the decreasing
rate is small. The efficiency (%) is not same at two different
positions of detector 1 (relative efficiency 40%). Similar
nature shows for detector 2(relative efficiency 20%). The
efficiency variation (%) between the end cap position & 0 to
10cm distance is about 72%-80% for each energy. We have
also determined the efficiency values at same position for
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two detectors for identical sample that are different. It can be
inferred that detector itself is a factor for efficiency
determination. The height & volume of the five samples
were different. The volume of the MPSTD-1 is greater than
MPSTD-2, but the height of the MPSTD-1 is less than
MPSTD-2. In this case, the efficiency value of MPSTD-1 is
greater than MPSTD-2 for two detectors and also for two
different positions. So it is another factor for self absorption.
Efficiency variation occurred with sample weight for
particular energy range is shown in the graph for two
detectors with sample at end cap position & at zero to 10cm
distance from detector surface.

These graphs represent that the efficiency values decrease
with increasing weight of the sample for each particular
energy range. So the weight of the samples is an important
factor for efficiency determination. In order to search a
relationship between the efficiencies (%) and the energy
values, an effort has been made here to obtain a polynomial,
power series or exponential relationship. The following trial
equation was chosen.

y =Ax" 2
Where, y = efficiency, x = energy in KeV and, A & B are

(y=Ax"®) for the milk powder sample MPSTD-1, MPSTD-2,
MPSTD-3, MPSTD-4, MPSTD-5. The variation (%)
between experimental efficiency (%) and fitting efficiency
(%) is not so high, about 3-10 % variation occurred for both
at end cap position & zero to 10 cm distance of two detectors.
The fitting efficiency curve also can be determined from
fitting efficiency values. Using efficiency value we find out
the activity of milk powder sample for two detectors at two
different positions.

Similar calculation was repeated for each sample and
activity of different samples are varies from 163.595 Bq/gm
to 400.426 Bg/gm. This variation occurs for different height,
weight of the samples and different size of the containers.

We find that the measured activity of detector 1 and
detector 2 are same at the position of end cap of the detector
and zero to 10cm distance of the detector for each sample. So
the activity does not vary for detection system and the
detector geometry. If we use end cap efficiency value to
measure activity keeping sample at zero to 10 cm distance,
the activity variation occurred. Similarly, we use distance
efficiency to determine the activity at end cap of the detector.
The activity variation (%) shown in table. So efficiency

determination is essential to determine activity
constants. . . . concentration.
The fitting efficiency was calculated from the equation
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Figure 5. At end cap position for detector (relative efficiency 20%)
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Figure 6. At 0 to 10cm distance from detector surface for detector (relative efficiency 20%)
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For detector-1 For detector-2
Sample code At surface At distance At surface At distance
Constant
A B A B A B A B
MPSTD-1 21.78 0.66 4.173 0.66 67.32 0.86 17.88 0.95
MPSTD-2 13.97 0.64 2.531 0.63 52.22 0.88 7912 0.85
MPSTD-3 12.04 0.67 3.058 0.72 34.62 0.87 6.139 0.89
MPSTD-4 11.35 0.66 1.075 0.55 37.7 0.88 10.46 0.95
MPSTD-5 4.942 0.61 3.51 0.77 17.85 0.85 4.684 0.91
Table 4. Activity of milk powder sample (MPSTD-1) for detector 1
Measured Activity
Efficiency Efficiency Activity Activity
Energy Efficiency Efficiency value-1 of value-1 of variation (%) variation (%)
(KeV) value-1 of value-2 of Detector2 with Detector2 with Between Between
Detector2 Detector2 sample’s at 0-10 sample at the column 1 & 3 column 2 & 4
cm distance surface
121.75 163.595 163.595 851.5197 31.43007 80.78788 80.78788
244.62 163.595 163.595 1015.639 26.35122 83.89241 83.89241
344.15 163.595 163.595 927.7034 28.84901 82.36559 82.36559
411.02 163.595 0 0 0 0 0
443.78 163.595 163.595 402.8832 66.42948 59.39394 59.39394
778.66 163.595 163.595 838.2859 31.92625 80.48458 80.48458
963.78 163.595 163.595 646.6511 41.38758 74.7012 74.7012
1085.49 163.595 163.595 1146.769 23.33803 85.73427 85.73427
1111.73 163.595 163.595 1115.163 23.99947 85.32995 85.32995
1407.49 163.595 163.595 844.2553 31.70051 80.62257 80.62257
Table 5. Activity of milk powder sample (MPSTD-1) for detector 2
121.75 163.595 163.595 1021.807 26.19215 83.98964 83.98964
244.62 163.595 163.595 1007.772 26.55692 83.76667 83.76667
344.15 163.595 163.595 1141.175 23.45243 85.66434 85.66434
411.02 163.595 163.595 681.864 39.25024 76.00768 76.00768
443.78 163.595 163.595 1128.188 23.72239 85.49932 85.49932
778.66 163.595 163.595 1348.553 19.84595 87.86885 87.86885
963.78 163.595 163.595 1056.684 25.32766 84.51807 84.51807
1085.49 163.595 163.595 1378.232 19.41859 88.13008 88.13008
1111.73 163.595 163.595 1023.403 26.15132 84.0146 84.0146
1407.49 163.595 163.595 1153.638 23.19906 83.98964 85.81921

4. Conclusions

The efficiency calibration of HPGe detector was
performed by changing the sample’s positions for two
different detectors. From the results, the efficiency variation
occurred due to different sample matrix, detection system
and detector relative efficiency. The identical shape of the
curves represents the accuracy of the calibration.
Experimental result shows that the efficiency is inversely

proportional to the energy. The variations of efficiency with
position indicate the importance of the geometry during the
gamma spectrometry of unknown samples. That is identical
geometry should be maintained during the calibration of the
detector and counting of unknown samples. The activity of
the each sample was justified by using a different set of
calibration. Each time the activity has been changed with
changing of calibrated efficiency for same samples. The
result indicates that the efficiency of the detector is not
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universal or intrinsic. Efficiency depends on the physical
density and chemical composition of the materials. It also
depends on the geometry of the performance. In conclusion,
it can be said that the efficiency calibration of HPGe detector
is a vital factor and should be performed with the similar
standards at the beginning of gamma spectrometry as of the
samples.
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