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Our laboratory uses a standard procedure for liquid solution’s γ – radioactivity measurements. The containers which are used 
for the handling of the samples have a maximum volume capacity of 15.5ml and their structural material consists of acid 
resistant plastic, that is (γ – ray) transparent. The inner diameter of the containers is about 21.5mm. Due to their airtight closing 
after the filling, they have the limitation of a single use. Their advantage is that they have a zero radiation background, so they 
do not increase the measurement’s uncertainty. The volume of the sample’s solution which is used for our standard 
measurement procedure is ≅10ml. According to this, in order to maintain this volume, it is necessary the dilution of the main 
sample into a dilution medium up to the volume of 10ml. The dilution medium that has been used in this particular case was 
triple distilled water.  
Initially it was determined that from the main sample there will be produced four subsamples of volume about 0,5ml. 
According to this, four blank containers were weighted each one for 20 times. Afterwards, the subsamples were added to the 
containers, and once again they were weighted each one for 20 times in order to quantify the gross weight. It should be noticed 
that in both occasions the average mass and the standard deviation were determined (see page 6 of 6 for the evaluation of each 
subsample’s mass uncertainty). The net mass of each subsample derived from the subtraction of the average mass of the 
container from the average gross mass. The weighting done using an electronic laboratory microbalance (Sartorius/accuracy 
1E-04gr). Finally, the dilution medium was added up to the volume of 10ml and then the container was firmly sealed. 
The final geometry of the subsamples is cylindrical, with diameter 21.5mm, height 27.5mm and the discoid base of the liquid 
cylinder, during the measurement, is coaxial to detector’s active window at a distance ≅5mm above the detector’s active 
volume. The standard with which accomplished the system’s efficiency calibration, had the same cylindrical geometry as the 
subsamples, contained known activity (with its given uncertainty) of Eu-152 and its measurement, for the calibration 
procedure, done at the same standard conditions with those used for the measurement of the subsamples. The activity of the 
calibration standard was comparable with these of the subsamples. 
 
 
 
 
 
 
 
The γ-radiation that produced by the samples’ nuclides was detected with a coaxial HPGe detector, and the signal of γ-
spectrum was primarily processed by nuclear electronics (CANBERRA). The final stage of the process was a multichannel 
analyser (MCA CANBERRA SERIES 35, 4096 channels) interfaced with a 586 PC. The SPECTRAN - AT V4.0 γ – 
Spectroscopy software (CANBERRA) was used to determine the quality and quantity of the nuclides in the subsamples 
through pulse-height spectrum process. For the avoidance of high environmental background counting, the active volume of 
the detector was shielded by 10cm, in width, Pb-made shielding. 
Basically, the analysis of a pulse-height spectrum obtained from a γ – ray spectrometer consists of the following steps: 
1. Locate peaks of interest in the spectrum 
2. Determine the background corrected area and the statistical uncertainty in the area of each peak 
3. Identify the nuclides that produced the spectrum 
4. Determine the activities of the nuclides of interest, including decay corrections. 
Before steps (3) and (4) above can be carried out, the system must be calibrated in order to relate γ – ray energy to pulse 
height, and nuclide concentrations to measured peak areas. This is accomplished by determining the positions and areas of 
spectral peaks produced by γ – rays of known energies and intensities, and generating appropriate calibration parameters that 
may be used in subsequent analyses. For the procedure of calibration are used, for the γ – rays’ of known energies and 
intensities production , suitable calibration standards (containing a known amount of Eu-152). These standards must have the 
same geometry and matrix’ composition with the samples’, comparable activities with them and their measurement, through 
the calibration procedure, must be done at the same standard conditions with those used for the measurement of samples. As 
well as the liquid solution standard, the coal fly ash standard was in accordance with the above demands.  
After the energy calibration, the system is ready for the efficiency calibration. Up to an energy of at least a few MeV, the 
system’s efficiency, E, of HPGe detector as a function of energy may be well represented by simple polynomial functions of *  

continued on back page → 



*→ 
 

∑ ⋅=
n

0

i
i

)]PE[log(blog(E)  :form the

 
The degree of the polynomial, n, used in the fit depends on the number of calibration points available (for the ten calibration 
points of Eu-152 used, n=2 for PE<PEc and n=4 for PE>PEc).  
Detection efficiency calibration points are obtained by measuring the areas of well resolved photopeaks produced by γ-rays of 
known intensities. The absolute system’s efficiency at a given energy is determined from:  
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Both in the case of the energy and efficiency calibration, users do not attempt to extrapolate the calibration beyond the energy 
range of the calibration source used (Eu-152). (To do so will likely result in invalid efficiency values). 
As well as the liquid subsamples, the three coal fly ash subsamples was handled in the same containers. The volume of the 
subsamples which were used for our measurement procedure was ≅15.5ml. Firstly 3 blank containers were weighted each one 
for 20 times. Afterwards, the subsamples were added to the containers, and the same procedure as the liquid subsamples’ 
weighting procedure was accomplished. The final geometry of the coal fly ash subsamples is cylindrical, with diameter 
21.5mm, height 42.8mm and the discoid base of the ashes’ cylinder, during the measurement, is coaxial to detector’s active 
window at a distance ≅5mm above the detector’s active volume. 
All the containers were cleaned intently before their content’s γ-spectrum collection, to avoid detector’s contamination. 
 



 
 
 
 
 
 
All the calculations for the activity concentration, of each nuclide that appeared in each single subsample’s measurement, done 
with the use of SPECTRAN – AT V4.0, γ – Spectroscopy software (for HPGe Detectors), as described below: 
After all spectral peaks have been found by the program’s routines, their areas determined and nuclides identified, the activities 
of selected nuclides in the sample as specified in the analysis library are determined. The activity per unit mass, or activity 
concentration, of a given nuclide, for each single subsample’s measurement, is calculated from: 
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To have better statistics at the final results of our project, multiple “single” measurements of each subsample was undertaken. 
All the subsamples of a primary sample (017A or 017B), was prepared with the same standard way and measured using the 
same routine method, under constant settings (conditions) of counting system. Due to previous two propositions, there are * 
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multiple measurements of Activity Concentration for every nuclide, for each one of the exercise’s samples. (For 017A took 
place (4 single measurements per subsample) x (3 subsamples) ⇒ 12 measurements of Activity Concentration for every 
nuclide appeared in the sample. For 017B done (4 single measurements per subsample) x (4 subsamples) ⇒ 16 measurements 
of Activity Concentration for every nuclide that was found in the sample). From every single measurement and for each 
nuclide, emerges an Activity Concentration value (Ii), according to previous formulas, that has an uncertainty (Ui) (as show 
more analytically on page 6 of 6). The final Activity Concentration, of a given nuclide, in the analyzed sample (Inuclide017(A or B)), 
is calculated manually by the equation below: 
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The quantities wi called weights of Ii and are reversely proportional to Ui

2. The value of the Ii with the less Ui, contributes more 
at the determination of the final Activity Concentration value Inuclide017(A or B). 
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Uncertainty in the mass measurement
For 017A:
Firstly, 4 subsamples were weighted 20 times each. There is an arithmetic mean of the 20 results ( , i=1, 2, 3, 4 &
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For 017B:
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