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Introduction 
The basic assumption made when calibrating a Lung Counter is that the deposition of 

the radioactive aerosols in lungs is homogenous, and therefore the calibration is made with 
realistic phantoms containing lung sets with homogeneous contamination. Unfortunately, the 
deposition of the radioactive aerosols is rarely homogenous, being a function of the aerosol 
size and breathing rate(1) . In some cases, the contamination can even be present in the form of 
single “hot” particles. It is expected that the count rate will be strongly dependent on the 
position of the “hot particle” because of the geometrical factor (which is determined by the 
distance) and the absorption factor (which is dependent on the path in the lung and in the 
chest). In a work dealing with the subject(2), the lung was divided into 16 volume cells, and 
the uncertainty due to inhomogeneous distribution was estimated by Monte Carlo simulation. 
The deviations from homogeneity were evaluated to be by factors of  26, 3 and 1.8 for photon 
energies of 17,  60 and 1000 keV respectively. 

In the present work, an estimation of the possible deviations is presented for the 
system employed at NRCN, and a procedure is proposed to diminish the errors of the activity 
determined due to the non-homogeneous source distribution in the lungs. 

 

Materials and methods 
The measurements were preformed by the NRC-Negev Lung Counter system in the 

WBC laboratory, which consists of 4 Semi-Planar HPGe detectors made by Eurisys Mesures- 
France. The active area of each detector is 3800 mm2, with a diameter of 70 mm and a 
thickness of 25 mm. The 4 detectors are assigned as A, B, C, D.  Detector A is located 
opposite the upper part of the right lung. Detector B is located opposite the upper part of the 
left lung. Detector C is located opposite the lower part of the left lung, and detector D is 
located opposite the lower part of the right lung. The 4 detectors cover almost the total area of 
the lungs. 

The detectors are calibrated using a realistic phantom, manufactured by the Lawrence 
Livermore National Laboratory. The phantom can adapt loaded lungs containing calibrated 
radioactive material, which is dispersed homogeneously in the lungs volume. This calibration 
is accurate only if the distribution of the aerosols breathed by the monitored person in the 
lungs is also approximately homogenous.  

In order to check the response to non-homogenous sources in the lungs, the extreme 
case of a point source in the lungs was studied. The loaded lungs were replaced by inert 
(unloaded) lungs, made of the same material, but having holes, where point sources of natural 
Uranium were placed. The unloaded lungs have 56 points for placing the sources at  different 
locations. 28 points are located on the upper surface of the lungs and 28 on the lower surface.  



homogeneity factors-unthe Results of  
 The count rates of the four HPGe detectors were recorded for all 56 locations 
mentioned above. An average value of all count rates was calculated, and the individual count 
rates were related to this value. The ratio obtained for each point indicates the error that would 
have been obtained if a "hot spot" activity at the specific location would have been evaluated 
using the homogeneous lung efficiency factor. Table 1 presents the ratio results, and also the 
results when summing 3 of the detectors (Sum3) and all four detectors (Sum4).  

Detector Lung 
surface 

 Maximal and minimal ratios :  
lungs average (cps) / point (cps) 

 

A upper 19.3 0.1 
 lower 12.8 0.3 
B upper 7.0 0.4 
 lower 9.4 0.1 
C upper 8.4 0.5 
 lower 7.5 0.2 
D upper 15.6 0.1 
 lower 18.7 0.2 

Sum3 upper 7.3 0.2 
 lower 6.4 0.3 

Sum4 upper 6.7 0.3 
 lower 6.1 0.3 

 

      Table 1 :   Maximal and minimal ratios of the lungs average count rate to a specific point    
count rate for the different detectors. 

Improvement methods 
From table 1 it can be seen, that for all detectors there are considerable errors ranging 

to more then one order of magnitude of overestimation or underestimation.  The values 
obtained in our work are even higher than these presented by Kremer (2), probably because of 
the better geometric resolution. 

A simple and obvious method to reduce the error range is to sum the results of the 
individual detectors. When using the sum of 3 detectors or the sum of 4 detectors, (sum 3 and 
sum4 in table 1), the uncertainty of the activity determination is in the range of overestimation 
by a factor of  ∼5 to an underestimation by a factor of ∼7  for all points. This range is much 
smaller than for the individual detectors, bit is still very significant. 

An alternative way, although more complicated, is to use  the information of the ratios 
between the count rates of  the four detectors to  determine the location of the point source. 
The subject of source location identification by multi detector measurement is a special case 
of multi-parameter identification. This problem was discussed in detail for molecule 
identification from their electron impact mass spectra. Rasmussen and Isenhour(3) studied 
several criteria to find the best fit. Stein and Scott(4) suggested to look on the ion intensities as 
the components of a vector. We checked various criteria for determination of the location of 
the point source (“hot particle”) in the lungs, and estimated the associated errors in the 
activity determination. The count rate data obtained for all point source locations were used to 
build a reference matrix of 56 rows, each row containing four values representing the average 
counts of each detector. Each set of the individual experimental values was used as 
“unknowns” for verification of the different criteria for location identification.  



A Microsoft Excel application calculated the similarity indexes between the four 
measurements at a specific point and the values of the 56 different points of the library data 
base, for each of the 15 criteria checked. The similarity index test was performed for all 224 
measurements, and the number of “successful hits” (right guess of the source location) was 
counted. Table 2 shows the number of “hits” based on the the 186 keV peak analysis, for the 
most promising criteria. After determination of the predicted point location, we can use the 
efficiency factor for this point to calculate the source activity from the single measurement 
count values. The difference between this calculated activity and the known source activity is 
the error for the specific measurement. By averaging the errors for all points when using a 
certain matching criterion, an average error (relative deviation) can be calculated. These 
average errors and their standard deviations are also presented in table 2, as well as the 
number of cases for which the errors were over 25% and over 50%.  

 

Criterion 
number 

Number of 
“hits” from 224 
measurements 

Average  
relative 

deviation (%) 

Standard 
deviation of 

the error (%) 

Number of 
deviations 
over 25% 
(from 224) 

Number of 
deviations 
over 50% 
(from 224) 

1 182 10.5 22.9 30 18 
9 182 10.5 22.9 30 18 
10 183 10.1 22.4 28 17 
11 188 9.4 22.0 25 16 
12 182 10.8 24.2 29 18 
13 182 10.8 24.2 29 18 
14 182 10.8 24.2 29 18 

 

Table 2:  Results obtained when using the 186 keV peak for activity determination.    
 

Conclusions 
Simple summing of the count rates of the four detectors, or more sophisticated 

analysis of the count rates from the four detectors measuring the lungs can be employed to 
diminish the error of the activity determination in the case of a "hot spot". By the similarity 
index method, the "hot spot" was detected in 88% of the cases (188 out of 224 
measurements). The average error in the activity determination, when using the most 
promising criteria, is about  10%. The degree of certainty can be further improved if the 186 
keV peak analysis is combined with the 92 keV peak analysis, as we have found that only a 
few wrong guesses are produced by both analyses.   
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