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An accurate calibration of the therapy level radiation dosimetry system has a pivotal role in
the accuracy of dose delivery to cancer patients. The two methods used for obtaining a tissue
equivalent calibration of the system: air kerma calibration and its conversion to a tissue equiv-
alent value (absorbed dose to water) and direct calibration of the system in a water phantom,
have been compared for identical irradiation geometry. It was found that the deviation be-
tween the two methods remained within a range of 0% to £1.7% for the PTW UNIDOS
dosimetry system. This means that although the recommended method is in-water calibra-
tion, under exceptional circumstances, in-air calibration may be used as well.
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INTRODUCTION

The use of radiation is very common in our ev-
eryday lives. One of its major uses is in the health sec-
tor where radiation is utilized not only as diagnostic
tool, but also as a therapeutics agent in the treatment of
tumours. Radiation doses involved in the treatment of
tumours are usually rather high. An optimal radiation
dose to the tumour, dose fractionation and the preven-
tion of healthy tissue receiving undue radiation doses
are fundamental elements of treatment planning. Dose
delivery and dose determination depend upon careful
calibration of the dosimetry system which consists of
an ionization chamber and an electrometer assembly
[1-4]. The quantity of interest for the hospital physicist
is the absorbed dose to the water, since water is a tissue
equivalent material. The dosimetry system at a radio-
therapy centre, therefore, needs to have an absorbed
dose to water calibration factor, Ny, . This calibration
is provided by the Secondary Standard Dosimetry
Laboratory (SSDL), which has its own dosimetry stan-
dard calibrated to a primary dosimetry system in a Pri-
mary Standard Dosimetry Laboratory (PSDL) [5].

Primary calibrations in absorbed doses to water
are not provided by many standard laboratories world-
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wide and, because of that, dosimetry measurements
rely upon the air kerma standard. Although the use of
the direct absorbed dose to water calibration is the rec-
ommended method, in its absence, air kerma calibra-
tion can be converted to the absorbed dose to water
calibration, using data provided by the IAEA standard
protocols [6, 7].

In the present work, the two methods, direct ab-
sorbed dose to water calibration and calculation of the
absorbed dose to water through air kerma calibration
have been compared through the PTW UNIDOS do-
simetry system which is a field instrument. The two
said methodologies have been compared for various
calibration geometries, using the Co-60 therapy level
standard source.

MATERIALS AND METHODS

The PTW UNIDOS dosimetry system consists
ofa graphite thimble ionization chamber, type 30004,
with an active volume of 0.6 cm? inside the graphite
thimble and a body made of aluminum. The build-up
cap of the chamber, with wall thickness of 4.55 mm,
is made of poly methyl methacrylate (PMMA). The
chamber’s response to Co-60 gamma radiation
(1.25 MeV) is independent of the direction of the
beam incidence when used with a build-up cap. The
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measuring assembly is UNIDOS, a microprocessor
controlled dosemeter with measurement modes
available in terms of charge, doses, and dose rates [8].
The chamber was calibrated by a secondary standard
(working standard), that of the SSDL Health Physics
Division PINSTECH, consisting of an ionization
chamber, type NE-2561, and a measuring assembly,
type NE-2560, calibrated against the primary stan-
dard of the TAEA dosimetry laboratory (Seibersdorf,
Vienna, Austria), both in terms of air kerma and the
absorbed dose to water.

The schematic diagram used for air kerma calibra-
tion is shown in fig. 1, that for the absorbed dose to water
calibration in fig. 2. The centre of the chamber was
aligned with the centre of the Co-60 gamma ray beam us-
ing a laser alignment system, while the calibration was
performed by the substitution method, using the
SSDL standard. The source to chamber distance (SCD)
was 100 cm, 150 cm, and 200 cm. At each SCD set-
ting, field sizes at the chamber position of 10 x 10 cm?,
15 % 15 cm?, 20 x 20 cm?, 30 x 30 cm?, and 40 x 40 cm?
were selected. Normal calibration geometry uses a
100 cm SCD and 10 x 10 cm? field size. We increased
both parameters, starting with a standard setting, in order
to see the effects of scattering. For air kerma measure-
ments, the irradiation was performed in open air with the
chamber inside the build-up cap, where as for the ab-
sorbed dose to water calibration, the chamber was in-
serted in an IAEA standard water phantom of 30 x 30 x
x 30 cm®. The chamber was kept in a 3.45 mm thick
PMMA sleeve, at a standard depth of 5 cm from the front
face of the phantom.

Co-60 source in
shielded machine
head

lonization chamber
in centre of beam

¥ ! L
Source to chamber distance
Figure 1. Experimental set-up used for air kerma

calibration

Co-60 source in

lonization chamber in shielded machine

water phantom at 5 cm head
depth

Source to chamber distance

Figure 2. Experimental set-up used for absorbed dose
to water calibration

In the direct method, measurements were made
in the water phantom. The absorbed dose to water cali-
bration factor Ny, y, was determined by the following
relation

ND,W = (1)

where Dw(5 cm) is the dose at a depth of 5 cm in the
water phantom, as measured by the SSDL working
standard, and M is the PTW UNIDOS dosemeter read-
ing in charge mode, corrected for ambient conditions.

In this method, the absorbed dose to water cali-
bration factor Dy,/(5 cm) was derived from the experi-
mentally determined air kerma calibration factor Ny
for PTW chamber type 30004 connected with a PTW
UNIDOS dosemeter (measuring assembly). The for-
malism for the indirect determination of Dy(5 cm) has
been discussed in detail in the [AEA dosimetry proto-
col TRS-277 [6]. Using this formalism, the absorbed
dose to air calibration factor Np,,;, was derived from
Ny through following equations

Ny =K. /M (2)

air

ND,air =NK (l_g)kmkatt (3)

where K, corresponds to the mean absorbed dose to
air inside the cavity of the chamber, g is the fraction of
the secondary electron energy lost to bremsstrahlung
in the air, &, — the correction factor for non-air equiva-
lence of the chamber wall, and k,— corrects for the at-
tenuation and scattering of photons in the chamber
wall (graphite) and build-up cap (PMMA). The ab-
sorbed dose to water calibration factor was calculated
from

ND,W =ND,air (SW,air)Pc (4)

where Sw.ir 18 the water-to-air stopping power ratio
and P, is the overall perturbation correction factor of
the ionization chamber for phantom measurement at
Co-60 quality. Following values of various correction
factors have been used [6, 9, 10]:

g=0.003
1-g=0.997,
kmkai= 0.975 for0.6 cm3, PTW chamber type 30004,
Swair = 1.133  for Co-60 average gamma energy
(1.25 MeV), and

for Co-60 radiation quality.

for Co-60, therefore,

P.=0.993

RESULTS AND DISCUSSION

The values of the absorbed dose to water calibra-
tion factor Ny, y, determined using direct measurements
in a water phantom and those calculated from the air
kerma calibration factor, have been shown in tabs. 1, 2,
and 3. The measurements were repeated for three differ-
ent SCD values and five field sizes at each SCD setting.
Overall, the results presented here reveal very good
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Table 1. Comparison of Npw for the PTW ionization
chamber, type 30004, using air kerma formulation and
direct measurements in a water phantom of SCD 100 cm

Field size at | Npy from air | Npyw from 0
chamber kerma direct P(;rf(]:cerrltn[ 0]
position formulation, |measurement, 100 ( 5 f/f; B

[cm?] A [mGy/nC] | B [mGy/nC]

10 x 10 52.83 52.47 -0.69
15x15 52.63 52.38 —0.48
20 x 20 52.68 52.65 -0.06
30 x 30 53.45 52.68 —-1.46
40 x 40 53.62 52.72 -1.71

Table 2. Comparison of Npw for the PTW ionization
chamber, type 30004, using air kerma formulation and
direct measurements in a water phantom of SCD 150 cm

Field size at | Npy from air | Npyw from o
chamber kerma direct P(?irfclerletn[ c/g ]
position formulation, |measurement, 100 (B — A)/B

[cm?] A [mGy/nC] | B [mGy/nC]

10> 10 52.75 52.55 -0.38
15x 15 52.67 52.41 -0.50
20 x 20 52.64 52.65 -0.02
30 x 30 52.69 52.60 -1.17
40 x 40 52.81 52.61 -1.38

Table 3. Comparison of Npw for the PTW ionization
chamber, type 30004, using air kerma formulation and
direct measurements in a water phantom of SCD 200 cm

Field size at | Npy from air | Npy from o
chamber kerma direct P;irf?cerrltn[ 6]
position formulation, |measuremen,t 100 (g S 1;:;"/ B

[cm?] A [mGy/nC] | B [mGy/nC]

10> 10 52.93 53.02 0.17
15 x15 53.11 53.47 0.67
20 x 20 53.28 53.59 0.58
30 x 30 52.95 53.49 1.01
40 x 40 5291 53.82 1.69

agreement between calibration factors obtained by the
two methodologies. When the calibration factors ob-
tained in these two ways are compared, it is seen that in
most cases the difference is less than 1%, except for a
few cases of field sizes higher than the standard field
size of 10 x 10 cm?. A difference of 1.5% in calibration
factors obtained by the two methods has been quoted by
Bjerke et al. [11]. McEvan et al. [12] have shown that
the difference in calibration factors derived from the
primary standard calorimeter differed from £1% to £2.
This means that the data values for various correction
factors which have been taken from the IAEA codes, as
indicated in the previous section, can safely be used for
the determination of the absorbed dose to water calibra-
tion factor through the air kerma calibration factor. Cal-
ibration factors obtained through air kerma measure-
ments had a mean of 52.93 mGy/nC, with a standard
deviation of 0.58%, while calibration factors obtained
by the direct absorbed dose to water have a mean value

0f52.87 mGy/nC, with a standard deviation of 0.9% ata
95% confidence level. The percent deviation of ab-
sorbed dose to water calibration factors obtained
through the air kerma conversion, as compared to the
one obtained by direct measurement, is evenly distrib-
uted in the negative and positive direction, as indicated
in fig. 3. This means that the deviation is a random phe-
nomenon. A relatively higher deviation has been found
for field sizes larger than 20 x 20 cm?. This could be due
to the penumbra, as much as to the increased scattering
from surroundings, as indicated elsewhere [13].

Percent deviation

-0.5

o, T .|

7N SUUDUDUUNN B

R
Number of measurements

Figure 3. Extent of percent deviation of absorbed dose to
water calibration factor obtained through air kerma con-
version, as compared to those obtained by direct mea-
surement

The overall error limit in dose delivery to cancer
patients during radiation therapy is £5% [10,14]. Our
findings indicate that if an ionization chamber at a
therapy institute is calibrated for the absorbed dose to
water indirectly, using the air kerma calibration factor,
the error induced will not exceed that of £5% limit.

CONCLUSION

In the light of the presented study and its results, it
may be concluded that, although the direct procedure
for obtaining the absorbed dose to water calibration fac-
tor is recommended, in its absence, the determination of
the absorbed dose to water calibration factor from the
air kerma calibration factor works equally well for field
sizes not greater than 20 x 20 cm?.
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Baxup APIIEN, Xamux MAXMY I, Ukpamynax TA3U, Acan YIAX,
epBun AXTEP, Cajex C. AXMA/, 3uman [ITAMMNJI

NOPELEILE KAIMBPAIIMJE Y BA3AYXY N BOIU JO3UMETPUJCKOI'
CUCTEMA HAMEILEHOI ITPOUHEHU JO3E 3PAYEIbA Y JEYEILY PAKA

ETanonupame cucrema 3a fO3UMETpPH]Y 3pauera KOjUu ce KOPUCTU y Tepanuju, uMa Bopaehy
yIOry y Ta4yHOM ofipebuBamy mo3e mpepaTe OojiecHUIMMa oOff paka. IIBe merope cy kopuitheHe u
ynopebeHe 3a TKUBHO-€KBHUBAJIEHTHY KaluOpaluyjy cucreMa ca HCTOBETHOM FeOMETPHUjOM O3padMBamba:
KaJguOpalmja Mpeko KepMe y Ba3AyXy U l-eHe KOHBEp3Hje Y BPEHOCT €KBUBAJICHTHY TKHUBY (aricopOoBaHa
1032 y BOJIM ) U IMPEKTHA KanuOpalyja cucTeMa y BojieHoM hanToMy. Y TBpHeHO je fia cy oficTynatba nameby
nBe metofe ocrana y rpaaunu of 0% mpo +1.7% 3a PTW UNIDOS po3umerpujcku cuctem. OBuMm je
yTBpbeHo fa ce y moceOHMM OKOJHOCTHMa KanuOpaluja y Ba3fyxy Moxe Takobe KOpPHCTUTH, Maja je
KanuOpalnuja y BOU MpernopyyeHa MeToya.

Kwyune peuu: kaaubpauuja, aticopbosara 003a, Koneep3suja kepme y aicopbosamy 003y



