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Evaluation on the radiation exposure from activated wedge filter

Dept. of Radiation Oncology, Hallym University

HwaJung Lee, WonTaek Kim, KangHyeok Lee, DaeYoung Kim °

In the process of photon treatments, linear accelerators with energies higher than 10 MV produce

neutrons through the (v, n) interactions with the composite materials of the linac head and these
materials further produce the induced radiations. We investigate the possible risks from these induced
radiations especially in the wedge filters to the radiation workers. Wedge filters are used to modify
the isodose profiles in the radiation treatment using the linear accelerator and always be handled by
the radiation workers.
For the background radiation, we measured the radiation in both the waiting room and the outside of
the building for two hospitals, S and H. The results of S hospital were 0.11 uSv/hr and 0.10 uSv/hr
for waiting room and outside respectively, and in the case of H hospital, they were 0.12 uSv/hr and
0.11 uSv/hr.

Using a survey meter, we measured the radiation from wedge filters inserted in 10 MV and 15
MV Siemens linear accelerators. The time series measurements were done in ~1 minutes after
exposure of 5 Gy of monitor units for the field size of 25x25cm’”. The starting value of 10 MV
machine was about 3.26 uSv/hr, which was three times higher than that of 10 MV. The measured
radiation was from %Al and *Fe with a half life of 35 min.

If the treatment patients are 20~50 per day and the number of process of wedge filter change per
patient is one or two, the annual dose equivalent is 0.08~0.4 mSv for 10 MV, and 0.27~1.36 mSv
for 15 MV, which are in the range of dose equivalent limits of radiation workers.
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Table 2-1. Neutron production in photon collisions with various components of the
accelerator head, calculated with MCNP4B—GN.

Configuration 1 Configuration 2 Configuration 3
Target 15.2%6 15.2% 15.2%
Flattening filter 8.9% 8.9% 8.9%
Primary collimator 44.3% 44.3% i 44.3%
Jaws 31.0% 16.7% 30.7%
MLC 0.3% 14.6% 0.6%
Minor components 0.3% 0.3% 0.3%

Table 2-2. Minimun threshold energy for the (y ,n) reaction in metals*

Element Atomic weight Abundance(%) Threshold Energy(MeV)
Al 27 100 131
Fe 54 58 134
Cu 65 30.8 99
W 183 14.3 6.19
Pb 207 22.1 6.74

*Adonted from NCRP 79.

Table 2-3. Photoneutron source strength of various medical linear accelerators.

Manufacturer Type Stated MeV+ Q (n per Gy-X)
Siemens Primus 15 020 x 10"
Siemens KD 20 092 x 1012
Varian 1800 18 1.22 x 1012
Varian 1800 15 0.76 x 1012
Varian 1800 10 0.06 x 1012
Philips SL-25 22 2.37 x 1012
Philips SL-25 17 0.69 x 1012

GE Saturne 43 - 25 240 x 1012
GE Saturne 43 18 150 = 1012
GE Satume 41 | 15 047 x 1012
GE Saturne 41 12 0.24 x 1012

*Adopted from Ref. 7
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Table 2—-4. Decay modes, half-lives and the energy of emitted photons which have
been used for identification of radionuclides

Reaction Decay mode Tz Eproion (keV)
ZAl(n, v)2Al B 2.3 min 1780
Bculv, m®Cu B 9.7 min 511
Mn(n, v*Mn B 26 h 847
®Cu(n, v*Cu .
®culy, n)*cu b/A 127 h 1346
BWin, W B 239 h 479, 686
®Ni(y, n)"'Ni B 360 h 1378, 1920

Table 2-5. Activation products found in the accelerator accessories

Radionuclide Half life Identified by (keV)
BAl 22 min 1779 Steel wedge filter
PFe 85 min 378
*NMn 26 h 847, 1811
Mg 95 min 844, 1014 Lead wedge filter 60°
%Al 2.2 min 1779
2gp 16 min 703, 989, 1172
58 d 1023
25 27 d 564, 693, 1257
g 60.2 d 603, 646, 723, 1691
o) 2 min 511 Transparent lead-block holder
Hor 32 min 146, 1176
1 37 min 1642
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Table 2-6. Absorbed dose rate at the surface of the accelerator head
and accessories 2 Gy at normal treatment distance.

Dose rate (Gyh™)

Dominating half life {min)

Position

one patient ten patient
Accelerator head 85 10 10 and 2.2
Lead holder &0 270 32
Lead wedge 130 - 16
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Fig 3-1.

£ Fe, Wedge holder= AlE FAES lod,
Angle2 ¥l 3-204 B § Uxe] 15° 30°, 45,
60°7} A& ATt

AFgEH (a8 3-3)& GM-=3%7]¢el  RDS-110
Model& ol &3ttt £ A& A" GM-3747]
£ 50 keV~1.25 MeVe] X-Alo] &% 715314, 0.06
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(b)

a) Primus 10 MV linac.

b) Primus 15 MV linac produced

by Siemens Medical Company.
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Fig 3—6. Measure spectrum emited in
the wedge filter 5 Gy irradiation
using 37 X3 Nal detector.
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Table 4—1. Background dose rates of inside and outside of hospital.

Inside of Hospital

Qutside of hospital

10 MV Primus 0.12 uSv/hr 0.11 uSv/hr
15 MV Primus 0.11 pSv/hr 0.10 nSv/hr
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Fig 4—-4. Measure spectrum emited in the wedge filter 5 Gy irradiation using
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10 MV, 15 MVZ 213 79| %7} Z3Z Table
4-2° YERAIT. A AbdR 10 Mvel S
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Table 4-2. Estimated annual dose with varying of patients and exchange works

when 10MV, 15MV Primus is used in freatments.

Primus 10 MV Primus 15 MV

AY EX5 SRLE XY uSviyr BSviyr
20 1 83.33 271.67
2 166.67 543.33

30 1 125.00 407.50
2 250.00 815.00

40 1 166.67 543.33
2 33333 1086.67

50 1 208.33 679.17
2 41667 1358.33

v.d & SEktl
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2 Wedge filterE A& 71710 Falsta 5 Gy &=
ARgE & Wedge filtero|l A AR RS &3k
SiemensAte] 10 MV Primus®} 15 MV Primusel] 4]
5788 A 1 pSv/hre} 326 pSv/hrs 27)d) 235
RNe™, w3 AP oA E 5] A3 A9
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