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ABSTRACT

A simple method for the deconvolution of 1J4Cs/137Cs peaks in a give!": mixture of IS4Cs and l37Cs

using Nal(Tl) gamma-ray scintillation spectrometry is described. In this method the 795 keV

energy of l34Cs is used as a reference peak to calculate the activity of the 137Cs directly from the

measured peaks. Certified reference materials were measured using the method and compared

with a high resolution gamma-ray spectrometry measurements. The results showed good

agreement with the certified values. The method is very simple and does not need any

complicated mathematics and computer programme to deconvolute the overlapping 604.7 keV

and 661.6 keV peaks of 134Cs and l37Cs respectively.
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Radionuclides.



INTRODUCTION

Analysis of gamma emitting radionuclides in a given material is usually performed by the well

established method of gamma spectrometry [1-3]. Gamma spectrometers commonly used are

made up of a Nal(Tl) scintillation detector or a Germanium (lithium doped or intrinsic high pure

germanium) semiconductor detector coupled to a multichannel analyser. The energies of gamma-

rays emitted from radionuclides in a sample of the material are usually displayed in a spectrum

as a function of the pulse height. Depending on the energy resolution of the detector type used,

the spectrum of a mixture of a number of different radionuclides measured in a material may

contain peaks which overlap. This makes it very difficult to determine the separate activities of

the individual radionuclides in the spectrum Nal(Tl) scintillation detectors are known to have

comparatively poorer resolution than germanium detectors, but are preferable in some specific

types of analyses due to the higher efficiency and the fact that they need no cooling to liquid

nitrogen temperature (77°K). In the analysis of materials or samples containing a mixture of l34Cs

and 137Cs using Nal(Tl) scintillation detector, the distribution from the 604.7 keV of 1MCs and

the 661.6 keV of l37Cs are not well resolved.

Methods for deconvolution of unresolved spectra to extract the different data from measured

overlapping distributions have been develop and published [4-6]. Some of these methods require

the use of complicated mathematics and computer programmes. Spectral fitting and unfolding

using Fourier series, Bessels function, Cherbyshev series [7], stepwise statistical method [8],

vector and least square, strip-off, incremental and iterative methods [9], and stepwise multiple

regression [10] are used in the analysis of mixed radionuclides. Each of these methods is



designed to meet specific needs and accuracy.

To overcome the complicated mathematical and computational methods of deconvolution of the

unresolved peaks, a simple method has been developed as an alternative approach to obtain the

activity of 137Cs directly from the measured peaks. In this method, the 795 keV peak energy of
l34Cs is used as a reference to calculate the activity of the l37Cs in the unresolved part of the l34Cs

and 137Cs spectra of 604.7keV and 661.6 keV respectively. This method has been applied in the

GEMS/Food-Euro Proficiency Testing exercise [11] in which our laboratory participated.

PRINCIPLE OF THE METHOD

The formalism for the calculation of activity in Bq in a given sample of a material, after

correction for decay and background is expressed as-

C-
A = J

j f

where, A} denotes the activity of radionuclide in the sample at any given time; C, is the count

rate recorded under the jth photopeak in the spectrum; ^ is the photopeak efficiency for a given

energy, and f, is the emission probability for an emitted gamma-ray.

Let A, and A3 represent the activity of 13JCs using the energy peaks 604.7 keV and 795.9 keV

respectively (where A, = A3), and A2 the activity of the 137Cs. Here, we have denoted j = l, 2

and 3 from equation (1) to represent the photopeaks 604.7 keV, 661.6keV and 795.9keV

respectively. Let C, and C3 also be the net count rates for the l34Cs gamma energies 604.7 keV



and 795.9 keV, and C2 the net count rate for 137Cs gamma energy 661.6 keV respectively. If f,,

f2, f3 and e,, e2, e3 are the corresponding emission probabilities and photopeak efficiencies, then

the ratio of C3 to C, is

# = T? ,2,

Let Cr also denotes the net count rate under the convoluted peaks of 604.7 keV and 661.6 keV

as shown in figure 1. then

n = r» _ \_ 1 n C\\

From equations (1) and (3), the ratio of A2 to A3 is

A3 f2e2 C3 f2e2

Equation (4) can be simplified to obtain

Equation (5) is the expression for the determination of the activity of 137Cs. It can be seen from



this equation that the activity A2 may be determine by measuring the total net count rate, CT,

under the convolved peaks and the net count rate, C3 respectviely. This way the process of

deconvolution of the unresolved peaks involving 604.7 and 661.6 keV is avoided.

EXPERIMENTAL

The test of the validity of the method was demonstrated by measuring a number of reference

materials, namely; milk, whey powder, grass, soil and sediment. The reference materials were

provided by the International Atomic Energy Agency (IAEA), and Central Science Laboratory

(CSL) of the United Kingdom respectively during intercomparison exercises [11-13].

Materials and Instrumentation

The -ow level gamma spectrometer used for this work consists of a Na(Tl) detector assembly

coupled to a Toshiba laptop computer with an Oxford Instruments PCAP software for spectrum

acquisition and evaluation. The detector is located inside a cylindrical lead shield of 5cm

thickness, internal diameter of 24cm and height of 47cm. It is lined with copper, cadmium and

plexilglass, each 3mm thick.

Calibration of the gamma spectrometer

Prioi to the analysis of samples, energy and efficiency calibrations were performed to enable

identification and quantification of the radionuclides. The detector system was calibrated using

a multinuclide reference standard solution supplied by the IAEA. The standard containing three

radionuclides with four well resolved peak energies of 59.5 keV, 661.6 keV, 1173.2 keV and



1332.5 keV was measured in 0.5 litre Marinelli geometry and 0.25 litre containers respectively

to cater for different sample sizes.

Energy calibration was performed by matching the energies of the principal gamma rays in the

spectrum of the standard reference material to the channel number of the spectrometer. This is

done both manually and by the computer.

The efficiency calibration was performed by acquiring a spectrum of the calibration standard until

the count rate at the peak of toial absorption can be calculated with statistical uncertainty of less

than 1 %. The net count rate was determined at the photopeaks for all the energies to be used for

the determination of the efficiency of the calibration standard at the time of measurement. The

efficiency at each energy was ploted as a function of the peak energy and extrapolated to

determine the effciencies at other peak energies for each of the measurement geometries.

Measurements

The samples were measured in the same geometry as the standard. A counting time of 4-6 hours

was used for spectrum acquisition. The net counts under the energy peak 795.9keV was recorded

in addition to the net counts under the convolved peaks of 604.7ke_V and 661.6keV. The specific

activity of 137Cs was computed for each sample using the method provided by equation (5).

Correction for variation in densities for both standard and samples were made by expressing the

results in terms of specific activities in Bq/kg. Since a close geometry was also used, true

coincidence summing correction was made for all the energy peaks used for the calculation of

the activities using the expression published by Gilmore and Hemingway [1]. The measurements



were repeated using a high purity Germanium detector system.

RESULTS AND DISCUSSIONS

Table 1 shows the results of measurements using the method described. The results have been

compared with IAEA and CSL certified values and that of a high resolution gamma ray

spectrometry measurements. All the results have been expressed in terms of specific activity in

Bq/kg of the material. The deviations from the IAEA and CSL certified values were also

calculated.

The high purity germanium detector and counting assembly was able to resolve completely the

604.7keV and the 661.6keV peaks, enabling easy calculation of the net area under the individual

peaks and hence the activities using equation (1). The method described, however is bu(,ed on

measurements with a Nal(Tl) detector system which has a comparatively poorer resolution and

therefore incapable of resolving the two peaks aforementioned. As can be seen from the table,

the results of this method show good agreement with those determined with the high purity

germanium detector which could resolved the two peaks and also within the range of the certified

values.

Figure 2 shows the deviations of the measured values from the certified values. It is observed

that most of the values for l37Cs lie within 10% deviation with the exception of a few outliers

notably whey powder and milkll. Though the deviations for the HPGE are found to be good for

most of the samples, it is important to note that the accuracy in the measurement of the samples

depends remarkably on the systematic and random errors from the type of counting system used



and errors in the procedure, among others. Significant drifts in the photopeaks of a Nal(Tl)

scintillation detector system and the poor resolution may contribute to accuracy of the measured

results. The combined uncertainty in the measurement of the n7Cs concentration for each of the

samples is in the range of 8.3-28.6%. In the measurement of food and environmental samples,

an error of 30% is acceptable [14]. The accuracies indicated by the uncertainties and the relative

deviations from the certified values shows that the method is reliable.

CONCLUSION

A simple method is presented for the deconvolution of lwCs/137Cs peaks in a radionuclide mixture

containing IMCs and 137Cs using Nal(Tl) gamma-ray scintillation spectrometry. The application

of the method has been demonstrated by measuring a number of reference materials and

compared with the results from high resolution gamma spectromtiry measurements using a high

purity Germanium detector, "i he results using the method showed good correlation with the

certified and HPGE values and with 90% lying within 10% deviation. From the quoted results,

it can be concluded that the activity of I37Cs in a mixture of l34Cs and 137Cs in gamma ray

scintillation spectrometry can be calculated with a good degree of reliability using the method

described. The method is very simple and easy to use, and may be applied to the analysis of

multinuclides with similar overlapping peaks.
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Table 1: Comparison of results from the method with certified reference and HPGE values.

Refere material

(sample code)

Soil (SL)

Grass (GR)

Milk I (MKI;

Milk II (MKII)

Whey Powder (WP)

Sediment (SED)

Grass I (GRI)

Grass II (GRII)

Milk A (MKA)

Milk B (MKB)

Average 137Cs concentration, Bq/kg

NaI(Tl) values

using the method

described

5230.0 + 689.7

12081 ± 1248

68.6 ± 19.6

1910 ± 287

2901 ± 293 .

1054.8 ± 143.3

11240 ± 1304

204 + 45

2573.0 + 315.3

578 + 73

HPGE values using

the conventional

method

5177.0 ± 905.2

12370.2 + 1999.8

63.6 ± 13.9

2213.3 + 294.4

3271.7 ± 417.0

1021.3 + 126.8

11820 ± 981

228.0 + 38.7

2639.7 ± 376.0

615.0 ±66.2

Certified values

(Range)

5161 (5081-5238)

12070 (11855-12285)

67.8 (66.4-69.3)

1908 ,'1814-1952)

3242 (2760-3750)

1060 (844-1322)

11796 (9675-11800)

223 (160-295)

2629 (2371-2887)

603 (530-677)
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Fig. 1: Nal(Tl) spectra of 134Cs and 137Cs showing evaluation of the net
count rates CT and C3.
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Fig.2: Comparison of the deviations
from the certified values
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