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 INTRODUCTION

The interaction of protons with matter produces 

different types radionuclides and resulting 

radiations (NCRP, 2003). The emission yield (= 

number of secondary particles emitted per incident 

primary particle) and types of secondary 

radiations generally increase with increasing 

kinetic energy of the incident particle. The 

processes that are important in energy deposition 

include nuclear interaction and electromagnetic 

interaction (ICRU, 1978). The incident protons lose 

their kinetic energy mainly through ionization and 

excitation of atoms as it traverses matter.

The low energy protons produce high specific 

ionization, resulting in the formation of the Bragg 

peak at the end of the proton range. This 

property has been exploited in proton therapy. 

Protons can penetrate the Coulomb barrier when 

their kinetic energy is sufficiently high. In this 

case, nuclear reactions are also possible, which 

will induce many different types of radionuclides. 

 MATERIALS AND METHODS

The production rate of a radioactive nuclide, R 

(s
-1
), is calculated by the following formula:

  

where ɸ (cm-2s-1) is the neutron fluence rate 
averaged over the irradiation field, σ (cm2) is the 

activation cross section averaged over the 

radiation energy, NF (cm
-3
) is the atomic density 

of the nuclide to be activated, and V(cm
3
) is the 

volume of the irradiation field.

The radioactivity, A(TR) (Bq), immediately after 

the irradiation period of TR (s) is given by:

   
 

where λ(s-1) is the decay constant of the 

radioactive nuclide and R is the saturation 

activity. If TR is much longer than the half-life, 

T1/2 (= 0.693/λ), A(TR) becomes equal to R.

Considering these characteristics of induced 

radionuclides, the spectrum analysis was 

performed with a high-purity germanium (HPGe) 

spectrometry system (Model Gc2020, Canberra, 

USA).

 RESULT AND DISCUSSION

  The transported proton beam into the treatment 

room interacts with several elements such as Cu, 

Zn, Pb, and Fe and PMMA. From these 

interactions, many different kinds of radionuclides 
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are  induced. Table 1 and 2 show gamma 

radionuclides detected in the proton therapy facility. 

Fig 1 shows the energy spectrum from the induced 

radionuclides. The activity of radionuclides with 

long half-life (> 1 hour) was insignificant.

Table 1. Radionuclides found in air filter

Atomic Name

Air Filter

Treatment 
Room

Acceleraation
Vault

Stack
Ventilation

Unit Bq/ℓ Bq/ℓ Bq/ℓ

U-series

Bi-214
*< 9.861E-05 < 1.117E-04 < 9.694E-05

Pb-214 < 1.039E-04 < 1.078E-04 < 1.028E-04

Th-234 < 5/167E-04 < 5.472E-04 < 5.639E-04

Th-series

Bi-212 < 7.528E-05 < 6.333E-05 < 5.361E-05

Pb-212 < 7.528E-05 < 6.333E-05 < 5.361E-05

Tl-208 < 1.433E-04 < 1.433E-04 < 1.500E-04

etc.
K-40 < 1.011E-03 < 1.158E-03 < 1.136E-03

Be-7 < 3.861E-04 < 3.806E-04 < 3.500E-04

*< is measured value under MDA (Minimum Detectable Activity) 

Table 2. Radionuclides found in water and filter

Atomic Name

Water Filter

Discharge 
Water

Ventilation

Acceleration
Vault

Stack
Ventilation

Unit Bq/g Bq/g Bq/g

U-series

Bi-214 < 6.700E-04 < 3.06E-02 < 2.98E-02

Pb-214 < 2.860E-03 < 2.630E-02 < 2.380E-02

Th-234 < 1.690E-02 < 1.850E-01 < 1.770E-01

Th-series

Bi-212 < 1.860E-03 < 1.780E-02 < 2.100E-02

Pb-212 < 1.860E-03 < 1.780E-02 < 2.100E-02

Tl-208 < 3.590E-03 < 2.580E-02 < 2.500E-02

etc.
K-40 < 1.920E-02 < 2.950E-01 < 2.310E-01

Be-7 < 8.390E-03
2.377E-01
±2.569E-02

6.709E-01
±3.917E-02

 Fig. 1.  Energy spectrum from induced 

radionuclides in treatment room

 CONCLUSION
   The result of the measurement with a HPGe 

detector for the air filter installed in the patient 

treatment room did not show artificial nuclides. 

Found nuclides were the progenies of uranium 

(Bi-214, Pb-214) and thorium (Bi-212, Pb-212) 

series, and all of them were under the minimum 

detectable activity (MDA). The result shows that 

the environmental radiation from the induced 

radionuclide in the proton therapy facility indeed 

negligible.
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