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ABSTRACT 
 
Laboratory gamma spectrometric analyses require correction for self-attenuation effect due to the interactions of 
the photons emitted by the sample and its own matrix.  This issue becomes more important when samples of 
distinct densities and matrixes have to be measured. In this study, self-attenuation factors for efficiency 
correction of an HPGe detector, used for rock and soil radionuclide analyses, were calculated through gamma 
transmission measurements. These factors were calculated for 17 geological samples arranged in cylindrical 
recipients. For each sample, transmission measurements were accomplished for 17 energies ranging from 59 to 
1409 keV, using three punctual sources, 152Eu, 133Ba and 241Am.  The samples include several lithotypes 
(sandstone, siltstone, rhyolite and basalt), saprolite, soil, pure silica, pure calcium carbonate, a blend of 
carbonate and silica, and three IAEA reference materials for natural occurring radionuclide analysis, RG-K-1, 
IAEA-326 and IAEA-385. The densities varied from 0.5 to 2.2 g.cm-3. These data permitted a good fit with a 
theoretically deduced function that models the self-attenuation correction factor dependence on samples 
densities. The dependence on energy was empirically modeled. This function can be further used to correct the 
self-attenuation effect on gamma spectrometric analyses of other geological samples in the studied energy 
range. Some limitations of the model are discussed. 
 
 

1. INTRODUCTION 
 
Gamma spectrometric analyses for radionuclide activity estimation face the challenge of 
measuring very different materials encountered in several forms. Together with the geometry 
of the experimental set, the diversity of whole sample density and composition is amongst the 
most important variables affecting the analysis [1]. A particular niche of this general issue is 
the analysis of geological materials [2, 3], which is the subject of the present work. 
 
To face these challenges, this study calculated the self-attenuation factors for efficiency 
correction through gamma transmission measurements of geological samples with varying 
composition, density and granulation. This method determines the self-attenuation correction 
factor by comparing the transmission of a photon beam through the sample with the 
transmission of the photons emitted by the sample itself [4]. 
 
 
 



2. MATERIALS 
 
2.1. Gamma-ray detection system 
 
A high-resolution spectroscopic system was used for the measurement of the energy spectrum 
of the gamma rays. The system consists of a high-purity germanium (HPGe) detector, having 
a relative efficiency of 66%. Both detector and sample are protected from background 
radiation by an Ortec’s shielding system (model HPLBS1). The standard gamma ray 
spectrometry electronic chain was connected to a 4 K multi-channel card. Multichannel 
analyzer emulation software (MAESTRO-32) allowed data acquisition, storage, display and 
analysis of the acquired γ−spectra. Energy resolution for the 1.33 MeV gamma ray line from 
60Co is about 2 keV. 
 
2.2. Samples and point radiation sources 
 
The 17 geological samples were arranged in cylindrical plastic containers, each with an 8 cm 
diameter and a 2 cm height, and having a volume of 100 ml. Table 1 shows some 
characteristics of the samples. 
 
 
 

Table 1.  Samples characteristics 
 

sample description density (g.cm-3)  sieve's mesh (mm) 
basalt 2.09 4 
basalt 2.22 1 

IAEA-RG-K-1, potassium sulfate 1.57 < 0.5 
calcium carbonate 0.53 < 0.5 

silica 1.08 4 
blend of silica and calcium carbonate 0.93 4 
IAEA-385, reference marine sediment 1.12 < 0.5 

IAEA-326, reference soil 1.31 < 0.5 
dystroferric red latosol 1.42 2 

detritic material on weathered basalt 1.16 4 
fine detritic material on weathered basalt 0.89 < 0.5 

weathered basalt 2.02 4 
rhyolite 1.78 4 

sand 1.92 2 
siltstone 1.81 4 

clayey sandstone 1.64 4 
fine gray sandstone 2.19 4 

 
 
 
For each sample, transmission measurements were accomplished for 17 energies ranging 
from 59 to 1409 keV, using three punctual sources, 152Eu, 133Ba and 241Am.  

INAC 2007, Santos, SP, Brazil. 
 



 
3. METHOD 

 
In order to analyze samples with reasonably distinct matrixes (felsic and mafic silicate rocks, 
carbonate rocks and soils with variable organic matter contents), it is necessary to correct the 
effect of the changes in the self-attenuation that occur among the samples and the calibration 
sample. In this study, the reference material used for calibration was the IAEA-385. 
 
To carry out the correction, the method of direct transmission was used, similar to the one 
proposed by Bolivar et al [4], with some modifications. This method determines the self-
attenuation correction factor by comparing the results obtained through the transmission of a 
photon beam through the samples (equation 1) with the transmission of the photons emitted 
by the sample itself (equation 2).  
 
The method of direct transmission assumes two basic hypotheses. The first one is that the 
sample is centered coaxially to the detector, in this case both being cylindrical. The second 
one is that most photons emitted by the sample have a perpendicular incidence on the 
detector, which is true if the average distance source-detector is large enough. 
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In equation 1, the S´ is the beam intensity transmitted through the sample, C´ is the beam 
intensity transmitted through the calibration sample, μs and μc are the linear attenuation 
coefficients of the sample and the calibration sample respectively, and L is the width (height) 
of the sample. 
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In equation 2, f is the correction factor. The factor f is approximated to a much simpler 
function, expanding the exponential until the quadratic term, aiming to find a function 
relating f to energy and density. In the last step of equation 2 was considered L = 2 cm, as is 
the case of the samples in the present work. This last consideration makes μs and μc 
dimensionless. 
 
The last approximation proposed by Bolivar et al [4] was not considered here. Bolivar et al 
[4], after expanding the exponential, does another approximation, 1-(x/2) to another 
exponential, e-x/2. 
 
As already explained, these equations make it possible to calculate the efficiency correction 
factor, f, based on gamma-ray transmission measurements through the calibration sample and 
any other sample. In order to not spend lot of time on measurements and calculations for all 
the samples of interest, which would be time consuming and fatiguing, it is possible to find a 
function that relates f to the energy being measured and the density of the associated sample. 
 
If the samples have similar mass attenuation coefficients, (i.e. if the linear attenuation 
coefficients are proportional to the samples densities, ρ, independently of variations on their 
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compositions), a linear relation between the factor f and the samples densities have to be 
found (equation 3).  
 

( )cmsmcmsmcsf ρμρμρμρμμμ ++−=+−≅+−≅ 111    . (3)
 
It is important to note in equation 3 that μm is not exactly the mass attenuation coefficient of 
the samples, but the mass attenuation coefficient multiplied by 2 cm. 
 
In order to obtain this function, transmission measurements were made to 17 samples, 
including the calibration sample, IAEA-385, to 17 energies ranging from 59 to 1409 keV, 
using the spectra of three sources, 152Eu, 133Ba and 241Am, rightly placed on each sample. 
 
 

4. RESULTS AND DISCUSSION 
 
The analyzed peaks totaled 342, including the ones in the spectra used to examine sources 
positioning. The factor f was calculated to 17 samples and 17 energies. 
 
The results obtained for f through the approximation executed in equation 2 are very 
reasonable when compared to the results obtained through the same equation before the 
approximation. The average relative deviation between the results is 0.67%. Most deviations, 
302 of 342, are lower than 1%. 
 
Graphs of the factor f versus sample densities were plotted according to the 17 energies. 
Figure 1 and Figure 2 show some of the graphs, and Table 2 shows all the fitting parameters 
found. 
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Figure 1. Self-attenuation correction factor versus 
density for the energy of 276 keV. 
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Figure 2. Self-attenuation correction factor versus 
density for some energies. 

 
 

Table 2.  Fitting parameters obtained in the 17 linear regressions 
 

Energy 

(keV) 
mμ  

(cm3.g-1) 

mμΔ±  

(cm3.g-1) 
( )cmρμ+1

 
( )cmρμ+Δ± 1

 SD 
mμ (cm3.g-1) 

calculated from 

( )cmρμ+1  

mμΔ±  (cm3.g-1)

calculated from 

( )cmρμ+1  

59 0.278 0.028 1.294 0.042 23.6 0.261 0.038 
81 0.195 0.013 1.211 0.020 10.5 0.188 0.017 
122 0.1492 0.0055 1.1616 0.0088 7.6 0.1438 0.0078 
245 0.1094 0.0034 1.1218 0.0047 2.2 0.1083 0.0042 
276 0.1042 0.0029 1.1163 0.0038 1.3 0.1035 0.0034 
303 0.1028 0.0034 1.1136 0.0048 2.4 0.1011 0.0043 
344 0.0987 0.0037 1.1067 0.0058 4.4 0.0950 0.0052 
356 0.0944 0.0032 1.1036 0.0049 3.8 0.0922 0.0044 
384 0.0968 0.0025 1.1094 0.0033 1.2 0.0973 0.0029 
411 0.0951 0.0044 1.1062 0.0053 1.2 0.0945 0.0047 
444 0.0868 0.0045 1.0980 0.0055 1.4 0.0872 0.0049 
779 0.0746 0.0033 1.0822 0.0045 2.0 0.0732 0.0040 
867 0.0748 0.0049 1.0834 0.0059 1.4 0.0742 0.0052 
964 0.0630 0.0029 1.0711 0.0040 1.8 0.0633 0.0036 
1086 0.0649 0.0031 1.0719 0.0041 1.5 0.0640 0.0036 
1112 0.0660 0.0039 1.0713 0.0053 2.2 0.0635 0.0047 
1408 0.0545 0.0031 1.0598 0.0044 2.1 0.0532 0.0039 

In all cases p < 0.0001. In all  regressions N = 19, except to the 59 keV energy where N = 21. In all  regressions 
R ≤ - 0.97, except for the energies 59 keV (R = - 0.92) and 81 keV (R = - 0.96). 
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The very satisfactory fittings indicate that the previous hypothesis (that the samples have 
similar mass attenuation coefficients) is reasonable. The two worst adjustments, encountered 
for the energies of 59 and 81 keV, are still good. Once the dependence of f with density is 
figured out, the dependence on energy may be encountered relating the mass attenuation 
coefficients, found through the straight-line parameters, and the energy. 

 
The factor f tends to unity when energy tends to infinite, regardless the sample density. This 
is caused by the rapid lowering of the self-attenuation effect for higher energies. The straight-
line parameters presented in Table 2 follow this behavior well, the angular coefficients (μm) 
tend to zero as the energy tends to infinite and the linear coefficients (1+μm.ρc) tend to unity. 
A function that respects these characteristics well is the potential equation. Equations 4 and 5 
express these facts. 
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The Figure 3 and Table 3 express the findings for the fitting of results to equation 5. 
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Figure 3. Mass attenuation coefficient as function 
of energy. Linear fit does not include E < 100 keV. 
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Table 3.  Coefficients of equation 3 obtained through the  
fitting parameters of the graph in Figure 3 

 
a  

(cm3.g-1.keV-1) 
±Δa 

(cm3.g-1.keV-1)

b ±Δb R SD N p 

0.909 0.063 -0.382 0.011 -0.988 10.130 30 <0.0001

 
 
 

It is interesting to note that the function does not fit with the results for energies lower than 
100 keV. Substituting equation 5 in equation 3, it is possible to write equation 6, which is 
valid to energies higher than 100 keV. 
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In this work, the samples are mostly compounded by silica and calcium carbonate, which 
have the same average isotopic number, 10. This fact justifies the similarities of mass 
attenuation coefficients of the samples and the good behavior of this coefficient with energy, 
although there are other nuances in compositions. These nuances are mostly due to variations 
on Al, Fe, Mg and K contents. 
 
 

5. CONCLUSIONS  
 
Gamma spectrometric analyses for estimation of activities in distinct materials need self-
attenuation corrections. In this work, corrections using the transmission method are 
demonstrated in geological samples stored in cylindrical recipients. The model for self-
attenuation generates a function relating the correction factor and density to each energy, 
fE(ρ). This model is completed by an empiric function that connects the coefficients of fE(ρ) 
with the energies, obtaining finally f(ρ, E). The results agreed with the hypotheses assumed in 
the model. Deviation for energies lower than 100 keV indicates the necessity of further work. 
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