
Occupational radiation protection around medical linear accelerators: 
measurements and semi-analytical approaches 

 
L. Donadille*1, S. Derreumaux1, K. Amgarou2, B. Asselineau2, J. Mantione1, A. Martin2, 

I. Robbes1 and F. Trompier1 

1Institut de Radioprotection et de Sûreté Nucléaire, BP 17, 92262 Fontenay-aux-Roses Cedex, 
France 

2

Abstract 

Institut de Radioprotection et de Sûreté Nucléaire, BP 3, 13115 Saint-Paul-Lez-Durance 
Cedex, France 

 

X-rays produced by high-energy (larger than 6 MeV) medical electron 
linear accelerators create secondary neutron radiation fields mainly by 
photonuclear reactions inside the materials of the accelerator head, the 
patient and the walls of the therapy room. 

Numerous papers were devoted to the study of neutron production in 
medical linear accelerators and resulting decay of activation products. 
However, data associated to doses delivered to workers in treatment 
conditions are scarce. 

In France, there are more than 350 external radiotherapy facilities 
representing almost all types of techniques and designs. IRSN carried out a 
measurement campaign in order to investigate the variation of the 
occupational dose according the different encountered situations. 

Six installations were investigated, associated with the main 
manufacturers (Varian, Elekta, General Electrics, Siemens), for several 
nominal energies, conventional and IMRT techniques, and bunker designs. 
Measurements were carried out separately for neutron and photon radiation 
fields, and for radiation associated with the decay of the activation products, 
by means of radiameters, tissue-equivalent proportional counters and 
spectrometers (neutron and photon spectrometry). They were performed at 
the positions occupied by the workers, i.e. outside the bunker during 
treatments, inside between treatments. 

Measurements have been compared to published data. In addition, semi-
empirical analytical approaches recommended by international protocols 
were used to estimate doses inside and outside the bunkers. The results 
obtained by both approaches were compared and analysed. 

The annual occupational effective dose was estimated to about 1 mSv, 
including more than 50 % associated with the decay of activation products 
and less than 10 % due to direct exposure to leakage neutrons produced 
during treatments. 
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