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In this research, the glass dosimeter was calibrated to measure the standard absorbed dose of the Cs—137
iradiator and absorbed dose in a biological sample. Absorbed dose in water for Cs—137 gamma ray was
determined by the IAEA TRS-277 protocol. The PTW-TM30013 ion chamber and the PTW-TM41023 water
phantom were utilized for measuring absorbed dose and the value was compared with the reading from DoseAce
GD-302M glass dosimeter from Asahi Techno Glass Corporation for its calibration. The uncertainty of
measurement (1 o) of the calibrated glass dosimeter was 2.7% and this result would be applied to improve the
accuracy in measurement of absorbed dose in a biological sample.
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INTRODUCTION

The Cs-137 irradiator emits mono-energetic photon of 662
keV and is often used for the calibration of radiation measure-
ment devices and the irradiation for various researches.”
Specifically, Cs-137 has half-life of 30.2 years so the source
replacement happens to be rare and thus the source is suitable
for the biological research.”” The biological samples is either
the cultured cell in a dish or a house mouse. The accurate
measurement of the absorbed dose in such samples is required
to increase the confidence level of the research.” However, the
absorbed dose measurement depends on the type of the radia-
tion source, its energy, and the type of the samples so the irra-
diation conditions should be considered before the measure-
ment. Therefore, the calibration data for the dosimeter under

different conditions needs to be established and applied.™”
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In order to give the accurate amount of dose to the bio-
logical sample, firstly, calibration of the dosimeter is con-
ducted according to the standard absorbed dose, then direct
measurement of the absorbed dose inside the sample is by in-
serting the dosimeter into the sample. In this research, the
glass dosimeter which is preferred to be used in the biological
research was calibrated by being compared with the standard
Cs-137 absorbed dose.

The commercial glass dosimeter has become popular in ra-
diotherapy field due to its reproducibility. Furthermore, the
dose measurement in water is capable because the glass device
is located into a holder so that the dosimeter can be water-
proofed with a simple tube. On the other hand, thermolumines-
cent dosimeter (TLD) is difficult to reuse, reproduce and
waterproof.

In this research, the standard absorbed dose of the Cs-137
irradiator was measured to calibrate the glass dosimeter used
in the biological research. In material and method section, the
method for the standard absorbed dose measurement would be
discussed and in the result section, the data would be
presented. In discussion section, the uncertainty of measure-
ment would be analyzed and the further research would be

suggested.
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MATERIALS AND METHODS

IAEA TRS-277 protocol (1996)” was applied to calculate
the absorbed dose of Cs-137 in water. In TRS-277 protocol,
water absorbed dose was calculated based on the air kerma
and became the basis of the equations presented in TRS-398
protocol (2000).6) In this research, because the irradiator was
calibrated according to the air kerma at the distance of 1 cm
in air it is reasonable to convey the research based on air ker-
ma and thus using the TRS-277 protocol.

The Cs-137 irradiator (Gamma Irradiator, Chiyoda Technol,
Japan) was produced for the low dose radiobiological research.
The irradiator contains the 10 Ci Cs-137 source and the air
kerma at 1 m away from the source is about 30 mGy/h.

In this measurement, the TM30013 (PTW, Germany) ion
chamber and the Unidose (PTW, Germany) electrometer were
used. The electrometer was calibrated from Physikalisch-Tech-
nische (PTW-Freiburg) according to the air kerma calibration
factor of Co-60 beam. TM30013 and TM30006 ion chambers
have the same structure: use PMMA for the chamber walls
(thickness: 0.541/cm’) and the buildup caps (thickness: 0.541/cm’)
and aluminium for the central electrodes. Fig. 1, 2 shows the
geometrical setup of the measurement,

Before the measurement, the devices were placed in the irra-
diation room with the constant pressure and temperature for 12

hours to achieve the thermal equilibrium of the phantom and

Cs-137 source

. Source loader

Fig. 1. A photography of geometrical setup for measuring ab-
sorbed dose to water for a Cs-137 gamma-ray irradiator.

the ion chamber. Temperature and pressure were measured
with the thermometer SK-1250 (SATO, Japan) and the bar-
ometer OPUS10 (Lufft, Germany) which were calibrated from
the certified calibration labs, KCS (Busan) and KCC (Busan),
respectively. The calibrated factors were applied to the meas-
urement so that the traceability of calibration was conserved.
The average value from the 5 measurements (10 minutes per
measurement) became the final result and the standard devia-
tion of the measurements were taken to be the uncertainty of
measurement.

According to IAEA TRS-277-2nd(1996), absorbed dose at
the standard depth was defined to be

D(Zref) = ]IIkTP‘/VK(1 - g)kmkatt Sw,air Dy Peel Dais (1)

where
M: Reading from an ionization chamber in unit of Coulomb,
kpp: Correction factor to account for the temperature and the
pressure in the air cavity of an ionization chamber,
Ny Air kerma calibration factor of an ionization chamber,
g: Fraction of energy of secondary charged particles that is
lost by bremsstrahlung,
k,,: Factor to take account of non-air equivalence of chamber
wall and buildup cap materials,
k4 Factor to allow for attenuation in the walls of an ioniza-
tion chamber,

s : Average stopping power ratio between water and air

w,air*

for electrons from Cs-137 gamma ray

Fig. 2. A glass dosimeter located at a depth in water using
Markus chamber adaptor.
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p,,: Perturbation correction factor for the different properties in
electron interactions in the chamber wall and water and
electron scattering in air and in water replaced by the air
cavity, and

Dgis: Displacement correction.

The model GD-302M (Asahi Techno Glass, Japan) glass
dosimeters were calibrated. GD-302M dosimeter has a cylin-
drical shape with the diameter of 0.3 cm and the length of 1.3
cm. Reading of the glass dosimeter was performed with
FGD-1000 (Asahi Techno Glass, Japan). The calibration of the
glass dosimeter was done by comparing the reading from each
glass dosimeter with absorbed dose measured by the ionization
chamber. However, the glass dosimeter reader converted the
value by the comparison between the reading from the glass
dosimeter and the standard reference glass. This conversion as-
sumed that the same model of the glass dosimeters would
have the same responses to the irradiation so the application of
independent calibration factors for each dosimeter was
impossible. In this research, the converted values were taken
without any corrections and they would be presented as G;
(Glass dose for dosimeter ). Although this does not identify
the variations between the glass dosimeters and would increase
the uncertainty in the final results, it could be a more practical
method.

In this study, the calibration factors of 6 glass dosimeters
were obtained as the acquisition of the baseline data.

Firstly, the net glass dose G was defined to be

G = G;

) i,read

where G

pre
ation and Gj ., is the reading after irradiation. Although the

G pre ©2)

is the reading from the dosimeter before irradi-

unit of G is supposed to be Gy in the reader, the unit of
G would be presented as 1 Gy-gr (glass reading) or mGy-gr
in this paper to be distinguished with the unit of absorbed
dose. Therefore, the calibration constant of the glass dosimeter
is following.

=Dt Gy/mG 3
i~ [mGy/mGy-gr] 3)

RESULT
The factors used in the absorbed dose calculation were sug-

from TRS-398. Both the

factors and the measured data are presented in Table 1. The

gested in TRS-277 except for p;,
absorbed dose at the standard depth was measured to be 26.12
mGy/h. The readings and the calibration factors for the 6 glass
dosimeters were demonstrated in the Table 2. The relative

standard deviation of each glass dosimeter became 0.2% from

Table 1. Values for Cs-137 gamma rays in TRS-277

protocol, *krp corrected.

Physical quantity Values for Cs-137 gamma rays

M (pQ) 80.25*
Nk (cGy/nQ) 5.016
(1-9) 0.997
Kikean 0.973
a 051
Suwair 1.136
Suwallair 1.107
(ﬁer/ﬂ)w,wull 1.029
Pu 1.001
Piis 0.988
Dose (mGy) 4385
Dose (mGy/h) 26.12

Table 2. Dosimeter readings, its standard deviations, and calibration factors for 6 glass dosimeters.

G, *SD (#Gy-gr) G,..a*SD (1 Gy-gr) R*SD (1 Gy-gr) Relative SD (%) of # N, (mGy/mGy-gr)
1 720+1.89 4,755+9.46 4,035+9.64 0.23 1.086
2 712+1.27 4,752+8.20 4,040+8.30 0.20 1.085
3 704£1.90 4,702+8.99 3,998+9.19 0.22 1.097
4 704+1.87 4,700+9.62 3,996+9.80 0.24 1.097
5 706£1.10 4,785+9.39 4,079+9.45 0.23 1.075
6 687+1.83 4,713+7.76 4,026+7.97 0.20 1.089

Variation of glass dosimeters: 0.8%
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Table 3. Uncertainty estimations of calibration of the glass
dosimeters in this study.

Type of physical quantity Estimated uncertainty

or procedure

Applied value Relative (%)

Calibration factor of - 0.6
ion-chamber
Measured charge - 0.5
Temperature correction 0.05°C 0.02
Pressure correction 0.01 kPa 0.01
Interaction coefficients in Eq.(1) - 2.6
Timer error 1 sec 0.02
Measured distance 1 mm 0.11
Reference dose from 2.70%
ion-chamber dosimetry
Dosimeter reading - 0.24
(maximum)
Holder positioning in water 1 mm 0.11
Dosimeter response from 0.26%
reader
Total uncertainty 2.71%

8 readings on average which showed that the reproducibility of
the glass dosimeter is acceptable. However, the standard devia-

tion of the 6 glass dosimeters was 0.8%.

DISCUSSION

The total uncertainty in the calibration factor for a glass dos-
imeter was calculated as the statistical sum of the measure-
ment uncertainty and the response uncertainty. The estimated
total uncertainty of the glass dosimeters in this research was
demonstrated in Table 3. The standard absorbed dose results
were derived with the given air kerma constant and k;p cor-
rection according to the standard temperature and pressure
shown in the ionization chamber certificate. While applying
the equation (a), the constants were from TRS-277 protocol.
The maximum time error in measurement was assumed to be
1 second per hour and the maximum displacement was as-

sumed to be 1 mm. The interaction coefficients in the equation

(1) contributed to uncertainty the most.”” The uncertainty of a
glass dosimeter was estimated with the standard deviation from
8 repeated readings from the same dosimeter and the max-
imum placement error of 1 mm. The total uncertainty (1
Standard Deviation) was calculated to be 2.7%. The reason for
this low total uncertainty was because of the reproducibility of
the glass dosimeter as well as the individually derived calibra-
tion factors. Even if the glass dosimeters were assumed to
have a single calibration factor, the total uncertainty would
have increased only by 0.1% which can be negligible in bio-
logical research.

TRS-277 protocol was referred in this study to analyze the
absorbed dose of the Cs-137 source but uncertainty of meas-
urement of the glass dosimeter seems to be high. TRS-398
protocol would be applied in near future to reduce the un-
certainty of measurement. The results from this paper will be
used for the verification of the absorbed dose measured by the
glass dosimeter in the biological research using Cs-137

irradiator.
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