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ABSTRACT

A new service to SSDLs has been initiated at the IAEA Dosimetry Laboratory for providing
calibrations of well-type ionisation chambers, used in brachytherapy applications, which are
traceable to the International Measurement System. Considering that the most common
radionuclide used in the developing countries is Cs, two such sources of the type used for
gynaecological intracavitary applications have been purchased by the Agency and calibrated at
the National Institute of Standards and Technology (NIST), USA. These I37Cs reference sources
together with a well-type ionisation chamber constitute the IAEA brachytherapy dosimetry
standard. Based on the recommendations by a group of experts, a method has been developed for
transferring calibrations to SSDLs which is described in this paper. The method is based on the
acquisition by the SSDLs of sources and equipment similar to those at the IAEA. The well-type
chamber is to be calibrated at the IAEA Dosimetry Laboratory, and this will be used at the SSDL to
calibrate its own reference sources. These sources can in turn be used to calibrate well-type
chambers from hospital users and to calibrate other type of sources by performing measurements
in air. In order to standardise the procedures for the two methods and to provide guidance to the
SSDLs, measurements have been carried out at the IAEA Dosimetry Laboratory. The
reproducibility of the two type of measurements has been found to be better than 0.5%, and the
uncertainty of calibrations estimated to be less than 1.5% (one standard deviation).

1. INTRODUCTION

A common practice in the past for the dosimetry of brachytherapy sources has been to accept
the manufacturer's stated source activity without further verification. The suppliers generally base
their measurements on well-type ionisation chambers and the quoted accuracy is normally within
±10%. As the response of the well-type chambers depends on the photon energy and position of the
source within the chamber cavity, the deviation among the response for different types of sources
can be severe, especially because of the diversity of the type of radionuclides and chamber designs.
Source strength is, however, the key parameter involved in the dosimetry of brachytherapy
applications; therefore, to enable reasonably good dose delivery, the accuracy of the specification of
the source strength must be kept within reasonable limits.

The unit internationally recommended for the specification of the strength of a brachytherapy
source is the Reference Air Kerma Rate (RAKR), defined as the kerma rate to air, measured in air at
a reference distance of 1 meter along the perpendicular bisector of the long axis of the source,
corrected for air attenuation and scattering [1], There is, however, no universally accepted protocol
for the measurement of this quantity for the different types and activities of sources used in routine
clinical practice. Mainly because of the low levels to be measured, it is almost impractical to
perform the measurements in the recommended unit. The RAKR of conventional Low Dose Rate
(LDR) sources is 4-5 orders of magnitude smaller than the air kerma rate in external beam therapy.
A uniform calibration method would provide consistency among users.



This paper describes a new service to SSDLs initiated at the IAEA Dosimetry Laboratory for
providing calibrations of well-type ionisation chambers, used in brachytherapy applications, which
are traceable to the International Measurement System. The steps to establish an infrastructure for
the traceability of the calibrations through the IAEA/WHO network of SSDLs are described. As in
the developing countries the most common use of brachytherapy is in gynaecological intracavitary
applications using l37Cs, methods have been developed based on the use of reference sources of this
radionuclide both for calibration and to check the long term stability of the measuring instruments.

2. THE CALIBRATION CHAIN

During the meetings held at the IAEA headquarters in Vienna by a panel of experts', the
following steps were recommended for establishing a traceable calibration chain for the LDR
brachytherapy sources from Primary Standard Laboratories (PSDL) to hospital users through the
IAEA Dosimetry Laboratory.

I. The IAEA purchases one or more source(s) of the radionuclide(s) for which calibration is
required and have them calibrated at a PSDL in terms of Reference Air Kerma Rate; the
sources, together with a well-type ionization chamber, constitute the IAEA brachytherapy
dosimetry standard.

II. SSDLs acquire uncalibrated sources and equipment similar to those at the IAEA; in addition,
SSDLs must have at least one source of each type of the radionuclide for which user's
calibration will be required. The whole set will constitute the SSDL brachytherapy dosimetry
standard.

III. The SSDL's well-type chamber is calibrated at the IAEA Dosimetry Laboratory using the
IAEA brachytherapy dosimetry standard.

IV. The SSDL measure the strength of its sources using the calibrated well-type chamber. The
sources thus calibrated become the source standards of the SSDL.

V. The SSDL calibrate user's sources using its standard, either directly with the well-type
chamber or using in-air measurements with a large-volume spherical ionisation chamber.

The proposed procedure for transferring the calibration from Primary Standards Laboratory to
hospital users through the IAEA Dosimetry Laboratory is illustrated in Fig.l.
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FIG. 1. Calibration chain of brachytherapy sources from PSDL to Hospital



3. PROCEDURES AT THE IAEA DOSIMETRY LABORATORY

3.1. Sources

The IAEA has purchased two types of l37Cs brachytherapy sources from Amersham
International. The sources are a CDCS -J type tube and a CDC-1100 type miniature cylinder. The
specifications of these sources are given in Table I.

TABLE I. BRACHYTHERAPY SOURCES AT THE IAEA DOSIMETRY LABORATORY

Radionuclide

Caesium -137

Caesium -137

Type

Tube

Mini cylinder

Code

CDCS-J

CDC-1100

Active Length

13.5

1.5

Dimensions
(mm)

Total Length

20

8

Diameter

2.65

3.2

The sources have been calibrated in terms of Reference Air Kerma Rate at the National
Institute for Standards and Technology (NIST), USA. The calibration of this type of sources at
NIST is done by direct comparison with their working standard sources using an external ionisation
chamber at distances between 500 and 1000 mm [2]. The NIST working standard sources have been
calibrated in air using the NIST cavity chamber exposure standards; these are absolute calibrations
similar to those used for a " t o external beam calibration. The Reference Air Kerma Rate of the
IAEA reference sources measured at NIST, normalised as on May 1 1996, are 339 u.Gy h"' for the
CDC-1100 type source and 190.5 uX3y h 1 for the CDCS-J type source, with an estimated
uncertainty of less than 2 % at the 95 % confidence level.

3.2 Ionisation chambers and electrometers

The IAEA has also purchased a well-type ionisation chamber and an electrometer to
standardise the measurement procedure and provide practical assistance to the SSDLs. The well-
type chamber, HDR-1000 Plus, designed by the University of Wisconsin and manufactured by
Standard Imaging Inc. was recommended for High Dose Rate (HDR) as well as for Low Dose Rate
(LDR) brachytherapy source calibrations [3]. The diameter of the chamber is 102 mm, its height
156 mm and it has an active volume of 245 cm . Special inserts are provided for holding the
sources, which are cylinders of diameter 35 mm and height 121 mm, with different inner diameters
to suit different diameter sources. The outer aluminium wall of the chamber is 20 mm thick, which
attenuates most of the scattered low energy photons. A change in chamber sensitivity up to about 1
% has been reported when the chamber is kept in contact with a concrete wall; this is reduced to
less than 0.1 % when the chamber is moved away 250 mm from the wall and 70 mm from the floor
[4]. The chamber has a vent hole to maintain the internal air at ambient atmospheric conditions. The
electrometer used with the well chamber is CDX-2000A, a digital portable instrument from
Standard Imaging Inc. The electrometer allows readings in 8 decades in charge mode (10 pC to
999,999.99 nC) and in 5 decades in current mode (10 pA to 200 nA).

Measurements in air are also described in this work. These are performed using a LS-01
ionisation chamber, designed by the Austrian Research Centre and manufactured by PTW,
Germany. The chamber is spherical in shape and has a volume of 1000 cm3. The chamber wall is
made of polyacetal resin (delrin ) and is 3 mm thick. The outside diameter of the collecting volume
is 140 mm. The central collecting electrode is spherical in shape and has a diameter of 50 mm. It is
made of Styrofoam and is coated with graphite. Teflon is used as the insulating material. As the
ionization current to be measured is of the order of a few picoamperes, a Keithley • 617
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electrometer was used for the measurements in air. This electrometer is a highly sensitive
instrument designed to measure voltage between 10 (lV and 200V, current between 0.1 fA and 20
mA and/or charge between 10 fC and 20 nC.

3.3. Source handling devices

A lead-shielded work bench and handling tools have been purchased for the safe handling of
the sources. For ease of handling and to minimise radiation hazards, the sources have been loaded
in Perspex tubes and held in a fixed position using a Perspex insert rod. The Perspex tubes fit into
the well-type chamber holder. A cylindrical lead storage container has been designed to store the
sources in the Perspex tubes which is illustrated in Fig. 2. The container has two metallic tubes at
the centre to place the source holders. An illustration of the source holders is given in Fig. 3.

• Lead Container

• Source holder

-*> Metallic tube

-•Source

FIG. 2. Lead storage container. A lead cylinder with two metallic tubes in the centre, where the Perspex
holders are inserted. The dose level at 1 mfrom the centre of the container is less than 10 fiSv/h.



CDCS- J :lengtti: 20 mm ; diameter: 2.85 mm

CDC-1100: tengfh: S mm; diarss&r: 3.20 mm

Insert rod

FIG. 3. Perspex holders of the sources. The sources are inserted in Perspex tubes and held in a fixed
position using Perspex insert rods.

3.4. Measurements
3.4.1. Standardisation of measurements with the well-type ionisation chamber

One of the most important aspects of the standardisation of measurements with a well-type
chamber is the determination of the optimal position of the source within the chamber. For this
measurement the chamber was positioned in the centre of the room (minimum distance from the
walls was 1.5 meter) and at a height of 1 meter from the floor. Charge measurements were
performed varying the position of the source along the axis of the chamber by inserting spacers of
known length at the bottom, as illustrated in Fig. 4. The duration of each measurement was chosen
so that the uncertainty due to fluctuations in the leakage current contributed less than 0.05% to the
collected charge. The relative variation of the chamber response, normalised to the maximum value,
is shown in Fig 5. It can be seen that the maximum response of the well-chamber is obtained for the
CDCS-J type source (total length : 20 mm) when a 39 mm spacer is inserted at the bottom of the
well, whereas a 45 mm spacer is needed for the CDC-1100 type source (total length : 8 mm). This
means that the maximum response is obtained when the centre of the source is at 50 mm from the
bottom of the well cavity, including the 1 mm thickness of the Perspex source holder. The response
decreases by about 0.5 % for a shift of about 8.5 mm on either side of the position of the maximum
response.

In order to assess the long term stability of the set-up and the measuring devices,
measurements in the optimal position were repeated during a long period. The chamber response
was corrected for ambient conditions of temperature and pressure and corrected for the decay of the
source using a half life for 137Cs equal to 30.17 years (1 year = 365.25 days). The reproducibility of
the well chamber response over several months is illustrated in Fig. 6 where it can be seen the
variation is within ± 0.5%.
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FIG. 4. Positioning of the source and spacer in the well-type ionisation chamber
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Length of the spacer at the bottom of the well-type chamber
cavity (mm)

FIG. 5. Variation of the well-type chamber response with the position of the source. To find the position of
the centre of the source from the bottom of the well-chamber cavity, add one-half length of the source and
the 1 mm thickness of the Perspex tube at the bottom.
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FIG.6. Stability of the well-type chamber response. The variation of the response normalised to the mean
over several months of measurement is within ±0.5 %.

The calibration factor, NRK. of the well-chamber can be related to the Reference Air Kerma
Rate of the source, using the following relation [5 ]:

NRK = Kar t / M Celect PTP ps [|iGy nC1] alternatively [uGy h1 pA1]

where

Kji, is the reference air kerma rate of the source [|iGy h"1]

M is the electrometer reading of the charge collected by the well-type chamber in time 't' [scale
reading ]

Cclect is the calibration factor of the electrometer (nC scale-reading"1)

p is the correction factor for the temperature (T) and pressure (P) at the time of measurement

(departure from reference conditions, To=2O°C and Po =101.325 kPa); pTp= {(273.15+T) /

(273.15+T0)}(P0/P)

ps is the recombination correction factor [6],

3.4.2. Standardisation of in-air measurements

The well-chamber can, in principle, be used only for sources of the types for which the
chamber has been calibrated. In practice SSDLs will have to provide calibration of different types
of sources to hospital users. The most appropriate approach for deriving a calibration is to compare
the source to be calibrated with the reference standard in air at large distances, where the
geometrical differences between the two type of sources are insignificant. The purpose of the in-air
measurement at the IAEA Dosimetry Laboratory has mainly been to assess the accuracy and
reproducibility of such procedure before recommending it to the SSDLs.
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A 1-litre spherical chamber (type LS-01) designed by Austrian Research Centre, Seibersdorf
was used at source-to-chamber centre distances of 500 mm, 750 mm and 1000 mm. The geometry is
illustrated in Fig.7. Metallic rods, identical in size to the sources, were loaded in Perspex tubes
identical to the type used for the sources. The dummy source holders were used for the alignment of
the source and the LS-01 chamber for such air measurements. As the current to be measured is in
the order of a few pA, a very precise and stable electrometer capable of measuring leakage currents
in the range of fA is required for air measurements. A Keithley -617 electrometer was used for
these measurements, and the leakage current was determined to be less than 0.1 % for the lower-
strength source at the largest distance. The short and long term stability of the measuring device and
the reproducibility of the geometry were obtained by repeated measurements. The chamber
response was corrected for the ambient conditions of temperature and pressure, and for the decay of
the source. The stability of the chamber response, normalised to the mean value over the period of
measurements, is shown in Fig. 8 where it can be seen that the variation is within ±0.5%.

3.4.3 Estimation of uncertainties

The overall uncertainty in the calibration of the IAEA reference sources at NIST has been
quoted as 2% at the 95% confidence level, i.e. approximately 1% for one standard deviation.
Addition of the uncertainty of the measurements at the IAEA Dosimetry Laboratory yields a
combined uncertainty of 1.5% (one std dev). This estimate includes the uncertainties due to the
positioning of the source (0.03%), stability of the electrometer (0.2%), leakage current (0.05%),
scale factor (0.01%), air density (0.06%), the half life of 137Cs (0.13%) and the uncertainty due to
the impurity of source (0.90%) which is based on the maximum probable presence of 1MCs quoted
by the supplier.

11 <;
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FIG. 7. Alignment of the 1-litre spherical chamber and the l!7Cs source for the measurements in air.
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FIG. 8. Reproducibility of in-air measurements at source-chamber distances of 500 mm and 1000 mm. The
chamber response for each set of measurement was normalised to the mean response of the respective set
over the period of measurement. The normalised response for each set is within ± 0.5%.

3.4.4. Comparison of the two methods

The calibration factor in terms of uGy nC"1 was evaluated for the well-chamber and for the
LS-01 chamber in-air measurements at source chamber distances of 500 mm, 750 mm and 1000
mm; these are given in Table II. For air measurements, the air kerma rates at distances of 500 mm
and 750 mm were derived from the reference air kerma rate (air kerma rate at 1000 mm), using the
inverse square distance factor.

The advantage of performing air measurements at a large distance for comparing the strength
of sources of different construction can be seen in the third row of Table II, where the chamber
response for the two types of sources are compared. The difference in chamber response for the two
sources is less than 0.1% for air measurements at 1000 mm and increases to about 0.5% at 500 mm;
for the well-chamber the difference is about 0.8%.

For air measurements, the mean value of the calibration factor differ by about 3.1% at 500
mm and 1.4% at 750 mm compared to that at 1000 mm. This could be attributed mainly to the
scatter contribution, the relative value of which vary at different distances. The influence of the
finite size of the chamber contributes by about 0.5% at 500 mm and less than 0.2% at 1000 mm
according to the method of Kondo and Randolph [7]. However, the scatter and volume effects
become irrelevant if air measurement is used to compare the strengths of two sources in identical
geometry, as recommended in this work.
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TABLE II. CALIBRATION FACTOR (uGy nC ') FOR THE WELL-TYPE CHAMBER AND LS-
01 SPHERICAL IONISATION CHAMBERS.

CDC-1100

CDCS-J

CDC1100/CDCS-J

N (Mean)

N normal, at 1000

mm

NRK(uGynC')

well-chamber

0.1413

0.1401

1.008

0.1407

-

N (uGy nC1)

LS-01 chamber (in-air measurements) at distances

500 mm

24.62

24.75

0.9947

24.68

1.031

750 mm

24.23

24.30

0.9974

24.27

1.014

1000 mm

23.92

23.94

0.9991

23.93

1.000

4. TRANSFER OF CALIBRATIONS TO SSDLs

The steps involved in transferring the calibration from the IAEA reference sources to the
SSDLs sources may be summarised as follows:

• At the IAEA Dosimetry Laboratory, a calibration factor for the SSDL well-type chamber
(RAKR/ Scale Reading) is obtained using the l37Cs IAEA reference source(s).

• The SSDL measures the Reference Air Kerma Rate of local sources using the calibrated well-
type chamber under the same conditions used for the calibration at the IAEA. The source(s)
thus calibrated will be the local standard and will be used by the SSDLs to provide calibration
services to hospital users.

As with any other type of chamber calibration, a measurement with a reference check source
should be made at the SSDL before and after the calibration at the IAEA for checking the stability
of the SSDL well-type chamber.

5. CALIBRATIONS OF OTHER RADIONUCLIDES

In addition to 137Cs, other radionuclides frequently used for gynaecological intracavitary
therapy are ^Co and l92Ir. Sources of both radionuclides are commonly used in High-Dose-Rate
remote-controlled afterloading units. 192Ir has a very short half life (about 74 days) and therefore
necessitates replacement at least every quarter. Therefore, the calibration of HDR 192Ir sources
should be carried out on a regular basis by the users themselves. The SSDLs could provide a
redundancy check to such measurements.

Presently, no Primary Standard Dosimetry Laboratory offers calibration of HDR ' 2Ir sources.
For routine check of the calibration of these sources, either (or both ) of the following methods have
been recommended by some organisations [8,9]

1. In-air measurements at a distance of 100 mm using a Farmer type ionisation chamber whose
calibration factor for 192Ir gamma rays is determined by interpolating from the response at
'"Co, l37Cs and 250 kV X-rays.

2. Using a well-type ionisation chamber calibrated (without traceability) for l92fr gamma rays.

For the calibration of HDR ^Co sources, any (or both) methods described for the calibration
of HDR l92Ir sources could be used.
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