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Electromagnetic radiation of the energy above 10 MeV effectively interacts with atomic 
nuclei causing photonuclear reactions. Due to rapid increase in cross sections of (y,p), (y,n), 

) interactions in various materials, particle flux as well as radioactive 
nuclei are generated. In this paper depletion-activation model [1] is applied for qualitative 
analysis of originating radionuclides and their contribution to the evolution in time of the 
overall level of linac activity including periods when the therapeutic beam is off or is emitted. 
Taking into consideration the dynamics of the radionuclides generation during emissions of 
a therapeutic beams and their decay in-between, the activity of a linac during 24 h-period has 
been described. This characterization includes linacs with three different photon modes (15, 
18 and 20 MV) working in radiotherapeutic facilities in Poland. 

Semiconductor gamma-ray spectrometry was used as a suitable method for identification of 
individual radionuclides that make up a complex radioactive source - a head of the high-
energy linear accelerator. The method of analysis allows for estimation of the flux of photons 
with defined energy and hence, to quantify the dose at the chosen point in the vicinity of linac, 
using the flux-to-dose conversion coefficients [2]. Doses stated this way were checked with 
the indications of a standard dose rate meter for consistency. Since the cross sections of 
nuclear reactions are strong energy-dependent [3], the apparent activity increase with the 
nominal potential of linac, what is presented in Table 1. Near the head casing the apparent 
ambient dose equivalent is 1.5-2 times lower than under the head - in front of the collimator 
system. Careful choice of the sequence of low- and high-energy beam emission as well as 
short- and long-time procedure could lower the activity cumulated during the working day. 

Table 1. Ambient dose equivalent H*(10) [|j,Sv/h] connected with radionuclides originating inside an 
accelerator head estimated immediately after the end of 2620 MU of X-ray emission and 10 minutes 
after. The major contribution of nuclides originated via neutron capture (n,y) reactions is evident. 

Linac type Primus Clinac 2100 Clinac 2300 
Nominal potential 15 MV 18 MV 20 MV 

Near the head casing 
immediately 
main source 

17.4 ±4.3 
:8Al (79.0 %) 

21.8 ± 7.8 
6Mn (40.3 %) 

after 10 min 
main source 2Br (41.6 %) 

18.5 ±6.7 
6Mn (45.3 %) 

87.6 ± 14.3 
56Mn (61.0 %) 

60.1 ±9.8 
6Mn (85.0 %) 

Under the head 
immediately 
main source 

28.0 ±7.0 
28Al (84.9 %) 

46.0 ± 17.5 
187W (31.2 %) 

after 10 min 
main source 6Mn (24.9 %) 

43.9 ± 16.7 
187W (32.5 %) 

150.4 ±20.4 
187W (28.8 %) 
147.3 ± 19.9 

187W (29.3 %) 
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