




International Conference on Advances in Destructive and Non-Destructive Analysis for Environmental 
Monitoring and Nuclear Forensics, Karlsruhe, Germany, 21-23 October 2002 

 3

commitments [4]. As part of these activities, a technique is being developed to determine the "age" of 
plutonium particles [5]. The "age" of a particle is defined as the time elapsed since the last chemical 
separation of daughter nuclides from the parent. The particles to be analyzed can be obtained from the 
environment or from "swipes" taken at nuclear installations where clandestine activities are suspected. 
In view of the pending international agreement to stop the production of weapon materials, the age of 
such "suspected" particles is of course of great interest for verification purposes. For bulk samples, 
gamma spectroscopy can be used. However, for very small particles, because of the low activity, this 
technique is impossible. 

Fresh plutonium particles will in general contain the isotopes 238Pu, 239Pu, 240Pu, 241Pu, 242Pu in 
different amounts, depending on the production route. With time, these nuclides decay to 234U, 235U, 
236U, 241Am, 238U respectively. By determining the ratios of the parent to daughter (238Pu/234U, 
239Pu/235U, 240Pu/236U, 241Pu/241Am, 242Pu/238U) one can deduce the elapsed time and therefore the age 
of the particle. Because these ratios are measured by secondary ion mass spectrometry (SIMS), one 
cannot obtain the ratio 241Pu/241Am. In addition, if the particle has some uranium contamination, one 
cannot use the ratio 242Pu/238U. This leaves the three ratios 238Pu/234U, 239Pu/235U, 240Pu/236U which are 
suitable for age determination.  

In 1994, officials at Munich Airport seized a suspect case of 
luggage. The case was delivered to ITU and was found to contain 
a sealed package in which several hundred grams of a radioactive 
powder had been concealed. The initial chemical analysis showed 
the powder to consist of a mixture of the oxides of plutonium and 
uranium. SEM examination showed that this was not a 
homogeneous powder sample, but was a mixture of three distinct 
components characterized by their morphology and chemical 
composition. In this micrograph (Sample F19A, fig. 2a) the 
different components can be identified as (1) plutonium oxide 
(PuO2) in the form of small flat platelets forming the largest 
fraction of the mixture analyzed, (2) plutonium oxide (PuO2) 
particles with a rod-shaped form, and (3) uranium oxide (U308) 
particles. 

The correlation between the atom ratios and the age was calculated using Nuclides.net, as shown in the 
following. We present here, as an example, a step by step calculation of the correlation between the 
atom ratios of 240Pu/236U.  The first step is to select the nuclides of interest (in our case 240Pu) in the 
main interface of the Nuclide 
Explorer, which offers eight 
different zoom levels to locate the 
nuclide of interest. The nuclide can 
be also chosen directly using the 
drop down list. The position in the 
nuclide chart is then shown in the 
main window, as shown in Fig. 3. 

Once the nuclide is selected, one has 
then to choose the decay calculation 
feature from the taskbar bar. 
Selecting this feature connects the 
internet explorer browser to the 
Nuclides.net server over the web 
and display the decay calculation 
windows. 
In the decay windows, one chooses 

Figure 2. Sample F19A.              

Figure 3. The Nuclide Explorer interface. Selection of the 240Pu 
nuclide in the advanced chart display. 
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Fig 4a. and 4b. The figure 4a, on the left, shows the options windows for the graph and the 
resulting graph is shown in Fig. 4b, on the right. The decay curves of the 236U and 240Pu 
nuclides are plotted. 

a calculation over 100 years with 10 calculation steps, which will thus give us ten values for building 
our decay curve. The results window, shown in Fig. 4, shows the parent and all the daughter of 240Pu 
in the first column. In the following columns, the number of atoms, mass, activity, gamma emission 
rate and gamma dose rate of the parent and all daughters are given. The total values in each case are 
also given. The choice of which properties to show in this evaluation can also be set by the user. 
Internally, all the linear decay chains have been evaluated, the number of chains is given in the top 
right hand corner (3). More information on the decay chain evaluations can be seen by pressing the 
Details button.  
 

 

 

 

 

 

 

 

 

 

 

 

 

Finally, a graph of the results can be obtained with the Graph. The decay graph is obtained from the 
intermediate values between times 0 and t, specified by the number of steps input data discussed 
above. On pressing the Graph button, a graph options window (shown in fig. 4a) appears where the 
user can select the type of graph to be plotted. In the "Type of graph" list box, the user can choose 

Figure 4. Result window for the 240Pu decay calculation. Number of atoms, mass, 
activity and gamma emission rates for each daughter of the decay chain of the 240Pu. 
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which quantity should be shown i.e. numbers, masses, activities, gamma emission rate, and the gamma 
dose rate. Both logarithmic and linear plots are available. In addition the region of interest can be 
specified for both x and y axes. The nuclides to be plotted, however, can be specified by the user. 

 In our case study, we choose to plot 240Pu and 236U. 

Pressing the “Download File” button, one can download the calculated values in the form of an Excel 
sheet from which the correlation between the atom ratios and the age can be deduced, as shown in 
Fig.5. These ratios calculated with Nuclides.net are shown in Fig. 6. The time scale of interest is in the 
range 1-50 years. 
 
 

 
 

Fig. 5. Decay calculation results downloaded as an Excel file 
(columns A, B, C). From these results and using the Excel 
calculation feature, the atom ratio of 240Pu/236U over the 10 time-
steps, ranging from 0 to 100 years is shown in the red box. 
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From the calculated correlation, the “age” of the sample can be deduced. Results are presented in 
Table 1. Since the uranium contamination is significant in sample F19A, the ages determined from the 
ratios disagree. The most accurate value of 27.8 y is expected from the 240Pu/236U ratio since there is 
no 236U present in natural uranium. 

Table 1. Experimental isotope ratios and the deduced particle "Age" from the Nuclides 2000 
correlation 

Sample 
F19A Expt.Ratio "Age"(y) 

238Pu/234U 109.4 1.18 
239Pu/235U 670.9 51.9 
240Pu/236U 476.3 27.8 

 

 

 

 

 

 

 

 

Fig. 6. Linear fit of the calculated 240Pu/236U atom ratio calculated  by 
Nuclides.net 
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Fig.6. Application of Nuclides.net. Atom ratios  to "Age" determination of plutonium particles 

 

3. Conclusion 

Nuclides.net is an integrated environment for computations on radionuclides and their radiation. The 
"integrated environment" is a suite of computer programs ranging from a powerful user-friendly 
interface, which allows the user to navigate the nuclide chart and explore the properties of nuclides, to 
various computational modules for decay calculations, dosimetry and shielding calculations.  
Study to the determination of the “age” of a plutonium sample has been described, showing the large 
application field of the Nuclides.net software applied to nuclear forensics. 
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