
 

 Cellular dosimetry of Sr-90  

 using Monte Carlo code MCNPX 
     Hocine, Nora1; Farlay, Delphine2; Bertho, Jean Marc1; Desbrée, Aurélie1;  

Franck, Didier1; Agarande,  Michelle1 and Boivin, Georges2 

                                    
1Institut de Radioprotection et de Sûreté Nucléaire, FRANCE;  

                    2INSERM UMR 1033, Université de Lyon, faculté de médecine (domaine Laennec), FRANCE 
 
 

CONCLUSIONS 

REFERENCES 

www.irsn.org 

INTRODUCTION 

MATERIAL AND METHODS 

RESULTS AND DISCUSSION 

INININ 
Strontium 90 (90Sr) is a radionuclide which was released in large amounts in several situations, such as Chernobyl explosion [1]. 
Many populations were chronically exposed to low concentrations of 90Sr. Once absorbed, this radionuclide accumulates mainly 
in bones [2]. However, low-dose ingestion of 90Sr is less well-documented. The aim of our study is to provide data that increases 
knowledge about possible health effects of chronic contamination through low concentrations of 90Sr in drinking water. In this 
respect, the use of mouse model of chronic ingestion to study the potential effects of 90Sr may be of special interest. In a first 
step study, S-values (absorbed dose per unit cumulated activity) calculations using Monte Carlo (MC) simulations and the X-ray 
microanalysis are carried out. This early research work is focused on using MCNPX and its validation at cellular level.  

2. X-ray microanalysis 

90Sr was not detected by X-ray microanalysis under experimental 
conditions used for this study including ingested dose and period 
of intoxication. 90Sr was below the detection limit (<0.1%) in the 
bone samples (figures 2B and 2D). 

The  study showed a good agreement between the S-values calculated with MC code MCNPX and the values previously 
published [3] since the deviations are less than 4% for the nucleus←cytoplasm configuration. 90Sr concentration is below the 
detection limit in microanalysis (<0.1%). Supplementary experiments on the mouse model will be performed with the use of 
higher doses of Sr in order to localize this element in the bone cell. 

1. Cellular Absorbed Fraction and S-Value Calculations    

The embedded bone samples were surfaced with an alumina suspension (1μm), carbon-coated and then fixed in the specimen 
holder. X-ray microanalysis was performed using a Camebax electron microprobe (Cameca, Gennevilliers, France). Sr Lα, was 
analyzed on a thickness of 1 μm. Secondary electron images (SEI) and X-ray images were performed for each sample at a 
voltage of 15kV. The resolution chosen for cartography was 256 x 256 pixels. 

S-values are calculated with Monte Carlo code MCNPX.  
The cellular radioactivity is assumed to be uniformly distributed in one
of the following regions : cytoplasm (Cy) or cell nucleus (N). The nucleus 
is considered as a target region. 

1.S-factor values: Comparison between MCNPX calculations 
and Mird values 

Calculated S-values are provided in figure 1. A comparison of MC 
results with the MIRD values presented by Goddu et al., [3] for 
the target←source configuration: nucleus←cytoplasm shows that 
deviations are less than 4% (3.7%). We generally find the largest 
deviations with MIRD for geometries where the target is at some 
distance from the source and, therefore, the results depend more 
strongly upon the penetration ability of electrons. 
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2. Animal and femur bone samples 
Two groups of mice were constituted throughout the experiments. One control group receiving normal water and one group 
receiving water containing 20 kBq L-1 of 90Sr until killing at 12 weeks old. Femurs were collected for 90Sr cellular localization. 
Femur bone samples were fixed and dehydrated in alcohol then embedded in methylmethacrylate without prior 
decalcification. 

Figure 1: S-factor values calculated with MCNPX code (   ) and MIRD values (  )  

0,E+00

2,E-04

4,E-04

6,E-04

8,E-04

1,E-03

1,E-03

2 3 4 5 6 7 8 9 10 11

MIRD MCNPX

S
 (

G
y
/B

q
.s

) 

Cytoplasm radius (mm) 

S- values for intracellular 90Sr 

decadecacadecacaca ificatlcifcalcca ificatatioionn.atificat
3. X-ray microanalysis 

D 

Figure 2: (A) SEI of bone showing the bone femur morphology, bone trabeculae (pink arrow); 
(B) Microanalysis spectrum of bone, Sr peak (black arrow); (C) Distribution of Ca in bone;      
(D) Distribution of Sr in bone, only background is detected.  
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