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Abstract: LINACs working above 8 MV produce an undesirable neutron field mainly through (γ, n) nuclear reactions. 
Due to room-return effect[1] inside the vault there is a thermal neutron flux that is constant regarded the distance 
to the isocenter. When thermal neutrons collide with the bunker walls and the LINAC head some radioisotopes are 
induced in the concrete, wedges and collimators due to neutron and photon activation. The aim of this work is to 
study the induced radioisotopes in concrete samples and a wedge, which emits gamma-ray during its decay, the 
presence of these photons will represent a radiological risk for the patient. Induced radioisotopes were studied with 
a 15 MV LINAC, and a gamma-ray spectrometer with a NaI(Tl) scintillator where 846.8, 1368.6 and 1778.8 keV 
gamma-rays were observed, these photons are produced during the decay of 54Mn, 24Na and 28Al respectively, being 
in agreement with radionuclides reported in the literature [2, 3].  
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1. Introduction 

Up to these days more than two hundred types of can-
cer have been identified, essentially similar but may be 
treated by different methods depending on the type and 
the natural progression of the disease. [1, 2] 

Radiotherapy is one of the most used technique in on-
cology due the radiation is applied in a desired area so this 
radiation can kill the tumour cells, and cares about the 
healthy cells, this technique, in a LINAC, uses electrons 
and/or photons (X or ) to treat cancer. These particles 
deposits a lethal radiation dose in a tumour. [2-6]  

This way, radiotherapy is defined like a localized treat-
ment, and it’s objective is to deliver a dose enough and 
uniform and to reduce at minimum level the dose to the 
healthy tissue. [2, 7] 

In a non desired way, photoneutrons are produced dur-
ing the beam-on of a LINAC and they deposits a 
non-desired dose in the patient. [5] 

Even it has been pointed that the presence of this neu-
trons is the probable cause of the recurrence or the induc-
tion of secondary tumors in other areas of the body, dif-
ferent from the ones that was treated before. [8, 9] 

 
The aim of this work was to discover what elements that 

are present in the radiotherapy room and in the walls can 
be activated by the neutron flux produced with a 15 MV 
linear accelerator.   
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2. Materials and methods  

We used a 15 MV linear accelerator to give an average 
treatment for cancer. 
 

2.1. Accelerator involved in the study 

VARIAN CLINAC iX, this LINAC was installed in the state 
center of cancerology from Tepic, Nayarit, Mexico. The 
maximum acceleration energy of the LINAC is 15 MV. The 
geometry of this machine provides a focus-isocentre dis-
tance of 100 cm.  

2.2. Gamma spectroscopy from concrete samples after 
irradiation 

Most of the activation products will emit gamma radiation 
during their decay, thus are accessible to gamma spec-
troscopy. Unfortunately, scintillation detectors do not pro-
vide the spectral resolution required to analyze complicat-
ed spectra. On the other hand, high-resolution semicon-
ductor detectors are traditionally stationary due to the 
mechanical sensitivity and the need of permanent cooling.  

The gamma-ray spectrometer to measure the concrete 
samples and the wedge is a NaI (Tl) 3” Ø x3” detector. The 
detector was calibrated in terms of energy and efficiency 
using Co-60, Cs-137 and Na-22 gamma-ray sources; in fig-
ure 1 is shown the energy calibration curve. The spectrom-
eter was installed on a Styrofoam base and put in opera-



Proccedings of the ISSSD 2012 
ISBN 978-607-00-6167-7 

 

35 
 

tional mode outside of the treatment room in room far 
from the LINAC to avoid radiation damage during beam-on. 
The accelerator was programmed to deliver a 1200 moni-
tor units (MU) at a rate of 300 MU, 15 MeV photon beam. 
During the measurement, the field size during and after 
irradiation was set to 20 x 20 cm, assumed to be an aver-
age treatment field size. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figura 1.- Calibration curve 

 

2.2. Concrete samples 

Three concrete samples were prepared using the NBS 
composition. The samples were 1 inch diameter and ½ 
inch thick, the 3 samples were made as similar as possi-
ble in order to have the same experiment in each time, 
when the LINAC was beam-on, the samples were collo-
cated nearest the walls simulating we have a piece of 
concrete from the walls after irradiation (figure 2). 
 
 
 

 

 

 

 

 

 

 

 

 

 

Figure 2. Concrete samples in wall 

 

2.3. Wedge 

One wedge was measured after irradiation, this wedge is 
made of Fe and has traces of Mn. The wedge was meas-

ured after irradiation and out of the treatment room. 

3. Results 

The resultant gamma-rays energies from the concrete 
samples that were irradiated with a LINAC Varian iX are 
shown in figure 3, here, the main peaks were 846 (56Mn), 
1368 (24Na) and 1778 (28Al).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Concrete samples in wall 

 

The activity due the concrete per unit mass was 0.1543 ± 
0.0199 Bq for the 

56
Mn, 0.5021 ± 0.1893 Bq for the 

24
Na 

and 1.997 ± 0.2804 Bq for the 
28

Al. 

 

In figure 4 is show the pulse height spectrum obtained 
with the wedge. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Wedge 
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4. Discussion  

The spectrometric system has its maximum efficiency in 
642 keV, before this energy, the efficiency is minor be-
cause the photons with less energy are absorbed by the 
jacketed of the scintillator. [10] 
 
4.1. Concrete samples 
By the time we expose the concrete samples to the pho-
toneutron field we identified that some radioisotopes were 
induced like 

56
Mn,

24
Na and 

28
Al and when they decay they 

emit photons of 846.8, 1368.6 and 1778.8 keV respectively. 
The three radioisotopes founded match with the results of 
[10, 11, 12] whom realized their experiments in LINACs. 
 

 

4.1. Wedge 
When we observe the spectra in the wedge, we observe 
that the wedge presents a big amount of counts before 
1000 keV, the probable cause is that in the wedge we have 
another nucleus that have been activated and we can’t 
distinguish because of the low resolution of the detector. 
In this region we have the 

53
Fe, 

61
Co and 

49
Cr. These radio-

isotopes have been identified when analized whit HpGe 
detector in a 25 MV LINAC by [13]. 
   

5. Conclusions 

Radioisotopes produced by the activation of the photo-
neutrons have been determined inside a treatment hall 
with a 15 MV LINAC, in concrete samples and in a wedge. 

In this work, a NAA method for the concrete analysis has 
been carried out. An important parameter for the quality 
control of radiotherapy room building is the aluminium, 
sodium, manganese and magnesium proportion present in 
the concrete. 

Radiological protection control it’s very important due to 
activity in concrete walls of a radiotherapy room. 

1. In the concrete we found the presence of 
56

Mn, 
24

Na 
and 

28
Al. These radioisotopes emit photons of 846.8, 

1368.6 y 1178.8 keV, with a half-life of 2.58 h, 14.96 h 
y 2.24 min, respectively.  

 
2. The average specific activity of the three samples was 

0.1543 Bq for the 
56

Mn, 0.5021 Bq for the 
24

Na and 
1.977 Bq for the 

28
Al per unit mass of concrete. These 

values acquire a big relevance when we observe that 
all the barriers of the treatment room are made fo 
concrete.   

3. In the concrete we found the presence of 
56

Mn, 
24

Na 
and 

28
Al. These radioisotopes emit photons of 846.8, 

1368.6 y 1178.8 keV, with a half life of 2.58 h, 14.96 h 
y 2.24 min, respectively.  

4. The average specific activity of the three samples was 
0.1543 Bq for the 

56
Mn, 0.5021 Bq for the 

24
Na and 

1.977 Bq for the 
28

Al per unit mass of concrete. These 
values acquire a big relevance when we observe that 
all the barriers of the treatment room are made fo 
concrete.   

5.  In a qualitative determination in a wedge we ob-
served the presence of 

56
Mn, due the low resolution 

of the system, we couldn’t identified other radioiso-
topes. 

6. The limitation of the present work, was because of 
the capacity of the Nal (Tl) detector to solve photo 
pikes that are so close between them. 
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