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The capabilities of electret ion chambers to measure non-target absorbed dose during radio-
therapy treatment was investigated for the first time. During radiotherapy, non-target doses
can be classified as one of three approximate dose levels: high doses, intermediate doses and
low doses. Low doses (<5 % of the prescription dose) are not generally considered during
treatment planning, due to the fact that is difficult to measure, characterize, or model them in
the planning system. In this work were performed measurements with electret ion chambers
of absorbed dose outside the treated volume (<5 % of the prescription dose), during external
photon radiation therapy in an Elekta Infinity Linear Accelerator of Theagenio Cancer Hospi-
tal of Thessaloniki, Greece. The absorbed dose values for distances 8-100 cm from the bor-
ders of the irradiated volume varied from 0.3 to 17 mGy which corresponds to 0.01 % up to
0.6 % of the prescription dose (2660 mGy). Near the irradiation volume the absorbed dose
values were greater than the upper detection limit of the electret ion chambers (threshold
40 mGy). The results are compared with the calculated ones by the Monaco treatment plan-
ning system - TPS (Elekta Monaco at November 5, 2003) in three positions distanced at 8§ cm
and about 30 cm from the border of the irradiation zone. In the position at 8 cm from the irra-
diation zone, where Monaco TPS calculates (within uncertainty of about 15 %) the absorbed
dose, measured and calculated doses are the same within experimental uncertainties. On the
contrary for the other two positions, where leakage radiation becomes the dominant source of
out-of-field dose the absorbed dose values calculated by the TPS are seriously underestimated
( by a factor of 4) due to the fact that TPS does not take into account the leakage radiation.
However, adding to the TPS values an estimated dose due to leakage radiation, the difference
between measured and calculated doses are about 30 %.
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INTRODUCTION

Electret ion chambers (EIC) are passive
charge-integrating devices for accurate measurement
of different type of radiations [ 1-6]. They are inexpen-
sive, lightweight, commercially available and are
mainly used for short- or long-term radon measure-
ments. The use of EIC as gamma dosimeter is uncom-
mon in comparison to thermoluminescent dosimeter
(TLD) which is used in most of the environmental
gamma monitoring and medical applications. The
main scope of this work is to investigate the capabili-
ties of EIC to measure the absorbed dose, for radiation
protection purposes, outside the treated volume, dur-
ing external photon radiation therapy.

* Corresponding author; e-mail: clouvas@ece.auth.gr

During radiotherapy, non-target dose can be
classified [7] as one of three approximate dose levels.
High doses (>50 % of the prescription dose) are typi-
cally directly optimized during the planning process.
Intermediate doses (5-50 % of the prescription dose)
are also often addressed during optimization but are
not generally the focus of the treatment plan. Low
doses (<5 % of the prescription dose) are not generally
considered during treatment planning, since is diffi-
cult to measure, characterize, or model them in the
planning system. Out of field dosimetry in radiother-
apy becomes more important recently since survival
rate after radiotherapy has been prolonged signifi-
cantly. The TPS used in radiotherapy are not adequate
for handling out-of-field dose calculations [§]. It is the
scope of this work to measure the absorbed dose with
EIC in the low doses (<5 % of the prescription dose)
regions, during external-photon radiation therapy with
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a 6 MV beam in the Linear Accelerator (Elekta
LINAC) of the Theagenio Cancer Hospital of
Thessaloniki, Greece and compare the results to calcu-
lated ones by Monaco Treatment Planning System
(Elekta Monaco at November 5, 2003) [9].

MATERIALS AND METHODS

The EIC consists of a conducting plastic cham-
ber containing an electret, fig.1, and as mentioned in
the Introduction is mainly used for short- or long-term
radon measurements. Radon gas passively diffuses
into the chamber through filtered inlets, and the alpha
particles emitted by the decay process of radon ionize
air molecules. Ions produced inside the chamber's vol-
ume are collected onto the surface of the electret, caus-
ing a reduction of its surface charge. The electret volt-
age decreases proportional to the integrated radon
concentration. A voltage reader is used to measure the
electret's surface voltage. Using appropriate calibra-
tion factors and the exposure time, the mean radon
concentration can be calculated. However, with small
modifications EIC can be used for other type of radia-
tion measurements. Particularly, EIC can become
gamma monitors when sealed in a radon leak tight en-
closure. In this case the ionization of air molecules is
due to the interaction of gamma radiation with the ma-
terial of EIC and not due to the decay process of radon.

Electret types of ion chambers make use of the
drop of surface voltage on a dielectric material, usu-
ally Teflon, which is quasi-permanently charged. The
electret has the shape of a disk about 0.13-1.5 mm
thick and 34 mm in diameter. Electrets are prepared by
being heated and simultaneously exposed to an elec-
tric field. Due to this process, many dipoles in the ma-
terial become oriented in a preferred direction. After
the heating, the material is frozen and can keep the po-
sition of its electric dipoles for a long period of time. A
voltage gradient of several hundred volts can be main-
tained between the surfaces of the electret disk. One
surface of the electret is kept in contact with the wall of
an ion chamber, which builds up an electric field in the

Figure 1. The EIC containing a chamber (53 cm®) and an
electret

chamber. Ionizing radiation causes a decrease of
charge in that system, resulting in a partial neutraliza-
tion of the charge at the electret. Measurement of the
electret voltage difference before and after irradiation
allows determination of the amount of ionization.

The EIC are supplied by Rad. Elec. Inc. The
most commonly used are available in six different con-
figurations. Two different charged Teflon discs,
named short term electrets with high sensitivity and
long term electrets with low sensitivity are available.
The first type is the Teflon electret made of PTFE Tef-
lon (polytetrafluoroethylene) with a thickness of
1.588 mm and the second type is Teflon electret made
of FEP Teflon (fluorinated ethylene propylene) with a
thickness of 0.127 mm. The sensitivity of the electrets
is proportional to the thickness of the electret, which
means that short term electrets are 12.5 times more
sensitive than long term electrets when same type of
chambers are used. The short and long term electrets
can be associated with three different chambers named
L (53 cm?), S (210 cm?), and H (960 cm?). In this work
the LST configuration (short term electret associated
with L chamber) and LLT (long term electret associ-
ated with L chamber) were used.

The EIC were calibrated in terms of absorbed
dose in the Ionizing Radiation Calibration Laboratory
(IRCL) of the Greek Atomic Energy Commission
(EEAE). The EEAE Ilonizing Radiation Calibration
Laboratory is a secondary standard calibration labora-
tory which has developed and maintains the national
standards of Gy, Sv, C kg™! for gamma, X and beta ra-
diation in Greece. The calibrations are performed in
terms of air kerma, absorbed dose, personal dose
equivalent at depth 10 and 0.07 mm Hp(10) and
Hp(0,07), Ambient Dose Equivalent at depth 10 mm,
H*(10), and Exposure in the fields of radiotherapy, di-
agnostic radiology and mammography, as well as in
radiation protection and individual monitoring.

The EIC were irradiated at different photon ener-
gies (from 83 keV up to 1332 keV) at 0° incidence (irra-
diation field perpendicular to the electret surface). The
absorbed dose values were selected to obtain a voltage
drop of about 40-60 V, after which the voltage drop was
measured. For each photon energy three to five new, un-
used, EIC were used. Calibration factors (electret's volt
age drop due to irradiation in terms of absorbed dose in
VmGy ) were deduced as function of the incident's pho-
ton energy. In fig. 2 is shown the photon energy depend-
ence of the calibration factors for short term and long
term electrets associated to L chamber (LST and LLT
configuration). Almost no energy dependence of the cal-
ibration factors is found. A mean calibration factor of 200
+20 VmGy ' for the short term electrets (LST configu-
ration) is found. For long term electrets associated to L
chamber (LLT configuration) the mean calibration fac-
tor is 12.5 times smaller (16 +2 V mGy ™). A sensitivity
ratio equal to 12.5 between short and long term electrets
was found also [10] by irradiations of LST and LLT con-
figurations in the Polytechnic of Milano in Italy using a
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Figure 2. Energy dependence of the calibration factors for
short-term electrets (open circles) and long-term electrets
(close circles) associated with L chamber in V mGy™

137Cs source. In a recent study [6], we have studied the
angular dependence of short term electrets combined to L
chamber for different irradiation energies (33 keV, 164
keV, 661.6keV, 1173 keV, and 1332 keV). For most inci-
dent photon energies (except gamma rays from “Co
source) an angular dependence of the calibration factors
was observed. As an example, the normalized response
of EIC to °0 incidence of gamma rays from '*’Cs source,
varied between 1 (for °0 incidence) and 1.24 (for 180° in-
cidence), with a mean value of 1.1. With gamma rays

from %°Co source, the angular dependence of the normal-
ized response of EIC to °0 incidence was practically con-
stant (0.96 to 1.01). The main disadvantage of the use of
EIC during radiotherapy treatment is that the maximum
dose that can be measured by the specific detectors is 3
mQGy for short term electrets combined to L chambers
and 40 mGy for long term electrets combined to L cham-
bers. These values are order of magnitudes smaller, com-
pared to the upper limit values measured by TLD. On the
other hand, the absorbed dose measurement with EIC is
easy and straightforward, with acceptable uncertainties.
Caresana et al. [10] performed a detail uncertainty analy-
sis of gamma radiation and radon measurements with
EIC. Using the mathematical expressions presented in
that work, an uncertainty of about 4-6 % of the calibra-
tion factors (drop voltage per absorbed dose) for short
and long term electrets associated to L chamber can be
deduced. About same uncertainties 3-6 % was found also
by Fjield et al. [3] for short term electrets. In this work,
the uncertainty of the calibration factor for zero degree
incidence is estimated +10 % . Itis higher than 6 % due to
the fact that it includes also the (small) photon energy
variation. In [3, 10] the calibration of the electrets were
performed only with one photon energy (gamma rays
from '*’Cs source). It should be noted that the calibration
factors measured in this work with short and long term
electrets for a specific photon energy (gamma rays from
137Cs source) are in very good agreement with those
measured by Caresana et al. [10].

Two short term electrets associated with L cham-
bers were positioned, one inside each pocket (left and
right side) of the trouser of the patient (male age 65,
183 c¢m height, 89 kg weigth) who had a post-mastec-
tomy external photon radiation therapy (6 MV beam)

in the Linear Accelerator (LINAC) of the Theagenio
Cancer Hospital of Thessaloniki, Greece. This LINAC
is one of the two matched accelerators (Elekta Infinity)
which were donated to the hospital from March 2017
to September 2018 by Stavros Niarchos Foundation.

The external photon radiation therapy (6 MV
beam) to the patient was performed for 16 days from
11/8/2020 to 1/9/2020. The dose received in each frac-
tion was 2.66 Gy which corresponds to a total dose of
42.56 Gy. The irradiated volume (volume receiving 95
% of the prescription dose) according to the treatment
planning system is 944,73 cm? and is shown in fig. 3. The
physical dimensions of this volume are approximately:
~16 cm craniocaudal, ~23 cm axially, ~3.6 in depth.

In fig. 4 is shown the location of the irradiation
zone and the position of the two detectors (short term
electret associated with L chamber). The voltage of the
electrets was measured just before and after each irra-
diation. Due to the relative high X-ray doses and the
very short time of irradiation, there is no need to seal
the detectors in a radon leak tight enclosure. In total

Figure 3. The irradiated volume, the isocenter position,
the measuring positions, and the beam arrangement as it
is shown on the body (3-D) of the patient

| .
Irradiation zone

-
Male 183 cm
89 kg. 65 year
Detector 1 = *Detector 2

L

Figure 4. Irradiation zone and location of the detectors
(EIC); the absorbed dose in the irradiation zone was
2.66 Gy each day for 16 days (total absorbed dose 42.56 Gy)
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32 electrets were used (2 per irradiation day). From the
voltage drop of the electrets due to irradiation the ab-
sorbed dose in mGy was deduced.

The 15% (31/8/2020) and 16" (1/9/2020) irradia-
tion days, 16 short term electrets and 17 long term
electrets (associated with L chambers) were posi-
tioned respectively in different positions of the patient
as schematically shown in fig. 5. Again, the voltage of
the electrets was measured just before and after each
irradiation. The use of long term electrets, as it will be
shown in the results section, turned to be necessary in
order to measure absorbed dose higher than 3 mGy
(upper limit of short term electrets).

In parallel to experimental measurements,
Monte Carlo algorithm calculations were performed
by Monaco TPS [9] (Elekta AB, Stockholm, Sweden)
based on the Virtual Source Model (VSM) introduced
by Sikora [11]. This model was initially created for the
Elekta Precise SLI LINAC and includes three virtual
sources:

—  Primary photon source to model photons gener-
ated in the target.

— Secondary photon source to model photons scat-
tered from the primary collimator, flattening filter,
anti-backscatter plate and the rest of the LINAC
head components.

—  Electron contamination source.

All three sources are defined to have a spatial
Gaussian distribution. The primary source has a fixed
radial distribution, and the two other sources have en-
ergy dependent radial distributions. Particle and en-
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Figure 5. (a) Schematic presentation of the lPosition

of the 16 short-term electrets during the 15" (31/8/2020)
irradiation day and (b) schematic presentation of the
position of the 17 long-term electrets during the 16™
(1/9/2020) irradiation day; the dose in the target volume
(irradiation zone) is 2.66 Gy

ergy fluency for each source are derived from appro-
priate phase space data stored during Monte Carlo
simulations. Model parameters (e. g., contribution of
each source, source size) are then adjusted by compar-
ing calculated dose in water phantom against water
measurements for an individual LINAC. In the Mo-
naco beam model, the multi leaf collimator (MLC) as
well as the jaws are included and modelled using trans-
mission probability filters. Resulting particles from
the model are finally used as input to the XVMC
(X-ray Voxel Monte Carlo) dose calculation algorithm
for dose calculations within the patient.

RESULTS AND DISCUSSION

In tab. 1 are presented the results of absorbed dose
values measured by the detectors positioned in two posi-
tions of the patient fig. 4 as function of the irradiation day.
In the same table are presented the electrets voltage, mea-
sured just before and after each irradiation of the patient.
Fifteen radiotherapy treatments were performed in the
same Elekta linear accelerator (the so-called first
LINAC). The radiotherapy treatment during the second
(irradiation) day (12/8/2020) was performed in another
Elekta linear accelerator (the so-called second LINAC)
which is matched to the first one. In fig. 6 are shown the
absorbed dose values measured by the detectors in the
two positions of the patient (during the radiotherapy
treatments with the first LINAC), as function of the irra-
diation day. It is clearly observed in fig. 6, that the varia-
tion (as function of the irradiation day) of the absorbed
dose values is relatively small. The values are clustered
around a mean absorbed dose value 1.08 mGy + 15 % for
detector Position 1 and 0.89 mGy £ 8 % for detector Po-
sition 2. The absorbed dose values measured by the de-
tectors in Position 1 are greater compared to those mea-
sured in Position 2. This should be expected due to the
fact that Position 1 is closer to the target irradiation zone
than Position 2, fig. 4.

In the 15" (31/8/2020) irradiation day, 16 short
term electrets were positioned in different positions of
the patient (as schematically shown in fig. 5(a). Again,
the voltage of the electrets was measured just before
and after the irradiation. In tab. 2 are presented the re-
sults of absorbed dose measured by the 16 detectors
(EIC). In the same table are presented the electrets volt-
age, measured just before and after the irradiation of the
patient. Short term electrets associated to L chamber
can measure absorbed dose values up to 3 mGy. The ab-
sorbed dose values in 50 % of the positions (8/16) are
greater than this threshold. For this reason, the experi-
ment was repeated the next day (1/9/2020), which was
the last day of irradiation of the patient, using long term
electrets associated with L chambers instead of short
term electrets. The long term electrets, as mentioned in
the previous chapter, are less sensitive to gamma radia-
tion compared to short term electrets. For gamma radia-
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Table 1. Absorbed dose (AD) measured by the two detector positions (shown in fig. 4) and electrets voltage in V measured

ust before and after each irradiation of the patient
Date D1 initial voltage | D1 final voltage | Detector 1 AD | D2 initial voltage | D2 final voltage | Detector 2 AD
[V] [V] [V] [V] [mGy]

11/8/2020 699 486 1.1+£0.2 677 492 09+0.2
12/8/2020 715 568 0.7£0.2 718 591 0.6+0.2
13/8/2020 698 471 1.1+£0.2 697 501 1.0+0.2
14/8/2020 701 512 0.9+0.2 701 525 09+0.2
17/8/2020 728 503 1.1+£0.2 698 511 0.9+0.2
18/8/2020 715 Failure 714 554 0.8+0.2
19/8/2020 690 471 1.1£0.2 699 506 1.0+£0.2
20/8/2020 706 506 1.0+£0.2 712 540 0.9+0.2
21/8/2020 709 453 1.3£0.2 720 537 09+0.2
24/8/2020 722 561 0.8+0.2 727 557 0.9+0.2
25/8/2020 716 467 1.2+0.2 691 488 1.0£0.2
26/8/2020 690 Failure 715 567 0.7+£0.2
27/8/2020 707 441 1.3+£0.2 712 535 09+0.2
28/8/2020 722 564 0.8+0.2 681 500 09+0.2
31/8/2020 693 461 1.2+0.2 686 527 0.8+0.2
1/9/2020 683 Failure 708 528 09+0.2

Table 2. Absorbed dose values measured by the 16 detectors (short term electrets) during the 15™ (31/8/2020) irradiation
day; the position of the detectors is shown in fig. 5(a); short term electrets associated to L chamber can measure absorbed

dose values up to 3 mGy

Position of detector Initial voltage [V] Final voltage [V] AD [mGy]
1 698 <10 Greater than 3
2 690 <10 Greater than 3
3 718 <10 Greater than 3
4 708 <10 Greater than 3
5 735 510 1.1£0.2
6 691 577 0.6+0.2
7 703 633 04+0.1
8 694 619 04+0.1
9 685 566 0.6£0.2
10 654 363 1.5£0.3
11 725 <10 Greater than 3
12 717 272 22+0.5
13 687 223 23+0.5
14 680 <10 Greater than 3
15 709 <10 Greater than 3
16 604 <10 Greater than 3
= O Detector 1 . : -
tion, the voltage attenuation per mGy is 16 V for long
& 18 4 Detector 2 term electrets compared to 200 V for short term
% % electrets. This sensitivity disadvantage of long-term
212 i % i % <}> electrets compared to short term electrets has on the
2 é % % é 4}, other way round the advantage that long term electrets
g 08 ‘{‘ % t}: ‘%‘ can measure higher absorbed dose values up to 40 mGy.
= In tab. 3 are presented the results of absorbed dose mea-
' sured by 17 detectors (long term electrets associated to
0.0 L chambers) during the last irradiation day of the patient
0 5 10 15 20 (1/09/2020). In the same table are presented the

Irradiation day

Figure 6. Absorbed dose values measured by the two
detector positions during the radiotherapy treatments
with the first LINAC, as a function of the irradiation day

electrets voltage, measured just before and after the ir-
radiation of the patient.

In fig. 7 are shown the absorbed dose values in
mGy measured with short term electrets, the 15 irra-
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Table 3. Absorbed dose values measured by the 17 detectors
(long-term electrets) during the 16™ (1/9/2020) irradiation
day; the position of the detectors is shown in fig. 5(b);
long-term electrets associated with the L chamber can
measure absorbed dose values up to 40 mGy

szltzgtr; ;)f Imtlai Jj)ltage Fmal[{//ciltage AD [mGy]
1 654 585 43+1
2 668 <10 Greater than 40
3 687 <10 Greater than 40
4 655 542 7.1+£2
5 650 626 1.5£03
6 622 614 0.5£0.1
7 615 609 04+0.1
8 603 598 03+0.1
9 614 602 0.8+0.2
10 629 600 1.8+£0.3
11 630 514 73+1.8
12 646 371 17.2+£3.5
13 602 553 3.1+£0.8
14 658 <10 Greater than 40
15 645 <10 Greater than 40
16 626 499 79+2
17 618 557 38+1

diation day fig. 7(a) and the absorbed dose values in
mGy measured with long term electrets , the 16™ irra-
diation day fig. 7(b), H means greater than the maxi-
mum dose that can be measured by the specific detec-
tors (3 mQGy for short term electrets combined to L
chambers and 40 mGy for long term electrets com-
bined to L chambers). It is clear from fig. 7 that the ab-
sorbed dose values measured (in the same positions)
by the two different types of EIC (short and long term
electrets) are quite similar taking also into account the
uncertainties of the values shown in tab. 2 and tab. 3.
For the different positions the absorbed dose values
vary from 0.3 to 17 mGy which corresponds to 0.01 %
up to 0.6 % of the prescription dose (2660 mGy). Stud-
ies [12] at seven Swedish clinical accelerator centres
show that leakage photon radiation may give an ab-
sorbed dose contribution of up to I mGy for one treat-
ment of 2000 mGy to the target volume to organs and
tissues well outside the treatment volume of the pa-
tient. If scattered radiation is included this number
rises to about 3 mGy. These results are in the same or-
der to those presented in this work, fig.7.

As far as dose calculation is concerned, Monte
Carlo algorithm calculation was performed by the Mo-
naco TPS (Elekta Monaco at November 5, 2003):

— Calculation algorithm Monte Carlo (VSM) with a
statistical uncertainty of 0.5 % per control point.

— The TPS (treatment planning system) does not
consider the leakage radiation coming from the
LINAC (Elekta Infinity, Agility head) head out-
side the M area which is about 0.1 % in average
(less than 0.2 %). The M is the area outside the
collimator (leaves and diaphragms) field of view,

¥ [

IRRADIATION ZONE 2660 mGy IRRADIATION ZONE 2660 mGy

H [ H \ 71 \38

11 15 1. 8

0.6 6 0. 8
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Figure 7. (a) Absorbed dose values in mGy measured
with short term electrets, the 15" irradiation day, H
means greater than 3 mGy which is the threshold for
short term electrets associated with L chambers;

(b) absorbed dose values in mGy measured with

long term electrets, the 16™ irradiation day, H means
greater than 40 mGy which is the threshold for

long term electrets associated with L chambers

where the leakage comes from LINAC compo-
nents besides leaves — MLC and diaphragms
(target, flattening filter etc). The LINAC is cali-
brated to have an output of 1cGy/MU fora 10X10
field size in 10 cm depth in water in a distance of
Im from the source.

— Taking into account that:

e The total monitor unit (MU) of the treatment was
341,8 and the estimated treatment time given by MO-
NACO TPS was 109,6 seconds = > ~186 MU/per
minute.

e The irradiation technique used was tangential
IMRT in dMLC mode.

The amount of leakage radiation coming from
the head in the border of the M area, is calculated at
approximately 3.5 £ 1.5 mGy.

—  Structures were created simulating the electrets in
dimension and position in which we calculated the
mean dose.

The calculated absorbed dose (in mGy) was per-
formed (due to the lack of CT data) only for the posi-
tions 11,12, and 16 of fig. 5(b). Position 12, is distanced
8 cm of the borders of the irradiated volume and inside
the M area where Monaco TPS (Elekta Monaco at No-
vember 5, 2003) rather precisely calculates the ab-
sorbed dose, within uncertainties (as stated by the algo-
rithm less than 15 %) which are getting larger with
increasing distance from the irradiated volume. Posi-
tions 11 and 16, are inside the M area but in a longer dis-
tance, approximately 30 cm from the irradiated volume
near the outbound border of the M area, where the TPS
calculates the absorbed dose, within uncertainties (as
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Table 4. Comparison between measured and calculated
doses for three detector positions (11, 12, and 16 of fig. S5(b).
The total absorbed dose calculated values are the TPS
calculated values by manually adding for positions 11 and
16 the calculated absorbed dose of 3.5 = 1.5 mGy due to
leakage

Absorbed dose Absorbed dose | Absorbed dose

No measured [mGy] calculfléleg;ay TPS TPS[ I;l(e}a}llljage
12 172+3.5 185+1.3 18.5+£2.8
16 7.9+2.0 20+1.0 55+1.8
11 73+1.8 1.5+0.8 50+£1.7

stated by the algorithm less than 55 %) because of the
larger distance from the irradiated volume. Also, in
such distance, the leakage radiation coming from the
LINAC (Elekta Infinity, Agility head) head becomes
the dominant component which is not taken into ac-
count by the TPS. For these positions (11 and 16) the
absorbed dose due to leakage radiation coming from the
head was estimated at approximately 3.5 £ 1.5 mGy and
is added to the absorbed dose calculated by TPS.

In tab. 4 the measured and calculated absorbed
doses for three detector positions (11, 12, and 16 of fig.
5(b) are compared. The absorbed dose calculated val-
ues were deduced by Monte Carlo algorithm incorpo-
rated into the Monaco TPS by manually adding for Po-
sitions 11 and 16 the calculated absorbed dose of 3.5 =
1.5 mGy due to leakage.It is clear from tab. 4 that in
Position 12, where Monaco TPS calculates (within un-
certainty of about 15 %) the absorbed dose, measured
and calculated doses are the same within experimental
uncertainties. On the contrary for the other two posi-
tions, where leakage radiation becomes the dominant
source of out-of-field dose the absorbed dose values
calculated by the TPS are seriously underestimated (
by a factor of 4) due to the fact that TPS does not take
into account the leakage radiation However, adding
to the TPS values an estimated dose due to leakage ra-
diation the difference between measured and calcu-
lated doses are about 30 %.

CONCLUSIONS

The capabilities of EIC to measure absorbed

dose outside the treated volume during radiotherapy
treatment was investigated, according to our knowl-
edge, for the first time. This first test has some interest-
ing results.
o In most of the regions, the absorbed dose values could
be measured at least with long term electrets associated
with L chambers. The absorbed dose values varied from
0.3 to 17.2 mGy which corresponds to 0.01 % up to 0.6 %
of the prescription dose (2660 mGy). Near the irradiation
volume the absorbed dose values were greater than the
upper detection limit of the EIC (threshold 40 mGy).
This is a disadvantage for the use of EIC near the irradia-
tion zone.

o Using two different type of electrets (short and long
term electrets) the obtained absorbed dose values (in
the same positions) were quite similar a fact which
gives confidence to the reliability of the results.

o [n the non target radiation region where Monaco TPS
calculates the absorbed dose within uncertainties
varying up to 15 % (Position 12), measured and calcu-
lated doses are the same within experimental uncer-
tainties. On the contrary in Positions 11 and 16 where
leakage becomes the dominant source of out-of-field
dose the absorbed dose values calculated by the TPS
are seriously underestimated (by a factor of 4) and as-
sumptions of leakage contribution should be taken
into account. In addition TPS accuracy on calculating
the absorbed dose decreases with increasing distance
from the irradiated volume (55 % for Positions 11 and
16 compared to 15 % for Position 12).

e Overall, the first test of the use of EIC to measure
non-target absorbed dose in distances varying from
8 cm to 100 cm from the irradiated volume during ra-
diotherapy treatment for radiation protection purposes
was positive.
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Anekcanapoc KITYBAC, Anua MAKPUY, Muxamuc XAIIUMAPKY

MOTI'YRHOCTU EJIEKTPET JOHCKHUX KOMOPA 3A MEPEILE
AIICOPBOBAHE NO3E BAH TPETUPAHE 3AINIPEMMHE, TOKOM
TEPAIIMJE EKCTEPHUM ®OTOHCKUM 3PAYEIBLEM

ITpBu nyT cy ucTpaxkeHe MOryhHOCTH eJIeKTPETHUX JOHCKUX KOMOpa 3a Mepeme ancopOoBaHe
03¢ Y OKOJIMHHE METE Y TOKY TpeTMaHa pajuorepanujoM. ToKkoM pagnoTepanuje, 03¢ y OKOJIMHA MeTe
MOTY ce KITacn(huKOBaTH y TpH MpHOIIEKHA HABOA: BUCOKE 03¢, CPeihe 1o3e M HICKe no3e. Hucke go3e
(<5 % mpommcane 103¢e) reHePaTHO Ce He Y3UMajy Y 003Up TOKOM ITTaHUPaHa JIeUeHha 300T YHHCHUIIE J1a X
je TelKo u3MEPUTH, OKapaKTEPUCATH, UIIU MOJIETIOBATH y CUCTEMY TUIaHUpama. Y OBOM pajly U3BpIIeHa Cy
Mepema Ca eJIEKTPETHUM JOHCKMM KOMopama arcopOoBaHe 03¢ BaH TpeTupaHe 3ampemmube (<5 %
MpoIHcaHe JJ03€), TOKOM Tepanuje eKCTepHuM (poTOHCKUM 3paueweM y Elekta Infinity nuaeapaom akie-
JepaTopy y oHkKounomkoj 6onHunu “Theagenio” y Conyny, I'puka. BpegHocTu ancop6oBaHe jo3e 3a
pacrojama 8-100 cm of rpaHuiia o3payeHor BoiiymeHa Bapupade cy of 0,3 mGy o 17 mGy, mto ogrosapa
on 0,01 % mo 0,6 % mpomnucane no3e (2660 mGy). Y Oau3uHu 3paveheM [MiJbaHe 3allPEMUHE BPETHOCTH
ancopOoBaHe jjo3e Omiie cy Behe off Topme rpaHulle IeTeKIje elIeKTPETHIX jJOHCKUX KoMopa (mpar 40
mGy). Pesynraru cy ynopebenu ca npopauyanma MoHako cucreMa 3a mianuparmbe Tpermana (Electa Mo-
naco 5.11.03) y Tpu no3uimje ynaberne 8 cm u oko 30 cm off rpaHuIle 30He 03paunBama. Ha mosuimju 8 cm of
30HE 03pauuBamba, rjaje MOHaKO CHCTEM 3a IUTaHUpake TpeTMaHa u3padyHaBa arcopOooBaHy 03y (YyHyTap
HecurypHoctu o oko 15 %), u3MepeHe W m3padyHaTe [03€ CY MCTE Y OKBUPY EKCICPUMEHTATHUX
HecurypHocTH. HampoTus, 3a pyre aBe mo3unuje, rje Nypemne 3paduetha NocTaje JOMIHAHTAH U3BOP 03¢
U3BaH LIUJBAHOT IO0JbA, BPEHOCTU ancopOoBaHe fo3e u3pauyHaTe CHCTEMOM MIIaHHpama TPEeTMaHa
030MJBHO Cy moTIeheHe (ca (pakTopoM 4) 360r unibenute na CrucreM IIaHUparmba TpeTMaHa He y3UMa y
063up ypeme 3padema. MehyTnm, ako ce n3padyHaTUM BpeIHOCTAMA TOfIa MPOIeHkh-eHa 7032 300T ypema
3pavuema, pa3inka n3Mehy n3MepeHnx u u3padyHaTux go3a je oko 30 %.

Kmyune peuu: eaekttipeitina joHCka Komopa, thepaiuja 3paierbem, aicopbosana 003a



