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Abstract
The uncertainty in ionization chamber calibration factors could contribute significantly to the total
uncertainty in source strength measurement. It is therefore recommended that hospitals should verify
the strength of each new brachytherapy source as part of the quality assurance programme. This study
was aimed at calibrating new Cobalt-60 high-dose-rate (HDR) brachytherapy sources using three sets of
dosimetry equipment to determine the accuracy and suitability of each method for routine calibrations.
Two new units (Saginova) of HDR brachytherapy equipment (BEBIG, Germany) each using a Co-60
source (differing in activity), are available at the Department of Radiation Oncology, University College
Hospital, Ibadan. While a well-type chamber (WC) and an electrometer from PhysikalischTechnischeWerkstätten (PTW) were provided for one unit, the same type of dosimetry devices from a
different provider, Standard Imaging (SI) were supplied for the second unit. Each of the HDR sources
was calibrated in turn by the two new well chamber-electrometer systems and a 0.12 cc thimble
ionization chamber used alongside its electrometer and a cylindrical phantom previously available for
source calibration of the replaced HDR unit at the department. In each case, measurements were made
using a dwell position that was fitting for maximum dose response from the detector. The measured
source strengths for each equipment were compared with the manufacturer’s certified value corrected
for decay till date of measurements at UCH. The percentage deviations of the measured source
strengths relative to manufacturer quoted values observed with the PTW WC, SI WC and the
cylindrical phantom were -2.80, -1.97 and 1.00 respectively for one HDR unit. Corresponding values for
the other brachytherapy unit were -1.06, 0.65 and -2.40. In both HDR units, the source strength
obtained with the SI well-type chamber were found to be in better agreement to certified values given
the resulting smaller deviations compared to values determined with PTW dosimetry system. Overall,
the source strengths measured with the three sets of dosimetry equipment were in good (<±3%)
agreement with the manufacturer stated values for both HDR sources. A combination of ionization
chamber and a solid phantom could therefore be used for verification of source strength at a center
where well-chamber dosimetry system is not readily available.
Keywords: Source strength; high-dose-rate brachytherapy; well-type chamber; cylindrical phantom

Introduction
Brachytherapy (BT) refers to short-distance treatment
in which radioactive sources such as Caesium-137,
Iridium-192 and Cobalt-60 are brought very close, in

order of millimetres to the tumour target being treated.
It is a significant component of care in cancer treatment
especially for gynecological tumours. The major benefit
of brachytherapy is the rapid fall of dose with distance
which in the case of the above line sources reduces as
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the power of the distance from the sources.
The international commission on radiological units
and measurements has considered brachytherapy
involving dose rates greater than 12 Gy/hr to be
regarded as high-dose-rate (HDR) technique. This is
the latest form of brachytherapy in practice and this
technology commenced in Nigeria at University
College Hospital (UCH), Ibadan in 2008. In practice
most HDR afterloaders offer > 300 Gy/hr at 1 cm
distance from Iridium-192 or Cobalt-60 source.
According to International Atomic Energy Agency
(IAEA) [1], the recommended quantity by for the
specification of gamma sources is the reference air
kerma rate (RAKR) defined as the kerma rate to air, in
air, at a reference distance of 1 m, corrected for air
attenuation and scattering [2-4]
The uncertainty in ionization chamber calibration
factors could contribute significantly to the total
uncertainty in source strength measurement. It is
therefore recommended that hospitals should verify
the strength of each new brachytherapy source as part
of the quality assurance programme. This study was
aimed at calibrating Cobalt-60 high-dose-rate (HDR)
brachytherapy sources using three sets of dosimetry
equipment to determine the accuracy and suitability
of each method for routine calibrations. The study was
aimed at calibrating Co-60 HDR BT sources using
three sets of dosimetry equipment to determine the
accuracy and suitability of each method for routine
calibrations. The second purpose was to determine the
accuracy of the method involving solid phantom with
reference to the well-type chamber measurements.

Materials and Methods
In 2008, the Department of Radiation Oncology,
University College Hospital, Ibadan, commenced the
HDR brachytherapy technique in Nigeria with the
prime support of the International Atomic Energy
Agency (IAEA), Vienna, Austria. The five-channel
HDR (Gynesource) afterloader and all related facilities
were however recently replaced with two new units of
the equipment each with 25-channel afterloader
(Saginova). The 60Co sources in the two Saginova
machines have similar values of activity, 76.55 and
77.24 (GBq) and an active length of 3.5 mm each as
shown in Figure 1. The source which bears a stainless
steel encapsulation has an outer diameter of 1 mm.
Both sources were calibrated in turn using three sets of
dosimetry equipment. These include a well-type
chamber (WC) and an electrometer from PhysikalischTechnische Werkstätten (PTW) provided for one unit,
the HDR 1000 Plus WC and electrometer from a
different dosimetry provider, Standard Imaging (SI)
supplied for the second unit, and a 0.12 cc ionization
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chamber, wellhofer electrometer (IBA dosimetry) and a
cylindrical phantom previously provided for the old
Gynesource unit at the centre. In each case,
measurements were made using a dwell position that
was fitting for maximum dose response from the
detector. The measured source strengths for each Co-60
were compared with the manufacturer’s certified value
corrected for decay till new date of calibration. The
calibration procedures for each of the above two
methods are highlighted below.

Figure 1. Schematic diagram of a miniaturized Co-60 source for HDR
brachytherapy (Photo Credit: Eckert and Ziegler).

Well-type ionization chamber
The recommended procedure by the American
Association of Physicists in Medicine (AAPM) for
calibration of the HDR sources is the use of a well-type
chamber. The dimensions are 19.1 cm height, 9.3 cm
diameter and 15.6 cm height, 10.2 cm diameter for the
well chambers from PTW and SI respectively. The
chamber is placed in the HDR unit for at least 30
minutes before commencement of measurements to
allow the detector to equilibrate with the electrometer
and at ambient temperature and pressure. Calibration
set-ups for the two well-type chambers are shown in
Figures 2 and 3 respectively. A prior evaluation of the
‘sweet spot’ which is the dwell position at which the
maximum dose response could be obtained in the
catheter was necessary before actual measurements
were taken for RAKR determination. The source
dwelled at 6 points pre-programmed for irradiation and
maximum response (current) was noted at each of these
points. The dwell position where maximum response
was obtained was noted. A plan for irradiation (Figure
4) was done on the TPS using the identified ‘sweet spot’
and three measurements taken. The strengths of the
radiation sources were evaluated according to equation
(1) with temperature and pressure accounted for:
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𝑹𝑨𝑲𝑹 = 𝑴𝒆𝒂𝒏 𝑴𝒆𝒂𝒔𝒖𝒓𝒆𝒅 𝒄𝒖𝒓𝒓𝒆𝒏𝒕 𝒙 𝑵𝒊 𝒙 𝑲𝑻𝑷 𝒙 𝑷𝒊𝒐𝒏
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(1)

where Ni is the ionization chamber calibration factor,
KTP is air density correction factor and Pion= 1.

Figure 5. Solid cylindrical phantom and ionization chamber set-up for RAKR
measurement.

Figure 2. Well-type chamber (PTW) set-up for RAKR measurement.

Figure 6. Array of electrometers connected in turn with PTW well-chamber,
SI well-chamber and the cylindrical ionization chamber respectively during
RAKR measurement.

Figure3.HDR 1000 Plus well chamber (SI) set-up for RAKR measurement.

Figure 7. Generated irradiation plan for source calibrationin a cylindrical
phantom using a dwell point fitting for maximum dose.

Solid Phantom

Figure4.Generated irradiation plan for source calibration using the ‘sweet
spot’ earlier determined.

A cylindrical phantom of diameter of 20 cm and height
12 cm was also employed for HDR source calibration.
This was used with a 0.12 cc ionization chamber and
Scanditronix-Wellhofer electrometer shown in Figure 6.
While the 60Co was positioned at the centre of the solid
phantom, the detector was inserted in turn in the four
holes which are at angles 00, 900, 1800 and 2700 and each
being 8 cm from the source, hence determination of a
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‘sweet-spot’ is not required in this case. Measured
values current across the four positions were used for
RAKR evaluation. Calibration set-up in this case is
shown in Figure 5. A plan for irradiation was done on
the TPS using a dwell point about 1.5 cm from
applicator tip as shown in Figure 7. The
Measurements were taken after 30 minutes to enable
the dosimetry apparatus in the HDR room attain
enough equilibrium with the associated electrometer.
A factor 0.00741 was considered as part of eq. (1) to
account for the absorption and scattering effects due to
use of the phantom.
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Table 1. Maximum current at dwell points while determining
‘sweet’ spot’ for both well-type chambers
Co-60(A)
PTW WC (nA)

Distance from Applicator’s Tip (mm)
40
45
50
55
60
21.245
21.129
21.305
21.385
21.205

65
20.963

SI WC (nA)

41.234

41.247

41.358

41.447

41.258

41.258

Co-60 (B)
PTW WC (nA)
SI WC (nA)

40
20.145
40.353

45
20.122
40.346

50
20.133
40.548

55
20.165
40.574

60
20.146
40.247

65
20.135
40.345

Table 2. Measured current at the point of maximum response in
both well chambers for the two cobalt-60 sources
Well
Chamber

Results
In Figure 8, the resulting pattern of irradiation with
the use of the two different well-type chambers are
given. It could be observed that irradiation traversed
only the 8th to 13th dwell positions in the catheter
considered to be within the most sensitive volume of
the well chambers. The maximum values of current
obtained at the six most important dwell positions
during evaluation of the ‘sweet’ spot’ (point of
maximum dose response) for RAKR measurement are
presented in Table 1. It is readily observed that the
point of highest accumulation of electrons within the
well-chamber lies at a distance 55 mm from the
catheter in each case of measurements. In Table 2, the
measured current within the four positions of the
cylindrical ionization chamber in the cylindrical
phantom are presented. Table 3 presents the
comparisons of measured and certified source
strengths for the two HDR sources using the three sets
of dosimetry equipment. In Table 4, comparisons of
measured and certified source strengths for the
previous Co-60 source using the solid phantom with a
cylindrical ionization chamber are given.

Measured Current
values

Mean Measured Current
(n𝑨)

(𝒏𝑨)
PTW-Co.60 (i)

21.385, 21.384, 21.385

21.385 ± 0.001

SI-Co.60 (i)

41.447, 41.447, 41.446

41.4470 ± 0.001

PTW-Co.60
(ii)

20.164, 20.165, 20.165

20.165 ± 0.001

SI-Co.60 (ii)

40.574, 40.574, 40.574

40.574 ± 0.000

Table 3. Measured current within the four positions of the
cylindrical phantom using the 0.12 cc. ionization chamber
Positions
in

Measured Current values
(𝟏𝟎−𝟕 𝑨)

Mean Measured
Current (𝟏𝟎−𝟕 𝑨)

Phantom
Position 1

9.23, 9.25, 9.24 [9.240 ± 0.010]

9.240

Position 2

9.231, 9.225, 9.227 [9.228 ± 0.003]

9.228

Position 3

9.559, 9.557,9.55 [9.558 ± 0.001]

9.558

Position 4

9.551, 9.553, 9.552 [9.552 ± 0.001]

Mean

9.552
9.395 ± 0.185

Table 4. Comparisons of measured and certified source strengths
for both HDR sources using the three sets of dosimetry equipment
Detector

Dosimetry Parameters

Co-60
(i)

Co-60
(ii)

Well-Chamber

Measured Source Strength

20.16

20.28

(PTW)

(mGy m² h-1)
20.74

20.50

Deviation to Source
Certificate (%)

-2.80

-1.06

Measured Source Strength
(mGy m² h-1)

20.33

20.63

Certified Source Strength
(mGy m² h-1)

20.74

20.50

Deviation to Source
Certificate (%)

-1.97

0.65

Measured Source Strength

20.92

20.95

20.71

20.47

1.00

-2.40

Certified Source Strength
(mGy m² h-1)

HDR 1000 Plus
Well-Chamber (SI)

Figure 8. Resulting pattern of irradiation with the use of the two different
well-type chambers.

Cylindrical
Ionization
Chamber
(with Solid
Phantom)

(mGy m² h-1)

Certified Source Strength
(mGy m²

h-1)

% Deviation relative to
Certified source strength
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Table5.Comparisons of measured and certified source strengths
for the old Co-60 source using the solid phantom with a
cylindrical ionization chamber
Dosimetry
Parameters

I

II

III

IV

V

Measured Source
Strength

19.06

18.83

17.68

14.24

12.37

18.69

18.32

17.61

14.17

12.10

-2.0

-2.8

-0.4

-0.5

-2.3

(mGy/hr.)
Certified Source
Strength
(mGy/hr.)
% Deviation relative
to Certified source
strength

Discussion
The dimensions of the modern sources of Cobalt-60
and Iridium-192 are almost identical [5]. Due to the
lower specific activities achievable for Co-60, the
available sources typically have a lower activity of
approximately 74 GBq in comparison to 370 GBq for
Ir-192. The use of a well-type ionization chamber for
HDR source calibration has been the recommended
procedure [6] to simplify the calibration process and it
has been evaluated by different authors [7-11]. The
pattern of irradiation within the catheter (Figure 8)
demonstrates the six dwell positions that are within
the most sensitive volume of both the PTW and SI
well chambers. In each case of the detectors, this study
showed that the spot that gave the maximum
response was found to be 55 mm from the end of the
catheter-carrying source. This point is justified given
that the most sensitive area in the detector was
designed to be at a distance of approximately 95 mm
below the upper edge of the detector. The distance of
the upper edge of the well chambers to the innermost
point is approximately 150 mm. Although the same
dwell position (Table 1) was identified as the sweet
spot for both chambers, the measured values of
current differ significantly between the detectors. This
could be readily attributed to calibration factors of the
well chambers which are not the same. The
application of a cylindrical solid phantom for
brachytherapy source calibration however does not
warrant an evaluation and use of the sweet spot.
Measurement of the response by the detector at
different orientations around the HDR source is
considered adequate for a good dosimetric coverage
of the solid phantom in use. This was achievable by
using the mean value of the obtained response across
the solid phantom in the computation of the reference
air kerma rate.
A comparison of measured and certified source
strengths for both HDR sources using the three sets of

dosimetry equipment is made in Table 3. The values
presented show an acceptable agreement (within
tolerance of ± 3 %) between manufacturer’s and user’s
source strengths for both brachytherapy sources
calibrated by the three sets of dosimetry equipment. In
both cases of the HDR sources, the use of the well
chamber produced by Standard Imaging Dosimetry
Company brought about a lower deviation of user’s
measured RAKR from certificate’s value compared to
the detector from the PTW Company. Better agreement
of source strengths measured with SI well chamber to
manufacturer’s stated values could be attributed to
longer time taken by the equipment for integration
compared to other two sets of dosimetry devices. While
PTW electrometer takes 15 minutes to integrate with its
well chamber after setup. The standard imaging device
would require up to 30 minutes before measurements
could commence. The latter involves electrometer’s
warm-up of 10 minutes in addition to other premeasurement procedures. Various adjustments such as
verification that a high voltage is correctly selected, a
check of the leakage current and performance of zero
adjustment are necessary to assure the accuracy of
response obtained from a chamber-electrometer system.
The percentage deviations of hospital’s measured
source strengths from certificates’ RAKRs corrected for
radioactive decay using the S.I. well-type chamber
(having the lower deviation) and the cylindrical
phantom were -1.97 % and 1.00 % for Co-60 (i). This
represents an absolute discrepancy of 0.97% in-between
the two calibration methods. Corresponding deviation
with respect to the second Co-60 source was found to be
1.75 %. Previous measurements of AKS on the former
HDR afterloader (Gynesource) at UCH performed
solely with cylindrical ionization chamber-cylindrical
phantom combination at different time intervals
showed deviation from source certificate of – 0.4 to 2.8%. In a previous study [12], the mean percentage
variations of 0.21 and −0.62 in Ir-192 RAKR values with
respect to the manufacturer quoted values were
observed with the well-type chamber and cylindrical
phantom measurements respectively. These values have
therefore further supported the suitability of the latter
for the aforementioned purpose. The benefit of using a
solid phantom for brachytherapy source calibrations is
that measurements in such a phantom do not require a
scatter free environment. In other words, they can be
performed in any room designed for the application of
HDR sources [12]. Also the source-detector geometry in
a solid phantom can be maintained easily and in a
reproducible manner. Calibration could therefore be
performed precisely with solid phantoms [13]. In
another study by Hasinet. al [14], dosimetric verification
of HDR after loading source specification was
performed for Ir-192 and Co-60 using three different
protocols [1, 15]. Measurements of the reference air
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kerma rate for these sources were performed with 3
different methods (with a cylindrical chamber both in
a solid phantom and in free air, and with a well
chamber) and evaluated using all three protocols for
each type of source and method of measurement. The
measurements with all protocols and methods show
deviations from the certified specification smaller than
about 1.2% for Ir-192 and 2.5% for Co-60-Sources.This
therefore suggests that the percentage variations
obtainable using different calibration methods would
depend on the actual radionuclide in use.
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