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THE MUTUAL RECOGNITION ARRANGEMENT AND PRIMARY STANDARD
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P.J. ALLISY-ROBERTS, D.T BURNS
Bureau International des Poids et Mesures (BIPM)
Pavillon de Bretueil, S&vres, rance
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The majority of the Member States of the Metre Convention have signed an arrangement for the
mutual recognition (NIRA) of national measurement standards and calibration and measurement
capabilities (CMCs). Part of the MRA involves an open access database of CMCs that in turn need to
be supported by key and supplementary comparisons of national standards. This paper outlines the
MRA, describing the comparisons of national primary standards in the field of dosimetry that support
the claims of the CMCs in the key comparison database (KC1313).
The MRA was drawn up by the Iternational Committee for Weights and Measures (Comit6
International des Poids et Mesures CIPM') and was signed at a meeting held in Paris on 14 October
1999 by the directors of the national metrology institutes (NMIs) of thirty-eight Member States of the
Metre Convention and representatives of two international organizations [1]. Since that date, the
directors of the NMIs of several other Member States and nine Associates of the General Conference
(Conf6rence G6n6rale des Poids et Mesures CGPM) have also signed the MRA.
The metrological objectives of the MRA are to establish the degree of equivalence of national
measurement standards maintained by NMIs and thus provide the basis for the mutual recognition of
calibration and measurement certificates issued by NMIs. The NMIs provide the traceability to the
international system of units (SI) required for these services and thus mutual recognition of the
capabilities of the NMls is a prerequisite for the mutual recognition of the metrology services of
countries in general.
The
(a)
(b)
(c)

objectives of the MRA are achieved through a process ofinternational comparisons of measurements, known as key comparisons
supplementary international comparisons of measurements, and
quality systems and demonstrations of competence by the NMIs.

The outcome of the MRA is a determination of the degrees of equivalence of national standards and a
set of statements of the measurement capabilities of each NMI in the KCDI3 maintained by the BIPM.
This database is available on the web at
The degrees of equivalence of each NNE holding national standards for a given quantity are
determined from the key comparisons. These are entered into Appendix
of the MRA that is
maintained as part of the KCDB. Note that Appendix A is the list of signatories to the MRA). The
results of the comparisons are analysed and presented in two ways. A graph is used to present the
degree of equivalence of each NMI with the key comparison reference value (KCRV) and, secondly, a
matrix is used to show the inter-laboratory degrees of equivalence taking inter-laboratory correlations
into account.
A CIPM key comparison is executed either by a Consultative Committee of the CIPM, such as the
Consultative Committee for Ionizing Radiation (CCRI), or by the BIPM and leads to a KCRV In
certain fields, such as ionizing radiation, the BIPM maintains international standards against which
NMIs (for example, the primary standards dosimetry laboratories, PSDLs that are affiliated members
of the IAEA/M[HO Network of SSDLs') can compare their primary standards. These comparisons may
be made at any mutually convenient time and these comparisons are identified as "BIPM ongoing key
comparisons". However, although there are over II comparisons listed in the field of ionizing
All acronyms regarding the Metre Convention are from the French.
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radiation, more than 77 of these comparisons are activity comparisons (rather than dosimetry
comparisons) for the many different radionuclides, that are measured using the International
Reference System (SIR).
The BIPM currently operates four ongoing key comparisons for ionizing radiation dosimetry. These
include dosimetry comparisons for air kerma in low- and medium-energy x-ray beams and for air
kerma and absorbed dose to water in 60CO gamma radiation. The comparison result is expressed as a
ratio of the NMI value for the quantity to the BIPM value and the report of the comparison is
published and listed on the BIPM web site. The results of subsequent comparisons with other NMIs
can then be cross-compared and the degrees of equivalence determined.
These comparisons have been running since the 1960's but to enter the results in the KCDB of the
MRA a comparison has to have been made within the last 10 years. There are currently seventy-four
participant entries across these comparisons. Indeed, all the PSDLs that are affiliated to the
LAEA/WHO Network of SSDLs are participants for their NMIs in one or more of these comparisons.
However, although the results have been published, there are as yet no entries in the KCDB. This is
because at the last meeting of the CCRI in 2001, it was agreed that various correction factors should
be verified and comparison reports completed with full uncertainty budgets before the results could be
published in the KCDB. This work is in progress.
The CCRI also operates CIPM key comparisons in dosimetry. These are run using transfer systems
comprised of secondary standards that are circulated to the PSDLs and calibrated at the BIPM at each
point in the circulation. One such comparison in progress is that of absorbed dose to water in 60co
beams. Currently, this comparison has been limited to NMIs holding primary standards for absorbed
dose to water, for example graphite or water calorimeters. NNITs registered as SSDLs would normally
compare their measurements through regional key comparisons that would have some PSDLs as
participants to link the results to the CIPM comparison results.
In the field of ionizing radiation, there is still some debate in the CCRI about the analysis of the
results for the activity comparisons and particularly for the dosimetry comparisons. It is hoped that all
these issues will be resolved during 2002 and the results will then be available in Appendix B.

REFERENCES
[I] MRA: Mutual recognition of national measurement standards and of calibration and measurement
certificates issued by national metrology institutes, International Committee for Weights and
Measures, 14 October 1999, 45 pp. Available from the BIPM website: hp://w-w'y.biP1i1.of.9'
pdf,'rnrg.pdf 1999).
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THE ROLE OF TE IAEA CODES OF PRACTICE IN THE RADIATION
DOSIMETRY DISSEMINATION CHAIN
P. ANDREO
Medical Radiation Physics, Stockholm University - Karolinska Institute
Stockholm, Sweden

More than 30 years ago the International Atomic Energy Agency (LAEA) published on behalf of
IAEA, WHO and PAHO its first Code of Practice (CoP) for radiotherapy dosimetry, TRS- 11 I .
Aimed at kV xrays 6Co and 137CS therapy in developing countries, and based on roentgens and rads,
..old book" readers will still fd interesting practical recommendations like QA procedures that
include radiographs of the ionization chamber to check that the internal electrode construction has not
moved. TRS I IO was also the first ad only CoP with the distinction of including the name of the
author in its cover, John Massey, recognizing that IAEA acted solely as a publisher.
For the following almost 20 years IAEA dosimetry activities have prioritized the development of a
Network of Secondary Standard Dosimetry Laboratories (SSDLs 2 In addition to disseminating
traceable radiation metrology standards, in some countries the SSDLs have played the important role
of compensating the lack of qualified medical physicists. The balance between radiation metrology
and medical physics has now shifted towards the first area and the IAEA recommends that SSDLs
should not perform the duties of medical physicists except in dire situations 3 During this long
period, there were no updates of TRS-110 or. a new IAEA CoP published, even if different
generations of national dosimetry protocols had emerged. he absence of IA-EA recommendations
favoured the arbitrary use of such national protocols, mostly issued in UK and USA, with the result
that multiple protocols were used within a given country and there were no practical links between
medical physics and SSDLs except for detector calibrations.
The publication in 1987 of the TRS-277 Code of Practice 4] established a quantum leap with regard
to the Agency's role in harmonizing international radiotherapy dosimetry A new generation of NKbased national protocols had emerged in the early eighties, and the authors of TRS-277 were chosen
among those of the national protocols. The goal was to develop an international CoP with the best of
each national protocol, avoiding known imperfections and limitations. TRS-277 was addressed to
both medical physicists and SSDLs worldwide, establishing homogeneity at all levels of the
dosimetry chain, and it was adopted by several industrialized countries, ending with the thought that
IAEA recommendations were addressed solely to developing countries. Interesting enough, in some
other countries TRS-277 was seen as a competitor of the national protocol (even if this was among the
"parents" of the new CoP) rather than as an update, which was often referred to as a "cosmetic
change".
Due of its wide dissemination, TRS-277 became the "standard protocol" against which the others
were compared. Its data were included in practically all the dosimetry recommendations published
since 1986, following an "explosion" of national protocols, and many investigations have used
,'modified" national dosimetry protocols that incorporate TRS-277 data. The CoP has been translated
into many different languages, even if the only non-English version formally released by the Agency
has been in Spanish.
Like any other protocol, TRS-277 had also imperfections. Some of the correction factors had been
included without a proper verification, and they turned out to be in error. Among these were certain
perturbation correction factors in kV x-rays and high-energy photon and electron beams. A second
edition of TRS-277 was published in 1997 correcting for these deficiencies [5] A major limitation
(and criticism) had been the lack of etailed procedures for dosimetry based on the use of planeparallel chambers, and the CoP was complemented the same year with TRS-381 6 for that purpose.
Being released in a period of dynarnic changes, when new standards were being developed, TRS-381
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served as the bridge between NK- and ND, -based CoPs.
The most recent international Code of Practice for radiotherapy dosimetry, TRS-398 7], is based on
standards of absorbed dose to water, following the development of these standards during the last
decade. To establish uniformity in the dosimetry of the various radiation beam types used in
radiotherapy the so-called k formulation was extended to kV xrays, 60CO gamma-rays, high-energy
photons, electrons, protons and heavy ions. This CoP includes the various ionization chamber
calibration possibilities available in different national standards laboratories, from 60CO to direct
calibrations in high-energy photon and electron beams. When experimental beam quality factors are
not available, TRS-398 provides theoretically determined k factors which, together with a ND,,,
chamber calibration in 6Co, form the basis for reference radiotherapy dosimetry. Like TRS-110 30
years ago, the new CoP has been sponsored by several international organizations, this time IAEA,
WHO, PAHO and ESTRO. Less than 2 years after its publication TRS-398 has become the protocol
to be used in many countries, so that its role in the dosimetry chain is already well established.

REFERENCES
[1] INTERNATIONAL ATOMIC ENERGY AGENCY, Manual of Dosimetry in Radiotherapy,
Technical Reports Series no 1 10, IAEA, Vienna (I 970).
[2] INTERNATIONAL ATOMIC ENERGY AGENCY, Secondary
Laboratories: Development and Trends, AEA, Vienna 1985).
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[3] INTERNATIONAL ATONHC ENERGY AGENCY, A Charter for the SSDLs IAEA, Vienna
(I 999).
[4] INTERNATIONAL ATOMIC ENERGY AGENCY, Absorbed Dose Determination in Photon
and Electron Beams: An International Code of Practice, Technical Reports Series no 277, LkEA,
Vienna (I 98 7.
[5] INTERNATIONAL ATOMIC ENERGY AGENCY, Absorbed Dose Determination in Photon
and Electron Beams: A International Code of Practice, 2nd edition, Technical Reports Series no
277, IAEA, Vienna 1997).
[6] INTERNATIONAL ATOMIC ENERGY AGENCY, The use of plane-parallel ionization
chambers in high-energy electron and photon beams. An International Code of Practice for
Dosimetry, Technical Reports Series no 381, IAEA, Vienna 1997).
[7] INTERNATIONAL ATOMIC ENERGY AGENCY, Absorbed dose determination in external
beam radiotherapy: An international Code of Practice for dosimetry based on standards of
absorbed dose to water, Technical Reports Series no 398, IAEA, Vienna 2000).
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REVIEW OF CALORIMETER-BASED ABSORBED DOSE TO WATER
STANDARDS
J.P. SEUNTJENS', A.R. DUSAUTOyb
'McGill University Health Centre, Montreal, Canada
National Physical Laboratory, Middlesex, UK
The major techniques currently used at standards laboratories for the realization of the quantity
absorbed-dose to water, can be grouped in three distinct classes: (1) ionization chamber-based
absorbed-dose standards, 2) total absorption-based absorbed-dose standards, and 3) absorbed-dose
calorimeter-based standards. The first class of techniques makes use of a cavity chamber standard
with a well-known active volume that is used in a water phantom along with the application of cavity
theory in conjunction with correction factors. It relies, by alternative methods, on the deten-nination of
the product of Wai, and the restricted stopping power ratio wall material to cavity gas. The second
class of methods consists of the calibration of a transfer dosimeter such as the Fricke dosimeter in a
total absorption experiment, and the pplication of the transfer dosimeter at radiation qualities and
dosimetric conditions different from is calibration. This method relies on an accurate detennination
of the energy response of the transfer instrument. The third class of methods, often considered as the
most direct, is the absorbed-dose calorimetric method. Using this technique, absorbed-dose is
determined by measuring the temperature rise at a point in the calorimeter medium. It assumes a
complete conversion of the energy absorbed into temperature rise in the calorimeter medium. Because
of initial technical complications
ith water absorbed-dose calorimeters, standards labs have
traditionally focused on solid-body, often, Domen-type graphite absorbed-dose calorimeters [1]. Over
the last two decades, however, water alorimeters have gained considerable interest 2] and research
has shown that estimated uncertainties using water calorimeter standards have become competitive
with those associated with graphite calorimeter standards. In this paper, we review graphite
calorimeter and water calorimeter-based absorbed dose to water standards. Although both techniques
belong to the same class, the difference in details and approaches are so dramatic that each of the
methods can be considered largely independent from the other. This review focuses on absorbed-dose
calorimeter standards in high energy poton and electron beams.
Graphite calorimeter-based standards
Graphite calorimeters are multi-body systems where, using sensors (therinistors), the average
temperature rise is measured in a central body or core that is thermally isolated from its surrounding
bodies (jackets) by vacuum gaps. The system can be calibrated by dissipating a known amount of
electrical energy in its bodies and measuring the corresponding temperature rise. There are three
major modes of operation: ) the quasi adiabatic mode, in which the core and the jacket temperature
are raised at the same rate so as to minimize heat-loss from the core; 2) the heat-loss compensated
mode, in which the heat-loss from the core is quantified by summing core and jacket signals and 3)
the isothermal mode of operation, in hich the heat-loss from the core is kept constant and such that
its temperature drift is zero. Since gaphite is an efficient conductor, the temperature variations from
point to point within a body are usually ignored and the thenrial behaviour of the system can be
relatively easily modeled once the heat transfer coefficients between the different bodies as well as the
specific heat capacities of the bodies have been determined. Determination of absorbed dose to
graphite requires corrections for the efect of the gaps in the calorimeter. Absorbed dose to graphite
needs to be converted into absorbed-dose to water and to this end scaling techniques or ionization
chamber-based methods are being used. Although a frequently used calorimeter design at standards
laboratories is that of Domen [1], different graphite calorimeter types have been constructed for
different purposes. Table I summarizes estimates of typical relative (%) standard uncertainties in
absorbed dose to graphite for high energy photon beams as achieved with state-of-the-art traditional
graphite calorimetry. We conclude that typical standard uncertainties of absorbed dose to graphite at
standards laboratories are of the order of 0.5%. The dose conversion procedure to derive absorbed
dose to water from this may typically add an uncertainty of 03% to this figure. In contrast to water
calorimetry, graphite calorimeters have been widely used for electron beam dositnetry. Areas of
continued development are technical ivestigations into the accuracy of the electrical calibration and
the development of portable systems that can be used directly in clinical beams.
II
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Table 1. Typical (%) I-sigma uncertainty
budget of a graphite calorimeter high energy
photon beam standard 3].

Table 2 Typical %) I - sigma uncertainty budget
of the a sealed water calorimeter absorbed dose
standard in high energy photon beams 4].

Quantity
Type A
Type
Electrical calibration
0.13
0.50
Repeatability
0.05
Core mass
0.05
Gap correction
0.13
Graphite depth
0.04
Distance from source
0.05
Radial non-uniformity
0.01
0.01
Quadratic summation -------- 0.20 -------- 0.54
Combined relative std.
uncertainty in D.
0.56

Quantity
Type A
Type
Thermistor calibration
0.20
Repeatability
0.15
Specific heat capacity
0.05
Cond. heat-loss corr.
0.15
Field perturbation corr.
0.02
Profile uniformity
0.02
Water depth
0.10
Water density
0.02
Heat defect
0.30
Quadratic
summation
0.15
0.41
--------------------------------------------------------Combined relative std.
0.43
uncertainty in D.

Water calorimeter-based standards
Early water calorimeters tested at standards laboratories were small, stirred water calorimeters and
were instrumental in understanding the radiation chemistry of water 2 In the beginning of the
eighties however Domen [I] showed that, as a result of the low thermal diffusivity of water, absorbed
dose to water could be practically derived from the measured temperature rise at a point in continuous
water. Water calorimetry relies on an accurate knowledge of the specific heat capacity of water under
standard, constant-pressure conditions. The calibration of a water calorimeter involves a calibration of
the sensors thermistors) in terms of an absolute temperature difference rather than an electrical
calibration. However, the apparent simplicity of a water calorimeter system is off set by the
complications of (1) handling the radiolysis induced heat defect and 2 heat transport through
conductive as well as convective modes. To deal with complication (1) the purity of the water is
usually controlled by enclosing it in a sealed glass detection vessel leading to the concept of sealed
water calorimetry and 2) in many cases the calorimeter is operated at 4 C to eliminate volumetric
expansion and thereby the driving force for convective motion. Table 2 shows typical uncertainties
associated with a water calorimeter standard in high energy photon beams. We conclude that one
sigma standard uncertainties on absorbed dose to water are of the order of 0.5%. Areas of continued
development in water calorimetry are issues such as convection, heat-defect and measurement
precision. Water calorimeters have been used succesfully for proton beams and work is underway to
establish water calorimetry for electron beams and for direct measurements in clinical beams.
Although the operation and correction factors of both absorbed-dose calorimeter types are of a totally
different nature, their uncertainties for the same quantity turn out to be comparable. Since currently
both systems are actively used at standards laboratories around the world, we argue it is important for
the world community to keep both approaches operational at standards laboratories to ensure
robustness of the calibration system.
REFERENCES
[1] DONIEN, S.R., Advances in calorimetry for radiation dosimetry, The Dosimetry of Ionizing
Radiation vol. 11, ed. Kase, K.R., Bjamgard, B.E., Attix, F.H. (Orlando, FL: Academic) pp 245 320.
[2] ROSS, C.K., KLASSEN, N.V. Water calorimetry for radiation dosimetry, Phys. Med. Biol 41
(1996)1-29.
[31 DUSAUTOY, A.R., The K primary standard calorimeter for photon-beam absorbed dose
measurement, Phys. Med. Biol. 41 1996) 13 7 - 15 1.
[4] SELTNTJENS, J.P., ROSS, C.K., SHORTT, K.R., ROGERS, D.W.O., Absorbed-dose beam
quality conversion factors for clindrical chambers in high energy photon beams, Med. Phys. 27 2000)
2763 2779.
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A COMPARISON OF GRAPIHTE STANDARD CALORIMETERS IN
MEGAVOLTAGE PHOTON AND ELECTRON BEAMS
M.R. MCEWEN, S. DUANE, 1. STOKER
National Physical Laboratory, Teddington UK

Calorimeters have been under development at the National Physical Laboratory, UK (NPL) for many
years: for a history, see DuSautoy 2000). Graphite has been the medium of choice for calorimetry,
even though it is not the material of interest in most dosimetry applications, which is usually water.
Measurements therefore need to be converted from absorbed dose to graphite to absorbed dose to
water. A water calorimeter would give the desired quantity directly, but water calorimetry has the
significant additional problems of containment, convection and radiochemical reactions, which make
it difficult to obtain an accurate value of the absorbed dose. Water calorimeters are under
development at a number of institutions worldwide, including NPL.
At present NPL maintains separate primary standard graphite calorimeters for high energy photon and
electron beams. These are used as the basis for the dissemination of absorbed dose in the UK and
worldwide, e.g. via calibration services (Rosser et al, 1994; McEwen et al, 2001). In addition, two
other graphite calorimeters, developed over recent years for different applications, are in use - a highdose calorimeter specifically for industrial dose levels and a portable calorimeter for measuring
absorbed dose in radiotherapy clinics (McEwen and Duane, 2000). The dosimetric consistency of
these calorimeters has been investigated in a series of comparisons, in both photon and electron
beams, of the primary standards with one another and with the other calorimeters which make
independent absolute measurements of absorbed dose.
The uncertainties in the measurement of absorbed dose to graphite for each calorimeter are given in
Table .
Table Calorimeter uncertainties
(Applicable for both photon and electron beams)
Calorimeter

Std uncertainties %)
Type A

Type

Photon primary standard

0.19

0.57

Electron primary standard

0.26

0.25

Portable calorimeter

0.26

0.25

The large value of the Type uncertainty for the photon primary standard arises from the calibration
of the temperature measurement system. This is currently under investigation and it likely that this
uncertainty will be reduced to the 0.20/o level. The overall uncertainty in the measurement of absorbed
dose to graphite is typically better than 0.5%.
Comparisons were carried out in three different NPL beams _ 60CO 1 MV X-rays and 16 MeV
electrons. Correction factors were required to account for differences in the geometry and
construction of the different calorimeters and these were also derived. Te results of the comparisons
are summarised in Table 2.
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Table 2 Summary of calorimetric comparisons carried out at NPL, (expressed as columnlrow)
portable
calorimeter

therapy electron
calorimeter

Portable

0.9940[2]

high-dose

1.0018E']

therapy electron

1.00301"

photon

1.0044["

[11 110CO 2 10 MV X-rays,

photon
calorimeter

E3]

0.9998 [2]
1.0004 [3]

16 MeV electrons

Each comparison involved only two calorimeters and no common data link the various comparisons.
As can be seen, each comparison gave agreement in the measurement of absorbed dose to graphite
within the uncertainties and there are no inconsistencies between comparisons. The designs of the
therapy electron and portable calorimeters are quite similar and therefore one might expect reasonable
agreement between them. However, the photon calorimeter is very different in design so that there are
no significant correlated uncertainties. The fact that both the electron and portable calorimeters agree
with the photon calorimeter in independent experiments means that very likely that all three devices
are correctly measuring absorbed dose to graphite.
This level of agreement indicates that no significant, unidentified systematic errors exist in any of the
calorimeter designs and provides a robust basis for the dissemination of absorbed dose measurements.
Further comparisons with the water calorimeter under development at NPL and with absorbed
standards at other standards laboratories are planned.

REFERENCES
[1] DuSautoy A R 1996 he UK primary standard calorimeter for photon beam absorbed dose
measurement Phys. Med Biol 41 p 3 7
[2] McEwen M R and Duane
2000 A portable calorimeter for measuring absorbed dose in the
radiotherapy clinic Phys. Med Biol 45 p3675-3691
[31 McEwen M R, Williams A J and DuSautoy A R 2001 Determination of absorbed dose calibration
factors for therapy level electron beam ionization chambers Phys. Med Biol.46 p741
[4] Rosser K E, Owen B, DuSautoy A R, Pritchard D H, Stoker 1, Brend C J 1994 The NPL absorbed
dose to water calibrationservicefor high energy photon beams Proc. Int. Symp. on Measurement
Assurance in Dosimetry (IAEA-SM-330135) ed S P Flitton (Vienna: IAEA) p73
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THE FUTURE PTB PRIMARY STANDARD FOR ABSORBED DOSE TO WATER
IN 6CO-RADIATION
A. KRAUSS
Physikalisch-Technische Bundesanstalt
Braunschweig, Germany

At the Physikalisch-Technische Bundesanstalt (PT13) a water calorimeter is being established as a
primary standard realizing the unit of Gray (Gy) for absorbed dose to water, Dw, in 6OCo-y-radiation.
The calorimeter is based on the design suggested by Domen [1]. It consists of a water filled cubic
phantom of 30 cm edge length, made of I cm thick polymethyl-methacrylate (PMMA) walls. The
horizontally directed radiation enters the phantom through a 3 mm thick I'MMA window. The
phantom is thermally insulated by a
cm thick layer of polystyrene and is placed in a wooden
container with an edge length of about I 0 cm, in which active temperature stabilization is realized.
The calorimeter is operated at a water temperature of 4 C.
The radiation induced temperature icrease is measured inside a thin-walled plane-parallel glass
cylinder (Fig. 1) in which two thin glass pipettes, each containing a thermistor sensor, are mounted
opposite each other and perpendicular to the cylinder axis. The outer diarneter of the glass cylinder is
95 mm, the wall thickness 25 mm and the outer length 41.5 mm, the front and rear walls being 075
mm in thickness. This design of the glass cylinder has been chosen to realize a well defined geometry
for the proper modeling of heat transfer influences and to isolate a certain volume of specially
prepared water from the water in the srrounding phantom.
For the calorimetric determination of absorbed dose to water, various correction factors have to be
applied to the measured radiation induced temperature increase at the point of measurement, i.e. for
the heat defect, kHD, for the conductive heat transport processes, kc, and for the perturbations of the
radiation field, kp. All these corrections have been determined by theoretical and experimental
investigations. For example, in the case of heat transfer, detailed comparisons between fite element
based calculations and calorimetric easurements yield a correction factor of k = 10009 to be
applied to a single 120 s irradiation 2].
The preliminary evaluation of the uncertainty budget for the detennination of absorbed dose to water
with the PTB water calorimeter leads to a relative combined standard uncertainty of less than 0.5 %.
Measurements performed with the water calorimeter at the 6Co-y-radiation facility of the PTB serve
to establish the radiation field in ternis of absorbed dose to water under reference conditions. So far,
the results indicate about a value 04
larger value than that of the former PTI3 standard which is
based on Fricke dosimetry.

REFERENCES
[1] Domen, S.R. A sealed water calorimeter for measuring absorbed dose, J. Res. Natl. Stand.
Technol. 99, 121 1994).
[2] Krauss, A., Experimental verification of calculated radiation-induced heat conduction effects in the
water absorbed dose calorimeter, Thennochim. Acta, 382 2002) 99-107.
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GRAPIUHTE CALORIMETER, THE PRIMARY STANDARD OF ABSORBED DOSE
AT BNM-LN14B
J. DAURES, A. OSTROWSKY, B. CHAUVENET
Bureau National de M6trologi - Laboratoire National Henri Becquerel (BNM-LNHB)
CEA-Saclay, France

The graphite calorimeter is the standard for absorbed dose to water at BNM-LNHB. The transfer from
absorbed dose to graphite to absorbed dose to water is then performed by means of chemical
dosimeters and ionisation chamber masurements [1]. Therefore the quality of graphite calorimeter
measurements is essential.
The present graphite calorimeter is described. The characteristics of this calorimeter are pointed out.
Special attention is given to the thermal feedback of the core, which is the main difference with the
Domen-type calorimeter.
The repeatability and reproducibility
in detail. As an example, individual
linac are given in Fig. I. The y-axis
reference ionisation chamber charge.

of the mean absorbed dose in the calorimeter core are presented
measurements in the 20 NW photon beam from our Saturne 43
quantity is the mean absorbed dose in the core divided by the
Both are normalised to the monitor ionisation chamber charge.

The standard deviation (of the distribution itself) is 0 12
for the first set of measurements
performed in 1999. In 2002, for each different series, the standard deviation is 003%. The
improvement on the 2002 standard deviation is mainly due to the change of the ionisation chamber
used for the beam monitoring of the linac. Some benefit also comes from changes on the thermal
control and measuring systems (nanovoltmeters, Wheatstone bridges, power supplies, deten-nination
of the measuring bridge sensitivity (V/.Q) ).
The maximum difference between the reans of the three series is 0.08 %.
This difference is due to the variation of not only the calorimetric measurements but also of the
reference ionisation chamber response, of the position of the assembly and of the monitoring of the
beam. The stability of the linac (electron energy, photon beam shape) has to be very good too in order
to obtain this global performance.
The correction factors necessary to determine the absorbed dose to graphite at the reference point in
an homogeneous phantom from the measurement of the mean absorbed dose to the calorimeter core
are examined including gradient correction factor (Fig. 2. The uncertainties are analysed.
The main uncertainty comes from the vacuum gaps correction factor determination 2 They are
measured and calculated by Monte-Carlo code for cobalt 60 6 MV, 12 NW and 20 NW photon
beams.
The influence of the irradiation on the sensitivity of the thermistor has been checked. A specific
program was developed in order to perform the electrical calibration and the irradiation together.
Recent measurements carried out in the 20 NW photon beam prove that there is no significant
difference between the simultaneous measurement (irradiation electrical power dissipation) and the
sum of these two quantities measured separately. This confirms previous measurements in cobalt 60
beams. It is not possible to do this control with the water calorimeter because no electrical calibration
is feasible. By using the same type of thermistor this result might be extrapolated to water
calorimeters.
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MEASUREMENTS OF kQ BEAM QUALITY CORRECTION FACTORS FOR THE
NE2611A CAMBER IN HIGH-ENERGY PHOTON BEAMS USING THE NMi
WATER CALORIMETER
M. PIEKSMA, L.A. DE PREZ, E. VAN DIX, A.H.L. AALBERS
Nederlands Mectinstituut (NMi)
Utrecht, The Netherlands
Recently published protocols for clinical reference dosimetry in external high-energy photon and
electron beam radiotherapy by the AAPM [1] and the IAEA 2] are no longer based on traditional airkerma standards, but have instead adopted absorbed dose to water as the key quantity. The most direct
way to determine the absorbed dose to water is by employing a sealed-water type calorimeter 3,4] A
number of national standards laboratories, among which the NMi, are presently conducting effort
towards developing water calorimeters as the new standard for absorbed dose to water. The design of
the NMi water calorimeter has several unique features 5,6]. It is portable and compact, has radiation
windows for both vertical and horizontal beams, and has a built-in waterproof ionization chamber,
which can be used to determine experimental correction factors for the calorimeter lid, walls, etc.
[5,6]. Thermistor probes operable at 4 'C are mounted in a sealed high-purity water cell. A highquality water purifying system has been installed and integrated into a filling station for the water cell,
including a bubbling stage to saturate the water with different gasses to control the well-known heat
defect.
A forthcoming revision of the NCS (Netherlands Commission on Radiation Dosirnetry) protocols for
dosimetry of high-energy photon and electron beams 78] has direct relevance for the NMi water
calorimeter. In accordance with the nw AAPM and IAEA protocols, these revised protocols will also
no longer be based on air kerma bt on absorbed dose to water instead. The NCS subcommittee
'Uniformity Dosimetry Protocols' is currently drafting new Codes of Practice for determining the
absorbed dose to water for high-energyy photon and electron beams used in radiotherapy institutes in
the Netherlands and Belgium. Part of the new protocols will be a table of experimentally determined
kQ beam quality correction factors fr photon beam qualities and dosimetric equipment (graphite
ionization chambers and electrometers) encountered in the Dutch and Belgian clinical practice. Tese
kQ factors will be measured at selected institutes, covering representative beam qualities (and
energies) and types of accelerator machines, using the portable NMi water calorimeter. The
measurement program will involve the calibration of several sets of ionization chambers of types most
commonly used in the radiotherapy institutes. These ionization chambers will first be calibrated in the
NMi 6Co beam directly against the water calorimeter, and then in situ in the selected radiotherapy
beams, again directly against the water calorimeter. k factors are obtained as the ratios of calibration
factors in high-energy beams to those in 60CO.
As a first test of the NMi water calorimeter in high-energy photon beams, measurements of absorbeddose-to-water rates were perfori-ned at the BNM-LNHB with a Saturne 43 accelerator for photon
beam energies 6 12, and 20 MeV A set of NE261 IA chambers was calibrated against the water
calorimeter at all three energies. This was done by calibrating the ionization chambers directly inside
the water calorimeter phantom (obviously, with the glass sealed-water cell removed). Correction
factors were measured for the attenuation by the glass cell, yielding 10020 at 6 MV 10012 at 12
MeV, and 10004 at 20 MeV. In addition, correction factors for polarity and recombination were
determined at the three accelerator energies. k factors were derived from these calibration data in the
high-energy beams and the absorbed-dose-to-water calibration factors of the NE261 A chambers in
the NMi 6Co beam, that had already been established. These k factors have to be considered as
preliminary, since the experiment suffered from pick-up of noise on the thermistor probe cables, most
likely induced by the HF-generator of the Satume 43 accelerator. This experiment will therefore be
repeated to establish a set of accurate reference k factors for the NE261 IA chambers. A detailed
analysis of the results of all measurements performed at BNM-LNHB with the NNE water calorimeter
will be reported at the conference.
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THE METAS ABSORBED DOSE TO WATER CALIBRATION SERVICE FOR
HIGH ENERGY PHOTON AND ELECTRON BEAM RADIOTHERAPY
G. STUCKI, W. MUENCH, H. QUINTEL
Swiss Federal Office of Metrology and Accreditation WTAS)
Bern-Wabern, Switzerland

The Swiss Federal Office of Metrology and Accreditation (METAS) provides an absorbed dose to
water calibration service for reference dosimeters using 60CO 7 radiation, ten X-ray beam qualities
between TPR-, 1 - 0639 and 0802 nd ten electron beam qualities between R50 175 gcm -1)and
8.54 gcm-2. A_2 MeV microtron accelerator with a conventional treatment head is used as radiation
source for the high energy photon and electron beams. The treatment head produces clinical beams.
The METAS absorbed dose calibration service for high energy photons is based on a primary standard
sealed water calorimeter of the Domen type [1], that is used to calibrate several METAS transfer
standards of type NE261 A and NE2571A in terms of absorbed dose to water in the energy range
from 60CO to TPR,0,1 = 0802. User reference dosimeters are compared with the transfer standards to
give calibration factors in absorbed dose to water with an uncertainty of 1.0% for 60CO y radiation and
1.4% for higher energies (coverage factor k = 2 The calibration service was launched in 1997. The
calibration factors measured by METAS have been compared with those derived from the Code of
Practice of the International Atomic nergy Agency 2] using the calculated kQ factors listed in 2],
table 14. The comparison showed a maximum difference of 0.8% for the N-2561 IA and NE 2571A
chambers. At 60CO y radiation the METAS primary standard of absorbed dose to water was bilaterally
compared with the primary standards of the Bureau International des Poids et Mesures BIPM (S&vres)
[3] as well as of the National Research Council NRC (Canada) [1]. In either case the standards were
in agreement within the comparison uncertainties.
The METAS absorbed dose calibration service for high energy electron beams is based on a primary
standard chemical dosimeter. A monoenergetic electron beam of precisely known particle energy and
beam charge is totally absorbed in Fricke solution (ferrous ammonium sulphate) of a given mass. This
experiment is similar to the one described by Feist 4], but extended to an energy range from 53 MeV
to 22.4 MeV, allowing to determine te energy dependence of the response of the Fricke dosimeter.
The absorbed dose to Fricke solution is determined using the particle energy, the total beam charge
and the mass of the solution. The absorbed dose to Fricke solution is converted to an absorbed dose to
water applying a general conversion factor taken from Ma et a]. [5]. The thus calibrated Fricke
solution is then used to calibrate several METAS plane-parallel transfer ionisation chambers of type
NACP-02 in the mentioned energy range. The user dosimeters are fally compared to the METAS
transfer standards following the procedures described in 2 It is anticipated that the overall
uncertainty in the calibration factor of a user dosimeter will be around 2 (coverage factor k =2).
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A PORTABLE GRAPHITE CALORIMETER FOR MEASURING ABSORBED DOSE IN
THE RADIOTHERAPY CLINIC
M.R. MCEWEN, S. DUANE
National Physical Laboratory, Teddington, U`K

A robust and portable calorimeter for use in clinical electron and photon beams has been developed and tested.
The system consists of a front end the calorimeter itself), means for thermal isolation and temperature
control, and a measurement system based on thenrustors in a DC Wheatstone bridge. Much effort during the
development was put into then-nodynaric modelling of the system and determining the heat transfer
coefficients between components. Effort was also focussed on the development of a temperature control
system sensitive enough to allow measurements of temperature nises of te order of I mK. The control
system responds to the calorimeter, phantom and air temperatures and maintains the temperature of the
calorimeter to within T.2mK over several hours. Initial operation at NPL in X-ray and electron beams from
the NPL linear accelerator show that the system is capable of measurements of I Gy at 2 Gy min-' with a
random uncertainty of 0.2% (I standard deviation). Operation in Co-60 at a doserate of I Gy min-' has also
been achieved with a similar uncertainty. The calorimeter was compared with the present NPL pmary
standards for high-energy photon and electron beams and found to agree within the measurement
uncertainties.
The first external test of the portable calorimeter off-site was as part of an intercomparison carried out in the
recently installed 6OCo beam at the BIPM (Bureau International des Poids et Mesures) in Paris. Consistent
measurements were made on several days and the mean measured doserate was 1.181 Gy/min. The overall
uncertainty in the measurement of absorbed dose to graphite was estimated to beT.35%, close to the value
obtained in the NPL 6OCo beam. Because the BIPM standard has not been reconirmssioned in the new 60CO
beam, we can only compare the portable calorimeter with an ion chamber calibrated against the NPL primary
standard photon calorimeter. Although riot a full intercomparison this is a good test of the portability of the
calorimeter. The ratio of calorimeter and chamber doserates is:
Doseratea - .1813 = 1.0006
Doseratejo, 1806
The overall standard uncertainty is estimated to W.0.66%. There is therefore ery good agreement within the
measurement uncertainties. A previous intercomparison between NPL and BIPM using ion chambers had
given agreement within the measurement uncertainties, therefore one can state with reasonable confidence
that the calorimeter dose measurement will give agreement with the BIPM standard when it is recomissioned.
The first test of the calorimeter at a clinical accelerator was carried out in a 6 MV photon beam from a Varian
6EX linac. An SSD of I 0 cm was used with a IO cm x IO cm field. The doserate was 6 Gy/min. It was
found that there was significant noise pickup due to some external source of noise (presumably the Linac).
The rms noise level was around twice that for measurements made at NPL and this is reflected in a larger
standard deviation for the same doserate. However, the standard uncertainty is low enough to enable a
comparison of chamber and calorimeter doses, due, in part, to the robustness of the fitting algorithms used.
Using a graphite calibration factor for the chamber derived from comparison with the photon
primary standard at NPL the output fktors for the calorimeter and chamber were compared:
D,,,,, = 1. 0068
Doseion
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The overall standard uncertainty is estimated to be 071% and therefore the agreement is within the
measurement uncertainties. This result indicates that, for this particular accelerator (Vanan 6EX), there is no
significant uncertainty introduced by the transfer of the chamber calibration from standards laboratory to te
clinic. Further measurements in a range of clinical beams are required to confirm this result.
A summary of calonmeter/chamber dose ratios is given in Table .
Table I Comparison of calorimeter/chamber doses for different beams
Modality

Calorimeter dose
Chamber dose

60CO (NPL)

1.0044

60CO (BIPM)

1.0006

10 MV X-rays (NPL)

1.0060

6 MV X-rays (clinic)

1.0068

The overall standard uncertainty on each ratio is around T.7%. This level of consistency demonstrates the
stability and robustness of the calorimeter.
Table 2 Summary of calorimeter performance
Parameter
Temperature control
Minimum operational
doserate
Portability

Uncertainty

Accuracy
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Specification
+0 I

K over I hour
I Gymin

Operate in UK and
international facilities
Close to that of primary
standard calorimeters
(+ 07% for dose to water)
Agree with present NPL
primary standard calorimeters

Achieved

this project

0 I m-K over several hours
I GyrninOperation demonstrated in
radiotherapy clinic and standards
laboratory
Dose to graphite
0.35%
Dose to water
0.70%
Doseportable/ primary 1.0052
Standard uncertainty
0.63%
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ON TE PROGRESS OF A WATER CALORIMETER PROJECT FOR THE
VERIFICATION OF RADIOTHERAPY DOSIMETRY
J. MEDIN
Department of Radiation Physics, Lund University, Malm6 University Hospital
Malm6, Sweden
P. ANDREO
Medical Radiation Physics, Stockholm University - Karolinska Institute
Stockholm, Sweden
C.K. ROSS, N.K. KLASSEN
Ionizing Radiation Standards, National Research Council
Ottawa, Canada
J.E. GRINDBORG
Swedish Radiation Protection Authority
Stockholm, Sweden

A sealed water calorimeter has been constructed at the department of radiation physics in Malm6,
Sweden with support from the Swedish Radiation Protection Authority. The calorimeter follows the
design of the NRC sealed water calorimeter 12]. The temperature increase during irradiation is
measured with two thermistor probes in the centre of a sealed cylindrical glass vessel (figure 1). The
sealed glass vessel contains high purity water and is positioned in a large water phantom to measure
the absorbed dose to water.
In the present design, the water phantom is thermally isolated from the environment and operated at
4'C to reduce the problem associated with convective heat transfer 3 The thermal isolation is
achieved by enclosing the water phantom in a wooden box (92x92x85 cm 3) lined with 6 cm of
Styrofoam. The temperature in the wooden box is kept at 4'C by circulating air, cooled when passing
a heat exchanger coupled to a thermostated bath (see figure 2.
Since a detailed knowledge of the absolute temperature is not required for calorimetry, the main
requirement is that the two thermistor robes accurately measure temperature changes. The thermistor
probes are calibrated against platinum resistance probes, traceable to the Swedish national
temperature standard.
When preparing for measurements, the glass vessel is first filled with high purity water and then
bubbled,%&rith N2 gas for one to two hours. After the gas bubbling, the position of the thermistor probes
is adjusted and the glass vessel is suspended in the water phantom. The probes are connected to a
four-arin AC bridge, where two of the other anrns consist of high precision resistors I0kQ each), and
the third am includes a decade resistor box for balancing the bn'dge. The output voltage is measured
with a commercial lock-in amplifier. Platinum resistor probes, used to monitor the temperature in the
water phantom and in the air volume inside the wooden box, are connected to a Keithley 2001
multimeter equipped with a scanner ard. The multimeter, lock-in amplifier, and bridge balancing
resistor decade are all connected to a portable PC using a GRIB interface card. This allows each of the
devices to be controlled and read out remotely using software developed at NRC. The software allows
the bridge to be balanced, the characteristics of the lock-in amplifier to be changed, and controls the
acquisition of data according to a pre-selected scheme. It is also used for calculation of the absorbed
dose from the measured voltage drop after an irradiation.
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The seated water calorimeter is intended to be used in clinical photon, electron, and proton beams to
determine experimentally k,,
factors for a variety of ionisation chambers. These factors are
fundamental when iplementing the new international Code of Practice for radiotherapy dosimetry
[4]. The measured values will be compared with the teoretical factors in TRS-398.
.............

Figure 1. Glass vessel with the thermistor probes aligned in the centre.
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Figure 2 Schematic side view of the sealed water calorimeter. Note that fluid is only allowed to flow
through the heat exchanger in the water when a significant change in operating temperature is
required.
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RECENT DEVELOPMENTS AND CURRENT STATUS OF AIR KERMA
STANDARDS
L. BOERMANN
Physikahscli--Technische Bundesanstalt (PTB)
Braunschweig, Gennany
1. CSETE
OrszAgos M&r&siiggyi Hivatal (ONM)
Budapest, Hungary

Primary Standard Dosimetry Laboratories (PSDL) usually maintain air kenna standards for kilovoltage
x-rays 10 kV to 300 kV) and for 13 7C s- and 60CO-7 radiation. Free-air ioisation chambers (FAC) and
cavity ionisation chambers are used as primary air kerma standards for kilovoltage Yrays and for
137 Cs- and 60 Co-'y radiation, respectively. The majority of the National Metrology Institutes (NMls)
signed the Mutual Recognition Arangement (MRA) of national measurement standards and of
calibration and measurement certificates issued by NMls. The MRA has been available for signature
since 14 1h October 1999. According to the MRA, the signatories participate in CPM key comparisons
executed by the Consultative Committees or the BIPM, leading to a key comparison reference value.
The degree of equivalence of a national measurement standard is expressed quantitatively in ternis of
its deviation from the key comparison reference value and the uncertamty of this deviation. For air
kerma standards the Consultative Committee for Ionising Radiation (CCRI(l)) currently maintains
three types of key comparisons and a so-called supplementary comparison. The air kerma key
comparisons are organised bilateraly and are carried out between the air kerma standards of the
BIPM and the participating NMIs. The radiations used are low-energy (10 kV to 50 kV) and mediumenergy (100 kV to 250 kV) x-ray beams and "'Cs- and "Co-y radiation. To be entitled to enter the
key comparison database with respect to air kerma an NMI has to participate in a key comparison
wit hin a time period of 10 ears. In keping with the longstanding method of presenting the data, the
CCRI(l) took the decision at its meeting in 1999 to use the BIPM detennination of air kenna rate as
the key comparison reference value. For this reason the BIPM air kerma standards are of special
importance.
Due to the fact that the air ken-na key comparisons have been conducted on an ongoing basis since
1966 for low-energy x-rays and since 1975 for mediurn-energy x-rays and 60C o-,y radiation the results
represent an invaluable database which can be regarded as an indicator of the status of the air kenna
standards operated worldwide. Consequently, this database and the reports of the NMls to the
CCRI(1) meetings which take place periodically every two years were used for the current status
report as an essential source of infort-nation. Because different techniques are used to measure the air
kerma rate of kilovoltage x-rays and 137C s- and 6OCo-y radiation this status report is divided in this two
parts. Undoubtedly, the most important new development was the re-evaluation of several correction
factors required for cavity ionization chamber standards. However, there were also interesting
developments using Monte Carlo techniques and spectrometry for the detennination of x-ray quality
dependent correction factors of FACs.
Current status and new developments of free air chamber standards
The relative standard uncertainty associated with the realisation of the quantity air kenna of kilovoltage
x-rays is currently of the order of 03
(I a or less. Attaining this level of uncertainty requires the
accurate evaluation of several correction factors. An important trend of the last several years is that
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PSDLs increasingly measure the photon fluence ith respect to energy of all the x-ray qualities which
they reallse. The measured spectra are not only used for the characten'sation of the reference
radiation but, more importantly, also for the calculation of the air kerma weighted mean values of the
correction factors for the FACs which were previously calculated with state-of-the-art Monte Carlo
methods as a function of monoenergetic photons. The big advantage of tis new method is that the
correction factors need to be calculated as a function of monoenergetic photons only once and if new
x-ray qualities are introduced or if new x-ray facilities are 'installed it is sufficient to measure the x-ray
spectra and time consuming measurements of correction factors are no longer necessary. This
advantage is of importance in view of the increasing number of reference Yi-ray qualities used in
diagnostic radiology, radiotherapy and radiation protection. In addition, new correction factors have
been introduced, such as the fluorescence correction factor wich corrects for the re-absorption of
fluorescence photons in the ionisation volurne of the FAC. The spectrometry of x-ray beams and the
Monte Carlo method for the calculation of correction factors will briefly be outlined in tis status
report. The physical basis of some newly introduced correction factors and typical uncertainty budgets
of FACs will be presented. he degree of equivalence of the measurement standards of the NMIs will
be reviewed.
Current status and new developments of cavity ionisation chamber standards
The relative standard uncertainties associated with the realisation of the quantity air kernia rate of
"'Cs- and "Co-7 radiation is currently of the order of 04
and 02% (I a or less, respectively. In
view of these low uncertainties the changes in the realisation of the quantity air kerma rate of up to
1% due to the re-deten-nination of some of the correction factors is substantial. The correction factors
to be revised because of new experimental and theoretical results are k, the correction for the axial
non-urlifonnity of the beam, k, and kg, the correction factors for scattering and attenuation of photons
in the wall, and kep, the correction factor for the centre of electron production. The physical basis of
the correction factors under revision and the most important results of theoretical and experimental
work on ts topic Will briefly be outlined. The problems arising from the substantial changes with
regard to the key comparison reference value and the degree of equivalence of the measurement
standards of the NMIs will be mentioned. Further, some questions arising from this change with
respect to the consistency of dosimetry will be discussed. An important question within this context is
whether the consistency of measured and calculated ratios of air kenna rate and absorbed dose rate to
water for 6OCo-7 radiation is affected by the change in the value of the air kerma rate.
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MONTE CARLO SIMULATION FOR CORRECTION OF CAVITY IONIZATION
CHAMBER WALL EFFECTS
T. KUROSAWA, N. TAKATA, Y. KOYAMA
National Metrology Institute of Japan (NMIJ/AIST)
TsukubaJapan
The 2 graphite cylindrical ionization chambers are used at AIST to measure absolute air-kenyia 'n
6OCo and 137 Cs gamma ray fields. They differ in size: one having an ionization volume 40 mm in
diameter and 50 m long and the other 20 mm in diameter and 19.3 mm long. They are placed at 45
degrees angle from the direction of garnma. ray beams so that gamma ray attenuation does not increase
at the end or side walls. Correction fctors for wall induced attenuation and scatter were deten-nined
by measuring the variation in chamber response as a function of wall thickness in the full build-up
re 'on, extrapolating to infer the response at zero wall thickness, and applying a correction factor to
account for the center of electron production. These values are not logically valid, however, so 1Ae
plan to use correction factors obtained by Monte Carlo calculation for primary standards of air kerma
for 60 Co and "'Cs gamma rays.
Monte Carlo calculation was made using EGS4 code [1] with the PRESTA algorithm for electron
transport. k wall is determined by scoring
Oe+pdj

where ro is energy deposited in the cavity air by electrons generated by primary photon interaction,
r I energy deposited by electrons generated by second and higher-order scattered photons,
the
attenuation coefficient of primary photons for graphite, and d the pass length of photons in the
chamber. knu was obtained from
k

Dparaliel
nu

(2)

Dpoint

where D is energy deposited by both primary and scattered photons per unit fluence of incident
photons at the center of the chamber for a parallel or point source beam.
In January 2001, we brought our ionization chambers to BFPM and measured air kerma in 6'Co and
"'Cs gamma ray fields for key comparisons, obtaining values for chamber wall correction factors by
both measurement and Monte Carlo calculation. Table I shows correction factor
to kt x k.,

k wall, corresponding

kCEPI for points I in from gamma ray sources. Table 2 shows knu obtained by Monte

Carlo calculation. Experimental values are noted as I because the nonuniformity effect has been
neglected at AIST before. Table 3 shows

kwall Xk nu . Differences between values obtained by Monte

Carlo and experiments are small for both 611CO and ... Cs gamma rays and also for both ionization
chambers.
We reported to BIPM the values of air-kerma rate on August 22. BIPM replied that, for the first
60CO
interpretation, our result was 10056 for the key comparison of air kerma in
gamma rays with
standard uncertainty of the comparison of 00023.
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After sending the previous report, we recalculated correction factors for wall effect and
non-uniformity. Differences between new and previous calculations are as follows:
1) The random number generation program has been revised.
2) Individual cross-sections of atoms N, 0 and Ar were used in the revised EGS4 program instead of
their average cross-section.
3) An optional program for calculation of photoelactron angular distribution has been adopted.
It is odd that revised results are dispersed more widely than those before correction i.e., as reported,
which must have been obtained by nonlogical methods.
Table 1. k,,,, for 6Co and "'Cs gamina rays obtained by Monte Carlo calculation and by
experiment at BIPM.
Source
bu co
i3cs

Chamber
diameter (nun)
20
40
20
140

Table 2 Correction factor
Source
Du co
I ,C s

OU
co
Iji Cs

(experiment)
1.0192
1.0207
11.0194
11.0195

knu

knu

Diameter (MM)

(Monte Carlo)

(experiment)

20
40
20

1.0005
1.0008
10.9990

1.0000
1.0000
11.0000

PO

10.9983

11.0000

k,,al

Ratio
(MC/exp)
1.0006
1.0002
10.9973
10.9997

for nonurliformity obtained from equation 2).

Chamber

Table 3 Correction factors
Source

knu

kwall

kwall

(Monte Carlo)
1.0198
1.0209
11.0166
11.0192

I

x knu

Chamber

kal

Diameter (MM)

(Monte Carlo)

X knu

kAall x knu

Ratio

(experiment)

(MC/exp)

20
40
20

1.0203
1.0217
11.0156

1.0192
1.0207
11.0194

1.0011
1.0010
10.9963

140

11.0175

11.0195

10.9980

REFERENCE
[1] Nelson W R, Hirayama H and Rogers D W 0, "The EGS4 Code System" Stanford Linear
Accelerator Center Report SLAC-265(1985)
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THE CALCULATION OF WALL AND NON-UNIFORMITY CORRECTION
FACTORS FOR THE BIPM AIR-KERMA STANDARD FOR 60CO USING THE
MONTE CARLO CODE PENELOPE
D.T. BURNS
Bureau International des Poids et Mesures (BIPM)
Svres Cedex, France

Traditionally, the correction factor k,,,,, for attenuation and scatter
the walls of cavity ionization
chamber pmary standards has been valuated experimentally using an extrapolation method. During
the past decade, there have been a number of Monte Carlo calculations of k,,,,, indicating that for
certain ionization chamber types the xtrapolation method may not be valid. In particular, values for
k,,,,, have been proposed 1] that, if adopted by each laboratory concerned, would have a significant
effect on the results of international oamparisons of air-kerma primary standards. The calculations
have also roposed new values for the aial component kanof the
niforinity correction.
p
point-source
Central to the results of international comparisons is the BIPM air-kerma standard. Unlike most
others, the BIPM standard is of the paralleplate design for which the extrapolation method for
evaluating kall should be valid. The value in use at present is kall = 10026 (standard uncertainty
0.0008). Rogers and Treumiet [I] calculated the value kall = 10014 for the BIPM standard, which is
in moderate agreement with the value in use (no overall uncertainty was given in 1]). However, they
also calculated ka, = 10024 statistical uncertainty 00003) which is very different from the value
k,, = 09964 0.0007) in use at present for the BIPM standard.
A new 6Co facility has recently been installed at the BIPM and the opportunity was taken to reevaluate the correction factors for the BIPM standard in this new beam. Given that almost all of the
Monte Carlo work to date has used the EGS Monte Carlo code, it was decided to use the code
PENELOPE 2]. The new source, container, head and collimating jaws were smulated in detail with
more that fifty components being modelled, as shown in Fig. 1. This model was used to create a
phase-space file in the plane 90 cm fi-om the source. The normalized distribution of photon number
with energy is shown Fig. 2 where the various sources of scattered photons are identified.
This phase-space file was used to calculate kw,11 for the BIPM standard sing the technique of photon
regeneration. At the point of each photon interaction in the chamber wall, a new photon is generated
vAth the same energy and direction as the incoming photon. The deposition of energy in the air cavity
by regenerated photons effectively corrects for attenuation in the wall. At the same time, any outgoing
scattered photon is tagged so that a correction for the energy deposition due to scattered photons may
be evaluated. The result of these calculations is k,,,, = 10017 (statistical uncertainty 0.0001), which is
in good agreement with [I]. The overall uncertainties remain to be evaluated.
For the calculation of kan a modified technique was used which makes use of the full phase-space
infori-nation rather than assuming, as I's usual, that the beam is well approximated by a point source.
When using the same model for the BIPM standard as used in 1], the result kan = 10032 (statistical
uncertainty 0.0005) agrees reasonably well with [1] (the small difference may be due to the use of a
point source in [1] rather than the realistic angular distribution). However, there is evidence that these
new values are an artefact of the method and model and that the true non-uniformity correction is
much closer to unity. Before implementing any new k, value for the BIPM standard, a more detailed
study will be undertaken to explain the! large difference between the new and existing values.
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Fig. 1. Simulation model for the new BIPM 'Co facility, constructed using the PENELOPE geometry
code PENGEOM. For clarity, only one of each pair of collimating jaws is shown.
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Fig. 2 The distribution of photon number with energy in the plane 90 cm from the new "Co source at
the BIPM. Around 109 photon histories were required to generate these spectra.
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AIR KERMA NATIONAL STANDARD OF RUSSIAN FEDERATION FOR XRAY
AND GAMMA RADIATION.
CTIVITY SSDL[VNIIM IN MEDICAL RADIATION
DOSIMETRY FIELD
I.A. KIIARITONOV, N.D. VILLEVALDE, A.V.
D.I. Mendeleyev Institute for Metrology (VNIIM)
St. Petersburg, Russian Federation

13OWN, V.I. FOMINYKH

Primary standard of unities air kenna and air kerTna rate X-ray and gamma radiation, placed at
VN11M, consists of- plate-parallel free-air ionization chamber IK 10-60 for low-energy X-ray in the generating
potential range from IO to 50 W;
- plate-parallel free-air ionization hamber IK 50-400 for medium-energy X-ray in the generating
potential range from 50 to 300 kV;
- cavity cylindrical graphite chambers CI and C30 with volumes I cm 3 and 30 CM3 for
reproduction and transmission the dimensions gamma radiation unities using Cs-137 and Co-60
sources.
The next irradiation facilities are used at VNIIM:
- in low-energy X-ray range: a constant-potential high-voltage generator and a tungsten-anode Xray tube with inherent filtration ofaround I mm Be;
- in medium-energy X-ray range: set on the basis of an industrial X-ray apparatus Isovolt-400 and a
tungsten-anode X-ray tube with inherent filtration of around 35 mm Al;
- in gamma radiations field: units with a radioactive sources Cs-137 with activity 140 and 1200
GBq and Co-60 with activity 120 GBq and irradiation set with a source from Co-60 (activity 3200
GBq). The last one belongs to Central Research Institute for Radiology and Roentgenology
(CNIRRI).
For measuring crrents and charges of standard chambers we use electrometers such as Keithley of
model 6517A and B7-45 manufactured by "Belvar" (Republic Belarus).
The reference radiation qualities L, N, H series according to ISO 4037 and the radiation qualities
RQR, RQA and RQF according to IEC 61267 for calibration and verification of the therapeutic,
diagnostic measurement means are realized in the low-energy and medium-energy X-ray standards.
The VNIIM air kerma primary standard of has been participated in the international comparisons:
- key comparison BIPM.Rl(l)-Kl fr gamma radiation of Co-60 in 1997 [1];
- supplementary comparisons BIPM.RI(I)-SIO for gamma radiation of Cs-137 in 1997;
- key comparison BIPM.Rl(l)-K2 fr low-energy X-ray range in 1998 2];
- key comparison BIPM.R I Q)-K3 fr medium-energy X-ray range in 1998 3
The results of comparisons are presented in the table .
Table I
Quality of
comparison

Gamma radiation
Co-60

Cs-137

+0,20

-0,39

X-ray radiation at a voltage
generation:
10
25
503 j 50b*

X-ray radiation at a voltage
gene tion:
100
135
180
250

Deflection from
the measurement
standard BILPM,
%

-0,68

-0,52

-0,34

-0,27

-0,21

-0,20

-0,06

-0,23

*Note A quality with a harder filtration of radiation
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Dimensions of unities of air kerma and air kerma rate are transmitted from primary standard to
secondary standards with expanded uncertainty from 13 to 25 % (k=2), which are including and at
laboratory SSDL\VNIIM and base dosimetry laboratory CNIRRI.
The comparisons of secondary standards with the primary standard VNIIM are performed one time in
5 years.
The laboratory SSDL\VN11M is the component of state primary standards laboratory in the field of
measurement ionizing radiations VN11M. SSDL\VNIIM has the secondary standard - universal
dosimeter NIDOS with ionization chambers of volume fom 06 CM3 to 10 liters, radioactive sources
from Fe-55, Cd-109, AM-241, Cs-137 and Co-60 with activity from 003 to 140 GBq. The primary
standard equipment and facility on the basis industrial X-ray apparatus YRD I with a tungsten-anode
X-ray tube and inherent filtration of around 3 mm Al (at generating potential from 50 to 250 kV) are
used for calibration dosimetric devices in the field X-ray. There is termoluminescence dosirnetric
system such as KDT-02M with TL detectors from LiF for spending audit measurements by method
"dose-post".
Laboratory SSDL\VN11M and base dosimetric laboratory CNIRRI are carried out calibrations and
verifications of air kerma and air kerma rate reference standards and working Measurement means for
X-ray and gamma therapy and diagnostics, belonging to the oncology and diagnostic centers, clinics
and hospitals.
The laboratory CNIRRI fulfils the verification of measurement means and supervision of the
application in the medical radiology, but the regional departments of radial diagnostics put into
practice monitoring of doses, obtained by patients and staff at fulfilling of diagnostic and medical
procedures.
The diagnostic and clinical dosimeters are calibrated directly under the primary standard of air kerma
and air kerma rate for achievement the highest accuracy.
At 2000-2001 this calibrations were carried out for the Belarusian Research Institute of Oncology and
Medical Radiology, Belarusian Center of the Standards, Standardization and Metrology, Kaliningrad
regional hospital, Research Institute of Oncology by N.N.Petrov (St. Petersburg)
The laboratory SSDL\VN11M takes part in the programs of 1AEA and team works with the St.
Petersburg Research Institute of Physics Health, inspection of doses, let going to the patients at
medical procedures, and also spends trials of the new native and foreign dosimetric equipment,
applied in medicine.
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MEASUREMENT OF ABSORBED DOSE TO WATER FOR LOW AND MEDIUM
ENERGY XRAYS
H.-M. KRAMER
Physikalisch-Technische Bundesanstalt
Braunschweig, Germany

Over the last decade, the treatment of superficial or intercavitary malignancies with medium-energy
x-rays has regained popularity. This development puts renewed and increased emphasis on the
importance of accurate dosimetry in this energy range. An appreciable number of publications dealing
with various aspects of dosimetry in medium-energy x-ray beams has appeared and several protocols
for the dosimetry of medium-energy x-ray appeared which led to the publication of a comparison
between the various protocols. Attempts were made to model x-ray radiotherapy units
Monte Car
methods, a method originally developed for high-energy treatment systems.
In-phantom dosimetry for medium-energy x-rays suffers from the lack of a primary standard which
would allow direct determination of te water absorbed dose. Attempts at a direct measurement of the
water absorbed dose were made employing water calorimetry. These attempts suffered fom the
unknown energy dependence of the cemical yield for ferrous sulfate dosimetry, or from insufficient
knowledge of the calorimetric heat defect. In the absence of a direct method, two different approaches
have mainly been made. In one of these an ionisation chamber calibrated in free air in terms of air
kernia is positioned at reference depth inside the water phantom. The absorbed dose to water is
obtained by conversion of the air kerma measured in the water phantom to water kerma or, which is
essentially equivalent in this energy range, to absorbed dose to water. When this method is used,
correction factors have to be applied, which have to take into account i) the differences in the
properties of the radiation field used or calibration in free air and of that inside the phantom and ii)
the modification of the in-phantom radiation field caused by the presence of the ionisation chamber
with its air cavity and with non water-equivalent walls and chamber stem.
The other approach is to start with the measurement of absorbed dose to graphite in a graphite
phantom. A measurement of absorbed dose to graphite, traceable to the physical base quantities of
length and charge, can be accomplished by means of a graphite extrapolation chamber. In the energy
range considered and under conditions of secondary electron equilibrium, the absorbed dose to
graphite is numerically identical to the graphite collision kerma. Thus, by making use of the spectral
distribution of the photon fluence at the point of measurement, which can be obtained by Monte Carlo
calculations, the graphite collision kerma can be converted to water collision kerma by means of the
ratio of the mass-energy absorption coefficients averaged over the photon energy fluence spectrum.
This allows the calibration of a transfer ionisation chamber in terms of water collision ken-na inside
the graphite phantom. This transfer chamber is then positioned at the reference point of a water
phantom. On the assumption that the angular and spectral distributions of the photon fluence in the
graphite and the water phantom are reasonably similar to each other, the ionisation chamber measures
water collision kerma inside the water phantom, which, again under the conditions prevailing, is
numerically identical to absorbed dose to water.
Each of the two methods outlined above has its 'critical' steps. For the measurement based on air
kernia calibration there are significant differences between the calibration conditions (essentially
mono directional radiation) and the conditions of measurement characterised by abundant scattered
radiation. This makes it difficult to find reliable values for the correction factors which have to be
applied to take the difference in the response to the two radiation fields into account. On the other
hand, for the measurements with the graphite extrapolation chamber the ratio of the mass-energy
absorption coefficients graphite to water is to be determined. This factor depends quite strongly on
photon energy. The accuracy of the rsults of the accompanying Monte Carlo calculations therefore
plays a decisive role in the uncertainty budget of the second method. Furthermore, the evaluation of
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the extrapolation chamber measurements needs to take into account deviations from secondary
electron equilibrium down to very low electron energies of about 200 eV.
The various methods of determining water absorbed dose for low and medium-energy x-rays will
described in detail with emphasis on recent developments. The results obtained with the different
approaches will be compared and analyzed.
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STATUS OF AIR KERMA AND ABSORBED DOSE STANDARDS IN INDIA
M. VIJAYAM, G. RAMANATHAN, V.S. PATKI, AT. SOMAN, J.B. SHIGWAN,
S.P. VNATHA, P.S. JADHAVGAONKAR, V.D. KADAM, V.V. SHAHA, M.C. ABANI
Radiation Safety Systems Division
Bhabha Atomic Research Centre
Mumbai, India

The Radiation Safety Systems Division of Bhabha Atomic Research Centre, India maintains Pmary
and Secondary Standards of various parameters of radiation measurements and provides calibration
services to various users of radiation in the country. his is an apex laboratory in India and plays a
pivotal role in ensuring accurate radiological measurements. The laboratory coordinates national
iritercompansons of radiation measurements to maintain their uniformity and traceability and is linked
through various programmes with the other tnterriational organizations such as Bureau Internationale
des Poids et Mesures (BIPM) Paris, International Atomic Energy Agency (LAEA) Vienna, Asia
Pacific Metrology Programme (APMP) Taiwan. It is the recognized Regional Secondary Standards
Dosimetry Laboratory (SSDL) of IAEA/WHO (World Health Organisation). This paper brings out the
status of various pmary and secondary standards for radiological measurements maintained at
BARC.
1. Primary Exposure Air-kerma standard at Co-60 energy (therapy level): The primary
standard for exposure/ air-ken-na easurements maintained at BARC is a graphite cavity chamber
of volume 4362 cc with an internal diameter of 1.8 cm, 'internal height of 178 cm and wall
thickness of 704.3mg/CM2. Correction factors for the difference between electron stopping powers,
photon mass energy absorption coefficients of air and graphite wall, correction for recombination,
radiation field non-uniformity, stern scatter and polarity effect are applied and the maximum
overall uncertainty 'Mthe reallsation of exposure / air-kerma is around ± %. This standard has
been intercompared with IAEA nd BPM through transfer standard and the agreement in the
results are better than ± I%. An intercomparison under the APMP programme is to be held during
May, 2002.
2. Primary Exposure Air-kerma standard at protection and brachytherapy level: A set of
three spherical graphite-walled cavity chambers of different air-volumes are maintained as
primary standards for protection level and brachytherapy measurements of Ir-192, Cs 137 and
Co-60 sources. These chambers are made of high purity reactor-grade graphite of density 1700
kg/in'. The three chambers have different wall thickness, the external diameters of all the
chambers being equal. A reference standard in the forrn of a re-entrant chamber developed at
BARC, calibrated against this primary standard was mtercompared with a reference standard from
M.D Anderson Centre, Houston, U.S.A and the results showed a good agreement. Recently one of
the chambers was used for the Cs-137 intercomparison with JAEA and showed an agreement of
better than ± I%.
3. Primary Standard for X-rays - the free air chamber (FAQ Ts facility is utilized in
conjunction with a Philips RT-250 X-ray machine for calibrating secondary standard dosemeters
at different X-ray qualities in the 75 to 250 kV range. The total uncertainty in the realization of air
ken-na is around ±1% using the free air chamber. Accuracy of calibration of the secondary
standards is estimated to be better than ±2%. The FAC has been intercompared via transferable
transfer standards with FACs at BIPM 1971), BNM (France) RCL (Canada) and Kriss (Korea),
which showed good agreement within ± I% after necessary correction for the spectral differences
in X-ray beams. BARC is just now taking part in tercompansons of X-ray air kenna calibration
factors organised by Institute of 'Nuclear Energy Research (MER), Taiwan under Asia Pacific
Metrology Programme.
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In addition to the above-mentioned primary standards, the SSDL is also maintaining the following
secondary standards. For air kenna measurements at Co-60 gamma energy, ionisation chambers of
Exradin A3, NE2571, NE2577 and Vctoreen 415 types are calibrated and maintained. For Co-60
radiation dose to water measurements, NE 2571 and NE 2577 chambers calibrated at BPM in terms
of ND.,, are maintained. For air kernia at medium energy x-rays, chambers of the type Exradin A2 NE
2571, NE2577, Vctoreen 415 B, Victoreen 415, Exradin A3 and NE 2581 are maintained. These
chambers have been calibrated against the pmary standards and have been used in the international
intercomparison experiments.
The future progranune of development of standards include i) Development of graphite water
calorimeters as absorbed dose standards, 11) Establishment of extrapolation chamber as primary
standard for absorbed dose for beta and soft x-ray beams and iii) Development of energy-independent
plastic scintillators as reference standard for low energy low activity brachytherapy sources.
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EFFECT OF XCOM PHOTOELECTRIC CROSS-SECTIONS ON DOSIMETRIC
QUANTITIES CALCULATED WITH EGSnrc
F. HOBEILA, J.P. SEUNTJENS
McGill University Health Centre, Montreal, Quebec, Canada
The EGSnrc [1] Monte-Carlo code system incorporates improved low energy photon physics such as
atomic relaxations and the implementation of bound Compton cross-sections using the impulse
approximation [1]. The total cross-section for photoelectric absorption however, still relies on the
data by Storrn and Israel(S&I 2 Yet, low energy applications such as brachytherapy (e.g. 121f)
require up-to-date low-energy photoelectric cross-section data. In this paper, we study the dosimetric
effects of a simple implementation of NIST XCOM-based 3 photoelectric cross-sections 4 in
EGSnrc Tis is done by calculating mass energy-absorption coefficients, absorbed dose from point
sources, kilovoltage x-ray beams and ion chamber response.
In the EGS code system, the PEGS4 routine reads the photoelectric and pair cross-sections for
elements from a file (pgspepr.dat) and provides numerical fits for compounds which will be used by
EGSnrc. We updated the photoelectric cross-sections of the pgspepr.dat file with the XCOM total
photoelectric absorption cross-sections from NST 4 After validation of this new implementation,
we studied its effects on a number ot'dosimetrically relevant quantities. Firstly, we calculated mass
energy-absorption coefficients by scoring energy transferred in a thin slab of water and air using the
DOSRZnrc user code. Secondly, we calculated miverse-square corrected absorbed dose distributions
from point sources in water by using an internally developed user code, KERNELph. Thirdly, we
studied the differences in free-air ion hamber response calculations. Ion chamber response is defined
as the dose to the cavity of an ionization chamber, qa,, positioned with its effective point of
measurement at a reference point divided by air-ken-na measured free-in-air at the same point. The ion
chamber response was calculated using monoenergetic photon beams of energy IO keV to 200 keV.
The comparison of the Stonri & Israel photoelectric cross-sections with the XCOM cross-sections
shows significant differences between the two datasets. Figure I shows that for closmIetrically
important low-Z elements, these differences can be up to 5%. The mifluence of these differences can
be seen in Figure 2 which compares the ratio of mass energy-absorption coefficients (and ence
collision kenna) for water as calculated by EGSnrc, using either the Storm Israel EGSnrc(S&I )
or XCOM ( EGSnrc(XCOM) ) photoelectric cross-sections, to the coefficients directly taken from
NIST tables. Consistently, Figure 2 shows that EGSnrc(XCOM) can calculate mass energy-absorption
coefficients that are accurate within ±1% of the accepted NIST data in the region where EGSnrc(S&I)
is off by up to 4. The agreement between EGSnrc(XCOM) and NIST data is inside 0.5% when
performed in air (results not shown).
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Fig. 1. Ratio of Stonn Israel over XCOM
photoelectric cross-sections for low-Z
dosimetrically important elements.

Fig. 2. Ratios (EGSnrc/NISTI) of mass energyabsorption coefficients of water as calculated using
EGSnrc(S&I) and EGSnrc(XCOM).
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We evaluated the consequences of updating the photoelectric cross-sections in EGSnrc by comparing
inverse-square corrected depth-dose distributions for monoenergetic point sources in water. Figure 3

demonstrates that EGSnrc(XCOM)-generated relative depth dose curves are not as penetrating as
those generated using the Storm
Israel photoelectric cross-sections. The absolute dose ratios
(XCOM/S&I) at depth of dma, indicated in brackets in Figure 3 show that absolute differences are of
the order of 3
to 1% from 10 keV to 50 keV, respectively. The surface dose calculated using
EGSnrc(XCOM) is also 3
to 1.5% higher than for EGSnrc(S&I) for 10 keV to 50 keV,
respectively. Figure 4 shows that for applications involving the calculation of ion chamber response,
systematic differences between the two datasets can be found of the order of 3% to 1.5% for energies
between 20 keV and 50 keV.
XCOM-based photoelectric cross-sections differ from Storrn
Israel data tables by up to 5% over an
energy range of keV to 200 keV. This leads to differences in mass energy-absorption coefficients
(hence collision ken-na) of similar magnitude when photoelectric absorption is the predominant
photon interaction process. Absorbed doses calculated using EGSnrc for applications in
brachytherapy and kilovoltage x-rays systematically change by up to 3
at depth of maximum dose.
EGSnrc calculated ion chamber response in this energy region is affected by up to 3
at 20 keV.
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IMPLEMENTATION OF THE BRAZILIAN PRIMARY STANDARD FOR XRAYS
J.G.P. PEIXOTO
Instituto de RadioprotegAo e Dosinietria (IRD/CNEN)
Rio de Janeiro, Brazil
C.E.V. DE ALMEIDA
Laborat6rio de Ci&ncias Radiol6gicas (LCR/IJERJ)
Rio de Janeiro, Brazil

In the field of ionizing radiation metrology, a primary standard of a given physical quantity is
essentially na experimental set-up which allows one to attribute a numerical value to a particular
sample of that quantity in terms of a unit given by na abstract definition [1].
The absolute measurement of the radiation quantity air kerma, is performed with a free-air ionization
chamber. A great deal of research to determine the absolute measurement resulted in different designs
for primary standard Eree-air ionization chambers such as cilindrics or plane parallel chambers.
The implementation of primary standard dosimetry with free-air ionization chambers is limited to the
National Metrology Institutes - NMIs. Since 1975, the Bureau International des Poids et Mesures BIPM has been conducting comparisons of NMIs primary free-air standardchambers in the medium
energy x-rays range. These comparisons are carried out indirectly through the calibration at both the
BIPM and at the NNE of one or more transfer ionization chambers at a series of four reference
radiation qualities 2].
The scientific work programme of the National Laboratory for Ionizing Radiation Metrology LNMRI of the Institute of Radioprotection and Dosimetry - IRD, which belongs to the National
Comission of Nuclear Energy - CNEN, includes the stablishment of a primary standard for x-rays of
mediun energy x-ray range. This activity is justified by the demand to calibrate periodicaly Brazilian
network of the secondary standards ithout losing quality of the measurement. The LNMRI decided
to implement four reference radiation qualities stablishing the use of a transfer chamber calibrated at
BIPM, see table 2.
The LNMRI decided to implement the primary standard dosimetry using a free-air ionization chamber
with variable volume, made by Victoreen, model 480.
Parameters related to the measurement of the quantity air kerma were evaluated, such as: air
absorption, scattering inside the ionization chamber, saturation, beam homogeneity, influence of beam
size and influences of temperature, humidity and atinosferic pressure. Preliminary determination of
correction factors has showed good results with 99.9
of repetibility and has demostrated the
reliability of the chamber as a standard instrument 3].
Still the work continues to define precisely the behaviour and uncertainty at the free-air ionization
chamber used as Brazilian primary standard for x-ray. However, the preliminary assessments with the
free-air ionization chamber demonstrate the feasibility of using it as a primary standard.
Table 1: Reference radiation qualities stablished by Bureau International
des Poids et Mesures - BIPM. Inherent filtration is 23 mm Al
Voltage (W)
100
135
180
250

Current mA)
5
5
5
5

Aditional filtration (mm)
1.2037 Al
0.2321 Cu
0.4847 Cu
1.5701 Cu

HVL (mm)
4.027 Al
0.494 Cu
0.990 Cu
2.500 Cu

41

IAEA-CN-96-18P

REFERENCES
[1] ALLISY, A. "Metrology, a precursor of quality assurance" (Proc. Inter. Symposium on
measurement assurance in dosimetry) ISSN 0074-1884 (Vienna - Austria) 1993 313.
[2] BIPM, Qualit6s de rayonnement, 1972, Report of the 2d meeting of CCRMRI(l), RI .
[3] PEIXOTO, J.G.P. "Implementation of a primary standard for x-ray exposure", 1991, MSc thesis
(COPPE/UFR - Brazil).

42

IAEA-CN-96-19
XA0203817
EXPERIENCE
WITH
THE
UK
(1PEM)
RADIOTHERAPY DOSINIETRY PROTOCOLS
ELECTRONS 2002)

ABSORBED-DOSE-TO-WATER
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The UK has been using an absorbed-dose-to-water dosimetry protocol for megavoltage photon beams
since 1990. This is based on the UK PSDL (NPL) graphite calorimeter primary standard, which
uniquely then provided direct ND, camber calibration factors for 60 Co and x-ray beams of Quality
Index in the range 062-0.79. These factors can be directly determined, as the NPL operates both a
60CO unit and a variable energy Imiac. The calorimeter and its performance and the transfer from
absorbed dose to graphite to absorbed dose to water have been well described previously 12].
Three NE 2561/261 ionisation chambers are used for convenience as 'working standards' at the NPL
to transfer calibrations from the calorimeter to hospital instruments, which are inter-compared against
these three a water phantom. All 65 UK radiotherapy centres have access to one of approximately
55 local standard systems also based on NE 2561/2611 ionisation chambers, making the
dissemination equipment common fr all centres. These local 'secondary standard' systems are
calibrated at the NPL every three years and hospital field instruments are calibrated against the local
standards at least annually.
The UK Institute of Physical Sciences Medicine (IPSM, now re-named the Institute of Physics and
Engineering in Medicine (IPEM)) provided a dosimetry protocol in 1990 3] to utilise this service and
this superceded the previous air-ken-na-calibration based protocol. There is therefore now up to 12
years experience of operating at hospital level with the absorbed dose to water protocol. There were
initially some problems of up to 1 in correction factors across the quality range between the PSDL
beams and hospital beams, which wre due to differences in matching filtration and hence spectra.
Once these were resolved, all aspects of the calibration system have proved very stable, with
variations in the NDw versus QI curve in a given chamber at different calibration periods being no
more than a few tenths of a percent. This means that subsequent chamber calibrations can be based
on only a few points on the curve. Te standard uncertainty on the calibration factors provided for a
hospital chamber are estimated to be 07%.
The application of the protocol is very straightforward, minimising areas of possible error. This has
resulted in a very stable consistency of dosimetry between radiotherapy centres at different times and
over the range of clinical beam qualities. This has been demonstrated by UK-wide dosimetry
intercomparisons, including photon beam calibration audits, organised by IPEM. The first of these in
the late 1980s 4], when most centres used the older protocol showed the standard deviation of the
distribution of audit-measured/stated doses to be 1.5%. The second in the mid -I 990s [5], when almost
all centres were using the new protocol, showing an equivalent standard deviation of 1%. Whilst
other factors are involved in this good consistency, one factor has been the implementation of the
absorbed-dose-to-water protocol. his close reproducibility of basic calibration dosimetry across the
country has continued to be demonstrated by the regular audits carried out in the UK radiotherapy
dosimetry audit network, which ncludes NPL participation and is organised and controlled by an
IPEM steering group.
More recently the NPL as developed a similar graphite calorimeter system also uniquely able to
provide direct ND,,,, factors for hospital ionisation chambers in electron beams of nominal 4 to 19 MeV
[6]. The beam quality is specified in terms Of 90.D, with
provided as a function of that
parameter. Calibration factors are rovided at the specific reference depth (0.6.R50,D
I CM)
relevant to each beam quality. Chambers and electrometers are calibrated independently, with a full
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recombination assessment of the chamber. An IPEM working party has piloted the transfer of this
calibration service from the NPL to the clinic and has compared doses to those obtained using the
existing IPEM 1996 code of practice based on an air ken-na calibration 7]. Following this, a new UK
(IPEM) protocol has been developed for general clinical use, based on the direct ND, calibration
service [8]. The designated chambers included are the NACP and Roos parallel,plate designs and
graphite-walled Fanner chambers for higher energy beams. Guidance is given on calibration of
beams at the reference depths using the appropriate ND,. and then relating doses from this point to
other points in the beam. Standard uncertainties are estimated to be approximately 1%. Comparing
the dose values obtained to those from the previous ( 1996) protocol 7], the changes in stated dose are
no more than 2 and typically 1%. The protocol is necessarily more complex in operation than the
equivalent photon protocol, but significantly simpler, with significantly reduced uncertainties,
compared to the previous electron protocol.
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At the moment, IAEA presented the final version of new International Code of Practice based on
standards of absorbed dose to water [I], which will be implemented in Brazil gradually, making the
transition from the existing Code of Practice (LAEA 1997) 2] in the country.
In both calibration laboratories in Brazil NMRI and LCI) where the possibility of having an
accelerator is remote, the approach used is to provide radiotherapy centers with a calibration factor in
tenris of absorbed dose to water for the ionization chamber at the reference quality 6OCo, and
theoretically derived quality correction factors for the appropriate chamber type which must be applied
for other beam qualities.
In order to implement the new formalism on absorbed dose to water in Brazil a series of
111tercomparisons have been performed since 1997. The first step was to analyze the long-term stability
of 3 secondary standards (NE 2561 chambers) with traceability to BIPM, in terms of the quantity of
interest. The second step consists to alibrate the transfer and reference standards from LNMRI and
LCI in order to evaluate the ratio ND,,/NKfor such chambers. In a preliminary analysis the ratios thus
obtained were compared to the values obtained by other laboratories (NPL and IAEA-SSDL).
The approach thus adopted at LNMRI and at LCI was to analyze the ratio between calibration factors
in terms of absorbed dose to water to air kerma for 3 transfer standards (NE 2561 chambers) before
offering the calibration service terrns of absorbed dose to water to users. For this purpose a series of
intercompan'sons among these standards was performed in order to establish the behavior of this type
of chamber and furthen-nore to disseminate the calibration for the hospitals in Brazil.
The results obtained for these three N- 2561 chambers shows a good agreement (-+O, 15%) of the ratio
N,,,/N, 10908±0,0037) compared to the ones from NPL 2001
3 and kEA 1998) [5]
respectively. Some clinical dosimeters have been calibrated since then: the ratio ND.,,/NKobtained for
the chambers Nuclear Enterprises NE2505/3A 10971), NE2571 10876) and Wellh8fer IC 70
(1,0877) show a good agreement with the literature values [1]. However, for the Nuclear Enterprises
NE2581 chamber it was found a ratio of 1,0933-+0,0121) which presents the same larger variation as
reported by IAEA [I].
The above intercomparisons as well as the evaluation of the long-term stability of the secondary
standards were realized smultaneously to training courses on the new formalism of absorbed dose to
water, in such way that updated "owledge of the staff laboratory was transferred to hospital
physicists. According to our previous experience with the IAEA Code of Practice 1997 2 those
courses have demonstrated its effectiveness at radiotherapy centers in Brazil, since practical lectures
are conducted 'n the Laboratory, where experimental procedures on absorbed dose determination in
water are largely discussed.
The method adopted in the present investigation will give us confidence on the results thus obtained
and will allow us to provide the calibration factors in ternis of absorbed dose to water for the hospitals
in Brazil. The planned schedule for fully implement the calibration in terms of absorbed dose to water
to users is December 2002, following the same decision of the Nordic countries 3].
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OF RADIATION TERAPY
A. KOSUNEN, P.SIPILA, H. JARVfNEN, R. PARKKINEN, 1. JOKELAINEN
Radiation and Nuclear Safety Authority (STUK)
Helsinki, Finland

A national Code of Practice (CoP) for reference dosimetry of radiation therapy in Finland will be
established during 2002 and will be implemented from the beginning of 2003. The CoP will cover
dosimetry of the conventional radiotherapy modalities used in Finland i.e. external radiotherapy with
megavoltage photon and electron beams, external radiotherapy with low energy kilovoltage X-ray
beams and brachytherapy. The formalisms for external radiation beam dosimetry are those of TRS
389 [1]. For brachytherapy te formalism will follow the general guidelines of TECDOC-1274 2].
The CoP will be prepared by the SSDL of STUK in close co-operation with the Finnish radiotherapy
physicists.
For external beam radiotherapy, the main objective of the national Code of Practice for radiation
therapy dosimetry is to maintain the achieved good level of consistency of the dosimetry procedures
in external beam radiotherapy as the 'absorbed dose to water' based approach of TRS 389 is
implemented in Finland. In the CoP the dosimetry the procedures are described for the whole
dosimetry chain starting from the calibration of the ionisation chambers at the SSDL of STUK and
ending to the calibration of the beam monitor ionisation chamber of a linear accelerator. For
brachytherapy dosimetry the aim is to fix the national practice for reference air kerma rate calibrations
both for radioactive sources and for well-type ionisation chambers.
Although the dosimetry procedures are described independently of the SSDL service, CoP makes use
of the special features of the calibration service offered by the SSDL of STUK. For ionisation
chambers used for photon dosimetry the calibration factors for the user measurement chain are given
not only for the actual reference beam quality 6Co) but also for a set of user beam qualities.
Furthermore, SSDL of STUK offers calibration services for plane parallel ionisation chambers in an
electron beam of a user linae 1,3]. For brachytherapy SSDL of STUK has traceable calibrations for
the reference well ionisation chamber for 137CS, 192 Ir, 1211 and 'O'Pd radioactive sources. In the CoP a
special attention will be paid to the practical aspects of the dosimetry at the radiotherapy clinics.
The implementation of the Finnish CoP is organized through training of the users of the CoP during
the regular site visits by the staff of the SSDL of STUK to the hospitals and through lectures at the
annual meeting with the radiotherapy physicists.
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A paper by the IPEM working party on kV dosimetry.

This paper will discuss the UK code of practice (IPEMB 1996) for the determination of absorbed dose
to water for X-rays below 300 kV generating potential. In this code the energies have been separated
into three distinct regions each with their own method of deten-nining absorbed dose to water based on
a chamber calibrated in air in terms of air kerma:
1) Medium energies (0.5 - 4 mm Cu HVL); for this range calibration at 2 cm depth in water with a
thimble chamber is recommended,
2) Low energy (1.0- m Al); for this range calibration in air with a cylindrical chamber and the use
of tabulated values of backscatter factors are recommended,
3) Very low energy (0.035- 1.0 mm Al HVL); for this range calibration on the surface of a phantom
with a parallel,plate lonisation chamber is recommended.
There has been a lot of uncertainty about the values of the chamber correction factor (kh)for the very
low energy region. A comparison of recent published data revealed that for M23342 and M23344 thin
window chambers kh varied from 1037 to 1066 between 0035 to I nun Al HVL. This is very
different from the value of uuty recommended
the IPEMB code. These values will be adopted in
an addendurn to the code that is due to be published.
This paper then compares the IAEA, AAPM, EPEM and the NSC codes of practice for low and
medium energy x-rays. It is reassuring that the four codes agree in their determination of absorbed
dose to water within experimental uncertainty.
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THE NORWEGIAN SYSTEM FOR IMPLEMENTING THE IAEA
PRACTICE BASED ON ABSORBED DOSE TO WATER

CODE OF

H. BJERKE
Norwegian Radiation Protection Authority (NRPA),
Osterds, Norway
The Norwegian Radiation Protection Authority (NR-PA) SSDL recommended in 2000 the use of
absorbed dose to water as the quality for calibration and code of pactice in radiotherapy. The
absorbed dose to water standard traceable to BPM was established in Norway in 1995 [1]. The
international code of practice, DkEA TRS 398 2] was under preparation.
As a part of the implementation of' the new dosimetry system the SSDL went to radiotherapy
departments in Norway in 2001. The aim of the visit was to:
•
•
•

Prepare and support the users in the mplementation of TRS 398 by teaching, discussions and
measurements on-site.
Gain experience for NRPA in the practical implementation of TRS 398 and perform
comparisons between TRS 277 3] and TRS 398 for dfferent beam qualities.
Report experience ftom implementation of TRS 398 to 1AEA.

The NRPA 30000 cm 3 water phantom is equal to the BIPM calibration phantom. This was used
for the photon measurements in 16 different beams. NRPA used three chambers: N 257 1, NE 261
and PR06C for the photon measurements. As a quality control the set-up was compared with the
Finnish site-visit equipment at University Hospital of Helsinki, and the measured absorbed dose to
water agreed within 06 %. The Fuimish SSDL calibrated the Norwegian chambers and the absorbed
dose to water calibration factors given by the two SSDLs for the three chambers agreed within 03%.
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The local clinical dosimetry in Norway was based on TRS 277. For the site -visit the absorbed dose to
water was determined by NRPA using, own equipment including the three chambers and the hospitals
reference chamber. The hospital determined the dose the same evening using their local equipment.
For the 16 photon beams the deviations between the two absorbed dose to water detenninations for
TRS 277 were in the range

1,7

to

4.0 %, see figure 1. The uncertainty in the measurements was

49

TA]EA-CN-96-23
1% (k=l). The deviation was explained in local implementation of TRS 277, the use of plastic
phantoms, no resent calibration of thennometers, barometers and electrometers.
A new roundtrip was done for electron beams. The aim of this visit was to cross-cahbrate the hospital
plan-parallel chambers in a high energy electron beam and measure absorbed dose to water in
different high energy electron beams. The measurements were performed in the local water tank for
beam data measurements. The absorbed dose was this time compared to the treatment units monitor
calibration. Results from absorbed dose to water measurements for high energy electron beams
showed that compared to TRS 398 the electron beams was off in the range 2,3 to 4,6 %. The
uncertainty of the electron measurements was 1.5 % (k=l).
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The absorbed dose to water calculated from the former air ken-na 60CO standard is at the Norwegian
SSDL 0.5% lower than absorbed dose to water 60CO standard. From calculation one can see that the
CoP TRS 277 give 0.5% to 1.0% higher dose than CoP TRS 398 in high energy photon beams
depending on beam quality. For electrons this deviation is in the range - 03 to 0 I .
The air ken-na standard and TRS 277 CoP give in Norway 1.0
to 1.5
too high doses for high
energy photons, while the dose change for electron beams is smaller than the uncertainty. On site
measurements show higher deviations because of local implementation of a code of practice. The
medical physicists welcomed the visit and requested more visits. This research was done in
cooperation with LAEA, Agreement No. 162 7.
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For deten-nining the absorbed dose o water in a high energy electron beam using an ionization
chamber calibrated in 60CO, the beam quality correction factor k. has to be known. In TRS 398 [1]
k. -values for several chamber types are given. Our aim was to check the consistency of these values
for different ionization chambers.
We measured the absorbed dose t water in our electron beam with the ionization chamber
NE 2561 244. According to [1] this dose is given by
(A) = M (A)

D ""Q

Q

N D(A)" k (A)
Q

where the superscript (A) denotes the chamber used. When using another ionization chamber (B in
this reference field one would expect to obtain the same absorbed dc)se. On this assumption we can
experimentally determine a value for the beam quality correction factor for chamber (B) which is
consistent with that used for chamber (A) in our electron beam. This experimental beam pality
correction factor is given by
D (A)

m

(A)

-N

(B),exp

kQ

M(B)

-N (B)

(A)"
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M(B) -N(B)

Do,,

k

(A)

(2)

Doi,

(13)fllow

The experimentally obtained value can be compared with the theoretical value ko

i

g

OM

fr

P].
Measurements of k Q(B)" were performed at the linear accelerator of the PTB (Philips SL75-20). We
present exemplary results for the ionization chambers N 2571 2906 and M23332 272 using the
highest electron energy available (To = 18.93 MeV ). All ionization chambers were calibrated in the
60CO reference field of the PTB. Repeated independent measurements of the absorbed dose in the
electron beam using chamber NE 2561 244 show a statistical fluctuation with a standard deviation of
U(L,A)

",Q

calibrations

0.05%.

The major part is due to variations of the calibration

(u(NDi,
IAI )=0.045%)

deviation of the average of

Te

uH.(A)

factor in repeated

chamber readings in the electron beam have a standard
0. 0 14%

an example is shown in Fig. 1. Due to these small

fluctuations we can measure relative deviations between beam quality correction factors of about
0.1%.
The experimentally determined k

13),exp -value for chamber NE 2571 2906 is consistent with the
Q
theoretical value following from [1]
ithin the uncertainty limits. For chamber M23332 272, the
experimental value deviates significantly from the theoretical value. Dose measurements using these

chambers', and the theoretical values for kQ following from [1], would therefore lead to values for the
absorbed dose to water differing by about I%. Nevertheless, the deviations between experimental and
theoretical values for both chambers are smaller than the uncertainty stated in [1] for the theoretical
beam quality correction factors (u, k,

1.2%).
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Fig. 1: Time series of the relative deviation from the average for the reading of the ionization chamber
NE 2561 244 in the 20 MeV electron beam of the PTB.
Measurements of k(B)"'
-values yielded the following results:
Q
ionization chamber (B)

2906

M 23332 272

k(B),eV

0.8798

0.8813

Q
k(B)
Q

0.8813

0.8730

-0.17%

0.95%

IB)'CT

(kQ
k (B)

NE 2571

I -100%

Q

For our 0'exp -values an uncertainty analysis based on Eq. 2) gives a combined relative standard
Q
uncertainty of u, (kB"v
Q

0 I I %.

We experimentally determined a consistent set of beam quality correction factors for the ionization
chambers NE 2561 244, NE 2571 2906, and M23332 272 in the
MeV electron beam of the
PTB. Assuming the theoretical beam quality correction factor for chamber NE 2561 244 to be
correct, for chambers N 2571 2906, and M 23332 272, we found deviations between the
experimental and theoretical values for k.

of

-

7

and 095%, respective ly. The relative

uncertainty of the values obtained experimentally is 0 I I%.
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BASED DOSIMETRY PROTOCOLS FOR PHOTON AND ELECTRON BEAMS
M.S.
Q
Jefferson Medical College of Thomas Jefferson University
Philadelphia, Pennsylvania, USA
During the last three decades the Iternational Atomic Energy Agency (LkEA), the American
Association of Physicists in Medicine (AA-PM) and organizations from various countries have
published Codes of Practice (CoP) and dosimetry protocols for the calibration of high-energy photon
and electron beams. They are based on te air-kenna or exposure calibration factor of an ionization
chamber in a 060 gamma ray beam and formalism for the detennination of absorbed dose to water in
reference conditions. In recent years., the IAEA (IAEA TRS-398) and the AAPM (AAPM TG-51)
have published new external beam dosimetry protocols that are based on the use of an ionization
chamber calibrated in ternis of absorbed dose to water in a standards laboratory's reference quality
beam. These two new protocols follow those by the German Standard DIN, the Btish IPSM and the
IAEA Col? for plane-parallel chambers, which have discussed and implemented the procedures for the
determination of absorbed dose-to-water based on standards of absorbed dose-to-water. Since the
publication cf these protocols and CoPs, many comparisons, theoretical as well as experimental,
between them have been published in the literature providing valuable infon-nation about the sources
of similarities and discrepancies that exist among them. For example, the differences in the basic data
for photon and electron beams included in the various AEA CoPs are very small for the second
edition of TRS-277 for photons, TRS-.381 for electrons and TRS-398. In these cases the data changes
posed by the adoption of TRS-398 are within about ±0.3% for the most cominonly used energies.
When implementing TRS-398 in these cases, the main difference will arise from the transition from
K,,i, to D,, standards. For example, experimental comparison of absorbed doses between TRS-398 and
TRS-277 for photons show an avera),e difference of about 03% for most commonly used energies
with a maximum difference of about 1% at a TPR20,10 value of 0.80; for electrons a maximum
difference of about 1% is observed between TRS-398 and TRS-381 and about 1.8% between TRS398 and TRS277 for energies ranging from 618 MeV. The comparison of TRS-398 with TG-51
reveals that photon beam dosimetry agrees within about 0.3% for most commonly used energies. For
electron beam dosimetry, comparison of TRS-398 with TG-51 reveals agreement within about 0.4%
for cylindrical chambers for energies above 10 MeV approximately; however, for plane-parallel
chambers, differences of almost up to 2 is observed between the two protocols. On the other hand,
the agreement for these chambers when cross-calibration procedures are used is excellent. Tis talk
will provide a comprehensive review of intercomparisons of all these protocols. The reasons for the
discrepancies between theory and experiments will be discussed terms of the combined effect of small
data differences and the influence of N,,/NKfor the various chamber types.
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APPLICATION OF THE IAEA CODE OF PRACTICE TRS-398 WITH IONISATION
CHAMBERS CALIBRATED IN A SERIES OF HIGH ENERGY PHOTON AND
ELECTRON BEAMS BY PSDL IN FRANCE AND UK
I.H. FERREIRA', D. MARRE2, A. BEAUDRE, A. BRIDIEW
1ESTRO-EQUAL Measuring Laboratory, Service de Physique, Institut Gustave-Roussy,
Villejuif, France
2Service de Physique, H6pital Henri Mondor, Cr&teil, France
3Service de Physique, Institut Gustave-Roussy, Villejuif, France

The ESTRO-EQUAL laboratory for Quality Assurance in radiotherapy applies the IAEA TRS-398
code of practice (CoP) to detenrimie the absorbed dose to water in clinical radiation beams. The
reference ionisation chambers (IC 70, NE 2571 and NACP) used by the laboratory are calibrated in
terms of absorbed dose to water (ND,,)
a series of high energy photon and electron beams by the
French (BNM-LNHB) and British (NPL) PSDLs. The used ionization chambers are also calibrated in
terms of air kenna in "Co gamma rays.
The present work concerns the application of the IAEA TRS-398 CoP and, the comparison between
the IAEA TRS-398 CoP, TRS-277 and TRS-381 for various high energy photon and electron beams.
A comparison between the beam quality correction factors k for the IC 70 and NACP chambers given
by the TRS-398 CoP and provide by the PSDLs in France and UK is also perfortned.
For the IC 70 welth6fer ionization chamber, the photon beam quality correction factor kQocalc values
given by the RS-398 differ of about 1% from the experimental kQxp values obtained by the BNMPSDL. his difference can be attributing to the water proof film used
the chamber manufacturing
which is not taken into account on the kQ calculations used on the TRS-398 protocol. For the NACP
chamber, the electron beam quality correction factors
Q,, values iven by TRS-398 differ of about
0.4% wth the experimental values obtained by the NPLPSDL for R50 ranging from 1.9 g.Cff2to 66
g.cm-, (by referring Qo to R50 66 g.cff2). The observed difference is up to 14% for the lower energy
electron beam with R50 12 g.cm2.
For photon beams ranging from 60CO gamma rays to 25 MV X rays, dose to water values determined
with the IC70 and NE2571 chambers from the application of the TRS-398 CoP were found to be 1.0
% compared those obtained from the TRS-277 CoP. For high energy electron beams, the absorbed
dose to water deten-nined with the NACP chamber using the ND.w from NPL-PSDL by applying the
TRS-398 CoP, agrees with the dose to water obtained with the TRS-381 Col? within 1.0% for electron
beams qualities R5o ranging from 2 g.Cff 2to 7 g.CTf2.
According to the ESTRO-EQUAL results for 1500 checked photons and electron beams, the use of a
ND.W calibrated chambers combined with the application of the IAEA TRS-398 CoP leads to a better
accuracy on the absorbed dose to water (S]3=1.4%) compared to the Nk-based dosimetry protocols
used in Europe (SD=2.2%).
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TESTING OF THE NEW IAEA CODE OF PRACTICE TRS-398 WITH PHOTONS AND
ELECTRONS AT THE GERN11AN CANCER RESEARCH CENTER HEIDELBERG,
GERMANY
G.H. HARTMANN
Department of Medical Physics, Gennan Cancer Research Center
Heidleberg, Germany
A testing of the new Code of Practice TRS-398 is currently performed within the framework of the
Co-ordinated Research Project (CRP) E2 40.09 of the IAEA. For this purpose, the five ionization
chambers as listed in Tab. I are used. For each chamber a calibration factor was (or will be) obtained
by a Secondary Standard Dose Laboratory (SSDL) in terms of both, absorbed dose to water and air
kenna.
Table
onization chambers for the test
no.
I
2
3
4
5

producer
PTW
PTW
PTW
PTW
Exradin

type
Fanner 30006
Fanner 30002
Markus N23343
Roos 34001
MT1

I = cyl serial number
2 = pp
1
0173
1
0209
2
2891
2
1
0094
1
I
1
214
1

ND,,,

NK

SSDL
SSDL
DKD, Freiburg
DKD, Freiburg
DKD, Freiburg
DKD, Freiburg
DKD, Freiburg
IAEA
DKD, Freiburg I
1AEA
I
1AEA
I DKD, Freiburg I

Up to now, results were obtained with chamber #1 and 2 for photons (Co-60, 6MV and 15MV Xrays) and for C 12 ions with 250 MeV/u.
Each charge was measured with the tNIDOS electrometer (PTW, Freiburg); the reproducibility of the
charge measurements was below 0.1% for photons and 0.5% for C12 ions. Absorbed dose
determinations were performed using TRS 398 (NDw - calibration) for all types of radiation, TRS 277
(NK - calibration) for photons; the Gen-nan DIN 6800-2 recommendation for photons, and a Code of
Practice as described in Phys Med Biol 44 1999) the for C- 12 ions. Results were analyzed in terms of
ratios between D\N, (any protocol) and Dw (NDw TRS 398).
Preliminary results are given in Table 2.
Table 2.

chamber
mean

charge/n
C

TRS 398
TRS 277
(center)
ratio to TRS 398
DIN 6800-2
(center)
ratio to TRS 398
Phys Med Biol 44 1999)
ratio to TRS 398

Co-60

X-ray 6 MV

X-ray 15 W

C-1225OMeV/u

18.10.01

25.10.01

25.10.01

11.12.01

absorbed dose
Gy/min
PTW
PTW
30002 30006
5.553
5.531

absorbed dose
Gy/100NW
PTW
PTW
30002
30006
18.930
18.900

absorbed dose
Gy I ONITJ
PTW
PTW
30002
30006
19.170
19.150

absorbed dose
Gy/calibra on scan field
PTW
0002
30006
3TW
18.005
17.94

0.2957

0.2931

1.0010

0.9912

0.9977

0.9860

0.2941
0.995

0.2926
0.998

0.9950
0.994
1.007
1.006

0.9890
0.998
0.997
1.006

0.9940
0.996
0.988
0.990

0.9850
0.999
0.978
0.992
h

0.990

0.981

o-991
1.001

1.007
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ABSORBED
DOSE CALIBRATION FACTORS
CHAMBERS IN HIGH ENERGY PHOTON BEAMS

FOR

PARALLEL-PLATE

M.R. MCEWEN, S. DUANE, R.A.S. THOMAS
National Physical Laboratory, Queens Rd, Teddington UK
An investigation was carried out to the performance of parallelplate chambers
"Co and W
photon beams. The aim was to derive calibration factors, investigate chamber-to-chamber variability
and provide much-needed information on the use of parallel-plate chambers in high-energy X-ray
beams.
A set of NE2561/NE2611 reference chambers, calibrated against the primary standard graphite
calorimeter is used for the dissemination of absorbed dose to water. The parallelplate chambers were
calibrated by comparison with the NPL reference chambers in a water phantom. Two types of
parall e]-plate chamber were investigated - the NACP 02 and Roos - and measurements were made at
60CO and 6 linac photon ener 'es 6 - 19 NIV). Calibration factors were derived together with polarity
corrections. The standard uncertainty in the calibration of a chamber in terms of absorbed dose to
water is estimated to be ± 075%.
The results of the polarity measurements were somewhat confusing. One would expect the correction
to be small and previous measurements in electron beams have indicated that there is little variation
between chambers of these types. However, some chambers gave unexpectedly large polarity
corrections, up to 0.8%. By contrast the measured polarity correction for a NE2611 chamber was less
than 013% at all energies. The reason for these large polarity corrections is not clear, but
experimental error and linac variations have been ruled out.
By combining the calibration data for the different chambers it was possible to obtain experimental kQ
factors for the two chamber types. It would appear from the data that the variations between chambers
of the same type are random and one can therefore define a generic curve for each chamber type.
These are presented in Figure 1, together with equivalent data for two cylindrical chamber types NE2561/NE2611 and NE2571. As can be seen, there is a clear difference between the curves for the
cylindrical chambers and those for the parallelplate chambers, which is discussed below. The small
difference (around 03%) between the NACP and Roos chambers at the highest photon energies is
within the measurement uncertainties but may indicate a slight difference in chamber response.
A number of chambers were recalibrated six months later to investigate chamber stability. It was
found that the repeatability was generally better than 0.5% and the variations in time appear to be
random. These differences are larger than for thimble chambers, where we have found stability at
better than the 03% level over several years. Parallel,plate chambers in electron beams have also
showed high stability (McEwen et al, 2001), which would indicate that parallelplate chambers are
sensit ive to small variations in the beam quality of photon beams that do not affect thimble chambers.
This data can also be used to derive relative wall correction factors for the Roos and NACP. Good
agreement (within 03%) was found with previous data (Palrn et al, 2000; Nystrom et al, 1993). These
measurements would seem to confirm that p,,,,,, for the Roos chamber given TRS-381 is too low by
around 0.5%.
Parallelplate chambers can be calibrated in terms of absorbed dose to water, but with an uncertainty
larger than for thimble chambers. Chamber stability also appears to be worse than for thimble
chambers. Polarity corrections must always be rasured and applied, as the polarity effect for a
particular chamber is difficult to predict.
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Figure 1. Comparison of experimentally determined k factors for different chamber types
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A NOVEL MICRO LIQUID IONIZATION CHAMBER FOR CLINICAL
DOSIMETRY
K.J. STEWART, J.P. SEUNTJENS
McGill University Health Centre, Montreal General Hospital, Montreal, Canada
Absorbed-dose-based protocols 1,2] recommend calibration of clinical linear accelerators usuig: airfilled ionization chambers for which an absorbed-dose to water calibration factor has been established
in a 60 Co beam. The factor k in these protocols involves the ratio of the mean restricted collision
mass stopping power water-to-air wich is energy dependent. For high-energy cnical photon beams,
the stopping power ratio water-to-air varies by up to 4, whereas for electron beams the variation is
even larger. For certain insulating liquids, however, the stopping power ratio water-to-liquid shows
very little energy dependence, making a liquid-filled ionization chamber a potentially aactive
dosimeter for clinical reference dosimetry. In this work some properties of two liquid-filled ionization
chambers are investigated including ion recombination and variation of response as a function of
energy for photon beams.
In this work we used an Exradm' A14P planar microchamber with chamber body and electrodes
composed of C552 plastic. This chamber was modified, reducing the gap between the cap and
collecting electrode to 0.5 mm. The diameter of the collecting electrode is 1.5 mm and the nominal
sensitive volume of 112 inin' was filled with isooctane. This chamber will be referred to as the
MicroLIC. The energy response of the MicroLIC was compared to previous results 3 measured
using the LIC 9902-mix chamber, developed by G. Wickman of Umefi University, Sweden. The
sensitive volurne of this chamber has a diameter of 25 mm, thickness of 035 mm and is filled with
60% sooctane, 40% tetramethylsilane by weight. The linear accelerator used was a Vanan Clinac
21EX with nominal photon beam energies of 6 and 18 NV. Measurements were done in a
2Ox2Ox2O cm3 RMI Solid Water:rm phantom at 10 cm depth with a I OX 10 CM2 field at the phantom
surface. Absorbed dose was determined using an Exradin A12 chamber with an absorbed-dose to
water calibration factor for 6OCo established at a primary standards laboratory. Corrections were
applied for pressure, temperature, polarity and recombination according to the TG-51 protocol, and kQ
values from TG-51 were used along with a correction factor kph to account for differences in
interaction properties of Solid WaterTMversus water. kph was deten-nined by Seuntjens et al. 4 and is
1.000 and 1006 for the 6 and MV beams respectively.
Ion recombination
Johansson et al. [5] investigated general recombination in liquid ionization chambers by applying
Boag's theory for gasses. We initially followed ts method. The chamber response as a function of
polarizing voltage between 600 V and 1000 V was studied. he SSD was set to 2 n to obtain a low
dose per pulse, making general recombination negligible. The lowest pulse repetition frequency
(100 W/min setting) was used to ensure complete charge collection between pulses. The relation
between ionization current and electric field strength was linearly fitted such that i = C] +C 2 E) D5
where i is the ionization cur-rent, E is the applied electric field and
is the dose rate. The fit
constants depend only upon initial recombination and were deterniied at the low dose rate. Since
they were assumed to be dose-rate independent, they were used to detennine the predicted ionization
current in the absence of general recombination at a higher dose rate, which could then be inserted
into Boag's formula [5] to determine the general collection efficiency. In our case, however, the
predicted current was lower than the measured current, indicating that the Johansson model was
inadequate to determine the current in the absence of general recombination. Therefore, for the
purpose of this work, we estimated the general recombination using Boag's formula with the
measured current.
Energy response
The response of the MicroLIC was measured on two separate days for the 6 and 18 MV beams with
an SSD of 100 cm. he pulse rate setting was 100 MU/min to enable complete charge collection
between pulses. Measurements were taken with polarizing voltages of and -I 000 V to account for
polarity effects and recombination was corrected for as described above.
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Table 1. (a) Fit constants from McroLIC response as a function of applied electric field. (b) Ion
recombination and polarity corrections for the MicroLIC for 6 MV and 18 MV photon beams.
Fig. 1. (a) shows the MicroLIC current as a function of applied electric field measured at the low dose
rate. The dose rates were 293 mGy/s;md 357 mGy/s for the 6 and 8 MV beams respectively and fit
constants are shown in Table 1. (a). The relative calibration factors of the MicroLlC, LIC 9902-mix
and Exradin A12 as a unction of beam quality for photon beams are shown in Fig. 1. (b). Values are
normalized to the calibration factor for the 6 MV beam. Table 1. (b) shows the ion recombination and
polarity corrections applied to the MicroLIC measurements. Note that Pion is determined using the
measured ionization current, not the current in the absence of recombination estimated using
Johansson's [5] model.
The ratio of the average calibration factor at 18 MV to 6 M was 0982±0.004 for the MicroLIC
while for the LIC 9902-nux it was 1000±0.003. Comparison with the ratio for the air-filled A 12
chamber 0.973) indicates that liquid-filled chambers, consistent with expectations, tend to have
superior energy-dependence characteristics. More investigation into the reproducibility of the
MicroLIC response as well as ion recombination for this chamber is required. Also, modifications to
the chamber design are being considered.

REFERENCES
[1] ALMOND, P. R., BIGGS, P. J., COURSEY, B. M., HANSON, W. F., HUQ, M. S., NATH, R.,
ROGERS, D. W. O., AAPM's TG-51 protocol for clinical reference dosimetry of high-energy
photon and electron beams, Med. 11hys. 26 1999) 1847-1870.
[2] IAEA INTERNATIONAL ATOMIC ENERGY AGENCY, "Absorbed Dose Determination in
External Beam Radiotherapy based on Absorbed-Dose-to-Water Standards: An international Code
of Practice for Dosimetry", Technical Reports Series No. 398, IAEA, Vienna, 2000).
[3] STEWART, K. J., SEUNTJENS, J. P., ROSS, C. K., WICKMAN, G.1 Investigating a liquid
ionization chamber as a beam quality independent dosimeter, (AAPM Annual Meeting Salt Lake
City, Utah, 2001), Med. Phys. 28 (.2001) 1244.
[4] SEUNTJENS, J., OLIVARES, M., EVANS, M., PODGORSAK, E., Dose transfer methods for
QA procedures used in the clinical implementation of TG-5 1, (AAPM Annual Meeting Salt Lake
City, Utah, 2001), Med. Phys. 28 (.2001) 1289.
[5] JOHANSSON, B., WICKMAN, G., BAHAR-GOGANI, J., aneral collection efficiency for
liquid isooctane and tetramethylsilane in pulsed radiation, Phys. Med. Biol. 42 1997) 1929-1938.
59

L4,EA-CN-96-30
XA0203828
CORRECTING FOR ION RECOMBINATION EFFECTS IN IONIZATION
CHAMBERS CONSISTENTLY IN CONTINUOUS AND PULSED RADIATION
K. DERIKUM
Physikilisch-Technische Bundesanstalt
38116 Baunschweig, Germany

Corrections of ionization chamber readings for charge recombination effects require special care the
corrected value is intended to deviate from the value for complete charge collection by less than about
0.1 %.
In pulsed radiation the recombination correction is obtained experimentally by extrapolating the
inverse of the chamber reading M as a ftinction of the inverse of the polarizing voltage U to I U = .
This method corrects for both initial and volume recombination and for charge loss by diffusion as well,
since all effects depend linearly on 11U. Seuntjens et al. [1] showed that in most cases an empirical fit
by Defflwm and Roos 2] on data of various chamber types agrees with measurements within 0. 0 1
In continuous radiation,notably 6OCo beams, recommended correction procedures are based on a
linear dependence of I M on I U2 31. This accounts for volume recombination only, neglecting initial
recombination and diffusion. However, for dose -rates typical of reference fields at standards
laboratories, the situation is opposite: volurrie recombination can be neglected but intial recombination
and diffusion loss should not.
Fig. I shows 11M versus l1U for ionization chambers of types NE2561 and NE2571 in 60CO radiation
under reference conditions at a dose rate of 04 Gy/min. The readings M are corrected for air density,
polarity of polarizing voltage and Co decay.
Linear fits describe the data very well. Extrapolation to I U = yields corrections - depending on the
polarizing voltage - between 0 I
and 02 %. As expected for initial recombination and diffusion the
values are nearly independent of the dose rate. Their magnitude is consistent with theoretical
expectations for initial recombination and dffasion. On the other hand, volume recombination is
expected to be less than 001
Neglecting initial recombination and diffusion when calibrating ionization chambers in 6OCo beams is a
potential source of inconsistency with dose measurements in pulsed beams. hi various cases correction
procedures based on a linear dependence of 11M on 1U2 are not appropriate. Accurate dosirnetry
requires that the calibration certificate states how the recombination correction has been applied.
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ELECTRON BEAM DOSIMETRY IN TRS-398:
THEORETICAL vs EPERIMENTA kQ VALUES. INFLUENCE ON
VARIOUS PLANIE-PARALLEL CHANIBER CALIBRATION MODALITIES

OF TIM

P. ANDREO, M. WESTERMARK
Medical Radiation Physics, Stockholm University and Karolmiska Hospital, Stockholm, Sweden
M. McEWEN, A. R. DUSAUTOY, R. THOMAS
lonising Radiation Metrology, National Physical Laboratory, Teddington UK

T'he formalism in the ternational Code of Practice for radiotherapy dosimetty, IAEA TRS-398 [11,
based on absorbed-dose-to-water standards,
ludes te various ionization chamber calibration
modalities available 'Mnational standards laboratories, from 60CO to direct calibrations in high-energy
photon and electron beams. The first recommendation of TRS-398 is for ND,,,,,, calibrations at a
reference quality Q, together with experimentally derived beam quality factors kQ,, alternatively,
ND.,,. 0 at a series of qualities Q). When ND,,,, chamber calibrations in Co are the only calibration type
available to the user, TRS-398 provides theoretically determined kQ, factors.
In the case of photon beams, a comparison between theoretical and experimental kQ values measured
at various PSDLs showed good agreement with most laboratories within their stated uncertainties 2],
providing support to the theoretical data in TRS-398. For electron beams the lack of absorbed-dose-towater standards has not allowed so far a similar comparison. Only since recently, calibration factors
ND.,,..o measured directly in electron beams have become available at the NPL in UK 3,
complementing the earlier service of the same type for high-energy photon beams 4].
This work compares theoretical and experimental kQo values for high-energy electrons, and
investigates the differences between the various TRS-398 recominendations for the determination of
D,, in electron beams using plane-parallel chambers, depending on the type of calibration available for
these chambers. D,,. has been detennined in the following four cases:
(a) chamber with a ND,,,. chamber calibration in 60CO; theoretical kQ values from TRS-398
(b) chamber cross-calibrated in a 20 MeV clinical electron beam against a Fanner NE-2571 (with
graphite central electrode) having a ND.,, chamber calibration in 60CO; theoretical kQ"values from
TRS-398
(c) chamber with a ND,,Q0 calibration in an electron reference quality Q,; theoretical kQo values
from TRS-398
(d) chamber with a ND.,,.,Qo calibration in an electron reference quality Q; experimental k1Q0 values
from NPL
Plane-parallel chambers of the type NACP-02 and Roos have been used in clinical electron beams
with nominal energies between 20 MeV. These chambers and the Fanner had been calibrated in
terins of ND,, in 6Co at different SSDLs (1AEA and Sweden). The 0ane-parallel chambers have
been calibrated at the NPL at a series of electron qualities 4-19 MeV); we select R50=3.48 cm (-10
MeV) as reference quality Q, and kQ values as a ftinction of R50 are derived from the ND,,,.Q
calibrations for the NPL qualities. The experimental values of kQo for the clinical beams are derived
by interpolation. The highest NPL quality of 660 cm sets an upper limit to the data usable in our
clinical beams, with qualities up to 847 cm 21 MeV), but extrapolation has been used here for
completeness of this study.
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Figure I (left) shows ratios of theoretical (from TRS-398) and experimental (interpolated from NPL
calibrations) kQo values for igh-energy electrons, using o=3.48 cm (-IOMeV), for two chambers
of each type. For the NPL range of qualities the maximum discrepancy found is 0.5% at the lowest
energy, being on the average around 40.2-0.3%. Small chamber-to-chamber differences, ignored in the
theoretical values, can be observed. Pius, the agreement in the most conunon region of clinical interest
(6-12 Me'V) is excellent. In the extrapolated region, differences can be up to 1% but these cannot be
confirmed experimentally. As all camber perturbations are assumed to be negligible, only the
stoppmg-power ratios at igh energies can be a possible reason for the observed larger discrepancies.
Figure 2 (right) shows ratios of D., obtained using various methods, to that obtained using N.,,,,Q,,
calibrations with Q,=3.48 cm (-10MeV) together with experimental kQ,,. values. Measurements are
for five qualities (one accelerator) and one chamber of each type; these will be complemented for
various other combinations. All the initial results lie within the uncertainties estimated in TRS-398, and
in the case of the Roos PTB-FK6 chamber the different methods agree within 0.5%; the gap
between the cross-calibration and the other two methods is consistent with previous observations [5,
6]. The deviations of up to 14% for the NACP chamber are unexpected, especially considering the
agreement for koQ and the consistency of all metrology standards involved. The 6OCo-based and
cross-calibration D,, results are consistent with each other and agree better than for the Roos
chamber; they have in comition the use of chamber perturbation factors at 60CO wich may be related
to the discrepancies shown even if data for the NACP chambers are considered to be well known.
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2Medical

The 1AEA calibrates ionization chambers, used in radiotherapy, for its Member States. The
calibrations are either for Secondary Standards Dosimetry Laboratories (SSDLs) or hospitals from
countries without a SSDL. For that purpose, the IAEA calibrates mainly reference class instruments
that are in turn used to cross-calibrate field class instruments at the hospital. Typically, the IAEA
calibrates about 30-40 ionization chambers per year, of which about half are new chambers purchased
by the LNEA for its Member States using Technical Cooperation funds. The IAEA database includes
the calibration coefficients of 189 reference class ionization chambers of the following types: N2561/2611, NE-2571, W30001/W-30010. The results of the calibrations and recalibrations of the
ionization chambers in terms of air kerma and absorbed dose to water are presented and discussed. The
ratio of 60CO calibration coefficients ND,,,/NK, labelled CK, was determined for all chambers. The
results for the various types of chambers are given in Table 1. The use Of CK as a chamber dependent
parameter and quality control indicator to check the results of the routine 1AEA calibrations is
discussed.
Table 1: Average
Chamber type
NE-2561/261 A
NE-2571
PTW-30001/30010

CK

values measured at the IAEA Dosimetry Laboratory
Number of chambers
40
70
68

Average CK value
1.091 0.001
1.097 ± 0.001
1.095 ± 0002

In the process of its routine calibrations, the IAEA identified a specific problem related to the W30001 ionization chambers. The stability of these chambers was found to exceed the 0.5% tolerance
limit set by the International IIEC standard (Figurel). Other SSDLs reported similar findings. The
manufacturer stopped the production of these W30001 chambers to investigate the reasons for this
anomalous behaviour. After identifying and correcting the problem, the manufacturer produced a new
type of ionization chamber. Five of these chambers were tested at the IAEA and found to be within the
tolerance limit (Figure 2.
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REFERENCES
[1] International Electrotechnical Commission, Dosimeters with ionization chambers as used in
radiotherapy, IEC-60731, 1997)
[2] LAEA International Atomic Energy Agency, Absorbed Dose Determination in External Beam
Radiotherapy: An international Code of Practice for Dosimetry Based on Standards of Absorbed
Dose to Water, Technical Report Series No. 398, IAEA Vienna, 2000)
[31 LkEA International Atomic Energy Agency, "Calibration of Dosimeters Used in Radiotherapy",
Technical Report Series No. 3 74, IAEA Vienna, (I 994)

65

1AEA-CN-96-33P

XA0203831
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Helsinki, Finland
In Finland, plane parallel (pp) ionization chambers have been used more than ten years for absolute
dose measurements in electron beams of radiation therapy accelerators, for energies below 15 MeV.
Before 1997 all pp chambers were calibrated in a 60CO gamma beam at the Finnish SSDL (STUK) for
air
na. Since 1999 all pp chambers have been calibrated by STLJK in accelerator electron beams.
The local absolute dose measurements (beam calibrations) at hospitals are verified every second year
by independent comparative dose measurements by STUK, carried out by ionization chambers during
a site visit. All absolute dose measurements are done in a water fantom. The acceptable conditions of
the beam for the calibration are always verified by the measurement of beam profiles and depth doses.
In regular site visits at the time of 6Co beam calibrations, discrepancies larger than 3
in
comparative dose measurements between STUK and the hospitals were constantly observed with
some of the hospitals' chambers, despite the chambers had had recalibrations at a OCo beam. Based
on further studies and preliminary electron beam calibrations of those problematic chambers, it
became clear that pp chambers had individual characteristics as for the 61 Co beam calibration [1].
Therefore, it was dcided to introduce an electron beam calibration as the routine method for the pp
chambers. By the help of the electron beam calibrations, discrepancies in the comparative dose
measurements between STUK and hospitals generally diminished to less than I .
The first electron beam calibrations were made by manual construction and it was not sure if
repeatability was good enough. herefore a high precision jig for pp chamber calibration was
constructed. In the precision jig, all chambers are fixed positions and the only movement in the
calibration process is to slide a sledge to change the reference cylindrical chamber 0,6 CM) to the pp
chamber to be calibrated. The depths of the chambers in water are adjusted beforehand so that in the
calibration process the chambers itself are uitouched. Effective points of the two chambers are
adjusted to the same depth as is recommended in the TRS 381 3.
During 1999 the LAEA Code of Practice TRS 381 was implemented in Finland and all 16 NACP-type
parallel plate ionization chambers were calibrated in electron beams. After that comparative absolute
dose measurements were continued during regular site visits by staff of the STUK. Absorbed dose to
water is measured at the depth of dose maximum in water as recommended in TRS 277 2] and
TRS 381 3.
The results of comparative absolute dose measurements with pp chambers are shown in Fig. I Results
from 1995-1999 with 60CO calibration (n = 136) yielded 0,8
average difference (s.d 14 %) and
from 1999-2001 with electron beam calibration (n = 126) 0,0 average difference (s.d 07 %).
From the beginning of 2003 the LAEA Code of Practice TRS 398 4] will be implemented in Finland.
During 2002 absolute dose values at all electron energies above 15 MeV are measured on site visits
additionally in depths defined by TRS 398, and the possible differences are analyzed. Preliminary
results show slight differences (less than 0,5 %) that can mostly be due to positioning uncertainty.
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Figure 1. Differencies between absolute dose values at a reference point in electron beams measured
by STUK and by the Finnish hospitals. Measurements are done with NACP-type pp chambers during
site visits to the hospitals.
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The Bjerke phantom, figure 1, was constructed to fulfil the recommendations given in the TRS 398
[1] for measurements in 6OCo, high-energy photon and electron beams. The protocol recommends at
least g CM-2 beyond the maximum depth of measurement and beyond all four field-sides employed
at the depth of measurement. The phantom would be used in reference dosimetry and cross
calibrations in high-energy electron beams. A field size of I5xI5 cm2 and a measuring depth down to
10 cm is possible. The outer dimensions of the phantom are 26x27xl8 CM3 and are made of mm
PMMA in the walls and 15 mm PMMA in the bottom. The bottom is equipped with three levelling
screws to stand on. It is only made for vertical beams.

Figure I The Bjerke phantom for cross calibration and reference dose determinations. Equipped for
FC65-G waterproof cylindrical chamber, and Roos and NACP plane parallel chambers.
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At this stage of development measurements may be performed with FC65-G waterproof cylindrical
chambers, Roos and NACP plane parallel chambers. The plane parallel chambers and the axis of the
cylindrical chamber are fixed to a holder horizontally, and the reference point of the cylindrical
chamber is 0.5 ry, beyond the reference point of the plane parallel chamber. The holder is constructed
in a way that it is possible to exchange chambers in a single movement; the chamber may be moved
horizontally so that the reference point of the cylindrical chamber or the plane parallel chamber can
intersect the beam axis at reference depth.
The holder used for cross calibration of the chambers in electron beams is fixed to two vertical screws
connected by a tooth belt. The chambers may be positioned vertically in the water phantom with the
help of two wheels on the top of the phantom. The resolution is better than 0.1 mm. In order to
calibrate the depth of the chambers a distance stick is made for the holder of the plane parallel
chamber. This brings the reference point to 50.0 mm depth in water when the stick just touches the
water surface. A distance stick 2] is also fitted for the cylindrical chamber to get the correct depth for
this chamber as well. In this case the reference point on the cylindrical chamber axis will be 0.5 ry,
beyond 50.0 mm depth. A scale on oe of the wheels is a meter to position the chambers in zref On
three sides of the phantom makers for each mm may be used for a rough test of the set depth.
The phantom is made for cross calibration of plane parallel chambers in electron beams. For this setup two reference diodes will be used at 50 mm depth in water in the comer of the beams as monitors.
The phantom will be tested against full scatter phantom to show its behaviour in different beams.
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THE EFFECT OF WATERPROOFING SLEEVES ON THE RESPONSE OF FARMER
LIKE IONIZATION CBIAMBERS
M. ARIB, M. BOUCHEFER, A. TOUTAOUI
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Centre de Recherche Nucl6aire d'Alger, Algeria
According to most recent dosimetry protocols, the determination of the absorbed dose to water for
photon and electron beams should be performed with non-water-proof ionization chamber along with
plastic waterproofing sleeves whose thickness should be less than I mm. In these protocols, the
correction for the waterproofing sleeve is incorporated in the equation of the perturbation factors,,,,,,.
Many SSDI-s and hospitals were previously provided with thicker sleeves and are probably still using
them for routine calibrations.
The objective of the work presented in this paper is to investigate the effect of the waterproofing
sleeves on the response of a VvELLHOFER IC 70 ionization chambers in a OCo and two igh energy
X-ray beams, 6MV and 18 NW. This chamber is inherently waterproof, thus, the ionisation current
obtained with sleeves of different thickness is compared to the current obtained without sleeve. The
results are improved by performing, for each thickness, at least two series of measurements with and
without sleeve.
The results show that with 60CO, the ionization response increases from 0.08 to 047
for sleeves
from 075 nun to 175 mm. For 6 MV and 18 MV X-rays, the signal decreases respectively by 0.8 %
and I %. When taking into account te perturbation correction factor including the waterproofing
sleeve component, the ratio R/F, , where R is the product of the chamber signal and the perturbation
factor (the subscript is for the response without sleeve) is increasing from 0 14 to 0.55
for 60 Co.
For X-rays, this ratio decreases up to 075 and 059 respectively for 6 MV and for 18 Mv.
Similar results are obtained with FARMER like ionization chambers.
Note: this work is being supported by the IAEA under CRP E2.10.04.
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Fig. 1. The effect of waterproofing sleeve thickness on the response of a FARMER like ionization
chamber: open symbols are for the chamber response ratios, filled symbols are for the ratios of the
products R x Nall. This product has larger uncertainty (0.5 uncertainty over Nall as stated in TRS
398).
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IONIZATION CHAMBER WTH BUILD-UP CUP SPECTRAL SENSITIVITY TO
NIEGAVOLTAGE 0.5-20 MEV) PHOTON FLUENCIES IN FREE AIR
G.E. GORLACHEV
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In-air measurements of photon beam properties, used in radiation therapy, is common practice for
determining radiation output dependence from the field size, known as head scatter factors (HSF).
PMMA and brass build-up caps are most popular miniphantoms for providing electron equilibrium.
Discrepancies up to 2 in HSF measurements by different combinations of detectors and equilibrium
caps have been published 1-3]. One of the main reasons of those discrepancies is the detector system
spectral sensitivity and differences in pmary and scatter radiation spectra. In the light of new model
based dose calculation methods direct radiation fluence measurement is of great interest. So,
understanding of detector spectral sensitivity is important task for modem dosimetry of radiation
therapy.
In the present study Monte Carlo (MC) method was employed to calculate ionization chamber
response to monoenergetic photon fluences, normalized to water kenna uits. Simulation was done
using EGS4 package. Electron transport was performed with ESTEPE equal to 4. PEGS cross
sections were generated for maximal energy 20 M eV with cutoff kinetic energy 10 KeV both for
photons and electrons.
Scanditronix RK-05 ionization chamber was chosen as a prototype. Eight cylindrical miniphantoms,
representing four materials (PMMA, Al, Cu, Pb) and two front wall thickness, were simulated.
Results are presented in the Fig. . Miniphantom front wall thicknesses in each case are shown in the
figure. Diameter depends on the material and equal respectively: PMMA - 4 Al - 25, Cu - 1.5, and
PB - .5 cm. Ionization chamber outer diameter is equal to 07 cm.
Detector sensitivity has considerable energy dependence. Two effects explain it. First is the radiation
attenuation
the miniphantom. Second is pair production, which dominates in high atomic number
miniphantoms for energies above MeV. Depending on the miniphantorn material detector response
changes from 1.5 to times in the energy range from 0.5 to 20 MeV. Correct radiation fluence
measurement requires knowledge of spectral variations in the measurement conditions. This
information is not normally available. However, MC based dose calculation methods and radiation
source models for them assume some spectra. So, in-air profile scans can be used for source model
commissioning.

REFERENCES
[1] LI .A., SOUBRA M., SZANTO J., GERIG L.H. Lateral electron equilibrium and electron
contamination
measurements of head-scatter factors using miniphantoms and brass caps. Med. Phys - 1995 - Vol. 22 - P. 1167.
[2] HEUKELOM S., LANSON J.H., MUNHEER 13J. Differences in wedge factor determination in
air using a PMMA mini-phantom or a brass build-up cap. - Med. Phys - 1997 - Vol. 24 - P. 19861991.
[3] JURSINIC P.A., THOMADSEN B. Measurements of head-scatter factors with cylindrical
build-up caps and columnar miniphantorns - Med. Phys - 1999 - Vol. 26 - P. 512-517.
[6] C.K. ROSS, K.R. SHORTT, "The effect of waterproofing sleeves on ionization chamber
response," Phys. Med. Bol. 37 1992) 1403-1411
72

IAEA-CN-96-36P

4

5

4
3
3

2

UZ

4cmPMMA
cm
0

Al
A

.11-Ij
0

1
10
Energy, MeV

0

100

0

12

1
10
Energy, MeV

100

8
7

10
6
8
5
Q; 6

a; 4

CL

CL
4

2

0

00

3

1

Energy, MeV

cm
0 cm P

1

10 1000 0

1

Energy, MeV

10 100

Fig. 1. Ionization chamber with build-up cap energy response, expressed in units of the photon
fluence water kenna. Graph labels indicate cap front wall thickness.

73

IAEA-CN-96-37P

XA0203835
ACCURATE CHARACTERIZATION OF KILOVOLTAGE XRAY UNITS FOR
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Predicting x-ray spectra is of pimary interest in radiological physics. Ms is because spectra provide
a complete description of the x-ray beam and directly affect patient dose, ion chamber readings and
image quality. Monte Carlo simulation is a very useful tool for obtaining an accurate characterisation
of these beams.
The BEAM/EGS4 [I] Monte Carlo radiation transport code was used to model the x-ray unit (Pantak
lif 160) of our SSDL to obtain an accurate beam "phase-space" as put for dose calculation in
diagnostic medical applications.
A full simulation of the x-ray unit was done by incorporating the primary electron beam, the tungsten
target and its angle, the Be window, the collimating devices, the additional filters, the diaphragm, the
monitor chamber and the water phantom for dosi-metry.
The phase space was investigated to provide x-ray energy spectra in air and hence to calculate first
and second HVLs, homogeneity coefficients and air kenna for the beam qualities described in Table
1 oiginally developed by the IAEA for our SSDL.
HVLs and air kenria were calculated from the predicted spectra from the modeled phase space for a
10 cm radius field and show agreement with experimental values to within 35% and 16%
respectively. In a similar study, Verhaegen et al 2 found good agreement between measured and
calculated spectra, HVLs and PDDs for two kilovoltage x-ray units.
The resulting phase-space was used to compute relative dose distributions in water. In this part, good
agreement between calculated and measured PDDs, ' a cubic water phantom for a I0-cm radius field
was found (Fig. 1).
It is oncluded that the modeled phase-space is acceptable for dose calculation and calibration either
in diagnostic radiology or in kilovoltage radiotherapy.
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Table 1: Radiation qualities for the Pantak hf16O xray unit. First HVLs and second HV`Ls were
measured (in either mm Al or m Cu). The homogeneity coefficients (HC), for the measured
Ls
are given.
Tube potential
(W)
70
80
100
120
135
150

Added
filtration
(mm)
0.1 Cu I Al
0.1 Cu I Al
0.1 Cu +I Al
0.1 Cu I Al
0.25 Cu I Al
2.5 S
I Al

First HVL
(mm)

Second HVL
(mm)

HC

3.36 Al
3.85 Al
4.70 Al - 0 17 Cu
5.50 Al - 02225 Cu
8.35 Al - 0435 Cu
2.2 Cu

4.44 Al
5.00 Al
6.45 Al - 03088 Cu
7.60 Al - 04475 Cu
10. 15 Al - 0765 Cu
2.35 Cu

0.76
0.77
0.73 Al - 0.55 Cu
0.72 Al - 0.50 Cu
0.82 Al - 057 Cu
0.94 Cu

140.0 -

120.0

measured PDD
100.0

0

calculated PDD

80.0

60.0

40.0 -

20.0

0.0
0.0

5.0

1(.0

15.0

20.0

25.0

30.0

35.0

depth (cm)
Fig. . Percentage depth doses calculated by BEAM/EGS4 and measured in a water phantom, with a
field of IO cm radius at an SD of I 0 cm. The beam quality is I 0 kV, I mm Al 0 I mm Cu added
filtration (HVL 47 mm Al).
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2Medical

This paper describes the methodology, measurements, evaluation and analysis of the 1AEA comparison
programme of calibration coefficients in radiotherapy dosunetry within the IAEA/WHO network of
Secondarv Standards Dosimetry Laboratories (SSDLs).
During the decade that followed the establishment of the LkEA/WHO network, the activities of the
IAEA towards the SSDLs aimed mainly at the establishment of the necessary infrastructures,
especially in developing countries. Since then, more laboratories have joined the network and the scope
of their work is continuously expanding. Today, quality assurance programmes have become an
essential component of the IAEA activities.
To ensure that the services provided by SSDL members to end-users follow internationally accepted
standards, the IAEA has set up two comparison programmes. The first relies on the LA.EA/VHO
postal TD service. he second programme uses ionization chambers to help the SSDLs verify the
inte
of their national standards and the procedures used for the transfer of the standards to the
end-users. A tentative programme introduced
1986 was discontinued for reasons of cost and
reliability. In 1995 a new ITogramme was initiated using ionization chambers. In the new programme,
SSDLs were requested to participate using their own ionization chambers, as transfer instruments. The
chambers are calibrated at the SSDL, sent to the LAEA for calibration, and recalibrated again at the
SSDL A pilot study was organized in two runs to test the procedure. A total of 17 laboratories
participated in this pilot study. Following the positive feedback received from the SSDL network
members, it was decided to set-up the comparison programme as a routine service. If the deviation
between the IAEA and the SSDL measurements exceed the acceptance level of 1.5% a follow-up
action is initiated to resolve the discrepancy.
Since 1997, 42 laboratories have participated in this comparison programme, although only 33
laboratories have effectively completed the process. The results from six participants were outside the
acceptance limits. e reasons for the deviations were analysed and corrected.
As part of its own quality assurance progranu-ne, the LAEA has participated in a regional comparison
organized by M during 2001-2002. In addition to the IAEA, four other SSDLs from Latin America
have participated
the SIM comparison as well as in the LAEA comparison. Taking into account the
differences
the primary standards to which the various SSDLs are traceable, the results of the
IA-EA-SIN4 comparison show good consistency and demonstrate the robustness of the international
measurement system in radiotherapy dosimetry.

76

LAEA-CN-96-38P

1.05

A, K& Ab..,bd D-

1.04

0

t. W.t.,

Amk-ft,fi-

A6 Ab-.dd.-I..W-ft.--ti-

1.03
1.02
LLI 1.01
1.00

ui
+1

.99
.98
.97
.96
.95
0

10

20

30

40

50

SSDL No.

REFERENCES
[1] MEA International Atomic Energy Agency, the SSDL Network Charter, IAEA Vienna, 1999)
[2] IAEA International Atomic Energy Agency, "Calibration of Dosimeters Used in Radiotherapy",
Technical Report Series No. 374, LkEA Vienna, 1994)

77

LAEA-CN-96-39
XA0203837
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Main aims of patient dosimetry in diagnostic and interventional radiology are to determine dosimetric
quantities for establishment and use of guidance levels [1] or diagnostic reference levels 2] and for
comparative risk assessment. In the latter case, the average doses to the organs and tissues at risk
should be assessed. Only limited number of measurements serve to potential risk assessment of the
examination and intervention. An additional objective of dosimetry in diagnostic and interventional
radiology is the assessment of equipment performance.
Ionization chambers are the main devices used for dosinietric measurements in diagnostic and
interventional radiology but other devices with special properties are also used. nportant examples
are thermoluminescent detectors (TLDs) and semiconductor detectors. For most dosemeters used in
x-ray medical imaging the desired quantity for calibration of dosemeters is the air kerma free-in-air.
Calibrations should be made at appropriate radiation qualities, for which recommendations are
available for conventional radiology 3 It is important that the calibrations are traceable to the
international measurement system. The uncertainty of dose measurements in medical x-ray imaging,
for comparative risk assessments as well as for quality assurance, should not exceed about 7 per cent
[4] ' terms of the expanded uncertainty using a coverage factor of 2.
The dosimetric approaches

general diagnostic radiology, mammography and computed tomography

are slightly different, resulting in application specific dosinietric quantities. Consequently, different
protocols for patient dosimetry are available for these different purposes.
In general diagnostic

radiology, various quantities

and terminologies

have been used for the

specification of dose on the central beam axis at the point where the x-ray beam enters the patient (or
a phantom representing the patient). These include the exposure at skin entrance (ESE), the input
radiation exposure, the entrance surface air kenria (ESAK), the entrance air kerma, the air kerma, the
entrance surface dose (ESD), the entrance skin dose (ESD) and the integral skin dose. Different
names are used for the same quantity, e.g, entrance surface air kerina, air kerma and entrance air
kerma. The same abbreviation ESD is used for both entrance surface dose (absorbed dose most Rely
expressed in air) and entrance skin dose (absorbed dose most likely expressed in skin tissue). Similar
problems exist for dosimetry in mammography and CT.
The present situation in dosimetry for medical x-ray imaging clearly indicates the need for dose
quantities recommended for the different applications and the need for a harmomsed system for
names, symbols and units. This has been recognised by the International Commission on Radiation
Units and Measurements (ICRU) and resulted
the establishment of an ICRU Report Committee on
patient dosimetry in medical imaging. The report proposes a hanTionised system of quantities and units
for patient dosinietry ' medical imaging using x-rays. New symbols are proposed for various
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quantities. General infori-nation is provided on measurement methods, cluding various aspects of
calibration of dosemeters, and methods of detenrimmig organ and tissue doses.
The International Atomic Energy Agency kEA) is developing an 'international code of practice for
dosimetry in ray diagnostic radiology [5]. ne main objective of the code of practice is to help to
achieve and maintain a high level of uality in dosimetry, to improve the implementation of traceable
standards at the national level and to nsure control of radiation dose in x-ray medical imaging worldwide. Compared to the CRU, the LAEA activities put more emphasis on the practical aspects of
establishment of proper calibration acilities, e.g. at the Secondary Standard Dosimetry Laboratories,
and provide more detailed recommenchations, for clinical dosimetry.
Co-ordination between ICRU and 1AFA activities is considered important by both organisations. This
has been taken into account in part by having a joint member of both comn-fittees. The intention is to
have a restricted overlap between both documents and to hannonise them as much as possible.
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THE DOSE-LENGTH PRODUCT (DLP) IS THE BASIC DOSIMETRIC QUANTITY
IN CT
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Presently, there exists much confusion on the proper use and definitions of dosimetric quantities in
computed tomography (CT). The computed tomography dose index (CTDI, [1]) is one of the oldest
and most widely used quantities for CT dosimetry, and several new modifications of this quantity
have been introduced since then, adding unnecessary confusion and uncertainty on the concepts. It is
our aim here to present criticism on the use of CTDI and suggest instead using the dose-length
product (DLP) wich is a more basic dosimetric quantity.
CTDI has been oginally defined [I] as
I +_
CTDI = - f D, (z)dz
NT
where D(z) represents the dose along a line normal to the scan plane from one scam T the nominal
slice thickness and N the number of slices produced in a single scan Later modifications of this
quantity iriclude changing the limits of the integration from infinity to ±7 slice thicknesses 2] or to
±50 mm 3,4]. The dose is commonly measured in standardized CT dose phantoms made of PMMA,
and refers either to the dose in air (EEC and EC definitions) or in PNMA (FDA definition). The CTDI
of the EEC/EC -definition is often denoted as CTI)1100. Along with this quantity the weighted CDTI
has been introduced as
1
2
CTDI,, =-CTDIIOO(center)+-CTDI0(periphery).
3
3

(2)

Here, the CTDI is measured at the central axis and at Icra depth below the surface of the cylindical
dosimetry phantorn The size of the phantom 16 cm in head examinations and 32 cm diameter in
body examinations) is not referred to in the notation or name of the quantity, but should be inferred
from the examination 'M question. Further confusion has been introduced by some groups
recommending the smaller phantom to be used also in the body examinations of children.
The EEC standard on the safety of CT equipment 3 requires that CTDI. should be displayed at the
operator's console. If the slice thickness of the scan is not equal to the patient table increment between
scans, this should be corrected to show the average dose in the scanned volume. The EC quality
criteria 4 for CT xaminations recommend specifying reference doses in terms of CTDI,, no
mention of whether the value should be corrected for a pitch value differing from unity has been
given.
In addition to the above mentioned various definitions there are also other unsatisfactory things in
CTDI:
(1) CTDI does not express the dc)se in a sgle slice although this is often claimed to be the case: it
relates to neither the patient's radiation burden nor the noise level in the image. Rather, the CTDI
expresses the average dose along a line (or volume in the case of CTDL.) when the slices are
nominally contiguous.
(2) The definition of CTDI (eq. 1) does not actually allow any "corrections" for the case of noncontiguous slices: the table feed is not specified 'Mthe definition.
(3) The definition involves a non-measurable quantity, the nominal slice thickness. No reference to
the actual slice thickness is made.
80

IAEA-CN-9640

These points can be easily solved by studying Eq. 1. It is readily noted, that the actual measured data
enter through the integration of the one-slice (or one revolution in helical scanning) dose profile. This
integral is the DLP for one slice (or rotation). When the integration limits are changed to finite values,
this integral can be measured easily y using a stack of TL-dosimeters or a pencil-shaped ionisation
chamber with an unifon-n response along its length. In the latter case, the dosimeter reading
corresponds to the average dose in the 6nisation chamber volume, and the DLP is obtained by
multiplying the dosimeter reading by the length of the dosimeter. In fact. this is how the measurement
is usually made and has implications on the proper calibration of ionisation chambers for the CT dose
measurement.
The DLP from one slice appropriately describes the amount of radiation involved in imaging one
slice, because the slice thickness is properly taken into account. Both, the radiation harin to the patient
and image noise, are better described in terms of DLP than the CTDI, which does not actually
consider the slice thickness appropriately for these purposes.
The average dose in the patient (MSAD, multiple scan average dose [1)) can be described with
analogous quantities as in the CTDI -ase, but without reference to the nominal slice tickness
+a

MSAD

f D,(z)dz,

(3)

-a

where Ad denotes the patient table feed between scans or in one rotation in helical scanning, and the
integration limits can be chosen to be, for example, a = 50 mm. The weighted quantity corresponding
to CTDIw could be defined analogously to eq 2 In fact MSAD, would then be equal to the pitchcorrected" CTDI,; the nominal slice thickness cancels out in making the correction (division by the
pitch, Ad/NT).
In addition to MSAD (or presently CTDI) the DLP of the examination is also used for evaluating the
dose; reference values have been recommended for a weighted DLP-like quantity analogously to eq.
2(ref. CT quality criteria). Regrettably, rotational confusion has been introduced by not clearly
indicating that the quantity is a weighted quantity measured in the standard dosimetry phantom. he
concept of DLP has been long around and is too useful to be reserved for this special use; therefore,
we suggest denoting the weighted one as DLP,,.
The DLP from the whole examination can be easily measured either directly by using a phantom and
radiation monitor that are fixed at a static position during the whole scan series, or by measuring the
DLP of one scan (or revolution in he I ical scanning) and multiplying this by the number of scans (or
revolutions) i the examination (n):
DLPwholeexarnination

D"mination(Z)d

= n J DI z)dz.
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The calculation of entrance surface dose to patients in diagnostic radiology from tube output data is
determined by often-unknown sources of inherent filtration. One of these sources is the roughness of
the anode surface creasing with tube ageing. This effect increases the inherent filtration of the x-ray
tube noticed by a reduced radiation output and increased half-value layers (HVL). To study this
effect used rotating anodes were collected and the surface profile of focal tracks was measured in
radial direction using an struinent with a diamond ti ed stylus 90' tip, I PM radius).
Surface roughness was determined as the arithmetic mean Ra of the deviation in the profile from the
centre line for 200 irn reference lengths ranging fi7oni 132 pm (sandblasted finish without surface
degradation) to 522 gm (a track for a small focus). The surface profiles were then used to calculate
x-ray spectra using a computer code 1] similar to the method from 2]. For each surface about 40000
spectra were calculated with the electrons entering the anode at random position and spectral
parameters were then determined.
The simulation showed that for rough surfaces the x-rays have to penetrate an additional absorbing
layer of tungsten increasing in tickness with anode roughness. The anode with the roughest focal
track (R,,=5.22 im) yields a mean additional absorber thickness
direction of the x-ray beam of
about 18 pm. The corresponding loss air kerma for this anode was about 20% at 70 kVp.
The effect on mean photon energy is rather small but highest at 70 kVp (+I keV at R,=5.22 pm) and
lowest at 140 kVp (-O keV). This is due to the K-edge
the attenuation coefficients of tungsten at
69.5 keV. Beam hardening is thus reduced for higher voltages as absorption at lower photon energies
is balanced by higher absorption above the K-edge wile at lower voltages beam hardening is fully
effective. The pattem of changes in HVL is more complex but
essence also reflects voltage,
roughness and tungsten K-edge. Again, the variation of HVL due to roughness and beam hardening
is highest at around 70 kVp and decreases for higher tube voltages.
Without an experimental x-ray tube with anodes of known surface roughness, it is difficult to verify
the simulated results. Inherent filtration is commonly determined as given in 3 To compare the
s4nulated with measured data attenuation curves were made with a clinical x-ray unit using 99.99%
Al-absorbers in a low radiation scatter setup and an ionisation chamber (DALI, PTW, Germany).
Inherent filtration was then determined according to 3] as 312 nun Al (nominal inherent filtration
was 25 nun Al). X-ray output was calculated with the same parameters and compared (Fig. I a).
In another comparison the filtration was kept at the nominal value of 25 mm Al but an additional
filter of 637 pun tungsten was used (Fig. lb). This conforins to an anode of medium surface
roughness. An improved agreement of measured and calculated attenuation curves is found
indicating that tube aging could be better described by an additional filtration of tungsten than
aluminium.
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FIG. 1: Measured attenuation curves for various tube voltages obtained with an x-ray un-it with 16'
anode tube angle, 34% voltage nipple and 25 mm Al nominal inherent filtration in 100 cm distance:
(a) data calculated with the same parameters but 312 nun Al inherent filtration, (b) data calculated
with 25 mm Al inherent filtration plus an additional filter of 6.37 jim W.
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THE CHOICE OF SENSORS FOR REFERENCE AND
DIAGNOSTIC RADIOLOGY: SOME PERFORMANCE ISSUES
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USE

IN

K.A. SPANSWICK, P. SUNDE
Radcal Corporation
Monrovia, Califomia, USA
Effective control of radiation doses used in diagnostic radiology is achieved by fiell measurements on
equipment at regular intervals. Field instruments should make measurements that are traceable to an
accepted pmary standard [I].
Diagnostic radiology uses radiation of differing primary energies, spectra, doserate and geometry,
making traceability of a particular field measurement a challenge. Clearly it is impractical to calibrate
the exact measurement condition in either reference or field grade mstrurnents. The approach adopted
must therefore depend on a single or small number of calibration measurements on a sensor with
known genenc characteristics when used under other conditions. Generic characteristics are usually
confirmed by compliance to EEC 61674 ("Dosimeter with ionisation chamber and/or semiconductor
detectors as used in diagnostic iaging") 2].
The following example highlights the risk of excessive measurement error that can result from using
certain sensors for common applications despite compliance with EEC61674.
Example:
A 60 cc Radcal ion chamber, calibrated by PTB, Germany is compared with a commercially available
solid-state detector (SSD).
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Graph I demonstrates that the calibration is within 1% and the energy response meets the
manufacturers specification.
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Graph 2 illustrates the error associated with added bmin filtration for a SSD (no discernable error is
seen with the Radcal 60E ion chamber) 3].
The SSD has a performance that is acceptable for field use over the HVL range 3 - 45 mm Al and
could be used with a correction applied over and extended energy range when total beam filtration is
2.5 mm Al.
If the beam filtration is increased by one or two half-value layers there is no discernable change in the
ion chamber response but in the case of the SSD an error of 10% is seen. Given that a common
application of dosimeters is to measure exit or image receptor dose after absorption of radiation by a
phantom that acts in a similar manner to a filter, the use of the SSD as a field grade instrument must
be questioned.
It is not possible to achieve acceptable performance using a single sensor for all imaging applications
although for reasons of economy the number should be kept to a minimum. In practice this has
resulted in unique designs of sensor for mammography, general radiology, CT and leakage
measurements each capable of making a range of measurements with specified accuracy.
When the reference and field versions of the well-proven ion chambers are used within the context of
SSDL calibration services, diagnostic radiology equipment doses can be conveniently measured and
controlled to achieve sum of all errors tolerance of better than 8% 4].
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In the radiation protection research programme of the European Union, as part of the DIMOND
concerted action, constancy check protocols for fluoroscopic systems have been developed [1]. For
practical reasons copper filters are preferred to patients and tissue equivalent, water or PMMA,
phantoms. The objectives are to derive patient entrance surface dose rates and the dose rate at the
image intensifier input. The protocol states that copper sheets of either I mm or 1.5 mm thick may be
used. The present study investigates the equivalent thickness of copper filters compared to PMMA
phantoms in ternis of attenuation for both geometries and different tube voltage and filter
combinations.
The geometry to deterniine the patient entrance surface dose [1] is with the copper filter close to the
image intensifier. he ionisation chamber is placed on the side of the copper sheet nearest to the Xray tube. The inverse square law is used to correct for differences in position. Measurements are
performed with different settings and with and without the use of an anti-scatter grid.
The geometry to deten-nine the air kerma rate at the image intensifier [1] is with the copper filter
attached to the X-ray tube diaphragm. The lonisation chamber is placed on the surface of the image
intensifier housing. Again measurements are performed with different settings and with and without
anti-scatter grid. If necessary, the inverse square law correction is applied.
Two different radiation beam sizes are used, i.e., a small beam with a diameter of 0 IO in at a distance
of 1.00 in from the focus and a large beam with a diameter of 023 in at a distance of 1.00 in from the
focus. The applied tube voltages and PMMA phantom thickness combinations are 60 kV, 13 cm; 0
kV, 14 cm; I 0 kV, 16 cm; 120 kV, 17 cm; 150 kV, 18 cm; 150 kV, 20 cm and 150 kV, 30 cm.
The spectra for the different tube voltages are generated with the PEM Report 78 software 2] at an
anode angle of 16 degree, 0% ripple and 25 nun added aluminium filtration. The Monte Carlo NParticle transport code MCNP) 3] is used to calculate the attenuation the different geometries with
the PMMA or copper or no filters applied. In all these cases the detector is placed at 1.0005 n
distance from the focus on the central beam axis, with all filters between the detector and the focus.
No anti-scatter grid is used in these calculations. With different thickness of the PMMA phantom and
appropriate tube voltage the attenuation is calculated. The copper filter thickness is adjusted to get the
same attenuation as obtained with the relevant PMMA phantoms. This match is made for the PMMAphantom ' front of the image intensifier and the copper filter in front of the image tensifier or
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attached to the X-ray tube diaphragm. In addition a match is made with both the PMMA and copper
filter attached to the X-ray tube diaphragm. The image intensifier is simulated by a Csl plate 0. mm
thickness, placed at 1001 in from the focus. The front filters are placed 0. 15 in from the focus and the
back filters are ending 1.00 in from the focus.
The results will be presented as the copper equivalent filter thickness for the PMMA phantom
thicknesse s mentioned above for different tube voltages and both beam geometries.
The situation with both the PMMA pantom and copper filter in the back position is used to estimate
the patient entrance surface dose rates. The equivalent copper filter calculation is based on the
detector behind the attenuators to simulate the perforinance of an Automatic Exposure Controller
(AEC). In addition detectors are placed 0.5 nun in front of the PMN4A phantom and the copper filter
and corrected by the inverse square law to a focus detector distance of 0.50 in [1]. Comparison
between both situations is made to estimate the uncertainty in the ionisation chamber measurement.
The equivalent copper filter is based on equal attenuation therefore the beam quality will, in general,
be different. In order to characterise these differences for both the PMMA and copper attenuated
beam the average photon energy and an estimate of the HVL in alurniniurn will be presented. hese
quantities are derived from the photon energy spectrum that is calculated on the detector.
Preliminary results indicate that instead of the in the protocol mentioned I mm or 1.5 nun thick
copper sheets, thicknesses ranging from 04 to 75 mm thick copper sheets are needed to achieve the
same attenuation with the PMMA phantom in back position, without an antscatter gnid.
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PROPOSED AMENDMENTS TO EQUIPMENT STANDARDS FOR DOSIMETRY
INSTRUMENTATION IN INTERVENTIONAL RADIOLOGY
A.D. MEADE, A. DOWLING, C.L. WALSH, J.F. MALONE
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As part of the DIMOND III EU project, a number of European partners are currently involved in the
development of equipment standards for dosimetry equipment used in interventional radiology (IR).
Recommendations are currently being drawn up for additions or amendments lb existing standards.
These recommendations will be put to the relevant standards bodies for inclusion
future standards
publications.
A review of the existing literature has indicated that a number of additions to cur-rent dosimetry
equipment standards and maging equipment standards and protocols are required
the area of IR
[1,2]. They are:
1. It is proposed that two quantities be made available to the clinician in IR to give a comprehensive
view of the potential for both stochastic and deterministic effects from IR procedures:
(a) Entrance Surface Dose either in the form of Cumulative ESD or Maximum ESD.
(b) Dose Area Product for the exanunation as a whole.
2.

In order for such 'real-time' displays to be provided to the clinician, certain additions are
proposed for implementation in the area of standards for on-line dosimetry systems in [R. The
most cominon facility for on-line dose measurement on modem x-ray systems is the DAP meter.
To allow the estimation of ESD in R procedures certain additional requirements are proposed for
the measurement capabilities of transmission ionisation chambers or DAP meters over and above
those specified in the existing International Standard 3]:
•
•
•

It is proposed that the meter should be capable of being gated to measure DAP/Frame in
digital procedures, and also the total DAP from Fluoroscopy and Digital Radiography runs;
It is proposed that the meter should be capable of measuring Dose Rate and the duration of
fluoroscopy runs;
It is proposed that he system should be capable of supplying this data to other connecting
devices for use or record;

The proposal for amendments of this type to the existing standard will be made to the International
Electrotechnical Commission (IEC) as the body who have developed the existing standard for DAP
meters 3].
3. For the purposes of the estimation of ESD and DA.P with sufficient accuracy during IR a set of
exposure and administrative data must be recorded 3]. This data set will be required to allow the
estimation of ESD and true DAP from on-line DAP measurements made under both fluoroscopy
and digital radiography. In addition, complex IR procedures can cause the over-irradiation of a
given site, which can contribute to the exceeding of deterministic levels for skin. Maximum
Surface Dose (MSD)
correlated with the complexity of an R procedure, and is not well
correlated with DA-P. This dose is only known if the variation in DAP and field size is known,
together with geometry and exposure parameters, throughout a given procedure. This must be
known for both individual fluoroscopic runs and also radiographic projections.
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The following data set has been proposed as being required if DA-P is to be used in practice to
estimate ESD and MSD in a given IR procedure. The data set has been expanded from one proposed
previously by DN40ND partners 4] to incorporate additional information for dose estimation in IR.
Table 1. Proposed Patient Dose Record proposed for use in lR Dosimetry
Centre:
Room:
Physician:

Date:
X-ray equipment:
Chamber/Electrometer:

Patient:
Date of Birth:
Examination:

Hospital Number:
Sex(M/F):
Height and Weight:

Maximum DAP:
Maximum DAP rate:
Total irradiated area (cryf'):

Mean field size (cm):

Digital Mode:
Dose-Area Product:
Tube kVp:
Number of images:
Image intensifier size (cm):
FSD for each exposure (or quantities allowing
calculation of FSD)
Anatomical Region for each Exposure
Fluoroscopy Mode:
Mean kVp per Fluoro run
Fluoroscopy Time (min):
Pulsed fluoroscopy (y/n):
Pulse rate:
FSD for each exposure (or quantities allowing
calculation of FSD)
Anatomical Region for each Exposure

mAs (per digital exposure):
Frame rate (frame/s):
Matrix Size:
Angulation/ Rotation for each exposure

Dose-area product:
Mean tube current mA)
Mean 11 size(cm):
Pulse width (ms):
Angulation/ Rotation for each exposure

It is proposed to integrate this patient dose record into existing standards for electronic patient
records, and equipment connectivity. The project partners are presently considering the
recommendations made here and will contact suitable standards authorities in due course.

REFERENCES
[1] International Standard IEC 60601-2-43; Particular requirements for the safety of X-ray equipment
for interventional procedures 2000).
[2] R.M. Gagne and T.B. Shope, Interventional Radiology Regulations in the USA, Radiation
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(2000).
[4] Dose Displays and Record Keeping, K. Faulkner, Radiation Protection Dosimetry, 94 (1-2),143145 2001).
[5] EEC 61267 1994-10), Medical diagnostic X-ray equipment-Radiation conditions for use in the
determination of characteristics.
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VERIFICATION OF RADIATION DIAGNOSTIC CONTROL INSTRUMENTS IN
SWITZERLAND
F. BOCHUD, T. BUCHELLEER, J.-F. VALLEY
histitut universitaire de radiophysique apphqu&e (IRA)
Lausanne, Switzerland

The tendency to provide comparing tools between measuring facilities has kept growing for a decade.
Whether national metrology stitutions (NMI) are building up the Mutual Recognition Arrangements
(MRA), radiation diagnostic facilities are pressed to assess their methods through the European
directives of reference dose levels I There is therefore a trend to allow dose and - a minor way image quality of radiation diagnostic facilities to be traceable to primary standards.
In Switzerland, this is encouraged by the legal obligation to verify some categories of instruments by
an authorized secondary laboratory 2].
Due to the small size of Switzerland, only one facility, the Institut universitaire de radiophysique
appliqu6e (MA), works as an accredited verification laboratory for radiation diagnostic mistruments.
The facility provides several beam qualities with W-anode continuous as well as W- and Mo-anode
pulsed x-ray tubes. Together with a filin-processing machine, these mistruments allow the laboratory
to Venfy a types of istruments at one location.
Table I lists the type of instruments that have to be verified as well as the present NMI traceability
and the tolerance. The validity of a verification certificate is of maximum three years. Practically, the
verification campaigns are organized three times a year, and the instruments are sent to the laboratory
and generally returned within a week.
Table 1: Type of instrument verified and global results.
Type of instruments
Diagnostic dosimeter
Dental dosimeter
Mammography dosimeter
Kerma length product KLP) dosimeter
Kerma area product KAP) dosimeter
Diagnostic kV-meter
Dental kV-meter
Mammography kV-meter

NMI
traceability
NPL
NPL
METAS
NPL
NPL
NPL
NPL
NPL

Exposure chronometer

METAS

mAs-meter
Optic densitometer

METAS
PTB

Sensitorneter

PTB

Tolerance*
100/0
100/0
100/0
100/0
100/0
3%
3%
3%
I ms below 20 ms
5% above 20 ms
5%
0 025 below OD=I.OO
2.5% above OD= 1.00

# of measurements
Total
Out of tolerances
437
5
16
1
2
4
I
196
6
78
3
13
ISO

6

66
101

2
2

0'05 below OD=1.00
127
0 IOabove OD= 1.00
Luxmeter
METAS
100/0
54
The uncertainrv k=2) of the reference instrument is added to the tolerance value.

30
2

Table I also shows the amounts of measurements from I June 1999 to 31 December 2001. As an
example, the relative difference of the measured and reference values are presented
Figure I for
diagnostic dosimeters and kV-meters. The distribution histogram of this difference for the dosimeters
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has a mean value of 0.9% and a standard deviation of 44%. The distribution for the kV-meters has
a mean value of +1.6% and a standard deviation of 16%.
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Figure 1: Histogram of relative difference measurement with the reference value.
(a) Diagnostic dosimeters. (b) Diagnostic kV-meters. The arrows show the mean value.
With an uncertainty (k=2) of the reference value of 3
a mean difference of 0.9% between
reference and customer diagnostic dosimeters can be considered as good. The spread of the values
(standard deviation of 4.4%) could surely be improved but clearly fits in the tolerance values.
The situation of the kV-meters is not as good. With a tolerance of 3% a mean difference of 16 is
significant. This can be explained by the fact that the measuring quantity (the kV-peak) is not directly
measured by NMIs and not sufficiently clearly defined yet. An informal ring comparison realized by
the authors with one instrument
year 2000 between laboratories in Britain, Gen-nany and Sweden
showed differences of up to 3.
s some European laboratories proposed it two years ago, a
Euromet project would be the ideal platform to y solving this problem.
As it is apparent fi7om Table 1, the worst situation arises with the sensitometers where about 24 of
the instruments checked are out of the tolerances. A close look at failing instruments shows that they
almost all come from an American manufacturer that used to have a different reference than the
German's. Even more than for kV-meters, the metrological situation would clearly be improved with a
better primary measurement of this quantity.
It is also interesting to look at the instruments that did almost) never register for wrifications: KPdosimeters and KAP-dosimeters. Although accurate and reco 'zed methods for calibrating these
instruments exist 3], very few instrurnents have yet been verified.
The Swiss experience with the verification of radiation diagnostic instruments shows that the majority
of the verified field instruments are of good metrological quality. However, the accuracy of some
instruments like kV-meters and sensitometers could be improved by better primary standards.
Finally, as the absence of KP- and KAP-dosimeters verification shows, there is still a need for
transferring metrological competences down to the field instruments.

REFERENCES
[1] Council Directives 97/43/Euratom of 30 June 1997, EUR-LEX, Document 397LOO43.
[2]

ETAS Directives on radiation diagnostic 'instruments from3O June 1997 (www.metas.ch/fr/
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[3] Bochud F. O., Grecescu M., Valley J.-F.; Calibration of ionization chambers in air kerma length;
Physics in Medicine and Biology 46 9) pp. 2477-2487, 2001).
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RECOMMENDATIONS FOR PATIENT DOSIMETRY IN DIAGNOSTIC
RADIOLOGY USING TLD
J. ZOETELIEF
Interfaculty Reactor Institute, Delft University of Technology
Delft, the Netherlands
H.W. JULIUS
Putten, the Netherlands
P. CHRISTENSEN
Risoe National Laboratory
Roskilde, Denmark

In the Medical Exposure Directive (MED) [1] it is stated that Member States of the European Union
shall promote the establishment and use of diagnostic reference levels (DRLs 21) for radiodiagnostic
examinations, and the availability of guidance for this purpose having regard to European DRLs
where available. Similarly, the International Atomic Energy Agency (IAEA) 3] introduced the term
gul'dance level as a level of a specified quantity above which appropriate actions should be
considered. Consequently, information on patient dose is becoming increasingly iportant.
Thermoluminescent doserneters (TLDs) are often applied for patient dosimetry.
Although expertise on patient dosirnetry and appropriate technical facilities should preferably be
available locally so that dose measurements can be made in house, it is recognised that dosimetric
resources, such as well-trained specialists, high quality equipment and calibration facilities are not
always available locally. However, appropriate assistance and dosimetric services can often be
obtained from third parties. Laboratories specialised in thermolurninescent dosimetry (TLD) usually
'de services in individual monitoring for radiation protection purposes and lack expertise in
provi
11
patient dosimetry in diagnostic radiology. Therefore, recommendations for patient dosimetry in
diagnostic radiology using TD 4] have been made within a European concerted action.
Three objectives have been forinulated for dosimetty in diagnostic radiology, i.e. i) measuring patient
dose for comparison with DRLs (patients), ) assessment of equipment performance (phantoms) and
iii) patient dose measurement for assessment of risk (patient). Since the dosimetric approaches in
general diagnostic radiology, mammography and computed tomography are slightly different they are
treated separately. Field of application, objective, dose quantities, and measurement methods are
given in Table 1. The dosimetric quantities are entrance surface dose in presence of a patient or a
phantom (ESDPP), entrance surface dose in absence of a patient or a phantom (ESDp,), dose-area
product (DAP), effective dose (E), computed tomography dose index free-in-air (CTDI,,i,), weighted
CTDI (CTDI.) and dose length product (DLP).
TLD is widely used for dose measurements in diagnostic radiology. The availability of TL dosemeters
in a variety of physical fortris makes them particularly suitable for measurements of the quantity
"entrance surface dose". Properly encapsulated, small-size, dosemeters can be attached directly and
unobtrusively to the patient's skin with very little interference
patient mobility and comfort. By
choosing TL detectors made from nearly air-equivalent materials the corrections due to energy and
angular dependencies of the dosemeters for measurement of air kerma can be minimised, resulting in
a simple measurement pocedure with satisfactory accuracy. The energy and angular response, fading
and environmental factors, and annealing and readout parameters are discussed in some detail.
Advantages and drawbacks of different TL detectors are summanised. Detailed infon-nation is given
on the uncertainty analysis for dose measurements using TLDs, following the concept of combined
standard uncertainty. Practical guidance is given concerning the preparation, use and evaluation of
TLDs.
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Table 1. Dose quantities (DQ) for various applications in diagnostic radiology
Field
of application

Objecfive

DQ

Measurement
methods'

Phantom/
Patients

Best
method

Present
procedures

General diagnostic
radiology

2
I
I
3

ESDPP
ESDPP
DAP
E

TLD, IC
TLD, IC
IC
TLD,
IC+DCF

phantom
patients
patients
patients

TLD
TLD
IC
IC+DCF

TLD
TLD
no
no

Mammography

2
2

ESDpa
AGD

phantom
phantom

IC
IC

TLD
TLD

I
3

ESDPP
AGD

TLD, IC
TLD,
IC+DCF
TLD

patients
patients

IC
IC

TLD
TLD

2

CTDIai

TLD, IC

free-inair
phantom
phantom
phantom

IC

TLD

Computed
tomography

r

2
I
3

CTDI,
DLP
E

TLD, IC
IC
no
TLD, IC
IC
no
TLD,
IC
no
IC+DCF
'The ionisation chambers (IC) can be thimble or parallel plate type (measurement of ESDpa5
calibration of output), transmission type (DAP) or CT type. Solid state semiconductor
detectors are available as an alternative to IC. Dose conversion factors (DCF) can be
employed to derive organ and effective doses from measured dose quantities.
Protocols and questionnaires are provided for the procedures indicated in Table I for laboratories
which offer dosimetric services to te staff of radiological facilities. However, they can also be
applied for other types of dosemeters, which can be provided and readout by issuing laboratories, or
when dosimetric facilities are locally available.
Infori-nation is presented on evaluation of doses measured by TLDs exposed according to the
procedures provided. The completed questionnaires provide iformation on the exposure conditions
of the TLDs. In addition, information is given on interpretation and reporting of results. In addition,
some suggestions for follow-up actions are given.
Finally, general aspects of quality assurance are discussed.

REFERENCES
[1] Council Directive of June 30, 1997 (97/43/Euratom) on health protection of individuals against
the angers of ionizing radiation in relation to medical exposure, Official J. Eur. Communities
No. LI 80/22 1997).
[2] Radiological Protection and Safety, in Medicine, ICRP Publication 73, Annals of the ICRP 26, No.
2, Pergamon Press, Oxford 1996).
[3] International Basic Safety Standards for Protection against Ionizing Radiation and for the Safety
of Radiation Sources, IAEA Safety Series 115, LAEA, Vienna 1996).
[4] ZOETELIEF, J., JULIUS, H.W., HRISTENSEN, P., Recommendations for patient dosimetry in
diagnostic radiology using TLD, EUR 19604, Office for Official Publications of the European
Communities, Luxembourg 2000).
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COMPARISON OF TLD AIR KERMA MEASUREMENTS IN MAMMOGRAPHY
F. PERNICKA'
International Atornic Energy Agency, Vienna, Austria
The mammography examination is usually targeted at asymptoinatic women so the narrow balance
between benefit and undesirable effects important. During the past few decades there have been
significant advances
the equipment used for mammography. Even when the latest equipment and
imaging systems are used, there is considerable variation from centre-to-centre in the choice of
imaging parameters and techniques. There may be quite large differences in iage quality and breast
dose among the centres.
A Co-ordinated Research Programme on "Image quality and patient dose optimization in
mammography
Eastern European Countries" was conducted by the LAEA, aiming at defining a
methodology for the implementation of a quality assurance (QA) programme in mammography and at
exercising the assessment of iage quality and patient doses in a sample of hospitals East European
countries. Selected mammography clinics fi7om Czech Republic, Hungary, Poland, Romania and
Slovakia participate
the p 'ect. The teams consisted of experienced clinicians and physicists. hey
were supported by a group of experts (clinicians and medical physicists) from France, Italy and Spain.
As an outcome of the project, improvements in these indicators (image quality and patient dose) after
the implementation of the QA programme are expected. A comparison of dosimetry systems has been
organized to assure that dosimetry measurements done the frame of the project are comparable and
traceable to the 'international measurement system. All five East European countries plus Spain took
part in the exercise. The thermoluminescent JL) method was selected for the comparison.
Any measurement to be meaningful has to be traceable to the international measurement system and
its uncertainty needs to be minimized. In order to provide comparison between various mammography
units, an uricertairity ±I % in measurement is sufficient I The European Protocol on Dosimetry in
Mammography 2] requires that the accuracy and precision of TL measurements of entrance surface
air kenna on patients and phantoms are both better tan ±10%. Ms criterion was selected as a
measure of a "good dosimetry performance" of the participants. hey were asked to calibrate their
TL dosirnetry systems in terms of air ken-na free-i-air as requested by the protocol and send four sets
of non-irradiated dosimeters to the MEA for the reference irradiation. One set consisted of three TL
chips or pellets enclosed in a sachet of a low attenuation material such as aluminized foil which was
heat sealed and coded. Three dosimetry sets were irradiated at the IAEA dosirnetry laboratory at
radiation qualities representing the mammography beams used in clinical practice 3]. One dositnetry
set was used to assess a contribution of various environmental factors to the measured signal.
The General Electric Senographe DMR unit is used to generate x-ray beams at the LAEA dosimetry
laboratory. The standard Radcal I X5-6M ionization chamber in connection with a Keithley 617
electrometer serves as a laboratory standard. It was calibrated at PTB (Genriany) and NIST (USA).
The x-ray machine output is monitored using a PT\V 30 363 transmission ionization chamber. The
uncertainty in measured air kenria for the reference beams is 16% (coverage factor k=2) A laser
and a telescope assure positioning of dosimeters on a calibration bench. Total 17 mammography beam
qualities were established at the la boratory 3 They are mainly used for calibration of national
standards from Secondary Standard Dosimetry Laboratories. The qualities selected for irradiation of
TL dosimeters, together with their parameters, are listed in Table .
The dosimeters were irradiated free-in-air. They were positioned in the middle of an alunlinium fi7ame
and fixed by a scotch tape. Dimensions of the frame were sufficient to prevent the x-rays from
'The full list of co-authors included in the fnal paper
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scattering from the metal. The TL holder replaced the standard ionization chamber and dosimeters
were exposed. Te value of air kenna used for the exposure of dosimeters 5-9 mGy) was calculated
from the measured signal of the monitor chamber corrected for pressure and temperature.
Table 1. Mammography X-ray beams used during TD intercomparison
Radiation
quality*
MoMo-25
MoMo-28
MoMo-35

Tube
potential
[kV]
25
28
35

Added filtration

di/2

Imml
0.03 Mo
0.03 Mo
0.03 Mo

[mm All
0.297
0.328
0.382

Homogeneity
coefficient'
[All
0.77
0.78
0.80

The beam codes are a combination of the chemical symbol of the anode and/or the filter material
followed by the potential of the tube in kilovolts.
"Homogeneity coefficient is defined s a ratio of the I't half-value layer to the 2 dhalf-value layer
The dosimeters were mailed to the participants for the evaluation together with the information about
irradiation conditions (irradiation geometry, x-ray target, filtration, kV, half value layer) excluding
values of reference air kerma (blind test) and data sheets. The participants were asked to evaluate the
dosimeters and report the measured values of air kerma to the LAEA.
The results of the comparison showed that about 70% of reported values of air kerma were outside of
acceptance limits ±10%. The analysis of comparisons showed that the main sources of discrepancies
were: () poor irradiation geometry (backscatter from a phantom and scattering from surrounding
materials), (h) application of inadequate methods for calibration (tungsten anode; comparison with a
response to various other radiations), and (iii) lack of traceability (expired calibration; not traceable to a
primary standard). The participants were given instructions on how to improve their dosimetry and the
follow up of the exercise was suggested.
The first follow up resulted in 2% of reported values of air kerma outside of ±10% margin. This is a
considerable improvement compared with the first run but it is also seen that the measurement
problems have not been completely corrected. The participants were individually consulted with the
aim to resolve the discrepancy. The second follow-up was organized that resulted in all measurements
within acceptance limits ±10%.
The exercise shows that to achieve required 10% accuracy in mammography measurements is not
an easy task. This may bc, true for the whole range of measurements in x-ray diagnostics. It is mainly
due to a lack of expertise in the measurement of these radiations and poor traceability of calibrations.
Many countries do not possess suitable standards. In a better case, the measuring instruments are
calibrated only from manufacturers, which is not sufficient. Number of studies aims at establishing
reference levels. They have important implications as regards the diagnostic practice. It is important
that the measurements that are a basis for their establishment are accurate.
REFERENCES
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[2] EUROPEAN COMMISSION, European Protocol on Dosimetry in Mammography, EUR 16263
EN, Luxembourg 1996).
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for Radiation Protection and Diagnostic Radiology at the LEA Dosimetry Laboratory, SSDL
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CLINICAL DIAGNOSTIC COMPTON SCATTERING XRAY SPECTROMETRY
USING SIMULATED HPGE DETECTOR RESPONSES
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Consumer and Clinical Radiation Protection Bureau, Health Canada
Ottawa, Canada

The superior energy resolution of high-purity germanium (HPGe) detectors offers an advantage for
accurate x-ray spectrometry. However, the photon fluence rates of clinical tubes are usually much
higher than the count rates that can be handled by the detector without a pulse pile-up. he use of a
Compton scattering method is very efficient in reducing the fluence rate [1] A Compton scattering
spectrometer, the Spectro-X (RTI Electroruics, Sweden) 2], is now commercially available. The x-ray
beam is scattered by a lucite rod (OD = 4mm) placed in the spectrometer and the beam is collimated
to ensure that only the photons scattered at 90 degrees enter an HPGe detector (EG&G Ortec planar
model GLP-10180/07, Oak Ridge, TN, USA). he primary spectrum is then reconstructed, using an
algorithm 3], from the measured detector pulse-height distribution (PHD).
A method to improve the reconstruction algorithm of this spectrometer system was developed. It
consists of calculating the response functions of the detector placed in the spectrometer system using
Monte Carlo simulations. The response ftitictions were computed for a set of 1450 narrow energy
windows (0.1 keV, uniformly distributed) primary beams covering the useful range for diagnostic
radiology (from 5 keV up to 150 keV), using the EGSnrc code system 4 The primary beams
simulated were parallel photon beams covering a rectangular field of 4 mm x 40 mm originating I
metre from the axis of the lucite rod and going towards it. To reduce simulation times, only the
photon transport was simulated and energies transferred to electrons were deposited locally. The
simulations were run on personal computers (PC) running Linux, either a PC having a 14 GHz AMD
Athlon processor, or one of three IIBM eServers xSenes 330 having dual 1266 GHz Intel Pentium III
processors. 1010 photons were simulated for each of the 1450 energy windows and it took on average
12.5 hours of CPU time per energy window. Each response finiction was stored in an array having a
bin width of 0 I keV.
The energy spectrum of an Yiray tube could then be reconstructed using the simulated response
functions using an iterative ML-EM reconstruction algorithm [5], inspired by Re 6 It consists of
solving the equation

AN
AE

A-+1

AN

k

y

p (E, i -PHD(i)

AE

,
1
E

k

p(E, i)
AE

AIV Afor each iteration k, where is the number of photons the primary beam having an energy E
AE
(bin width AE = I keV), , HD(i) is the number of counts from the measured PHD in channel i, and
p(EJ) is the probability that a detected photon of energy E will be detected in channel i. This
probability matrix is calculated by convolving the energy resolution of the detector at the "Co 14.41
keV peak (a Gaussian with FWHM = 024 keV) with the simulated response functions. The
probability matrix is then normalized such that Y, p (E, i = I. The initial guess for -AN 0 is taken
E
A-E
as a 1 on-rily distributed spectrum with a tota number of counts corresponding to the integral of the
measured PHD, except for the bins corresponding to the characteristic energy of the x-ray tube anode
material under study, where it is increased by I order of magnitude. Equation (1) converges rapidly,
so often 10 iterations are sufficient and the process takes only a fraction of a second. After the
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iterative process, the energy spectrum is corrected for the efficiency of the spectrometer system for
each energy window.
a)

Energy Spectrum

b)
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FIG. 1. a) Measured PHD with the ompton spectrometer system b) Reconstructed primary beam.
Counts are relative to the 17.48-keV characteristic x-ray peak.
A constant DC potential x-ray tube (Pantak, East Haven, CT, USA) with a non-rotating water-cooled
molybdenum anode, a 2 mm x 2 mm focal spot, an anode angle of 21' a I nun beryllium inherent
filtration and operated at a 28 kV potential and an mA anode current was used to assess the method.
Fig. I a) shows the PHD obtained for his tube after a counting time of 50000 seconds (detector deadtime was 1.5%). Fig. lb) shows the reconstructed primary beam of this tube after 10 iterations.
In conclusion, once the simulated response functions are calculated, reconstruction of primary beam
measured with a Compton spectrometer is fast and easy. Better accuracy could be obtained by
simulating even more photons for every primary energy window. Additional Yiray spectra will be
presented at the symposium and a comparison with the algorithm provided with the Spectro-X will be
done.
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CALEBRATION PROCEDURES FOR MAMMOGRAPHY DOSEMETERS IN
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Medical Physics Department, Maria Sklodowska-Curie Memorial Cancer CentreInstitute of Oncology, Warsaw, Poland

Breast cancer is the most frequent tumour ' women and the effectiveness of the treatment depends
dramatically on the early detection of the disease. That is the reason why in Poland the marm-nography
control examinations are strongly supported by the Centre of Oncology. In Poland there are over 400
mammography units which account for about 300,000 examinations per year. An investigation
perfon-ned by the Medical Physics Department of the Centre of Oncology in Warsaw at about 100
mammography facilities proved that most cases the doses absorbed by the patients could be reduced
without decrease of image quality [1]. Ms is one of the reasons why the Polish Secondary Standard
Dosimetry Laboratory (SSDL) dealing mainly with calibration of radiotherapy dosemeters is extending
its activities and therefore new facilities and equipment adapted for calibration of mammogrphic
doserneters have been installed.
The mammography dosimetry calibration equipment is permanently installed in the same laboratory
room where the radiotherapy dosemeters are calibrated. A base of a mammography unit no longer in
clinical use, together with its movable system has been adapted to handle ionization chamber holders.
An X-ray tube with a 0 kV high frequency generator was also installed. The tube, a Varian type
OEG-50-2, (designed for laboratory applications) with molybdenum anode of an anode angle 23,70 and
with a large focus, effective size approximately
m has an inherent filtration of 0,25 mm berylliurn.
It is installed in a housing with 2mm lead shielding a cone shaped beam is fort-ned by a system of three
collimators.
The Xray beam was thoroughly examied. The following beam parameters were measured: beam
homogeneity, the dose as the function of high voltage and current and a function of distance; the half
value layers were determined and compared with the values given by the LAEA dostmetry laboratory
[2].
The calibrations were perfon-ned using the substitution method, comparing the response of the detector
to be calibrated with that of a reference istrument. The detector positioning is remotely controlled
without the necessity of switching of the radiation beam. An ionization chamber from PTW Freiburg,
type N77337-0039 (chamber volume I c) with Keithley 617 electrometer was used as a secondary
standard. The chamber was calibrated at the PTW laboratory 3].
The results of calibration coefficient measurements for PTW-semiconductor detector W60005-189
with D'ados electrometer, and Keithley ionization chamber type 96035B No 81133 (chamber volume 5
cm 3) wth Keithley 617 electrometer are given
Table 1. Calibrations of other detector types are
being carried out. Calibration coefficients for the detector W60005-189 detern-iined by PTW in 1997
are given the last column of the Table 4.
TABLE 1. Calibration coefficients given by the SSDL (Warsaw) and PTW (Freiburg)
Fhgh
voltage
U (kV)
28
98

HVL
(mm Al.)
0.216

PTW
PTWN773370039
1.067

SSDL
Keithley
96035B81133
0.990

SSDL
PTWW60005-189

PTW
PTWW60005-189

1.083

1.055
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30
35
40

0,238
0,286
0,327

1.058
1.040
1.028

0.981
0.967
0.960

1.057
1.013
0.989

1.042
1.015
0.996

Calibration set-up (X-ray tube with relatively large focus and remote control of te detector
positioning) allows for quick and acurate calibrations.
the calibration coefficients of the PTW semiconductor detector type W60005 detennined by the
SSDL in 2001 are in very good agreement to those determined at the PTW in 1997.
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A facility for mammography calibration is being established in the Medical Physics Laboratory,
Malaysian Institute for Nuclear Technology Research (MINT). A mammography x-ray machine
model MF- 15OG (maximum rating 15 0 mA 3 kV) fitted with 3 micron I Molybdenum (Mo) filter
is used as an x-ray radiation source for mammography calibration.
Five radiation qualities 23] are selected for calibration purpose namely 23, 25, 28, 30 and 35 W,
which are selectable from the control panel of the x-ray machine. Important parameters that are set for
this calibration facility are exposure time, tube current, focus to dosemeter distance (FDD) and beam
size at specified distance. Typical FDD and beam size values are 40 cms and xl0 cm2 The room
temperature and pressure are recorded by using barometer and thermometer model Lambrecht (Type
00.06040.100000 No:670699.0001). First and second half value layer of the beam are measured by
using the Aluminum Half Value Layer Attenuator Set of type Gammex RMI II A which consists of a
few O. min and 0.5min thickness Aluminium attenuators.
A RadCal measuring system is used as a standard measuring equipment. For kV measurement, a
Radiation Monitor Controller Model 901 (SN:90-202 1) is connected to Accu-kV control unit Model
4081 (SN: 41-0455) and Accu-kV sensor model 4X5-Mo (SN: 48-0602). For dose measurement the
RadCal Radiation Monitor Controller Model 9010 is connected to a unit converter Model 9060 (S/N:
99-1137) and ion chamber Model IX5-6M (S/N: 8789). The standard measuring system is used to
ensure calibration traceability to primary standard laboratories. This measuring system is capable of
measuring dose up to 60OGy, kV up to kV and measuring exposure time up to 500 milliseconds.
The typical dose rate of x-ray radiation at FDD 40 cms is about 650 mGy/min at 27 kV and 12.5 mAs.
Substitution method is used for calibration of user's instruments. Chamber model IX5-6M (S/N:
8789) is used as a standard chamber to measure the mammography x-ray quantities. The first half
value layer 1' HVL) and the second half value layer 2nd ffVL) of the beam are determined from the
measurement. Hence the values of homogeneity coefficient are calculated from the ratio between the
first half value layer and the second half value layer. The technical specifications of the radiation
qualities used for mammography calibration are summarized in Table .
RadCal measuring system traceability to the primary laboratory is ensured by means of Calibration
Certificate Number IAL/01/01 issued by the International Atomic Energy Agency (IAEA) dated
March 25, 2002 A close liaison with IAEA laboratory in Seibersdorf is required in the future to
ensure annual traceability of the standard measuring system used for calibration in mammography in
this laboratory. In addition intercomparison with other standard laboratories are important in order to
ensure its traceability and its accuracy in mammography calibration.
Table 1: Technical Specifications of Radiation Qualities Used for Marru-nography Calibration
Radiation
Qualities
(kV)
23
25
28
30
35
100

MINT
Beam
Codes
Mo/Mo23
Mo/Mo25
Mo/Mo28
Mo/W30
Mo/Mo35

Is'1VL mm Al)

2n1 HVL(mm Al)

Homogeneity
coefficient

0.256
0.287
0.300
0.342
0.374

0.283
0.318
0.335
0.374
O.'422

0.905
0.903
0.896
0 914
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This calibration facility is established at national level mainly for providing calibration service of test
tools used for quality assurance program in mammography, which is being implemented in Malaysia.
Technical requirements as well as other challenges in establishing this mammography calibration
facility are discussed and explained in brief in this presentation.
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Dose measurements in mammography x-ray have become more important and a basic path in quality
assurance programmes. It is recognized by the ternational guidelines that it is necessary to have
calibration services offered for mammography beams in order to help the improvement of the clinical
diagnosis.
Major efforts have been made by several laboratories in order to establish an appropriate and traceable
calibration 'infrastructure and to provide the basis for a quality control programme in mammography
[I].
The indication of a dosimeter, whose reference point is positioned at the point of test, is compared
with the conventional true value of the quantity to be measured. The calibration coefficient is then the
ratio of the conventional true value to the indicated 2]. he Primary Standard Dosimetry Laboratory PSDL or the Secondary Standard Dosimetiy Laboratory - SSDL provides the calibration coefficient of
the dosimeters reference to the Half Value Layers - HVL implemented in their laboratories.
The dosimetry calibration data is enough when the user has the same system as the laboratory where
the ionization chamber has been calibrated. However, there are other calibration systems that have
different calibration qualities implemented using different combinations of anode and filter and,
therefore, there is no direct relation with the calibration coefficient. How to deal with this?
As an example, figure I shows the plot of the dosimetry calibration data obtained with 4 (four) plane
parallel secondary standard ozation chambers specifically designed for mammography made by
NMH-Radcal, 60 cm volume, and 07 mg/cm` metalized polyester window construction. These
chambers have been calibrated at the Physikalisch-Technische Bundesanstalt - PTB/Gen-nany 3,4]
and at te the International Atomic Energy Agency - IAEA [5 6.
There are two different ways to obtain calibration coefficients when the user's implemented qualities
are different from the calibration laboratory's qualities. The first is the terpolation of each
calibration coefficient stated in the certificate. `be second is the fit of all calibration coefficients,
separately for non-attenuated and attenuated beam qualities, to obtain a function by which the
calibration coefficients can be determined at each beam quality. The second one includes the
statistical fluctuation.
The traceable dosimetry calibration data of the primary standard free-air ionization chamber are
observed in figure 1, named "a" and "b". The dosimetry calibration data "c" and "d" are traceable to
"b" and they obey the same mathematical relationship.
The dosimetry calibration data must fit an analytical forrn, as for example a secondary order fit. The
fit should not be used to extrapolate values that exceed the range of calibration.
The detemi'ation of the cotnbm'ed standard uncertainty associated with the calibration curve depends
on the data and the type of analytical function, separately for non-attenuated and attenuated beams.
The objective is to reduce the propagation of error due to statistical fluctuation.
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The conclusion is that if the calibration laboratories provide both results to the users, i.e., the
dosimetry calibration coefficients with their associated uncertainty and the calibration fit with
combined uncertainty, the users could apply the result directly, for the corresponding beam quality,
without interpolation. This is specially important for clinical mammography units that have different
qualities as compared to some dosimetry laboratories.
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Figure 1: Calibration coefficients of different Radcal mammography chambers
used as a secondary standard.
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The assessment and control of the performance characteristics of X-ray generators and tubes is an
essential part of a quality assurance programme, because the use of the Xrays ' medicine for
diagnosis of injuries and diseases represents the largest man-made source of public exposure to
ionizing radiation [1]. Others authors have suggested methods to determine the correct X-ray tube
voltage to complete the characterization of standard radiation qualities 2,3].
A method by spectrometry to calibrate ionization chambers and kVp meters used for quality control
tests in diagnostic radiology has been applied at the Calibration Laboratory at IPEN 4].
A transfer system for diagnostic radiology calibration was developed at IPEN as an alternative to
calibrate those instruments that measure kVp and air kerma values [5]. It consists of a pair of identical
ionization chambers in form, but differing only by the electrode material: one is made of aluminum,
and the other is made of graphite. It was calibrated using a spectrometer and a standard ionization
chamber traceable to the German Primary Laboratory (Physikalisct-r-Technische Bundesanstalt PTB). In this study the behaviour of the transfer system was analysed in the standard beams of two Xray equipments of the Calibration Laboratory.
The low energy Yray generating system consists of a Rigaku Denki generator, model Geigerflex,
coupled to a Philips tube model PW/2184/00 (Tungsten
target and Berylliurn window).
Measurements were taken from 30 to 50 kV. The diagnostic radiology X-ray generating system
consists of a Medicor M6vek R6ntgengyara Yrray generator, model Neo-Diagnomax 125 W).
Measurements were taken from 50 to 90 W. The established qualities are listed in Table 1 As
reference to the air kerma rate detennination a 1.0 cin' parallel plate ionization chamber,
Physikalisch-Technische Werkstdtten (PTW), model 77334, traceable to PTI3, Germany, was utilized
in this work.
Table I Diagnostic radiology qualities established at the Calibration Laboratory of IPEN.
X-ray
System

Radiation
Quality

Rigaku
Denki

DNI
DN2
DN3
RQR3
RQR5
RQR7

Medicor

Nominal Tube
Voltage
(W)
30
40
50
50
70
90

Total
Filtration
(mmAl)
2
4
10
2.5
2.5
2.5

Half-Value
Layer
(mmAl)
0.947
1.84
3.61
1.82
2.45
3.10

Effective
Energy
(keV)
19.0
28.2
38.9
32.0
39.2
46.0

The transfer system was placed in the X-ray beams, using a Lucite holder as shown in Figure 1. They
were connected to a PTW electrometer, model MULTIDOS, which allows connection to the two
ionization chambers simultaneously.
To study the behaviour of the transfer system, several tests were performed: stability and repeatability,
energy dependence, radiation sensibility and its utilization as a Tandem system (to determine kVp
values) using the two X-ray equipments.
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Figure I Transfer system in the radiation beam of a X-ray system.
The transfer system showed its usefulness through the performed tests presenting good stability as a
reference system. The graphite electrode chamber presents the best energy dependence 6%), while
the aluminum electrode chamber, as expected, showed a variation of 60% inrelation to the reference
chamber. The maximum uncertainty in the experimental data was 5.5%. Using the calibration factors
(determined by the standard ionization chamber measurements) and the transference factors
(determined by spectrometry), it was possible to determine the air kerma rates and the kVp values,
respectively, as showed in Table2. The associated uncertainties were always less than 12%.
Table 2 Tube voltages (kVp values) and air kerma rates determined using the transfer system
developed at IPEN.
X-ray

Radiation

Tube

Air Kenna

System

Quality

Rigaku Denki

DNI
DN2
DN3
RQR 3
RQR 5
RQR 7

Voltage
(kVp)
31.5
41.4
51.8
52.0
70.3
89.9

Rate
(mGy/min)
14.6
12.6
4.10
5.06
6.59
6.92

Medicor

The results sow the adequate behaviour of this system which can be used for the calibration of
instruments, and they provide a greater confidence in its utilization too. As a transfer system, it can be
periodically calibrated. This will guarantee its traceability to primary and secondary standard systems.
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To properly measure skin entrance dose with Thenno-Lurninescent Detectors (TLDs), these detectors
must be calibrated for the energy and X-ray spectrum being used during the angiographic procedures.
The following table present the TLD calibration curve for the TD processing method used for dose
measurements.
Table: TLD calibration factors
Tube Voltage
(W)
60
70
80
90
100
110
120

Calibration Factor
(mGy/nC)
0.587
0.584
0.580
0.577
0.574
0.553
0.532

The skin entrance doses and pertinent information for anglographic procedures are presented in the
next table. The values presented are the average for all patients undergoing the specific procedure.
The numbers in parentheses show the range of values measured for each category.
Table: Results of the radiation dose measurement for diagnostic and Interventional
angiographic procedures for adults and children.
Procedure

# of
Proc.

Patient
weights (kg)

Irradiation
time (min.)

images

Dose (mGy)

Translumbar aortogram

3

99
(70-136)

3.5
(2.3-5.2)

88
(76-104)

162
(45-299)

Iliac artery angioplasty
stenting

3

71
(68-84)

20.5
(3.8-43.1)

88
(43-190)

1,028
(161-2,560)

1

64

3.3

97

80

Aorta/Iliac Arteries

Carotid Artery
Carotid artery angiogram
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Procedure

of
proc.

Patient
weights (kg)

Irradiation
time min.)

images

Dose (mGy)

Carotid artery angioplasty
& stenting:

1

74

27.3

93

188

Embolization of liver
turnours

8

78.5
(48-117)

20.2
(12.7-43.5)

144
(56-473)

2,062
(137-9,329)

Uterine Artery
Embolization

26

72.3
(53-120)

28.2
(13.3-52.3)

126
(66-241)

1,204
(383-3,363)

Inferior Vena Cava filter
placement

2

66
(64-68)

3.0
(2.9-3.1)

25
(22-27)

44
(41-47)

Abdominal angiogram

3

79
(50-114)

6.8
(4.8-8.1)

243'
(163-311)

935
(138-2,450)

Central Venous Line
Insertion

7

34.6
(11.0-106.8)

2.6
(2.9-3.1)

7.0
(0.7-25.6)

Gastrostomy Tube
Insertion

19

13.2
(3.4-50)

4.8
(0.5-13.5)

8.6
(0.9-64.9)

Peripherally Inserted
Central Catheter Insertion

19

18.0
(0.6-93.2)

7.4
(1.3-21.6)

22.9
(1.0-141.6)

Embolization

Abdomen

Paediatric Procedures
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In Interventional Radiology an optimization of image quality and patient dose are vital. Optimization
is particularly important given te patient and staff dose levels associated with these often long and
complex procedures. In general, considerable fractions of the patient and staff doses arise from the
fluoroscopy component of these procedures. Consequently, the optimization of fluoroscopy in
interventional procedures is a first option [I]. Wide use of the Dose Area Product (DAP) meter during
roentgenological procedures requires a highly precise approach and time consuming calculations, that
are not an option in busy interventional practice. The question is just how can the physicians evaluate
and utilize the data from dosimetric examinations?
a) To compare two types of dosimetric devices used for evaluation of patient exposure during
polypositional radiological procedures.
b) To adjust the methodological aspects in measuring patient dose to daily clinical practice.
Preliminary evaluation of the exposure doses was made on the tissue-equivalent anthromorphic
Alderson-Rando Phantom as in real procedures, followed by measurements on the patient during
various procedures.
Patient doses were evaluated using two methods:
a) The equivalent doses were calculated by a INDOR-S indicator. This indicator enabled us to
measure the EED of 47 different radiological procedures performed on patients of different age
groups (from new-born to elderly). The INDOR-S indicator automatically calculates the patient
dose according to the manually programmed parameters - projection, area of iradiation, age of
patient, etc.
b) Dose Area Product (DAP) meter is a large ionizing chamber that measures a total flux of radiation
in real-time on the x-ray tube output with respect to the exposed area in c'- (mGycM7). Effective
Dose (ED) can be calculated.
We performed 1400 dose measurements in total. Exposure doses were measured in: PA, AP oblique
and lateral pojections; for various areas: chest, abdomen, pelvis. We used different field sizes:
18 cm x 24 cm, 24 cm x 30 cm, 35 cm x 35 cm. The procedures were performed in standard anodetable-top distance of 50 cm and nominal-table-top image intensifier distance of 30 cm. Fluoroscopy
time was routinely registered.
Exposure dose measurements were taken upon beam entry relymig on the examination area, the
radiation area and the tube conditions. 1400 dose measurements showed strong alterations in the
exposure doses using kV range from 70 to 80 kV. Using the DAP-meter we found that oblique
projections showed a 21.4% increase in ED when compared to PA projections due to an crease of
radiation area. The PA projection showed a 29.9% increase between small and medium-sized fields
(24 cm x 30 cm). Both PA and AP projections showed similar readings. We observed a small decrease
of EED during increase of kV from 80 to I IO kV. We reached a IO-15% accumulative EED decrease.
There was no significant difference
patient dose. We found that during most dosimetric
examinations that use a fixed 80-120 kV, the patient exposure will also stay in the same range.
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Oblique projection showed a 27% decrease in EED when compared to PA projection JNDOR-S),
whereas at the same time we found lower DAP readings and consequently reduction of ED and EED.
EED measurements in AP projection showed a dose increase of 45 times compared to PA projection.
Other researchers (S. Ranikko et al 2 reported silar results. EED calculations using 1NDOR-S
showed a decrease in dependency on
. A comparison between oblique and PA projections
demonstrated larger radiation areas: ED measurements (DAP-meter) in oblique projection show a
small dependency on field sizes. There was a 4 9% increase in the 35cmx35cm field size, and a 78%
increase in the 24cmx3Ocm field size. he EED was 21.4% higher compared to the PA p 'ection.
Use of the INDOR-S showed a 27% decrease in EED and lower dependency of doses on field size 3].
1. DAP-meter does not provide comprehensive data regarding patient dose, moreover during
polypositional examinations.
2. Inaccurate use of skmi and integral doses does not allow summation of total patient dose.
3. Combination of EED calculator and DAP meter seems to be useftil in clinical practice.
4. Simple, reliable and user ffiendly methods of patient dose measurement and recording are required
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The recognition of radiation induced injuries from fluoroscopically guided interventional procedures
has resulted in the current demand for development of recommendations and standards to limit dose to
both patients and staff.
This paper outlines the recommendations drafted within the framework of European Project
DIMOND 111. The actual work involves survey and review of national and international documents as
well as scientific publications in areas relevant to the digital and/or interventional radiology with an
aim of developing reconunendations for equipment requirements and specifications for digital and
interventional radiology. A pilot study of experimental investigations in at least three hospitals will be
conducted to test the requirements and the specifications, the result of which will be presented. The
recommendations are expected to provide an effective means of dose reduction to both patients and
staff while maintaining image quality adequate for the specific diagnosis or interventional procedure.
Different components of x-ray systems that have direct impact on patient and staff doses have been
considered (table 1). Where necessary a compromise between patient dose and image quality has been
made.
Table 1. Aspects of digital (interventional) radiology equipment for which detailed requirements are
proposed in relation to patient and staff dosimetry.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Patient entrance surface dose rate
Image intensifier or image receptor input dose rate
Maximurn fluoroscopic dose rate in air
Automatic dose and dose rate control
Pulsed fluoroscopy
Low dose rate fluoroscopy
Radiation quality, added (Cu) filters and HVL
Undercoach x-ray tube/overcouch 11
X-ray field limitation and alignment
Anti-scatter grids
Dose displays and record keeping
Devices to reduce occupational exposure

The dosimetric aspects of the recommendations propose detailed descriptions and limits to dosimetric
information relevant to patient and staff doses. International recommendations on maximum patient
entrance surface dose rate vary in the range from 25 to 65
Gy.min-' for normal mode fluoroscopy
[1]. Maximum image intensifier or image receptor input dose rate around 01 Gy mn-' at a distance
30 cm from the image tensifier input surface has been generally recommended. Maximutri
fluoroscopic dose rate in air must not exceed 50 mGy.min-' at a location depending on the
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configuration e.g. for undertable x-ray tube at 10 mm from the patient support on the patient side of
the support 2]. The use of pulsed fluoroscopy or low dose fluoroscopy is proposed as good options to
minimize dose and hence radiation induced injuries during interventional radiology 3.
Measurements made in practice will provide an indication of the magnitude of the dose reduction, and
will be used in establishment of reference dose levels.
The recommendations prepared within DIMOND III also propose an increase in the half value layer
(HVL) higher than that used in non-nal practice 4]. Therefore, the use of additional copper filtration
has also been proposed to reduce patient dose. The undercouch x-ray tube overcouch image intensifier
configuration is recommended as this will reduce scatter radiation otherwise reach to the radiologist
[5]. The recommendations also require restriction on x-ray field to be not larger than image receptor,
the use of anti-scatter 'd to reduce scatter radiation and possibility of removing it in procedures that
do not require it's use, such as paediatric cardiology and most of interventional neuroradiology
procedures. The proposals made will be compared to the results met in practice concerning doses to
patients and staff.
Digital (interventional) radiology equipment should provide the interventionalist means of online dose
display during interventions including patient entrance skin dose, total dose-area product, fluoroscopy
dose-area product, fluoroscopy time and number of exposures taken 6]. The possibility of deducing
patient entrance surface dose from other dosimetric parameters such as fluoroscopic dose area product
(DAP) will be investigated in practice.
It is also necessary to use means of occupational dose reduction such as lead equivalent aprons, gloves
and protective thyroid shield. The present study provides information on their uses.
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The new International Code of Practice IAEA TRS 398 [1] was recently implemented at the
radiotherapy department of our hospital.
During the starting phases of implementation, the values of absorbed dose to water,
, as
determined with the new Code ofPracticeand the previously used one (the Italian Protocol 21), were
compared.
The Italian Protocol, similar to IAEA TRS-277

3 in many aspects, has

the peculiarity of

recommending the use of a specific cylindrical chamber, ESC187 4], except for electrons with EO
5 Me V, for which a plane parallel chamber is recommended.
In 1993, during an IAEA InternationalSymposium, a comparison between the results obtained using
the ItalianProtocol and the protocol we had been using since then was presented [5].

In this work, in continuity with [5], the values of D,, in a set of photon and electron beams,
detennined ' accordance with the Italian Protocoland the MEA TRS-398 document, are compared
and discussed.
The ESC187 chamber was designed specifically for the implementation of the Italian Protocol,based
on NKand Ni,. calibration factors, but it can be calibrated in terms of absorbed dose to water as
well, and used in accordance with IAEA TRS-398.
However, due to practical reasons, another system, consisting of an NE 2581 chamber and an NE
257011

electrometer, was chosen as local reference,

and sent to the Italian Primary Standard

Dosimetry Laboratory, to be calibrated in tenris of absorbed dose to water at the quality

of

60 Co.

In order to use the N. E. 2581 chamber in the water phantom originally built for the ESC18 7 chamber,
a specific adapter was manufactured.
From some points of view, a plastic walled chamber like the NE 2581 is not the best choice as a
reference 'instrument 1], nevertheless the long terin experience with several N.E. 2581 chambers and
the availability of both a

Sr source and a60CO unit for stability checks made us confident enough.

In the IAEA TRS-398 document, the use of cylindrical chambers

electron beams with

R50

<4 g

-2
M

(corresponding to E < 0 MeV about) is not allowed, therefore a ScanditronixNACP plane parallel
chamber was cross-calibrated against the local reference in a high energy electron beam and then used
in low-energy electron beams.
The comparison was carried out in a

60 Co

beam, seven X ray beams ranging from 4

to 18 MV

(TPRo.jo from 062 to 0 77) and tirteen electron beams with nominal energies ranging from 6
Me V (R.50 from 25 to 92 gCmw).
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For some electron beams, the reference depths are different for the two protocols, therefore it was
necessary to match the results with he help of depth-dose curves measured with semiconductor
detectors. Though the differences between depths are in general small, this matching may contribute
not negligibly to the overall uncertainty.
The results of the comparison
terms of the ratios between D,,, as determined with the old (Italian
Protocol)and the new (TRS 398) procedure are distributed as follows: the mean ratio for the whole set
of data is 0. 990 ( 0007, 1 st. dev.). The same parameters for photon and electron beams separately
are 0. 988 ± 0.006) and 0.992 ± 0.006) respectively.
The results are not in disagreement ith [1], where the ratios of D, in 6OCo beam, determined with
the ND.,, and the N formalism are sowed for a large set of chambers: the average value is about
1.0l,andthemaximumandminimumvaluesareabout
.02andl.00respectively(in[l],D.,(ND.,, is
at the numerator, whereas in the present work it is at the denominator).
The comparison with the above-mentioned data cannot be stressed too much, however. In fact, first of
all those data were obtained at the evel of standardization laboratories, while the present ones are at
the cinical level. Moreover, in 1] the results refer to measurements in "o
beams with different
chambers, and only theoretical considerations are carried out for other beam qualities. Our results, on
the contrary, are concerning only a ew chambers (ESC187, NE 281 and NA CP) but extend to many
different beam qualities.
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In recent years, many countries are planning to change over from air kenna based formalism [1 to
absorbed dose (to water) based fon-nalism 2] for the calibration of clinical photon beams. The reasons
for the change over are the following:
The absorbed dose to water calibration factor, ND,,, is less likely to be affected by Type uncertainty
[I] compared to air kerma calibration factor, NK because of different procedures and systems used for
realizing the absorbed dose standard which is the best way to reveal differences between the
standards. Air kerma standard, on the other hand, is realized by the saine physical methods by all
Standards Labs and therefore may contain unknown common bias.
The current air ken-na based Codes of Practice, for deriv'g absorbed dose to water, from NK, for 60 co
beams, uses theoretical methods that do not take into account individual variations within a particular
chamber type. (e.g. all NE 2571 chambers will have the same factor for kt and k for computing ND.,
from NK- Investigations show 2] that this variation 'M (ND. / NO
could be about I
or greater.
This is because factors such as k,, and %, are purely theoretical and hence it is difficult to assign
uncertainties to them. Direct calibration in terms of absorbed dose to water will potentially remove
much of tis variation.
If ND., factors are made available for higher energy photon beams as well, the energy dependence of
ionization chambers, ND.,,Q / ND.,, = k, can be based on experimental data rather than theory leading
to simplicity and maximum accuracy in reference dosimetry. However,
factors for clinical
range of photon beam qualities are available only with a few Standards Laboratories (e.g. NPL, LK
and NRC, Canada). Beam qualities other than 6OCo are very ulikely to be available in other Standards
labs, in the near future. Using the NKbased formalism, kQ factors can be theoretically derived.
[D,, (df)/ M]Q
------------------[D, df) M]c.

[ND.,-,Q]
(mS,,,) pQ (W/e)Q
----------- = k = ------------- ----------[ND."]
(.S,,.,) p.
(W/e)c.

where
S,,), p and (W/e) refer to mass stopping power ratio water to air, chamber perturbation
factor and 'mean energy expended per unit charge generated' at beam quality Q and reference beam
quality, 6OCo, respectively.
Thus k can be theoretically determined and can be used along with [ND.,j in an absorbed dose (to
water) based formalism. This improves the accuracy compared to NK based formalism since one is
now interested in the variation of quantities w.r.t. beam energy instead of their absolute values.
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In this study, a part of an IAEA CRP, our results on 3 models of chambers, tested for the three
protocols mentioned above, for Co-60 and higher photon beam qualities, are reported.

E

[D-(d,,f,

]Ox]OSSD)ITRS39:3 /

[D,(drf,

10xlOSSD)ITRS2717

for chamber NE2571

Table 1: Ratio ofdoses at reference depth as per the IAEA
Codes TRS 398 TRS 277 for accelerator photon beams
Expressed as

[D,(IO I OX I0

I OO)ITRS398

---------------------------------

[D,(10,10xlOSSD)ITF',S277
Linac
2100D
2100C
Primus
2100C
2100D
Primus

E (MV)
6
6
6
I0
15
15

TMo/jo
0.665
0.677
0.688
0.737
0.752
0.772

chamber I
1.008
1.009
1.011
1.011
-

N-2571
chamber 2
1.006
1.006
1.006
1.008
1.009
1.013

NE2577

NE2581

1.008
1.015

1.008
1.012

chamber 3
1.004
1.011
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Last year, the Spanish society of medical physics (SEFM) recommended to their members the use of
the new LAEA Code of Practice (CoP), TRS-398, based on the absorbed dose to water concept 1%,
In our hospital we followed the LkEA CoP TRS-277 and TRS-38 1, for this reason we have decided to
evaluate the differences before using the new MEA CoP in clinical practice.
Others societies of medical physics have published analogue recommendation, like AA-PM with the
Task Group TG-51.
Calibration of onization chambers in terms of absorbed dose to water, would reduce the uncertainty
in determining the absorbed dose to water in radiotherapy beams versus calibration in air in terms of
air ken-na. n this case, chamber dependent conversion factors are required to deten-nine absorbed dose
to water. These factors do not account differences between individual chambers of a particular type.
In other hand, the use of protocol with a more simple formalism reduces the possibility of errors.
To evaluate the differences in the absorbed dose determination in external beam radiotherapy
according LEA-381 and IAEA TRS-398 codes of practice, and the same differences between IAEA
TRS-398 and AAPM TG-51, both protocols based on the same fon-nalism ND, in the two following
cases:
a)

Ionization chambers whose calibration factor has been obtained with the 60CO in-water method,
ND.,,c,, and
b) Plane parallel ionization chambers calibrated against calibrated cylindrical chamber in a high
electron beam ND.,,,Q.
The measurements have been perfort-ned in two lear accelerators Clinac 2100 C (Varian), with
electron beams of nominal ene 'es between 6 and 20 MeV, corresponding to
from 23 to 83
g/CM2 and photons beams of 6 and 18 NIV with quality energies between TPR = 068 and 079.
The measurement equipment has been a NE 2571 cylindrical ionization chamber, used for photon
beams and PTW Roos, NACP and PTW Markus plane parallel ionization chambers in electron beams.
Two water phantoms have been used, one by NE including a waterproof sleeve for cylindrical
ionization chambers with thickness about 0.5 mm MNIA, and another by MedTec with a manually
depth positioning.
The energy parameters characterizing the electron and photon beams have been obtained from
measured depth dose distributions carried out by a plane parallel ionization chamber NACP.
In photon beams, absorbed dose to water has been deterinined at the reference depth recommended in
each protocol. In electron beams, the depth of measurement in TG-51 and TRS-398 is drf = 0.6*R500 I and measuring depth in TRS-381 is the depth of maximum absorbed dose, dm,,
Differences in the absorbed dose deterinined by the three protocols are less than 0.5
in photon
beams in spite of the different method of characterizing the quality of photon beam in TG-51.
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In electron beams, the discrepancies i absorbed dose determined between TG-51 and TRS-398, using
the ND,c with NACP and PTW Roos cambers are less than 0.5
and up to 2
for the PTW
Markus chamber the energy ranges measured. These differences are less than 1 between TRS-381
and TRS-398 for plane parallel chambers used in tis work.
in the case of NDwQ, for all plane prallel chambers, the differences are less than 0.5%.
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In most beam calibration protocols so far used in clinical practice, the method recommended for the
determination of absorbed dose to water in high-energy electron beams is based on either an exposure
or an air kerma calibration factor of an ionisation chamber in a C06" gamma-ray or 2 MV x-ray beam.
These protocols are complex and the overall uncertainty 'M the absorbed dose to water under reference
conditions is about 34%. 14]. The new generation of protocols, namely LAEA TRS 398 [5], are
based on absorbed dose-to-water standards in photon beams from C060 and accelerator beams..
The possible errors in absorbed dose determination in reference conditions in practical clinical
dosimetry caused by replacement of TRS 277 and TRS 381 protocols for a new TRS 398 protocol
were carefully studied for clinical electron beams energy range 620 MeV.
All measurements were performed on Vanan CL1NAC 2 00 C linear accelerator. The electron beam
energy ranged from 6 to 20 MeV. Basically three different detectors were used for measurements:
PTW Roos plane-parallel ionization chamber, calibrated PTW 30002 Fanner type, ionization,
Scanditronix electron diode detector. Measurements of central axis percentage depth doses were made
by diode using Wellh6fer WP700 beam scanner in 40 cm x 40 cm x 50 cm water phantom. A
reference chamber or semiconductor diode mounted on electron treatment cone was used to correct
beam output variations for a chamber or diode measurements during scanning. Absolute dose
measurements were carried out with Roos plane-parallel chamber connected to PTW UN[DOS
electrometer always for preselected number of monitor ruits.
In a new L4,EA dosimetry protocol clinical reference dosimetry for electron beam is performed at
depth of d,,f= 0.6R5 - 0.1 [cm] 'instead of dma, as in previous ones. To check the stability of electron
beams for energy and to establish df and standard deviation for reference depth position, the depth
dose curves obtained during the quality control measurements for the last three years were analyzed
and compared with those measured during this study. The data show that measured average values for
d,,f are much stable with time compared to average d,,, values (average standard deviation of 0032
and 0007 [cm] for dma_, and d,f, respectively).
The absorbed doses in reference depths were calculated from measured values using five different
methods, which are summarized in Table 1. From Tab. I one can see also that different calibration
factors, still used 'Mclinical practice, were employed for calculations of absorbed dose in reference
conditions. To compare the doses using both TRS recommendations the ratio Dn,,Dd,,,f was
established as well. Estimated uncertainties for 'individual methods are also included in Tab.
Summary of absorbed dose determination in electron beams is presented in Fig. I as a dose for 00
MU in the same reference point. From the Fig. I one can see that doses, except dose for 20 MeV
electrons, are scattered within the range of 25% which is less than values for combined uncertainties
estimated for individual methods (see Tab. 1). The large deviation 4,7%) observed for 20 MeV beam
can not be explain easily, the only possible factor for the moment is too small field size used for depth
dose curves measurement. More detail studies for this energy are carried out now. The replacement of
presently used TRS 381 protocol
our country for TRS 398 protocol will not have a significant
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influence on absorbed dose estimation in clinical practice. Application of dosimetry protocols based
on absorbed dose to water standards will considerably reduce the uncertainty of the absorbed dose
delivery to a patient as the number of steps involved in correction factors applied is reduced.
Table 1: Methods and protocols used for calculation of absorbed doses ' reference conditions
for electron beams.
Method
A
B
C
D
E

Calibration factor

Protocol

electron beam
electron beam
ND., Q. -0
c-0
ND..

TRS
TRS
TRS
TRS
TRS

ND., Q

ND., Qo

N,

Co"

381
398
381
398
381

Calculated
uncertainty
2,5
1,9 %
3,6 %
2,8 %
3,3

Fig. 1: Absorbed dose deten-nmation for electron beams using different methods and protocols.
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The use of plane parallel ionization chambers for the dostmetry of electron beams has been
extensively recognized in national and international recommendations and codes of practice.
The construction details of different chambers and their influence on the measure, which should be
converted 'Msuitable perturbation factors, have also been published 1].
Updated information, new data, refined investigations have recently been gathered in MEA TRS 398
[2] where the major efforts of Primary Standard Dosimetry Laboratories (PSDLs) in providing
calibration factors in terms of absorbed dose to water at a reference quality is reflected.
From the users point of view, and specially concerning electron beams, one can probably get confused
with different methodologies and procedures in order to accurately deten-nine absorbed dose to water.
The aim of tl-s work is to explore the different methodologies and procedures concerning absolute
dose determinations, in a hospital and using different chambers, in order to appreciate the relative
deviations 'M absolute dose values.
Despite the fact that Markus chamber does not meet all the minimum requirements namely
concerning scattering perturbation effects due to the geometry and dimensions of the guard electrode,
it is still a quite used chamber type in current clinical practice. So we have included dose
determinations with this plane parallel chamber (PTW 23343) and also with a Roos chamber (PTW
34001).
Markus chamber is provided with a standard calibration certificate in terms of absorbed dose to water
(Nw) and also in terms of absorbed dose to air (NA), referred to a high energy electron beam whereas
Roos chamber has a calibration factor in tenns of absorbed dose to water referred to 60CO.
Starting from these materials different methodologies have been applied:
i)

ii)

iii)
iv)

v)
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Using NA of Markus chamber according to the users instruction manual 3 which refers DGMP
Report N6: Praktische Dosimetrie von Elektronenstrahlung und ultraharter Rontgenstrahlung,
1989.
With that N value and the high energy electron quality taken as o, the formalism of TRS 381
has been applied, using the beam quality correction factors kQQo for our electron beam qualities
(nommal energies: 6 8, 10, 12, 15 and 18 MeV).
The cross calibration methodology using the electron energy beam quality of the certificate taken
as Qcross at the highest electron energy available (I MeV), has been used according to TRS 398.
To become dependent of the calibration certificate, the same cross calibration procedure has
been used but this time against a calibrated reference cylindrical chamber calibrated in "Co by
the Portuguese SSDL.
For the Roos chamber, and in order to appreciate the influence of chamber type, we have used the
general 1%., based formalism with
quality correction factors. We have also compared the
results of TRS 381 and TRS 398 as these codes of practice differ in electron beam quality
ification - TRS 381 uses E, the mean energy at the phantom s ace, whereas TRS 398 uses
spec
urf
R50, the half-value depth of absorbed dose in water as the beam quality
dex.
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vi) Also with Roos chamber, we have used the cross calibration methodology against two different
reference cylindrical chambers (P-rW 31003 and PTW 30006 Fanner) calibrated both in 6Co, but
in different SSDLs.
Whenever a ratio of measures is involved an external monitor chamber has been used in order to
minimize the effect of any variation in the accelerator output.
The analysis has been done by chamber type (in Gy/C to became independent of the measure itself)
and the deviations encountered can reach up to 25%. An example is presented in the figure. Also
dose deten-ninations have been compared for each nominal electron energy and independently of
chamber type. An uncertainty analysis has also been done including an estimate of the combined
uncertainty associated to each methodology.
For a common user in a typical hospital where different chambers may exist, many are indeed the
possibilities in tenns of dose deten-nination methodologies. The ultimate choice should rely on an
external international audit like ESTRO Quality Assurance Network (EQUAL).

Markus chamber PTW 23343
5,500
5,400-
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0 D560.210.0/3-Na
* TRS381 Nw
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X
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A
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A
X
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The paper describes the work carried out for the IAEA CRP "Development of Techniques for the
dissemination of the new standards for radiation measurements at the SSDLs" under contract no.
I 1626/RO/RBF, in two main parts. In the first part, an attempt is made to compare the water absorbed
dose calibration factors (ND.w) determined from air kerma calibration factors (NK) and ND,. calibration
factors aived from nearly direct calibrations, at six radiation beam qualities produced by an RT250
X-ray machine, The second part of the paper gives the details of the deten-nination Of CK (=ND, /NK)
[I] for different types of chambers calibrated recently at Co-60 energy.
The X-ray machine of the Radiation Safety Systems Division (RSSD), of Bhabha Atomic Research
Centre (BARC) is extensively used for calibrations, especially of protection level monitors. The
machine operates at fixed kVs and manufacturer specified filters as mentioned in Table I with 2 mm
Al inherent filtration. Recently, two new calibration beams at 100kV and 25OkV approximating BIPM
reference qualities were also produced and charactenised. Along with these two beams, the standard
beams mentioned in Table I are used for the present'studies. The Table I gives the characteristics of
the radiation beams. Using a NE2571, Sr. No. 1692 chamber having air kerma calibration factors NK
determined using BARC X-ray air kerma standard) as reference, absorbed dose to water calibration
factor ND., is determined using the relation below with the NK calibrated chamber 2].
ND,.
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100

0.2Cu

5.068AI

0.74

1.033

1.01

1.001

1.044

150

0.35Cu

0.603Cu

0.60

1.053

0.997

1.008

1.058

200

0.5Cu

1.082Cu

0.58

1.068

0.997

1.008

1.073

250

lCu

2.02Cu

1.084

1.00
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1.090

10OBfPM

1A1

4.026AI
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0.997
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250BIPM

1.6Cu

2.5OCu
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Table 2 In-water calibration factors of two PTW chambers using ND,, calibration factors of NE25 71
kV

NE2571 1692

ND, PTW (Type 30001
chamber 1)

ND, PTW (Type 30001
chamber 2 NDw

kQIo

ND,

kQQo

100

42.12

43.97

0.960

49.66

0.921

49.52

0.926

150
200
250

41.91
41.67
41.62

44.34
44.71
45.36

0.968
0.977
0.991

50.54
133
52.50

0.937
0.951
0.973

50.45
51.19
52.32

0.943
0.957
0.978

100 BIPM
250BIPM

42.21
41.55

44.19
45.46

0.965
0.993

49.93
52.59

0.926
0.975

49.73
52.42

0.930
0.980

NK

ND,"

Co-60

45.78

ND,

kQQo

53.95 (ND.,,.Qo )
1
53.50 (ND,,Q.)
53.36 (ND,,.Qo PTB certificate value)

(ND,.,Q.)

NK values for NE 2571, Sr. No. 1692are determined by direct calibration with medium energy FreeAir Chamber

Typical PTW Certificate graph (PTB Instruction manual D348.131.0/5) shows a flat energy response
of ND, calibration factor above 50 keV (<I%) for the chamber The above values given in bold
italics show the PTI3 60CO calibration factor for the chamber 1. Our results sow a difference of 2.6%
between the 25OkV N, calibration factor and 60CO Nw calibration factor of BIPM and 1.5%
between the 25OkV calibration factor and 60CO calibration factors of PTI3.
Co-60 calibrations and determination of C values: Several chambers were calibrated at Co-60
energy in terms of air kerma units as well as dose to water units, using BIPM calibrated NE 2571
chamber in terms of these two units. ypical calibration factors as well as the ratio of ND.,/NK (=CK)
values for various chambers are presented in Table 3.
Table 3 Ck (ND,,/NK
Chamber
Type
NE 2571
NE 2571
NE 2571
NE 2571
NE 2571

No.
1
2
3
4
5

NE 2571
NE 2581
PTW 30001

BARC**

at Co-60 values for different chambers

NK (Gy/gQ at 200C
and 1013mb
41.02
4 171
41.48
4 136
4 152

ND,, Gy/gQ at 200C
and 1013mb
45.10
45.78
45.30
45.27
45.33

=ND,/NK)
1.0995
1.0975
1.0921
1.0945
1.0918

6
1
1
2

41.51
53.57
49.48
49.07

45.41
58.66
53.95
53.5

1.0937
1.0949
1.0903
1.0903

3
1

48.02
54.04

52.56
58.67

1.0945
1.0856

These indigenously make chambers are commonly used in India

PNIMA

Ck

aving Tuffiol wall

with

Buildup Cap.

Complete data and up-to-date results will be presented in the final paper.
The

CK

values given above for NE 2571 and PTW` 30001 chambers are consistent with those in Fig 2

of TRS-398 [1].
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ABSORBED DOSE DETERMINATION IN HIGH ENERGY PHOTON BEAMS
USING NEW IAEA TRS - 398 CODE OF PRACTICE
S. SURIYAPEE
King Chulalongkorn Memorial Hospital
Bangkok, Thailand
S. SRIMANOROATH
Division of Radiation and Medical Devices
Department of Medical Science, Ministry of Public Health
Bangkok, Thailand
C. JUMPANGERN
King Chulalongkorn Memorial Hospital
Bangkok, Thailand

'Me absorbed dose calibration of 6 and 10 MV X-ray beams from Varian Clinac 1800 at King
Chulalongkom Memorial Hospital Bangkok, bailand were performed using cylindrical chamber 06
cc NE2571 Serial No 1633 with graphite wall and Detrin build up cap and lonex Dosemaster NE 2590
Serial No.223. The absorbed dose determination followed the LkEA code of practice TRS-277 [1].
The new LAEA code of practice TRS-398 2 have been studied to compare the result with the MEA
TRS-277. The calibration factor in terms of absorbed dose to water NDWwas derived from NK-NDair
basis. The NK factor was provided by SSDL , Ministry of Public Health. The value of the NK factor
is 4145 x I 7Gy/C. Then the absorbed dose to air chamber factor NDai, can be calculated using the
expression
NDair

NK

(1 -g) katk.

-------------- [1]

The NDWQ., calibration factor in term of absorbed dose to water at a reference beam quality Q was
calculated from
NDWQo

ND,.

( Sw,

)Q.

updated according to IAEA TRS-3 8

NDairwas

NDair

=

NK

(I g) k.

-------------- [2]

Q.

km k:!i

3
-------------- [31

The meaning of the factors g, kank. kcl was given in LkEA TRS-277 and IAEA TRS-381
(

w, ,)Q,
P QO

1,3]

Water to air stopping power ratio of Co-60 gamma radiation
The over all perturbation factor of Co-60 gamma radiation

The factor Sw. a,)Q( p Q. for various types of chambers could be found in the table 3 7 of MEA TRS398 [2].The calculated value of ND,,,i = 4071 X 1 7Gy/C and NDWQ, = 4513 X 1 7 Gy/C.
The measurement were made in a water phantom, the standard field size of xIO cm was used. The
measurement depth were the same for both protocols, cm for 6 NW X-rays beams and IO cm for IO
MV X-ray beams. The 1AEA TRS-277 protocol [1] recommended the used of effective point of
measurement which is displaced from the center of the chamber equals to 06 of the radius of the
chamber (0.6x3.15=1.89 mm), so the %DD at 481 cm 5-0.189 mm) for 6 NW X-ray beams and
DD at 981 cm 10-0.189 mm) for 10 NW X-ray beams were used to correct for the effective depth
when the maximum absorbed dose was calculated.
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The absorbed dose was calculated by following equations
TRS-277 protocol
TRS-398 protocol

Do (P,ff)
D,,Q (center)

MQ NDai ( Sw, )QPQ
NIQ ND,,,Qo kQQo

------------- [4]
------------- [5]

MQ is the reading of the dosimeter corrected for recombination and environment condition.
kQQ,, values were determined as a function of TPR ,10 by the table 14 IAEA TRS-398 2 The
various factors for the absorbed dose etermination for 1AEA TRS-277 and IAEA TRS-398 are listed
in table I
The absorbed dose to water of xI0 cm beams at depth of maximum dose are compared between
IAEA TRS-277 and IAEA TRS-398 in table 2.
Table 1. The various factors in IAEA TRS-277 and IAEA TRS-398 for determining the absorbed
dose to water of I Ox IO cm , 6 and IO NW X-ray beams
Type
MV
6
10

Depth
(cm)
4.81
9.81

IAEA TRS-277
%DD TPR,0,10
Sw,.i,)Q

PQ

87.4
74.5

0.994
0.996

0.677
0.738

1.120
1.105

Depth
(cm)
5.0
10.0

fAEA-TRS-398
%DD (S.,,.i,)Q. p Q.

kQQ.

86.6
73.7

0.994
0.986

1.102
1.102

Table 2 Comparison of the maximum absorbed dose D, (cGy/mu) of I Ox I 0 cm, 6 and I MV
X-Ray beams using IAEA TRS-277 and IAEA TRS-398
Type of X-ray beams
6 1\4V
10 1\4V

D TRS-277
1.002 cGy/niu
1.000 cGy/niu

D TRS-398
1.000 cGy/mu
1.004 cGy/mu

D. TRS-398/ D,,.xTRS-277
0.998
1.004

Comparing between two protocols, the absorbed dose to water determined according to IAEA TRS398 are comparable to the absorbed dose to water deten-nined according to IAEA TRS-277 with the
maximum discrepancy of 04 %. The factor that may contribute to the small difference in absorbed
dose between two protocols is likely to be kQo. With careful derived of kQQo, the perturbation factors
may be the main factor. The uncertainty associated with the measurement would be less due to the
same measurement point of two protocols.
Although the calculated NDW Q. calibration is not recommended, it is the option used during an
interim to practice before the implementation of the new code of practice 2].
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M.G. STABIN
Department of Radiology and Radiological Sciences
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In any application involving the use of ionizing radiation
humans, risks and benefits must be
properly evaluated and balanced. Radionuclides are used in nuclear medicine in a variety of
diagnostic and therapeutic procedures. Recently, interest has grown in therapeutic agents for a number
of applications in nuclear medicine, particularly in the treatment of hematologic and non-hematologic
malignancies. his has heightened interest in the need for radiation dose calculations and challenged
the scientific community to develop more patient-specific and relevant dose models. Consideration of
radiation dose in such studies is central to efforts to maximize dose to tumor while sparing normal
tissues. In many applications, a significant absorbed dose may be received by some radiosensitive
organs, particularly the active marrow. his talk will review the methods ad models used
ternal
dosimetry in nuclear medicine, and discuss some current trends and challenges in this field.
Internal dose estimates currently are not used in the management of individual patients in internal
emitter therapy, in the way that dose information is used in external beam radiation dose treatment
planning. Internal dose calculations generally are well evaluated during clinical trials to establish the
efficacy and gain approval for new radiolabeled agents. In routine administrations, however, the same
amount of activity is given to most patients, perhaps with slight adjustments for total body weight or
external surface area, and a careful radiation dose plan is not developed for each patient to optimize
the therapy. The reasons for this are that dosimetry analyses are far more difficult for internal emitters
than for external radiation therapy (as patients must be imaged at multiple times and a fairly complex
analysis performed) and because current models, which are based on stylized models representing
average individuals, do not give dose estimates with the degree of accuracy needed for such careful
analyses. Much attention is being given to improving models, for both general organs and red
marrow; whether this ultimately leads to greater clinical relevance remains to be seen.
Dose calculations are still mostly calculated using the MIRD system, although a new system has been
developed (RADAR) which is made available through the internet and which will be supported using
software similar to the well known MIRDOSE program. Initial radiation dose estimates for many
radlopharmaceuticals are established from bokinetic data gathered from animal studies. Then, nuclear
medicine images, either planar or Single Photon Emission Computed Tomography (SPECT), may be
used to establish the kinetics in human subjects. Counts in different regions are associated with
identifiable regions by manually drawn or semiautomatically defined regions of interest. Either
blood-based or image-based methods may be applied to obtain time-activity data for marrow. The
number of time points and the spacing of time points is essential to the successful gathering of data
for a dosimetry assessment, as described in MIRD Pamphlet No. 16. Time-activity curves for all
significant source regions must be generated and then integrated to give the number of disintegrations
occurring in all source regions. Then, appropriate dose conversion factors from a suitable model are
applied and perhaps adjusted using known patient organ masses.
Great strides are being made at many centers regarding the use of patient image data to construct
individualized voxel-based models for more detailed and patient-specific dose calculations.
Knowledge continues to evolve about bone and marrow dose modeb and their appropriate application
to individual patients in therapy. Much has been learned recently about patient-specific adjustments to
model-based marrow dose estmiates and about the use of bornarkers to indicate 'individual patients'
ability to tolerate radiation dose to the marrow. Some data concerning dose/response relationships for
tumors has also been established. Thus, there is hope for internal dose calculations to become truly
relevant in patient management in this form of therapy, but much work remains to be done.
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The accuracy of the estimation of dose delivered to patients receiving radiopharrnaceutical therapy is
vitally linked to the accuracy of measurements of the amount of radioactivity contained in the drug.
This is due primarily to the fact tat most Monte Carlo codes currently in use express the calculated
dose in terms of a dose rateper unit activity. In order to reconcile experimental (or administered) dose
rates and calculated (or intended) dses, the activity must be known as accurately as possible.
Moreover, the consistency of dose estimates among a group of sites participating in clinical trials can
only be ensured when the activity measurements are referenced to national or nternational standards.
The Radioactivity Group of the National Institute of Standards and Technology (NIST) has an
extremely active program aimed at ensuring good radioactivity measurements at all levels of nuclear
medicine practice in North America. This talk will give an overview of this program and will
conclude with a discussion of how it can be used as a model for an nternational effort in
measurement quality assurance for nuclear medicine and radiopharmacy.
The cornerstone of this project at NIST is the NST/Nuclear Energy Institute Measurement Assurance
Program, which focuses on performance-based testing of the primary producers of
radiopharmaceuticals. The participants
this program consist of most of the isotope suppliers,
commercial radiophan-nacies, and radiophannaceutical manufacturers in North America. Ten times
per year (once per month) solutions of a sing12, radionuclide are calibrated for radioactivity content
and distributed as "blind" samples to the participants, who perform activity measurements exactly as
would non-nally be done in their facility and report the value back to NIST. The results are compared
to the NIST-calibrated value and a Certificate of Traceability issued to document the degree to which
the measurements are traceable to NIST. For the remaining two months, participants have the option
of submitting samples of any previously standardized radionuclide for calibration by NIST. Should
any problems be evident in the measurement results, NIST and the participant work together to
attempt to resolve the issues and will often result
a second measurement trial. Data will be
presented showing how this program has maintained good control over the measurements of the
various laboratories involved.
The other component to the quality assurance program at NIST is a strong research effort geared
towards the identification of measurement issues involved in nuclear edicine. This includes the
standardization of an ever-growing list of radionuclides of interest in nuclear medicine. These laborintensive studies result in the derivation of an accurate, reproducible methodology for the
measurement of samples containing a particular radionuclide, as well as the identification and
quantification of radionuclidic impurities that may also be present in the sample. An important part of
this result is a complete assessment of the uncertainties involved in the measurements. Some of the
nuclides that have been standardized in the past few years include 111LU, 94-rc, "'W (in equilibrium
with "'Re), and 62CU. Presently, experiments are currently in progress to standardize the alphaemitti ing radiotherapy nuclide 2 'At.
In addition to the development of pimary standards that are of mostly of interest to metrology
laboratories, there is a strong effort in the Program to develop ways to make the primary
measurements relevant in a clinical or research setting. This involves the derivation of calibration
factors for commercially available instrumentation, such as re-entrant ionization chambers ("dose
calibrators"), that are currently used in many hospitals and clinics around the world. Because these
devices respond only to photon radiation, measurement of radionuclides whose decay schemes
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involve low-energy gamma- or x-ray emission (such as 1211, 66 Ho, 116 Re, and ... Lu) or which are pure
P -emitters wich produce photons in the form of bremsstrahlung) can be very sensitive to the design
and construction of the measurement container and to changes in solution composition. Therefore, it
is necessary to derive the calibration factor for the exact geometry in which the radionuclide will be
measured in the clinic. This has been the main focus of research for the program during the last
years and has involved the determination of calibration factors for nuclides such 90y, 125i, 16 Re, and
166 Ho in various geometries, including syringes and dose vials,
Finally, there has been a great deal of interest during the past few years in the development of
radioactivity standards for sources used
brachytherapy for the treatment of prostate cancer or for
the prevention of coronary restenosis following balloon angioplasty. This involves the quantitative
destruction of the particular brachytherapy source and measurement of radioactivity content by a
primary calibration technique such as microcalorimetry or liquid scintillation counting. In parallel,
measurements are made to derive secondary standards for use both by NIST and by the manufacturers
of these devices. These secondary standards most often take the form of calibration factors for
ionization chambers and allow for future activity measurements to be made nondestructively for
sources with an identical design to the one oginally calibrated.
All of these activities together address measurement needs at each of the different levels of nuclear
medicine practice and help ensure patient safety. The success of the program comes through
anticipation of future needs by the nuclear medicine community wch is achieved by close
interaction with potential users.
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Monte Carlo techniques have become one of the most popular tools in different areas of medical
radiation physics following the development and subsequent implementation of powerful computing
systems for clinical use. In particular-, they have been extensively applied to simulate processes
involving random behaviour and to quantify physical parameters that are difficult or even impossible to
calculate analytically or to determine by experimental measurements. The use of the Monte Carlo
method to simulate radiation transport turned out to be the most accurate means of predicting absorbed
dose distributions and other quantities of interest in the radiation treatment of cancer patients using
either external or radionuclide radiotherapy. The same trend has occurred for the estimation of the
absorbed dose in diagnostic procedures using radionuclides.
There is broad consensus in accepting that the earliest Monte Carlo calculations in medical radiation
physics were made in the area of nuclear medicine, where the technique was used for dosimetry
modelling and computations. Formalism and data based on Monte Carlo calculations, developed by the
Medical Internal Radiation Dose (MIRD) committee of the Society of Nuclear Medicine, were
published in a series of supplements to the Journalof Nuclear Medicine, the first one being released
in 1968. Some of these pamphlets made extensive use of Monte Carlo calculations to derive specific
absorbed fractions for electron and photon sources uniforrnly distributed in organs of mathematical
phantoms. Interest in Monte Carlo-based dose calculations with Pemitters has been revived with the
application of radiolabelled monoclonal atibodies to radioinimunotherapy. As a consequence of this
generalized use, many questions are being raised primarily about the need and potential of Monte Carlo
techniques, but also about how accurate it really is, what would it take to apply it clinically and make it
available widely to the medical physics community at large.
The application of Monte Carlo techniques in medical physics is an ever lasting enthusiastic topic and
an area of considerable research interest. Monte Carlo modelling as contributed to a better
understanding of the physics of radiation transport in medical physics. As an example, the large
number of applications of the Monte Carlo method attests to its usefulness as a research tool
different areas of nuclear medicine imaging including detector modelling and systems design, image
reconstruction and correction techniques, internal dosimetry and phan-nacokinetic modelling. In
particular, Monte Carlo simulation is a gold standard for the simulation of nuclear medicine iaging
systems and is an indispensable research tool to develop and evaluate dose planning algorithms.
Recent developments in nuclear medicine nstrumentation including high-resolution SPECT/PET
scanners and multimodality imagers as well as applications in patient-specific dosimetry are ideal for
Monte Carlo modelling techniques because of the stochastic nature of radiation emission, transport and
detection processes. Factors, which have contributed to the wider use, include improved models of
radiation transport processes, the practicality of application with the development of acceleration
schemes and the improved speed of computers as well as the availability of multiple -processor parallel
processing systems.
Modelling of iaging and other medical applications is best done with phantom models that match the
gross parameters of an individual patient. Recent three- and four-dimensional computer phantoms seek
a compromise between ease of use, flexibility and accurate modeling of populations of patient
anatomies, and attenuation and scatter properties and biodistributions of radiophan-naceuticals in the
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patients. Current developments are aed at computer phantoms that are flexible while providing
accurate modelling of patients. Modelling of the nuclear medicine iaging process has been improved
by more accurate simulation of the physics and instrumentation 'involved in the process. Monte Carlo
software packages, especially those developed specifically for nuclear medicine and with different
perforinance characteristics, have been found useful in the modelling work. A major lmitation has
been the long simulation time required by the intensive computations. With advances of computer
technologies and
lamentation techniques, we are able to model interactions of radiation within the
patient and characteristics of the iaging system with much improved accuracy in an Decreasingly
shorter computational time. The combination of realistic computer phantoms and accurate models of
the i-naging process allows simulation of nuclear medicine data that are ever closer to actual patient
data. Simulation techniques will find an increasingly iportant role in the future of nuclear medicine in
light of flirther development of realistic computer phantoms, accurate modelling of projection data and
computer hardware. However, cautions must be taken to avoid errors in the simulation process and
verification via comparison with experimental and patient data is essential.
Ms paper presents derivation and methodological basis for this approach and critically reviews their
areas of application in medical radiation physics with special emphasis on nuclear medical imaging and
dosimetry. Basic aspects of nuclear medicine instrumentation and quantitative image reconstruction
and analysis are reviewed, followed by the presentation of potential applications of Monte Carlo
techniques in different areas of nuclear imaging such as detector modelling and systems design, image
reconstruction and correction techniques, internal dosinietry and pharmacokinetic modelling. An
overview of eisting simulation programs is provided and illustrated with examples of some useful
features of such sophisticated tools in connection with common computing acilities and more powerful
multiple-processor parallel processing systems. Current and future trends in the field are also
discussed.
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PERFORMANCE AND QUALITY CONTROL OF RADIONUCLIDE
CALIBRATORS IN NUCLEAR MEDICINE
NIJ. WOODS, M. BAKER
National Physical Laboratory
Teddington, Middlessex UK
The use of ionising radiations in nuclear medicine has traditionally divided itself into two specific
areas. The diagnostic usage has generally been dominated by the injection or ingestion of
radionuclides. The therapeutic applications, on the other hand, have usually been accomplished by the
application of ionising radiation, both from machines and radionuclide sources, whereby the radiation
source is external to the patient. Over recent years, this divide has become increasingly blurred and
the science between diagnosis and therapy has become significantly closer. This is particularly the
situation in respect of the struments used to determine the activity or dose delivered by the radiation
source.
In the ideal therapeutic situation, the radiation dose would be delivered solely to the malignant tissue.
With external radiation therapy, this can never be achieved completely but this ideal can be
approached more closely with targeted radiotherapy wherein radionuclides are 'introduced directly into
the malignancy either as a solid, physical source or as a solution that, by its chernistry, concentrates
into the area of interest.
In order to achieve the optimum efficacy of treatment, there is an associated requirement to determine
accurately the activity or dose rate of the radioactive source being used. It is here that the technology
used in the diagnostic field can also be used to advantage for therapeutic applications. For diagnosis,
the instrument of choice is the radionuclide calibrator and this equipment is increasingly finding
parallel usage for the charactenisation of therapeutic sources. Despite their appearances however,
radionuclide calibrators are not "black boxes" and need to be used with care, subjected to a robust
level of quality control and operated by personnel who have a fundamental understanding of their
operational characteristics.
A measure of the level of perfon-nance of operational radionuclide calibrators and the competence of
their operators can be determined by the conduct of comparison exercises by expert and
artial
laboratories. Such exercises can also have the added advantage of enabling the calibration of
particular calibrators to be checked and even determined more accurately. A regular programme of
such comparisons has been organised in the United Kingdom by the National Physical Laboratory
(NPL) over the last fifteen to twenty years and follow-up workshops have been held for the
participants to discuss the results ad the potential avenues to performance improvements. The
outputs from these comparisons, supplemented by regular dialogues and exchanges of information
and experiences between the NPL and the user community, have identified a number of potential
sources of error.
In addition, the NPL, together with the relevant professional orgamisation in the UK, produced a
quality assurance protocol in 1992, esigned to establish and maintain the calibration of medical
radionuclide calibrators and their quality control. That protocol is currently being revised to take into
account both the increased emphasis on uncertainty estimation, the accumulation of comparison data
and user experiences and the changes in equipment formats.
This paper presents and discusses the results of the various comparisons conducted by NPL,
particularly as they relate to the potential improvements in perfortriance that can be achieved, and the
developments in the recommended uality assurance protocol. It also addresses the developments of
calibration facilities available with these systems, especially as they relate to the measurement of, and
achievable accuracies for, therapeutic radiation sources.
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RELATIONSHIP OF DOSES AND BONE UPTAKE WITH DOSIMETRIC RESULTS
IN BONE PAIN TREATMENT WITH "'RHENIUM - HEDP
J. GAUDIANO, E. SAVIO, A. PAOLINO
Nuclear Medicine Center-Clinics Hospital-School of Medicine
Radiopharmacy Department- School of Chemistry
Montevideo, Uruguay

Bone pain paliation in inetastases by means of bone seeking P-emitters is an accepted option and
188 Rheniurn - HEDP has several advantages already communicated 1,2].
Increased doses and multiple doses put emphasis on dosimetric considerations, although this
radlophan-naceutical is estimated to deliver comparatively low absorbed doses to bone marrow 3].
The dosimetric results of 29 therapeutic I 8Re-HEDP doses in patients with painful bone inetastases
are presented in comparison to administered dose amount and to bone uptake.
Bone uptake was calculated as the remaining dose at 24 hours, by activity measures in urine samples.
It was estimated by AO _ E"., (AO = 188 Re - HEDP administered dose; E,,,,,= total accumulated urine
excretion). The total recovered volume of urine was collected during 24 hours in patients and
during 6 hours in the rest of the patients, estimating the 24 hour excretion. Urine collection was
performed by catheterization ' order to facilitate sample collection and minimize wall irradiation in
bladder, because of urinary retention.
Bone marrow absorbed dose was calculated using MHUDOSE Version 30 program. Residence tmes
were calculated =0.5xC/Axl.443x16.9)hours (C=bone uptake in mCi ; A=administered dose in mCi'
16.9- t I of 1"Rheniurn) and were considered equal in trabecular and cortical bone.
Total bone marrow dose (rads) was related with administered dose, obtaining a correlation coeficient
(R) of 0.26647884 (Figure 1). When TBMD was related to bone uptake, the correlation coeficient (R)
was 078408555 (Figure 2.
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In this limited series of therapeutic doses, residence times were an important parameter when
evaluated by means of unary elimination of the 18'Re - HEDP, and total bone marrow absorbed
doses were highly dependent of bone uptake.
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COMPARISONS OF ACTIVITY MEASUREMENTS IN NUCLEAR MEDICINE
WITH RADIONUCLIDE CALIBRATORS IN THE CZECH REPUBLIC
V. 01_CIVCCIV,, P. DRY,K
Czech Metrological Institute
Prague, Czech Republic

Activity measurements in nuclear medicine using so called "radionuclide calibrators" or
11activimeters" have been performed for several decades and their reliability has varied.
is paper
presents comparison of data obtained in annual accuracy checks during the last decade in the Czech
Republic, which were carried out by Czech Metrological Institute, Inspectorate for Ionizing Radiation
(CMI IIR). Since there is a legal requirement of annual accuracy checks [1 2 all of 48 Nuclear
Medicine departments
the Czech Republic have participated the survey.
During the last decade the system of accuracy checks has undergone a gradual development. In the
initial system one radionuclide sample out of the offer-list was prepared and its activity measured by
4ny reference chamber. The sample was then sent to the participants, who measured for them an
unknown activity and filled out the questionnaire. Later the answers were evaluated in CMI IR. This
system was found unsatisfactory, mostly because of the long time intervals between the measurement
and evaluation of results.
Therefore a different system, under which each participant can choose for the accuracy check all the
radionuclides from the offered set, was first tried in the year 2000. The offered set is being gradually
enlarged, so in 2001 it consisted of four nuclides 99-rc, 1 I 67 Ga and 20 'TI. Solution samples (5 l
volume in 10 ml standard serum bottle - the most common in the CR) are prepared in advance from
all the nuclides except for 99Fc and measured with 4ny chamber to obtain a conventionally true value
of activity. In case of '9rc is as the true value considered the activity measured with CMI's
activirrieter whose calibration is periodically compared with 4ny chamber measurements.
The 'inspector in charge of the checks rides about the country in a week series and in cooperation with
the hospital staff perforins the checks of accuracy. The main advantage of this approach is that the
results are known immediately and possible error can be easily traced down.
T'he data from the beginning of 90's were compared with those obtained during the last years. In
general, it has been shown that after a great change in available devices and used radionuclides, the
situation has stabilized.
The most common activimeters in 1991 were Robotron (VEB Robotron Dresden, DDR) 27 of
devices), NNG 601 (Tesla Premy§leni, CSSR) 26%) and Curiementor (PTW Freiburg, BRD) 20%).
After detection of a design error of NNG 601 during the first large national comparison in 1991, these
devices were replaced by other calibrators.
During the decade Curiementors gained a majority 56% of activirrieters used in 2001). The second
most frequent activimetr 36%) of comparable quality is Bqmeter (Konsorcium BQM, Czech
Republic), whose first type was introduced in 1992.
Comparison of deviations from the conventionally true value of measured activity of these two most
common devices shows that white Bqmeters are likely to overestimate the measured activity,
Curiementors almost always underestimate it. Fig. I shows the case for 99rTc.
As most of the hospitals measure activity in syringes, CMI recommends performing the accuracy
checks for them too. The mean values of deviations of activity measurements in syringes, without use
of any correction factor, are shifted from those in bottles by about 35%, see Fig.
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Possibly due to the regular controls of the devices, nowadays the majority of them meets the limit of
maximum allowed deviation from the conventionally true value of activity (Tab. 1). In case the limit
value is exceeded, a possible reason is searched for - whether a technician's error has occurred or
whether repair or replacement of the device is needed.
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When we assign so called order of usage equal to I to the most frequently used radionuclide and 2 3
etc. to others, then from the weighted average of this parameter (WAU) we can follow a change of
preferences of usage of different radionuclides, see Tab. 2 Naturally, the most frequently used
radionuclide remains to be 99rc, whose frequency of use has even fur&r increased. While both the
number of users and WAU
been gradually rising.
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Tab. 2 Number of users and weighted average
of usage WAU) of some radionuclides

In an international comparison organized by CMI IIR in 2001 (participants: Slovak Metrological
Institute (Slovak Republic), Bundesamt fuer Eich- und Vermessungswessen (Austria) and CMI IIR)
activity determined by activimetres were compared with the activity value obtained using
y
reference chamber. A good agreement (difference up to 3 %) was found in case of 131CS, 131i, 99ruTC
and 6'Ga. Values of activity 123, measured by activimetres were in a good agreement with each other,
but not with 4ry chamber. This enabled to point out an error in calibration of 47cy reference chamber.
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ESTIMATION OF DOSE DISTRIBUTION OF TE
RADIONUCLIDES USED IN
RADIATION SYNOVECTOMY USING MONTE CARLO METHOD
K. BJU, P. TANDON, K.N. GOVINDA RAJAN
Radiological Physics and Advisory Division
Bhabha Atomic Research Centre
Mumbai, India

In radiation synovectomy the pain and swelling due to rheumatoid arthritis (RA) can be alleviated by
injecting of beta emitting radionuclide such as 111SM' 77 Lu, 16 Ho and 9Y into the joint capsule where
it makes direct contact with the synovial membrane or synovium. Phagocytic lining cells along the
synovium surface quickly absorb some of the injected radioactivity from the capsule. Then, as the
radionuclide decays absorbed dose is imparted to the synovium. Tissue which regenerates over time is
expected to be asymptotic for 25 years and the progression of RA joints is thereby temporarily
arrested.
The purpose of this paper is to evaluate the dose distribution for the radionuclides most commonly
used in our country for the treatment of radiation synovectomy This study helps to select the
radionuclide for the type of joint to be treated and also estimate the radiation dose received by the
joints being treated.
The transport of the coupled electron- gamma ray in perspex is simulated using a validated Monte
Carlo code. The source particles were sampled isotropically from a cylinder having dimensions
(height 5mm x dia 4 m) and density I gm/cc. Beta decay energy spectrum is calculated using the
algorithm of Murthy, M.S.S. 1971). Computations were done for the commonly used indigenous
sources.
Five Million histories were tracked for each radioactive source. The energy absorbed in perspex from
the mid point of length of the source cylinder at various distances was scored. Fig. I gives the dose at
various points from Lu 177 (PE - .5 MeV, y 0.208 MeV), Sm"'(PE." - 0.81 MeV, y 0.103
MeV), Ho'66((PE. - .8 MeV, y -0.081) MeV and Y9((PE,,. - 23 MeV). The percentage of
fractional standard deviation of the results in this MC calculation does not exceed ±5%. The dose
from "'Sm and 177Lu is negligible after a distance of 2mm. The same from 166 Ho and 9Y is almost
negligible after a distance of 6 mm. Hence proper choice of the radionuclide can be made for the
treatment depending on the size of the joint.
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SOURCE SPECIFICATION AND CODES OF PRACTICE FOR BRACHYTHERAPY
DOSIMETRY
C.G. SOARES
National Institute of Standards and Technology (NIST)
Gaithersburg, MD, USA
H.T6LLI
International Atomic Energy Agency (IAEA)
Vienna, Austria
The goal of source specification to produce a sngle quantity which represents the source Output.
The ideal quantity for specifying output for a brachytherapy source is the absorbed dose rate in water
or tissue at a clinically relevant distance from the source. This distance varies with the application.
For traditional interstitial brachytherapy treating tumors with dimensions on the order of centimeters,
the relevant distance has been chosen [1] as I cm. For intravascular brachytherapy treating arteries
with dimensions on the a7der of millimeters, the relevant distance has been chosen 2 as 2 mm.
Measurements of absorbed dose rate at these short distances are very difficult to perform accurately
because of the small source dimensions, very high dose rate gradients, and necessarily finite size of
available detectors. Therefore, for the photon sources used conventional brachytherapy (131CS, 192 1171
121,
and 'O'Pd), recourse has been made to making source specification measurements in air at
relatively large distances from the source, and specifying source output terms of air kerma rate at I
m. Conversion factors are then used to obtain the absorbed dose rate at I cm. The advent of
intravascular brachytherapy has led to the use of beta particle emitters 90Sr/Y and 32p) for which the
use of any quantity at a large distance (e.g. I in) as a source specifier is inappropriate. Therefore, for
these sources, direct measurements of reference absorbed dose rate at 2 mm are necessary. Source
output could be specified in tenns of contained activity, and conversion factors used to obtain
reference absorbed dose rate. The currently used primary standard for photon brachytherapy source
specification is (in the US) the Wide Angle Free Air Chamber (WAFAQ which is a specially
designed true free air chamber for realizing the quantity air kerma rate. For beta particle sources,
extrapolation chambers equipped with very small (less than I m diameter) collecting electrodes are
used for primary standards of absorbed dose rate at 2 mm in the US and Gennany. These pmary
standards are transferred to Secondary Laboratories and/or therapy centers using various transfer
standard m'strurrients. The most commonly used instruinent for this purpose is the well-type onization
chamber, which has the advantage of very high precision, simplicity of operation, and a reasonable
cost. Sce the nature of the reading obtained from such a device is more akin to the contained
activity, the disadvantage of the device is that it provides no information on the uniforinity of the
absorbed dose rate at the reference distance either along the source length or around the source axis. It
has been suggested that it is more appropriate, particularly for beta particle sources, to make a direct
measurement of absorbed dose using another type of transfer instrument. Measurements of this type
are quite difficult and fraught with pitfalls and uncertainties. In this paper results using these two
approaches are compared.
Determination of the reference absorbed dose rate for a source is just one part of the process of
specifying the complete three-dimensional representation of the absorbed dose distribution around the
source, needed for treatment planning. This specification can most converuiently be done by
parameterizing the radiation field in a convenient coordinate system. For brachytherapy sources,
which are usually more line like at close distances than point like, a cylindrical coordinate system is
convenient. If the dose profile is symmetric about the source axis (behavior which it is usually prudent
to verif, particularly for intravascular applications) then the dose profile can be described in terms of
the remaining two dimensions a tabular forrn "away" from the source, and "along" the source axis.
In recent years such descriptions have given way to a description using a spherical coordinate system
where again, symmetry about the source axis is assumed, and the remaining polar coordinates used for
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field specification. However, in this approach [1] the large gradients due to the inverse square
dependence of the field is accounted for i a separate parameter (the geometry function) and the
remaining field parameters (the radial dose function and the anisotropy function) are much more
slowly varying with distance and hence easier to interpolate in tabular form. Use of this formalism,
originally developed for interstitial brachytherapy applications, has been extended for use in
intravascular applications 2]. There are problems with the use of this fon-nalism with beta particle
sources which are longer than the range of the emitted beta particles, as will be discussed in this
paper, along with possible solutions.
Modem protocols for brachytherapy dosimetry have started with the work of the Interstitial
Collaborative Working Group, published in 1990, which evolved into the American Association of
Physicists in Medicine (AAPM) Task Group 43 recommendations, published in 1995 [1] Snce then
there have been a number of guidance documents and codes of practice published by AAPM working
groups n brachytherapy, the latest being the work of Task Group 60 in intravascular brachytherapy
[2]. These latter recommendations hve been supplemented by the work of the German Medical
Physics Association (DGNV) Working Group 18 which published Report 16 in 2001. The
International Atomic Energy Agency (AEA) has published a series of technical documents on
brachytherapy dosimetry, the latest being TECDOC 1274 in 2002 3 Also, the International
Commission of Radiation Units and Measurements (ICRU) is publishing recommendations on the
dosimetry of beta particle and low eergy photon sources used for medical applications. There are
commonalities and differences among these various guidance documents which are explored in this
paper.
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DEVELOPMENT OF THE DUTCH PRIMARY STANDARD FOR BETA-EMITTING
BRACHYTHERAPYSOURCES
J. VAN DER NLAREL, E. VAN DIJK
Nederlands Meet'Instituut
Utrecht, The Netherlands

The application of P-radiation emitting radioactive sources in medicine is rapidly expanding. An
important new application is the use of P-radiation emitting radioactive sources in endovascular
brachytherapy to avoid restenosis. Another well-known application is the use of the ophthalmic
applicator (flat or concave surface source) for the treatment of tumors in the eye.
Dose and dose distributions are very important characteristics of brachytherapy sources. The absorbed
dose in the treated tissue should be known accurately to assure a good quality of the treatment and to
develop new treatment methods and source configurations. At the Nederlands Meetmistituut (NMI) a
r0'ect is going on for the development of a pmary standard for betadosimetry. With this standard,
dose and dose distributions of P-sources as used in brachytherapy can be measured in terms of
absorbed dose to water. The primary standard is based on an extrapolation chamber. The extrapolation
chamber will become pail of a quality assurance system in Dutch hospitals for endovascular
brachytherapy sources. The quality assurance system will further consist of transfer standards like
well-type ionisation chambers, plastic scintillator systems and radiochromic filin dosimetry. Apart
from the endovascular sources the extrapolation chamber will be used to characterize ophthalmic
applicators.
In figure I the pmary standard is drawn schematically. The extrapolation chamber is mounted in a
frame above a computer-controlled motorized xyz-translation table by means of which the sources
under investigation can be scanned.
The heart of the extrapolation chamber is an aluminium electrode, consisting of a central and a guard
electrode. The reason for choosing aluminium is, that it can be machined very accurately, resulting n
a smooth and well-defined electrode. Electrodes with diameters of 1 2 ad 4 im. for the central
electrode have been manufactured. The ratios of their areas have been measured geometrically and
ionometrically and the agreement is very good. In this way the uncertainty introduced by the surface
of the central electrode can be minimised. The electrode is mounted on an accurate vertical translation
stage, which has been calibrated to an accuracy of 0 I pm at the Mechanical Department of the NMi
with the help of a laserinterferometer. The large, flat, removable entrance window can he. adjusted
with the help of micrometer screws to make it parallel to the electrode. With the help of an
autocollimator of the Mechanical Department the angular deviation of the window with respect to the
electrode can be adjusted to less than 10 arcsec.
Because the area of the central electrode and the distance between the electrode and the entrance
window are accurately known, the uncertainty in the measuring volume of the extrapolation chamber
is small. The use of an aluminium electrode instead of one from a water equivalent material requires
an extra correction, but the small uncertainty introduced by this is more than compensated for by the
improved accuracy of the measuring volume, thus enabling a precise dose determination.
In order to retrieve absolute doses, corrections have to be applied to the measured values. At present
we are detertnining the correction factors for our extrapolation chamber by means of measurements
and (Monte Carlo) calculations. In the measurements of the correction factors and also later in
detennining dose distributions the radiochromic film technique will play an important role. Therefore
we are currently vestigating how to improve tliis technique. Some correction factors depend on the
configuration of the source and the isotope being used. Currently the correction factors for
endovascular sources made of SI-OY and 32 P and for flat ophthalmic applicators of 9Sr/90Y are
being determined.
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Details of the extrapolation chamber and the measurement and calculation of the correction factors
will be presented as well as first masurements of doses and dose distributions of endovascular
sources and a flat source.
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Figure 1. Schematical view of the extrapolationchamber of the NMi.
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NEW DEVELOPMENTS ON PRIMARY STANDARDS FOR BRACHYTHERAPY AT
NIST (USA) AND PTB (GERMANY)
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Physikaliscli-Technische Bundesanstalt
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C.G. SOARES
National Institute of Standards and Technology
Gaithersburg, USA

Up to now the National Institute of Standards and Technology (NIST) has been the only primary
laboratory
the world offering calibrations in tenns of water absorbed dose for beta particle emitting
sources used in M'travascular brachytherapy and planar and concave ophthalmic applicators. For low
energy photon sources used for the treatment of prostate cancer, NIST also offers calibrations in
terms of reference air kerma strength.
A special extrapolation chamber is used at NIST to determine the reference absorbed dose rate from
a beta-particle eitting seed or wire source. For these measurements the source is inserted in a hole in
a tissue-equivalent plastic block (A150) with the centre of the source at a distance of 2 nun from the
block surface. At this depth, the radiation field from a seed or wire source is such that a collecting
electrode diameter of I mm can be used to measure absorbed-dose rate. There are problems with this
method, mainly due to an unacceptable large uncertainty ±7.5% at la); these problems are expected
to be overcome by a new design of the collecting electrode of the extrapolation chamber. For planar
beta sources the same extrapolation chamber can be used with a collecting electrode with a 4 mm
diameter, which reduces the uncertainties assigned to the effective collecting area.
Starting
1998 NIST began offering calibrations of 1251 and 103 Pd seeds in terms of reference air
kerma rate using a wide angle free air chamber WAYAQ developed by Loevm'ger [1]. The WAFAC
has important advantages over conventional free air chambers as a primary standard for the radiations
produced by these sources. It accepts a large solid angle of radiation cidence and its active voluine is
about 150 times larger compared with normal free air chambers. These advantages result in much
improved sensitivity and signalto-background ratio, and allow the measurement of single sources with
contained activities suitable for clinical use. The calibration of 1251 seeds is affected by the presence of
4.5 keV Ti characteristic x-rays from the seed encapsulation, which contributes to the reference air
kernia, but is of no therapeutical relevance. To cope with tis, the source radiations are very lightly
filtered to remove this component. The new chamber has been compared with the existing, smaller
volume standard free air chamber using NIST bremsstrahlung x-ray beams with maximum energies of
40 keV and below. The measured air ken-na rates in these beams with these chambers agree to better
than ±.5%.
In Germany the Physikalisch-Technische Bundesanstalt (PT13) provided in the past only calibration of
,,conventional" brachytherapy sources like 1921r HDR ' terms of air kenna. The calibration of the
HDR sources is based on free
air measurements at different distances from the source combined
with shadow shield measurements for the correction of stray radiation and accompanied by Monte
Carlo calculations 2].
About two years ago PTB launched a new project with the aim of establishing primary standards for
beta- and gamma-brachytherapy sources and to introduce for both kinds of radiation the quantity
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absorbed dose to water. In the case of intravascular sources the standard being constructed 3] is a
Multi-Electrode Extrapolation Chamber (MEC) consisting of up to 28 simultaneously operated
measuring electrodes each with an area of I mm 2. Due to new production techniques the isolation gap
between measuring and guard electrodes can be kept as thin as 12 gm, and electrode spacings down
to 50 W are achievable. For photon sources a graphite extrapolation chamber is under investigation by
means of which the water absorbed dose is determined in the photon energy range from 20 keV to I
MeV.
To bridge over the time until both standards will be in operation at PTB, two intermediate projects have
been started. One is a new construction of a large volurne extrapolation chamber for the determination
of reference a kerma strength for low dose-rate photon sources such as clinical 125 1 and 103 I'd seeds.
The other project is the development of a secondary standard for beta radiation, which enables clinics
practicing cardiovascular brachytherapy to ensure traceability of their dose measurements to the
national standard at PTB. The beta-source,, being a 75 GBq or 750 MBq 9Sr/90Y source with an
active area 15 mm in diameter is situated in a radiation protection container
which it can be
positioned at reproducible distances fi-om a reference plane
order to be able to vary the absorbed
dose rate at this reference plane and in any depth of water equivalent material between mm and 7
mm. Thus, complete three dimensional Sr beta reference radiation fields with water absorbed dose
rates in a depth of 2 nun water equivalent material between 30 rnGy/min and IO Gy/min are available,
and these can be used for the calibration of transfer doserneters such as TLD, GafChromic film or
scintillation dosemeters.
The different standards at NIST and PTB for Brachytherapy are presented in detail, with special
attention being directed to the most mportant correction factors and to the measuring uncertainties.
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THE NEED FOR INTERNATIONAL STANDARDIZATION IN CLINICAL BETA
DOSIMETRY FOR BRACHYTHERAPY
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Introduction: Beta radiation has found increasing interest in radiotherapy. Besides the curative
treatment of small and medium-sized M'traocular tumors by means of ophthalmic beta radiation
plaques, intravascular brachytherapy has proven to successfully overcome the severe problem of
restenosis after interventional treatment of arterial stenosis in coronaries and peripheral vessels in
many clinical trials with a large number of patients. Prior to initiating procedures applying beta
radiation in radiotherapy, however, there is a common need to specify methods for the deten-nination
and specification of the absorbed dose to water or tissue and their spatial distributions.
The IAEA-TIECDOC-1274 Calibration of photon and beta ray sources used in brachytherapy 2002)
[1] is a help for photon brachytherapy calibration. But, for beta seed and line sources, IAEA
recominends well type ionization chambers as working standards which are far from measuring
absorbed dose to Anter of the radiation clinically used. Although the application of such working
standards seems to be more precise, large errors can occur when the medical physicist has to convert
the calibration data to absorbed dose to water of the beta radiation emitted. The user must believe that
the source is equally activated and that the manufacturer did not change the design and construction of
the source encapsulation.
Method: With the DGNW Report 16 2001) Guidelines for medical physical aspects of intravascular
brachytherapy 2 a very detailed code of practice is given, especially for the calibration and clinical
dosimetry of intravascular beta radiation sources.
As there is a global need for standardization in clinical dosinietry for intravascular brachytherapy
utilizing beta radiation, the DIN-NAR, the German cominittee on standardization in radiology, task
group cbsimetry, has initiated an international adhoc working group for a new ISO work item
proposal on the standardization of procedures in clinical dosimetry to guarantee reliable application of
therapeutic means.
Results: The DGMP Report 16, being more stringent and consistent as the AAPM TG 60 Report
(1999 3 recommends the calibration of all mitravascular bracbytherapy sources in ternis of
absorbed dose to water at the clinically relevant distance of 2 mm (for intracoronary application and
nun for peripheral vessels). For each source, the calibration in terms of absorbed dose to water should
be checked
-
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at P R = 2 mm for all intracoronary sources,
at PRf = nun for all intraperipheral sources.
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The DGMP Report 16 further recommends to measure complete distributions of the absorbed dose to
water during first delivery while checking replaced sources by dose measurements at selected points
only. The purity of the radionuclide can be checked at two points within the range R) of the
radiation (e.g. at Ro and R7 5) and te absence of photon contamination at a point in the bremsstrahlung background (e.g. at R125). The dose unifortnity of the source should be checked at the radial
distance of the calibration reference point, i.e. at 2 nun or nun, at least three measuring points along
a linear source and one point opposite to the calibration reference point.
The intent of this new DIN-NAR standardization project Clinical dosimetry for beta sources for
intravascular brachytherapy is to review methods and to give recornmendations for the calibration of
therapeutic beta sources, a code of practice for clinical beta radiation dosimetry and guidance for
estimating the uncertainty of the absorbed dose to water delivered. The standard will be confined to
"sealed" radioactive sources such as single seeds, source trains, line sources, cylindrical and volume
sources, plane surface sources and ophthalmic applicators for which only the beta radiation emitted is
of therapeutic relevance. The topics ill include beta sources and source data; calibration principles,
primary, secondary, transfer standards and traceability; nstrumental requirements, in phantom
dosi-metry, clinical dosimetry and dosimetric quality assurance; dose calculation and presentation of
dose distributions; as well as dose specification and reporting. The document is geared to
organizations wishing to establish reference methods in dosimetry aiming clinical demands for
appropriate small measurement uncertainties. Existing normative documents as well as the existing
national recommendations, such as those from AAPM, DGMP, ESTRO, NCS, LAEA, or ICRU will
be taken into account.
Conclusions: The bilingual DGMP Report 16 has found broad international acceptance as a guideline
for medical-physical aspects of intravascular brachytherapy and has partly been taken over by other
recommendations (ESTRO, AAPM TG 60 up-date). Based on these and other normative bcuments,
the DN-NAR project will prepare nternational recommendations. The results of its first meeting at
Essen in March 2002 and further activities will be reported.
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'PTB Braunschweig, Bundesallee 100, Braunschweig, Germany
bRadiation Physics Department, Umea University, Umea, Sweden

In its recent reports on cardiovascular brachytherapy the DGMP recommends the source strength of
brachytherapy sources being characterized in terms of absorbed dose to water at a distance of 2 mm
from the central axis of the source [1]. As a consequence, the response of a detector suitable for
characterizing such sources with respect to absorbed dose to water should depend only to a small
extent on radiation energy. Additionally, the detection volume of the detector has to be sufficiently
small for the necessary spatial resolution to be obtained.
The liquid ionization chamber as described in 2 seems to be a promising means for this type of
measurements. The two components of the ionization liquid (TNIS and isooclane) can be mixed in a
ratio which ensures that the mass-energy absorption coefficient of the resulting mixture deviates from
that of water by less than ±15 down to photon energies of 10 keV. Due to the high density of the
ionization medium, the spacing between the two electrodes of the ionization chamber can be made as
small as a few tenths of a millimeter and still the resulting ionization current is sufficiently large.
The ionization chamber used in the present investigation is a plane parallel chamber mm in diameter
and of 03 mm electrode spacing. The ionization medium is a mixture of 40 % TMS and 60 %
isooctane 2 The irradiations were carried out with the ISO wide spectra series with tube voltages
between IO kV and 300 kV and with 131CS and 60CO 7-radiation. As a first step, the response of the
liquid ionization chamber was investigated with respect to air kerma instead of absorbed dose to
water.
Although the mass-energy absorption coefficient of the liquid deviates from that of air by less than
± IO % over the photon energy range, the measured chamber response varies by a factor of about 35.
Monte Carlo calculations carried out with EGSnrc show a variation of the chamber response smaller
than ±20 %. Measurements of the ion yield of the ionization liquid exhibit a pronounced energy
dependence from about I keV ion pair at about 10 keV to 250 keV ion pair for 137Cs 7-radiation.
Taking the ion yield of the ionization liquid into account, the deviation between the measured and the
calculated response reduces to less than ± 0 %.
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In brachytherapy, encapsulated radioactive Low Dose Rate (LDR) and High Dose Rate (HDR) sources
are used to deliver a dose to tissue near the source. One of the nuclides used in LDR as well as HDR
brachytherapy sources is 192 In In document IAEA-TECDOC-1079, Calibration of Brachytherapy
Sources [I], recommendations on standardized procedures for the calibration of brachytherapy sources
at SSDLs and hospitals are given. One of these recommendations is the use of an ionisation chamber
with an air-kerma calibration factor for 192 Ir sources.
The problem to derive a calibration factor for 112 tr is that the most important part of the spectrum of an
92 Ir brachytherapy source falls
an energy gap between the standards for x-rays and the standards for
gamma-rays established at primary laboratories. It is therefore unavoidable to obtain the air k-n-na
calibration for the ionisation chamber using an m'direct method. The method recommended by IAEA
for the determination of the air-kerma calibration factors is based on a technique developed by
Goetsch et al 2].
In the Netherlands a different
ethod is recommended. This method is based on a weighting
procedure of the 192 Ir energy spectrum over the response curve of an ionisation chamber 3] and differs
with the procedure recommended by IAEA for a NE2561 ionisation chamber by about 09 %.
The pnciple of the method recommended by lAEA for the deten-nination of an air-kerma calibration
factor is to calibrate an ionisation chamber at an appropriate x-ray quality (25OkVcp) and at 131CS.
When the air-kerma calibration factor (?Vk) for these two energies and the wall attenuation 4,) for
these two energies and 12 Ir are known, it is stated that the air-kerma calibration factor can be
calculated using the following equation.

Awl,.,,

NK,,,

(Y2)-[Aw,,,,,,-,NK2,.V + A

W]37C

, NK13CS]

This equation was extended by Marechal et al 4] for 60CO, to be used if a 137 Cs beam is not available.
As shown in the equation above, Goetsch 2] as well as Marechal 4] adopted the assumption that the
product of the wall attenuation factor and the air-kerma calibration factor (A,.Nk) is the only relevant
factor describing the energy response of an ionisation chamber.
However, it has to be taken into account that the energy response of an ionisation chamber also
depends on the mean mass-energy -ratio

9.,
P

and the stopping-power ratio

of the wall
P

material and air. The product of the a-kerma calibration factor, the wall attenuation, the mean massenergy ratio and the stopping-power ratio has to be considered to be a constant for a specific energy.
This means that the contribution to the ar-ken-na calibration factor for the different photon energies of
the 192 Ir spectrum has to be weighted with the energy response curve of the lonisation chamber. To
detennie the energy response curve, NMi calibrates the ionisation chamber at eight different photon
ene 'es ranging from 48 keV to 1250 keV. The energy response curve is the mverse value of the
calibration factors plotted as a function of the effective photon energy.
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An overview of the weighting procedure used at NMi and recommended by the Netherlands
Commission on Radiation Dosimetry [5] will be given.
The differences the calibration factors found with the recommended 1AEA procedure (Goetsch et al
[2] and the weighting procedure for a N2561 ionisation chamber, will be explained. The sources of
uncertainty that contribute to the uncertainty budget of the air-kerma calibration factor due to the
weighting procedure will be reported.
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A nuiriber of national or nternational organizations have developed various types and levels of
external audits for radiotherapy dosimetry. There are three major progi-ammes who make available
external audits, based on mailed TLD (thermolurninescent dosimetry), to local radiotherapy centres on
a regular basis. These are the IAEAAVHO TLD postal dose audit service operating worldwide, the
European Society for Therapeutic Radiology and Oncology (ESTRO sstem, EQUAL, in European
Union (EU) and the Radiological Physics Center (RPC) in North America.
The LEA, in collaboration with VrHO, was the first organization to initiate TLD audits on an
international scale in 1969, using mailed system, and has a well-established programme for providing
dose verification in reference conditions [1]. Over 32 years, the IA-EA/WHO TLD audit service has
checked the calibration of more than 4300 radiotherapy beams in about 1200 hospitals world-wide.
Only 74% of those hospitals who receive TLI)s for the first time have results with deviation between
measured and stated dose within acceptance limits of ±5%, while approximately 88% of the users that
have benefited from a previous TD audit are successful.
EQUAL, an audit programme set up 'Hi 1998 by ESTRO, involves the verification of output for high
energy photon and electron beams, and the audit of beam parameters in non-reference conditions.
More than 300 beams are checked each year, mainly in the countries of EU, covering approximately
500 hospitals 2 The results show that although 98% of the beam calibrations are within the
tolerance level of 5% a second check was required in 10% of the participating centres, because a
deviation larger than 5% was observed in at least one of the beam parameters in non-reference
conditions. EQUAL has been linked to another European network (EC' network) which tested the
audit methodology prior to its application.
The RPC has been ftmded continuously sce 1968 to nionlitor radiation therapy dose delivery at
institutions participating in the U.S. National Cancer Institute's (NCI's) co-operative clinical trials.
The RPC currently monitors approximately 1300 centres throughout the USA, Canada and several
other countries 3 The audit tools include, in addition to mailed TLD, review of the institution's
dosimetry data, the treatment records of patients entered into trials, and the institution's QA
programme. Anthropomorphic phantoms have been developed to evaluate specific treatment
techniques.
Other currently operating external audit programmes have been either associated with national and
international clinical trial groups, similarly to RPC, e.g. EORTC (European Organisation for Research
in Treatment of Cancer) in Europe, MRC (Medical Research Council) hi the UK, or have been oneoff national dosimetry intercomparison exercises, carried out to test various levels of radiotherapy
dosimetry, e.g.
Sweden, the Netherlands, Belgium, Switzerland, Australia. Some individual
countries have set up comprehensive regular audits of radiotherapy centres, including QA
programmes, equipment and dosimetry, e.g. Finland, New Zealand.
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The 1AEA supports its Member States in developing national programmes for TD based QA audits
in radiotherapy dosimetry and whenever possible, establishes links between the national programmes
and the IAEA's Dosimetry Laboratory. It disseminates its standardised TLD methodology and
provides technical back up to national TD networks assuring at the same time traceability to primary
dosimetry standards.

Country participating in the IAEAIYVHO
TLD service
National CA network or participant In International network other than IAEA
GA network co-operating with IAEA

Figure 1. World-wide TLD audit networks.
There are several countries (Argentina, Algeria, Brazil, China, Colombia, Cuba, Czech Republic,
India, Israel, Malaysia, Philippines, Poland and Vietnam) that have established TD programmes to
audit radiotherapy beams in their countries with assistance of the IAEA 4]. Recently a new IAEA
r0'ect has been initiated for national TD audits in non-reference conditions as significant numbers
of deviations in non-reference situations, as used clinically on patients, have been observed in various
audit networks. Therefore a main conclusion is that external audit should be carried out in nonreference as well as the reference conditions.
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The European Society for Therapeutic Radiology and Oncology (ESTRO) Quality Assurance network
for radiotherapy (EQUAL) has been set up in 1998 for European countries. This TLD postal dose
assurance service addresses to photon and electron beam checks in eference and non-reference
conditions and is successfal with more than 440 radiotherapy centres and 1656 beams checked.
Dosimetric problems in the beam calibration, errors in beam data used as input to the treatment
planning system JPS), or uncertainties
the algorithms used in the TPS can be detected in the
EQUAL audit.
The EQUAL reference dosimetry is lked to the AEA dosimetry laboratory and to the Radiological
Physics Center (RPC) dosimetry laboratory by periodic intercomparalsons 1,2,3]. The absorbed doses
to water in photon and electron beams, measured with the ionization chambers, are determined
following the procedure described in the new IAEA TRS-398 International Code of Practice for
dosimetry based on standards of absorbed dose to water 4].
The participating centres are instructed to irradiate the TLD (LiF) capsules to a dose of 2 Gy according
to the calculations given by the Treatment Planning System used in clinical routine. For photon beams,
the EQUAL checks four dosimetric parameters: the reference beam output, the percentage depth
doses, the beam output variation for open and wedged fields and the wedge transmission factor. In
electron TLD audits, beam outputs are checked for 4 different field sizes 1,2,3].
EQUAL has checked 440 radiotherapy centres corresponding to 1656 beams 1009 photon beams and
574 electrons beams and 73 photon beams shaped by multileaf collimators). The results from
measurements at the reference point are very good both for photon and electron beams. For photons,
the rates of deviation d dl = Dma,,,d-Dtatd) X 100 / Ettatd) larger than 5% wch have been observed
are respectively of 2.6% for the beam output variation and 35% for the wedge transmission factor.
In about 6 of the checked photon beams, it was found at least one parameter with a proven
"dosimetric" problem.
For electron beams, 83% of the beam output in reference conditions 10 cm x 10 cm) are at the
optimal level, i.e. deviations I d I below 3. Compared to photon dose checks for RB0, there are more
deviations between 3 and //o.

151

IAEA-CN-96-77
In 2002, EQUAL programme was recently extended to include dose checks in photon fields shaped
with Multileaf Collimators (MLC). In the MC audit, EQUAL checks the dose
five fields with
shapes and dimensions defirted by the MLC. Seventy centres have applied to take part to the MLC
dose checks showing the great interest of radiotherapy centres for the new service offered by ESTRO.
Table I show the results of he MC dose checks for 44 radiotherapy centres, including 73 beams
shaped by a MLC. Five of these centres have been rechecked, and one has presented real "dosimetric"
problems for an MLC field combined with wedges (field 6 in the table 1). In addition, the MLC results
show that 94% of the beam outputs checked in reference conditions (RBO) are at the optimal level
( I 3
, and 6
have deviations between 3
and %. Similar results are found for the small
square fields (5 cm x 5 cm). However, for the complex fields shaped with MLC: "Circular" and
"Inverted Y" a large percentage of beams (10% to 14%) have deviations between 3
and %. For
the 73 checked MLC beams, no deviation larger than IO% has been found.
Table 1. Number of deviations on d observed in 73 NELC photon beams from 44 radiotherapy centres.
Field
no

MI-C Checked
fields

I
2

Reference beam
output
MLC Small field

3
4

MLC "Circular"
field
MLC "Inverted Y"

5
6

MLC "Irregular"
field
MLC "Irregular"
field with wedge

MLC
shape
fields

Field size
(Max. length and
width)
10 cm x 10 cm
5 cm x cm with
MLC
5.6 cm diameter
with MLC
15 cm x 12 cm
with MLC
12 cm x cm
with MLC
12 cm x cm
with MLC and
wedge

Id 1
=3%

>3%1 d I
=5%

68
(94%)
67
(93%)
65
(90%)
62
(86%)
69
(96%)
5
(81

5 6%)

>5%1 dl

10%

5 7%)
7 (10%)
10 14%)
3 4%)
11 16%)

2 3%)

After the starting of EQUAL programme in 1998 a real improvement on the radiotherapy dosimetry
has been found for the European radiotherapy centres and the reduction of uncertainties in dosimetry
gives the possibility to optimize doses in radiotherapy. It would lead to an increased percentage of
local control of the tumour with a constant or reduced number of complications.
For a large nuiriber of European centres, the EQUAL project was the first opportunity to take part in
an external audit both for photon (standards fie Ids and MLC fields) and electron beams, for nonreference conditions and even in many cases for reference conditions.
About 55% of the radiotherapy centres in the European Union have been checked by the EQUAL
network and other national QA networks.
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With the introduction of the medical device directive in Germany technical controls for medical
devices with a measuring function were demanded by the authorities. For radiation therapy dosimeters
this resulted in a demand for comparison measurements using mailed dosimeters to 'nclude both the
dosimeter calibration and the implementation of a correct dosimetry protocol in the surveillance.
The specifications for this dosimetry service were developed by a joint committee
cluding
representatives of the National Laboratory, the medical physicists association, the radiological
standards committee and the electromedical device manufacturers [5].
Based on the experience collected both by earlier national comparisons and the European and 1AEA
services during the last years PTW-Freiburg has implemented a measuring service using
then-noluminescence dosimeters.
Following the example of the 1AEA and ESTRO services 2 a FIMEL PCL3 reader for continuous
evaluation of up to 80 TLD in one btch was chosen. This system has been found to be stable and
having an excellent reproducibility.
The TL dosimeters chosen are Harshaw Bicron TLD100 discs of 45 mm diameter. These have been
selected and calibrated dividually. 'he annealing oven used is the standard PTW TLD oven.
The demand for a reproducibility of 0.3% in comparisons with the National Laboratory (PTB) and an
uncertainty of 1% for the customer measurement necessitated a long optimization process in the
development of the operating procedures. Most careful choice of temperatures for evaluation and
annealing as well as - almost cinical - cleanness during the TLD processing were found necessary.
The energy dependence of the response of the TLD was determined pragmatically by comparison
with ionization dosimetry strictly following the code of DIN 6800-2 Tis is consistent wit the
original purpose of the dosimetry service, that is checking the correct implementation of the DIN
code in the hospital. It has been found that the dependence of the accelerator type can be neglected for
this TLD system.
The actual probes used consist of 6 TLD discs in a waterproof housing approximately of the size and
fonn of a Roos chamber. While these probes can principally be mounted in any water phantom they
are mostly used with the PTW type 4322 calibration phantom for which adapters have been provided
for a horizontal irradiation distances down to mm from the front surface. The calibration factors
for every disc are determined before and after each customer measurement by a reference irradiation.
According to international practice 41 during evaluation the smallest and the largest value of the
dosimeters in each probe are omitted and the mean value is taken from the residual 4 discs. Standard
deviation of these values in daily use is smaller than 1%. During experiments on reproducibility a
mean standard deviation of 043% for single TD and of 0. 7% for entire probes were detennined.
The nominal irradiation dose is always I Gy. Supralinearity is considered by a correction based on a
second degree polynomal which is detennined singly for each TLD badge using points at 0.5 Gy I
Gy and 2 Gy. Typical deviations at the ends of this range for uncorrected values are
the order of
5%.
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Each probe group consists of 13 such probes with 6 TLD discs. Of these
can be used by the
customer for comparison measurements. One pre-irradiated control probe accompanies these the
customer to identify eventual unwanted influences to the measuring probes (e.g. unintentional
irradiation); four more probes are used as internal control probes and are irradiated at the same time as
the customer probes to identify fading and eventual changes of the response of the TD group. All 13
probes in such a group with a total of 78 TLD are always evaluated in one process and, therefore,
have a common irradiation history.
The results of the first comparisons were mainly within the range of the officially defined category A
(deviation of less then 3). This is in accordance with the experience of the ESTRO service [1].
Beside some first problems with the use of the adapters in different water phantoms the main causes
for deviations have been problems with electron chambers, modifications of the DN protocol and
combinations of these. Especially some cases of use of Markus chambers with a combination of the
original Mark-us protocol and elements of the DIN protocol has lead to deviations of over IO%.
In contrast to the ESTRO practice 3] all deviations disregarding their size are immediately discussed
with the physicist concerned. All data are given to the user. Most deviation causes can be identified by
such a telephone discussion. Repeat comparison measurements have been found necessary in the case
of actual technical problems with chambers (damaged chambers or calibration factors up to years
old) and not reproducible errors in the measuring procedure (e. g. air density not corrected for).
The first experiences resulting fi7om the measuring service indicate that even the high standard in
radiation therapy dosimetry in Gerrnany can be iproved a little by this general control system. In
some cases substantial improvements have been possible. The medical physicist is now advised not
only to compare the results of his different calibrated ionization chambers but also check his complete
dosimetry by comparing the results of 2 basically different processes: Calibration at 60CO followed by
dosimetry procedure according to the DIN protocol on one side and TLD comparison on the other
side, both traceable to national standards.
It can be observed now that while of course the - rare - deviations of over 3 immediately lead to
corrective action by the user also smaller deviations between 1% and 2 will usually trigger an
internal optimization process which - as far as we obtain knowledge of that - leads to additional
improvements.
It can be concluded that the 'installation of a measuring service for comparison measurements in the
fi7ame of technical controls of medical devices which first has been considered as problematic has
been found to be both practicable and an improvement for the medical physics community in
Germany.
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The New Zealand Radiation Protection Regulations 1982 state that the dose delivered to a
radiotherapy patient must be within ±% of the prescribed dose. Following the overdose of 153
patients because of an error in dosimetry at Royal Devon and Exeter Hospital, UK, in 1988 it was
decided to audit compliance with this routinely. Since 1991 every high-energy beam in N used for
teletherapy has been independently measured every two years by staff from NRL Sce 1997 all kV
x-ray beams have been measured as ell. The audit covers 16 linear accelerators and 10 kilovoltage
x-ray machines distributed among 6 centres.
Keithley 35617EBS doserneter
NE2571 .6cc graphite chamber
PTW Roos parallel plate electron chamber
PTW M23342 .02cc soft x-ray chamber
Water phantom
Hg in glass thermometer
Aneroid barometer
Sr-90 check source
The measurements follow the dosimetry protocol TRS-277. A Sr-90 ceck is taken at each site to
verify stability of the measurement system. Agreement within 0.5% is accepted. The SSD on a linear
accelerator is set using the optical distance 'indicator after checking it against a mechanical front
pointer. Recombination corrections are measured on each linear accelerator beam and polarity
corrections as well in the case of electron beams.
The results for high-energy beams have been reassuring both to the regulators and to the physicists
who appreciate the independent check. The only disagreements significantly greater than 2 have
caused by the use of a cylindrical chamber on a MV electron beam by a hospital, and confusion
between SSD and isocentric set-up. When we repeated the measurement using the same set-up as the
hospital the difference was resolved.)
A bar graph summary of the results is given below.
The kV results have been more widely scattered. This is not due to any "errors" but rather
inconsistency in dosinietry protocols - particularly between measurements in air and water.
The exercise has raised some interesting questions and issues. Some of them are:
What should the NRL measurement be compared with - a measurement done by the hospital
physicist at the same time to ook for errors in method, or the most recent measurement to
look for errors and QC on te machine, or the dose that the treatment planning system
calculates for an exposure of' the water phantom under reference conditions to check the
clinical dosinietry?
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•

What are the uncertainties and what level of agreement should be expected? The combined
standard uncertainty of the NRL measurements is estimated to be 06%, excluding the
uncertainty of the primary standard because the same standard is used throughout NZ.
Machine stability and local policy on output adjustment place lower limits on the expected
level of agreement.

•

How much is not tested that may be significant? We accept the hospital values for beam
quality specification, and assume geometrical set-up is accurate. Factors used in common by
both the hospital and NRL, such as the primary standards and the dosimetry protocol are not
tested.

•

Are we doing the right audit? Is there any benefit from doing this every 2 years, or should we
focus on new machines? Is there another check that would be more effective? There are
many steps in the dosimetry process before the dose is delivered to the patient. Should we
test delivery of planned dose to an anthropomorphic phantom rather than just under reference
conditions - particularly with the introduction of IMRT?

Megavoltage audit results 1991-99
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THE ROLE OF THE NATIONAL PHYSICAL LABORATORY IN MONITORING
AND IMPROVING DOSIMErRY IN UK RADIOTHERAPY
R.A.S. THOMAS, S. DUANE, M.R. MCEWEN, K.E. ROSSER
National Physical Laboratory, Teddington UK

In the UK, the National Physical Laboratory, in collaboration with te Institute for Physics and
Engineering in Medicine operates an audit programme to ensure national consistency in radiotherapy
dosimetry. The present programme covers dosimetry of megavoltage photons and electrons 3-19
MeV) and low and medium energy 10-300 kV) photons. The aim of each audit is to verify the local
measurement of absorbed dose at the radiotherapy centre. The audit measurements - principally beam
quality and Imiac output - are made ollowing the same protocol as the clinic but using different
equipment. The audit is not an absolute measurement of the absorbed dose but amounts to a check
that the equipment used by the centre is operating as expected and that the Code of Practice is being
followed correctly. The protocols used in the UK are IPSM 1990 for high-energy photons, IPEMB
1996 for electrons and IPEMI3 1996 for low energy photons. For the purpose of these audits, NPL
maintains a set of calibrated ionisation chambers (types NE2561, NE2571, NACP-02 and PTW
Roos).
Over the last six years around twenty-five audits of megavoltage photon beams have been carried out
and the results are summan'sed in Tabl 1.
Table 1. Summary of results for megavoltage photon audits
Quantity

Ratio (NPL/Host)

Standard deviation (%)

TPR

0.9981

0.64

Machine output

1.0032

0.80

Field instrurrient calibration

0.9998

0.72

As can be seen, the ratio of local and audit measurement is unity within the measurement uncertainties
(± 04%). Experimental procedure within the centres appears to have improved in recent years with a
reduced scatter in the results. Solid-state alanine dosimeters have been used to investigate the
performance of TPRO,,o beam quality in the transfer of calibrations fo the standards lab to the clinic.
This indicated that any absolute error in the transfer of dose in photon beams is no more than 1 (see
Figure 1).
Audits of electron beams have recently started and f the three audits carried out so far, good
agreement defined. as within ± .5%) between local and audit measurement was obtained for five of
the six beams, indicating that there are no significant errors in the application of the PEMB 96 Code
of Practice. his level of agreement is particularly encouraging in view of the complexity of the airken-na based protocol currently in use. A working party of the IPEM is currently developing a new
absorbed dose Code of Practice for electron beam radiotherapy, based on the NPL calibration service
(McEwen et al, 2001). This will offer a significant reduction in the uncertainty together with a much
simpler procedure to follow. It is hoped that this protocol will be pblished in 2002 and, once
implemented, electron audits will be carried out to ensure that the procedure is being followed
correctly.
Trial audits for kV photon beams show reproducibility is achievable at the ± 2 level but have
highlighted problems with dosirnetry at very low photon energies and the need for more accurate
chamber data. There are also dscrepancies at the overlap between the different energy ranges of the
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Code. A working party of the IPEM is currently developing an addendum to the 1996 Code, which
will address these problems.
It is intended to continue the NPL audit system for megavoltage and kV photon b--ams and electron
beams, and it is hoped to expand the scheme to cover brachytherapy, and dosimetry for
marmnography and diagnostic X-rays. In addition, a portable calorimeter has also been developed at
NPL, which is designed to operate in radiotherapy clinics. The calorimeter will provide an absolute
measurement of dose where it is required and allow the investigation of beam quality issues.
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Figure 1. Comparison of doses measured using ion chamber and alanine
in megavoltage photon beams
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THE UK RADIOTHERAPY DOSIMETRY AUDIT NETWORK
D.I. THWAITES
Oncology Physics, Edinburgh Cancer entre, University of Edinburgh
Western General Hospital, Edinburgh, Scotland, UK

Radiotherapy dosimetry intercomparison in the U`K has been carried out
limited studies since the
1960s. However the first national dosimetry intercomparison mvolving all radiotherapy centres was
conducted in the late 1980s [1]. This was based on visits to each centre, using onisation chamber
dosimetry. It audited megavoltage photon beam calibration and other sngle field parameters. It also
measured doses in a three-field 'treatment' in a trapezoidal phantom constructed from epoxy-resin
water-equivalent material and compared these to locally planned doses. This included off-axis points,
oblique incidence, inhomogeneities, etc. The study found mean measured beam calibration doses close
to stated values (ratio 1003), with a tandard deviation (sd) of the distribution of 1.5% and 97 of
doses within the pre-set 3 tolerance. For the planned multi-field irradiations, mean dose ratios
(measured/stated) were 1.01 (sd 3, 90% of results within 5%). A number of discrepancies were
identified, leading to proved practice. A follow up study (mid-1990s 2 for electron beam audit
also repeated the megavoltage photon calibration audit. For photons, an improvement was noted
(mean ratiol.003, sd 1.0%, 100% within 3), whilst for electron beams, the mean ratio of
measured/stated dose was 0994 (sd 1.8%, 94% within 3, 99% within 5%).
In parallel with - and growing out of - this, a national audit network began to develop in 1991/2 3-7].
It utilised similar methodology to the intercomparison and a network approach to allow parallel
developments of the scope of the system. The network has eight regional groups, each with up to 0
radiotherapy centres, serving average populations of 78 million. Each group organises audits of its
own centres and has developed at its wn pace. Most have piloted methodology, phantoms, etc. for
new audits which can then be used by other groups. All 65 UK centres are included. The network is
coordinated by an IPEM Steering Committee (current chair: Powley, Lincoln), of one representative
from each group and one from NPL. It reviews experience and results and oversees standards. It
makes recommendations on minimum frequencies and content (current aim:at least every two years).
This ensures uniformity for intergroup comparison of audit performance. In addition, the group uses
collaboration with the NPL to co-ordinate first level dosimetry audits in at least one centre per group at
2-yearly intervals. This is to audit the dissemination of chamber calibration factors from NPL to the
centres and links the network groups at the level of basic dosimetry.
The nonrial minimum group audits cover megavoltage photons and include ion chamber and beam
calibration, beam quality, beam modifiers and other single field parameters, geometric parameters and
simple mulfi-field planned iadiations. Various groups have extended the scope of the audits to kV xrays, electrons and brachytherapy. A number are using more sophisticated phantoms to audit more
complex, more realistic treatment situations. Some of these use phantoms developed for clinical trial
audit (eg head-and-neck, lung CHART), breast (START), prostate (RTO I), eg. ref. [8]. Others have
developed specific phantoms for the audit group programme 79]. Some audits follow the process
through from sulator or CT scanner to volume delineation to planning to delivery. Some groups are
currently developing audits for confort-nal and other sophisticated treatments. hi addition to practical
measurement audit, there is always also procedural audit, considering dosimetry, quality control, etc. in
the visited centre in terms of procedures, documentation and records.
As an example the Scottish+ group ncluding centres in Scotland, northern England, Northem Ireland)
is using a semi-anatomic epoxy-resin-based phantom 7 wch has enabled audits of iadiations
representative of 'treatments' for breast, lung/thorax and three head-and-neck situations. The group
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has audited kV x-rays and electrons as well as MV x-rays. It has piloted an audit of brachytherapy
source specification and dosimetry. It is developing audits of brachytherapy treatment planning, crosscentre in vivo dosimetry, MI-C dosimetry and stereotactic radiotherapy, as well as beginning to
consider requirements and methods for IMRT audit. It has also worked in co-operation with the
physics group in Ireland to establish an audit system there [10]. The results from the audits in the
group have improved with time. Since 1996, all single field parameters have been observed within the
pre-set tolerances for megavoltage x-rays and electrons. Typical results for planned multi-field
'treatment sites' show mean ratios of measured/stated doses between 098 and 1.00, sd between I
and 3 and the percentage of measurements in 'target volumes' within the pre-set tolerance of
to
be 96-100%. he group is linked to other audit systems nationally via the NPL intercomparisons and
internationally via Edinburgh's participation as a reference or development centre for a number of
other audit systems, including LAEA, EQUAL, EC network.
The network has provided an effective, flexible and cost-effective audit system for the UK.
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TLD AS A TOOL FOR REMOTE VERIFICATION OF OUTPUT FOR
RADIOTHERAPY BEAMS: 25 YEARS OF EXPERIENCE
J.F AGUIRRE, R. TAILOR, G. 1313OTT, M. STOVALL, W. HANSON
University of Texas M.D. Anderson Cancer Center
Houston, Texas, USA
This paper will sunu-narize the experience at the University of Texas M.D. Anderson Cancer Center
(UTMDACC) with then-nolurniniscent dosimetry as a quality assurance tool for output and energy
monitoring of radiation therapy beams. UTMDACC has two sections, the Radiological Physics Center
(RPQ and the Radiation Dosimetry Services (RDS) which offer periodic verifications of machine
output to some 1,500 institutions in the US, Canada and some other pails of the world. The two
centers process TLD measurements for approximately 8,000 x-ray beams and 7000 electron beams
per year. Throughout the past 25 years the results from monitoring 'stitutions, and the data for
commissioning TLD readers, characterization of lithium fluoride TD I00 powder and the records of a
quality assurance program of the system have been accumulated. The precision limits of the system as
well as the disagreement with the 'institutions will be summarized. The methodology of the TD
reading process and the quality assurance program will be discussed in detail. Te accuracy achieved
with the system will be described as ell as the degree of reliability of the entire operation.
Over the past years the RPC has used manually operated TLD readers to read powder. RDS uses
manual readers from a different manufacturer. Each TLD sample is weighed and the measurement is
reported as TL per unit mass. Nitrogen gas flows through the system ding each reading session,
beginning 30 minutes before readings are taken, to reduce spurious signal. The powder is produced 'M
large batches that are then dispensed into capsules that hold about 25 mg per capsule. A batch of
powder is tested for reproducibility, and then characterized for fading, sensitivity, energy dependence
and dose-response linearity. The powder is irradiated and analyzed once and is then discarded. TLD
powder is irradiated to a known dose with a cobalt unit at UTMDACC under very tightly controlled
conditions to provide standards that ae used to derive the relationship between TD signal and dose.
Additional powder is irradiated to a known dose with a second cobalt unit at UTMDACC to provide
control samples used for monitoring the reader stability during a session and to test the TLD dose
prediction. Sets of standards are read at the beginning and end of each session while sets of controls
are interspersed evenly with experimental readings. A typical reading session includes 12 sets of
experimental TLD irradiated at participating institutions. Each set consists of three samples for
photons and six for electrons.
To maintain high quality results, a comprehensive QA program is in place that includes acceptance
testing and commissioning of each instrument and each batch of powder. The program also provides
QA verifications for each result, each session, each month of operation and each year of operation. A
maintenance and repair program is conducted and carefully docurnented. Training of technical
personnel is geared to the passing o of a uniforrii method of reading samples with emphasis on
repetitivity of actions whin each reading cycle. Each cycle is tmed and maintained at 2 minutes per
sample.
Analysis of the data for several years of operation shows that the system predicts the dose to TDs
irradiated under very controlled conditions (controls) with very high precision (SD = 09%). Analysis
of the results for beams at different institutions shows a spread of 19% for photons and 22% for
electrons. his spread is the combined result of the variability of the beam energies, the different
makes and models of machines, the institutional perfonriance that includes beam calibration, TLD setup errors and beam drifts.
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The data also show that T-LD powder, independent of the batch, has fadmig characteristics that can be
predicted using a double exponential equation. Energy correction factors remain very constant from
batch to batch and the dose response is also a very predictable value.
The system is used to monitor institutions and is designed to pursue large discrepancies in an
expeditious manner that aims at the resolution of the discrepancy either through discussions, more
TLD or site visits.
A system has been developed that provides results with a level of confidence about 2%.
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DEVIATIONS OUTSIDE THE ACCEPTANCE LIMITS IN THE
AUDITS FOR RADIOTHERAPY HOSPITALS

AEA/WHO TLD

S. VATNITSKY, J. IZEWSKA
Dosimetry and Medical Radiation Physics Section
Division of Human Health
International Atomic Energy Agency
Vienna, Austria
The main purpose of the IAEA/MTHO TLD postal dose audit programme for dosimetry 'n
radiotherapy 1] is to provide an independent verification of the dose delivered by treatment machines
in radiotherapy hospitals. The results of the TLD audit are considered acceptable if the relative
deviation between the participant's stated dose and the TLD detennied dose is within ±5%. The goal
of this note is to draw the attention of participants of the TLD programme to some of the common
reasons for deviations outside the acceptance limits. Armed with this knowledge, other participants
may avoid similar problems in the future.
The analysis of deviations presented ere is based on the results of TLD audits of the calibration of
approximately 1000 Co-60 beams and 600 high-energy X-ray beams performed in the period 19962001 A total of 259 deviations outside the ±5% limits have been detected, including 204 deviations
for Co-60 beams 20% of all Co-60 beams checked) and 55 for high-energy X-ray beams 10% of all
X-ray beams checked). It is worth mentioning that the percentage of large deviations (beyond 10% is
also higher for Co-60 beams than for high-energy X-ray beams.
Some problems may be caused by obsolete dosimetry equipment or poor treatment machine
conditions. Other problems may be de to insufficient training of staff working in radiotherapy. The
clinical relevance of severe TLD deviations detected in the audit programme was confirmed in many
cases, but, fortunately, not all-poor dosimetric results reflect deficiencies in the calibration of clinical
beams or machine faults. Sometime it happens, that the TLDs are irradiated with an incorrect dose
due to misunderstanding of the nstructions on how to perforrn the TLD irradiation. Such dosimetry
errors would have no direct impact on actual dose delivered to a patient.
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Figure 1. The frequency of occurrence of deviations outside the acceptance limits of 5% grouped
according to the cause of deviation, ndicating confusion about a specific factor or parameter.
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The deviations that occur most frequently in the IAEA/WHO TD programme are shown in Figure I
and grouped as follows:
•
•
•
•
•

PDDFFMR errors magnitude 18 - 25%, depending on beam quality)
SSD/SAD errors (magnitude 1 - 17 %, depending on SSD/SAD value)
Nfisinterpretation of ion chamber calibration factors (magnitude 1 - 13%)
Errors in conversion of exposure to absorbed dose to water magnitude 5-8%)
Errors in conversion of the absorbed dose to plastic to the dose to water magnitude up to 7)

A few extreme deviations were observed that were caused by communication problems or due to
misunderstanding of the TLD irradiation instructions but, fortunately, these had no direct clinical
relevance.
•

•
•
•

Due to an error in data transfer, a Co-60 timer was set to 157 s instead of 15.7 min. The error
in time setting yielded a ratio of the TLD measured dose to the user stated dose of DTLD/Dstat
0.17.
TLDs were irradiated twice, resulting in the ratio of DTLD/D,,,, = 199.
TLDs were iadiated with 2 Gy 'fractions', four days in sequence, resulting
the ratio of
DTLD/D,,,t = 402.
TLDs were irradiated in air, due to the lack of a water phantom. Each TLD capsule was
irradiated with a different photon beam. The TD readings were not evaluated.

Two examples of serious problems detected wh TDs are presented, where the doses to radiotherapy
patients differed significantly from those prescribed:
•

•

TLD measured dose divided by the user stated dose, QI-D/D.,,, = 179. An error in the
measurement of output was made by an inexperienced physicist after a Co-60 source
replacement. Patients were irradiated with significantly higher doses during a period of one
month. This caused the deaths of approximately 90 patients and severe injuries to many others
[2].
The ratios of DTLD/D,,,t varied r
061 to 120 in subsequent audits, due to erratic
functioning of the Co-60 shutter system attributable to poor maintenance of the machine. No
output measurements had been done for a few years and several patients treated with this
machine may have been affected.

REFERENCES
[1] J. Izewska, P. Andreo, The IAEA/WHO TD postal programme for radiotherapy hospitals,
Radiotherapy and Oncology 34 65-72 2000).
[2] Accidental Overexposure of Radiotherapy Patients in San Jos6, Costa Rica. IAEA Special
Publication Series (IAEA-STUPUB/1027).

164

IAEA-CN-96-84P
XA0203882
ALANINE/EPR DOSIMETRY

S A REFERENCE SYSTEM IN RADIOTHERAPY

C. DE ANGELIS, P. FATTIBENE, S. ONORI
Physics Laboratory, Istituto Superiore di SanitA (ISS), Rome, Italy
A.KACPEREK
Clatterbridge Centre for Oncology (CCO), Bebington UK

It is widely accepted that dosimetry intercomparisons are a key step in the continuous quality
improvement programmes in radiotherapy (CQIR). Indeed, they offer the possibility to detect and
evaluate errors in dose delivery. Similarly to other European and international actions 1,2], the IS is
promoting a network of dosimetry intercomparisons among radiotherapy centres.
The alanine/EPR system is used as rference dosimetry for the ISS dosimetry ntercompanisons. The
reduced energy dependence, absence of fading, 1% Io) accuracy, robustness for mail delivery and
non-destructive read-out procedure are the main characteristics that substantiate the choice of alanine.
TLD-100 are also being used, but only for relative measurements. Alanine dosimetry has been
developed at ISS 3] and has been calibrated by the Primary Dosimetry Laboratory in Italy NMRIENEA).
In the framework of CQIR programmes, the ISS launched two different postal dosimetry
intercomparisons: (a) for conventional treatments using external high-energy photon 1earns, and (b)
for protontherapy centres which treat ocular melanomas.
High energy photon beams
The purpose is to check the accuracy in the doses delivered under reference conditions and for a
simulated treatment, through the analysis of the differences between measured and stated doses. The
accuracy will depend on the procedures adopted in the radiation therapy centres, including the
dosimetric protocol, the CT imaging and the treatment plan system used for the dose calculation.
Two irradiation conditions have been chosen. In the first, a water phantom will be irradiated where
the dose will be measured at a reference point. In the second, a rectum cancer treatment will be
simulated, delivering the dose to a anthropomorphic phantom which will be measured at the
isocentre and at other previously defined points.
In the first phase, the intercomparison will include only 16 centres and will be considered as a pilot
project. The intercomparison started o June 2001 and will terminate by te end of 2002.
Proton beams
The ISS, with the collaboration of the CCO, is organising a multicentre international postal dosimetry
intercomparison of low-energy protontherapy beams using alanine/EPR dosimeters, developed at ISS,
as a reference dosimetry system. Two irradiation conditions have been chosen: a) full energy
irradiation at the 'entrance' dose of the pure Bragg peak; and b) at 10 mm water equivalent depth in
the flat region of a spread-out (modulated) Bragg peak.
Nine Centres have expressed 'interest in participating: Villigen (PSI), Orsay (CPO), Nice (CAL),
Berlin (HMI), Uppsala (TSL), CCO, Cataffla (NFN), ' Europe, with Boston (MGH) and Loma
Linda (LLUMC) in the USA. heitercompanson will start and be completed in the course of 2002.
Before starting intercomparisons, the alanine/EPR dosimetry system operated by ISS was compared
with the TLD system operated by the ESTRO (EQUAL) programme and 'installed at the Institut
Gustave-Roussy (France). Both systems were irradiated
"Co and high-energy photon beams to
stated doses in reference conditions, in a water phantom. For both dosimetry systems and at all the
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beam energies tested, the measured dose agreed with the stated dose well within the experimental
uncertainty involved. The value of the alanine-to-TLD dose ratio, averaged over all the tested energy
values, was 1.0 I ± 0.008.
The present paper will briefly describe the design of the two intercomparisons. An analysis of the
uncertainty components of the alanie/EPR system will be given and available results will be
presented.
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AN ANTHROPOMORPHIC HAD
NECK PHANTOM FOR EVALUATION OF
INTENSITY MODULATED RADIATION THERAPY
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M.D. Anderson Cancer Center
Houston, Texas, USA

Intensity Modulated Radiation Therapy (L\4RT) has gained acceptance as an improved treatment
technique for several disease sites [I]. As the use of IMRT increases, ational cancer study groups
are beginning to initiate clinical trials that involve its use. Because INIRT offers the possibility of high
dose gradients, it is possible to deliver high doses to target volurnes wile maintaining low doses to
nearby critical normal structures. The use of igh gradients means that localization of the dose
distribution is ctical. Small errors in positioning of the patient can cause a target volurne to be missed
or a critical structure to receive a higher dose than can be tolerated. Consequently, it is important that
the institutions participating in clinical trials administer IMRT consistently and accurately 2 The
Radiological Physics Center (RPQ hs been funded by the US National Cancer Institute (NCI to
assure the study groups that participants in clinical trials have adequate QA procedures and that their
patient dosimetry is accurate. The RPC also reviews and credentials institutions to participate in some
high-technology clinical trials. To credential institutions for EVIRT head and neck trials, the RPC has
developed a mailable anthropomorphic head and neck phantom. The phantom has been used to
evaluate the inaging, planning and delivery of EART por to the institution's participation in the
protocol.
The water-filled phantom contains a polystyrene 'insert that corporates solid-water imageable
structures representing a primary planning target volume (PTV) a secondary PTV and a critical
structure. The insert holds four TLD as well as a set of orthogonal radiochromic films. TLD results
combined with profiles taken from the film were used to demonstrate that doses were delivered
accurately to the intended locations.
The phantom has been mailed to eleven institutions to date, and data from eight have been received
and analyzed. The institutions were instructed to fill the phantom with water, conduct CT imaging,
develop an IMRT treatment plan and treat the phantom. They were asked to deliver 66 Gy to at least
95% of the primary PTV 54 Gy to t least 95% of the secondary PTV and limit the dose to the
critical structure to 45 Gy. These doses correspond to the requirements of a current MRT protocol,
with all dose values reduced by a factor of 10 for compatibility with both TD and radiochromic filin.
The institutions were instructed to contour the TLD volumes and to provide the RPC with mnimum,
maximum, and mean doses to each volume.
Film profiles in 3 athogonal directions through the center of the primary PTV were scaled to TLD
measurements and compared to the institutions' treatment plans. TLD results showed that in most
cases institutions delivered doses to the primary PTV to within 5% of the intended dose (see Table 1).
Doses in high gradient regions such as the critical structure varied from the intended dose by as much
as 34% often with a displacement of over mm.
The RPC will use the results from the first eight institutions to develop a set of evaluation criteria for
the credentialing of additional 'institutions. The criteria will likely include limits on ratios of TD
measurements to mean TLD dose as reported by the institution as well as limits to differences in
planned dose location and delivered dose location. The RPC will expect the TLD measured dose to
fall between the minimum and maximum doses reported within the TLD volurne.
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Table I
Institution
1
2
3
4
5
6
7
8
average
std dev

Primary PTV
sup
0.96
0.92
1.03
0.95
1.08
1.00
0.97
1.03
0.99
0.05

Primary PTV
inf
1.03
0.95
0.99
1.06
1.02
0.97
1.03
1.01
0.04

Secondary
PTV
1.09
0.92
1.00
0.97
1.10
0.98
0.96
1.05
1.01
0.06

Critical
Structure
0.98
0.81
1.15
1.34
1.09
0.87
1.08
1.05
0.18

The phantom also will be used to investigate the accuracy of different types of MRT delivery. As
results from additional institutions are received, the data will be analyzed to determine if agreement
between planned treatments and delivered treatments is different for static delivery methods than for
dynamic delivery methods.
This investigation was supported by PHS grants CA10953 and CA81647 awarded by the NCI,
DHHS.
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The calibration of 192 Ir High Dose Pate (HDR) sources is usually made either with a well type
ionization chamber or by free in air measurements. For the calibration free in air the chamber's
calibration coefficient is detennined with the familiar interpolation technique. In this technique,
different calibration laboratories use different beam qualities. For instance in the USA, the interpolated
calibration coefficient is based on calibration in two qualities [1] (137 Cs and 25OkV x rays) whereas in
Germany I I qualities are used 2
37CS, 60CO and 9 x rays) while in the Netherlands 10 beam
qualities
60 Co and 8 x rays) are in use 3]. The IAEA TECDOC-1274 4] on the other hand,
reconu-nends oly two qualities OCo and 250 kV x rays). Most laboratories account for the wall
effect in the detennination of the calibration coefficient for 192 Ir HDR quality, but the method how the
effect is accounted for differs from laboratory to laboratory. In addition, some laboratories interpolate
using polynomial functions whereas other laboratories use linear terpolation.

e37CS,

The purpose of the present paper is to check the consistency in the calibration of a single
source using ionization chambers (see table 1) calibrated at different laboratories.

192 Ir

HDR

Table 1. Data on ionization chambers used in the experiments
Chamber
NE2571(l)
NE2571(2)
Exradin Al 2
HDR1000+(1)
HDR1000+(2)
1Primary

Chamber type
Farmer
Farmer
Farmer
Well tpe
Well ttpe

Calibrations traceable to
PSDL Austria
IAEA
ADCL ,IAEA
ADCL 2
ADCL 2

Standards Dositnetry Laboratory
Dosimetry Calibration Laboratory, Wisconsin, USA

2Accredited

A microSelectron HDR (Nucletron, Netherlands) unit was used in the present experiments. Free in air
measurements were performed using a Nucletron jig that allows measurements at a single distance of
10.Ocm. The uncertainty in the measurement distance was determined through repeated
measurements by dismounting and assemblmig the set up completely between the measurements.
HDR1000+ results
Two HDR1000+ well type chambers (Standard Imaging, USA) were used in the determination of the
reference air kerma rate, KR, of the 92 Ir HDR source. The estimated uncertainty in the well type
chamber's calibration is 25% (k=2). The ratio, HDR1000+(1) to HDR1000+(2), of the source
calibrations were 1002 ((; --0.01%, c=I). The uncertainty in the ratio is only those arising from the
repeated measurements and does not nclude any other uncertainties. The ratio is clearly witfin the
stated uncertainty of the chamber calibrations.
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Exradin A12 chamber results
As shown in table 1, the Exradin Al 2 chamber was calibrated by the ADCL and by the LNEA for
192 Ir HDR quality. The method used by the ADCL is based on that developed by Goetsch [I];
x)

NKIr-192

(NKx rav

+

NKCs-137)

where x 0.0037 -t/9.3 .10 22 for a wall thickness of t electrons/cII17'. The method used by the IAEA is
described
TECDOC 1274;
NKJr-192

= 0.8. A,.,xmv - NKx ray

02, AwCo-60

NKCo-60)/AA,.jrj92

(2)

where the A,,-factors are the wall correction factors for the indicated energies.
The ratio of the calibration coefficients for NKj,-192, ADCL to IAEA, is 1007. The uncertainty in the
calibration coefficient detennined by the LAEA is currently analyzed and is not clear at the time of
writing.
NE2571 chamber results
Two NE2571 chambers were used in the source calibrations. One chamber was calibrated at the
PSDL of Austria and one was calibrated at the AEA Dosimetry Laboratory using the method
described in TECDOC-1274. The ratio of the source calibrations, NE2571(2) to NE2571(l), was
1.015. For the NE2571(1) chamber, calibrated by the Austrian PSDL, the air kerma calibration
coefficient, N_1,192, is determined without accounting for the wall effect at the different qualities, i.e.
with;
NKJr-192

=

NKx ray

(3)

NKCo-60)/2

Using the method in eq. 3) for both chambers, the ratio of the 192 Ir HDR calibrations, NE2571(2 to
NE2571(l), reduces to 1.008 ((T --0.3%, kl). The uncertainty is oly due to positional uncertainties
and does not include other components, e.g. that of the chamber calibration. It is worth mentioning that
the ratio above does not include any corrections for the possible differences in the primary standards to
which the Ny_,,av and Nyco-6o are traceable.
NE2571(2) and Exradin A12 results
Both chambers, NE2571(2) and Exradin A12, were calibrated at the IAEA Dosimetry Laboratory
using the method described in the TECDOC-1274. The ratio of the source calibrations, Exradin Al 2 to
NE2571(2), was 0998 (a --0.5%, kI). The stated uncertainty is only due to that arising from the
uncertainty in the distance. Clearly, the TECDOC-1274 provides consistent calibration coefficients for
the quality considered in this paper, at least for these two chambers.
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A new phantom has been developed for quality control by postal thernioluminescence dosimetry of
high dose rate of 92 Ir sources used in brachytherapy. This phantom consists of a support to hold the
opaque cylindrical polyethylene capsules with LiF powder, identical to the ones used by the IAEA
program. Each capsule contains about 160 mg of powder, allowing five readings per dosimeter.
The phantom has been designed to easure two parameters of great importance in brachytherapy.
First, the source calibration in ternis ofair kerma at 10 cm from the source in air; second, the absorbed
dose at 2 cm in water reference distance for many clinical procedures. The second distance coincides
with the called point A used gynecological brachytherapy.
The initial design consisted of three holders located at a fixed distance of 10 cm from the source, and
the dosimeters were placed perpendicular to the source plane. The main problem presented with this
geometry was the unacceptable dose gradient across the capsule. The simulation done with the Monte
Carlo PENELOPE code estimated a dose gradient across the capsule of 1% for 10 cm and as high as 9
% for the distance of 2 cm.
A successful study was done to change the fortri of dosimeter holder by making it curved to
circumferences of IO cm and 2 cm of radius respectively (Fig. ).

po

... ......
.. .. ...

...... ....

2,

Figure 1. The final design of our
phantom composed of two parts;
one for dosimeter location at 10cm
(a) and the other for the dos'
located at 2cm from the source (b).
In (a) a close view of the curved
dosimeter

(a)

Additional Monte Carlo simulations were done to evaluate the magnitude of the dose gradient across
the depth of the capsules. It was found that the average of five layers was representing 99,8% of the
readings in the central layer for the dosimeter at 10 cm and 100,6% of the readings the central layer
in the case of dosimeters at 2 cm.
Extensive study was done of the eergy response of the LiF DTL 937, the powder used in this work.
The powder was irradiated for X-rays roduced at potentials of 102, 140, 186, 224 and 252 kVp, with
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137CS
of

92

and Co and the energy response curve was made by weighting the spectral energy distribution
Ir as calculated by Monte Carlo.

With the purpose to evaluate possibb
Carlo simulations were performed to
affect the dosimeter. It was found,
dose in the phantom were about 0,2%

distortions as a result of the presence of the phantom, Monte
assess the scattering and attenuation of the beam that might
preliminary simulations, that the differences in the absorbed
at 10cm and -5% at 2 cm respectively.

In this evaluation it was obtained a repeatability of the readings of the order of I% 1(7) between the
dosimeters. Evaluations will be conducted in future weeks in 15 brachytherapy centers
order to
improve the measuring protocol.
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A NEW APPROACH FOR STANDARDIZING ABSORBED DOSE FROM BETA
RADIOACTIVE WIRES USED FOR INTRAVASCULAR BRACHYTHERAPY
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A new method for standardising of absorbed dose from beta radioactive sources (in form of the wires
or seeds) used in intravascular brachy-therapy of coronary disease has been devised and investigated.
The method is based on the use of a new type of an ionization chamber, called Ring lonisation
Chamber, RIC. he RIC is a design which encompasses both a phantom and an ionization chamber.
It has cylindrical shape and a catheter housing the source (wire or seeds) passes through it along its
axis. The cross section of a RIC is shown in Fig.l. Due to its similarity to a cylindrical ionization
chamber the well-known dosimetric protocol can be applied (1) for determining the absorbed dose to
air chamber (and to water) calibration factors, ND as well as ND,,. Due to this approach the overall
uncertainty of absorbed dose in water determination at reference point ftom beta radioactive sources
used in intravascular brachytherapy could be substantially reduced as compared to presently
achieved.
A model of a RIC, which was tested, ad an air-vented sensitive volurrie in the form of a 10 mm long
wall cylinder, with a distance of 04 mm between the walls-electrodes. The inner diameter of
sensitive volume is of 38 mm. The hole in the inner electrode for a catheter based radioactive source
is of I mm in diameter. The external chamber dimensions: 35 nun long and 19 mm diameter. The
model of RIC's was made of PMMA. he conducting part of the RIC is made by graphite coating. In
the next step a water solid material will be used for RIC's body. The inner electrode of a RIC
chamber was adjusted in such way to btain the equivalent depth in water close to 2 nun, which is the
recommended reference point 2
he depth doses in water and
PMMA for '2P and Y
radioactive line sources were calculated by MC method 3). The equivalent depth in water for a given
depth in I'MMA was derived from these calculations.
The N, factor for the RIC's model has been derived from calibration in 6OCo beam at SSDL
(traceable to a national standard). The ND, walues for 6OCo and 31p 90Y) derived from NDare seen in
Table I together with the relevant interaction coefficients. As seen from table I the values of the ND,,
for PMMA(and water) for 60C and "P COY) sources differ only by I %. This creates a very
comfortable situation that the absorbed dose to water calibration factor for beta radioactive sources is
hin1% equal to calibration factor f6r6OC,
Absorbed dose rate at 2 mm depth i water from 32p source (Guidant certified, traceable to NIST
standard) 4) was estimated based on the measurements by presented method and compared with the
certified value. he Guidant certificate estimates the uncertainty of absorbed dose rate to be
16 .
The ratio of the measured to certified dose rate is equal to 091. The total uncertainty of the estimated
dose rate in water with presented approach is actually evaluated.
One of the advantages of the new
reproducibility - source - detector
readings.

ethod (over the up to date in use) is very good geometrical
hich in turn gives the excellent reproducibility of the dose

The described method is equally acceptable for standardisation of absorbed dose from
used for brachytherapy.

112

Ir sources
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In conclusions: the proposed method opens a new way for improving the quality of cardiovascular
brachytherapy procedures with respect to dose estimation.
GUARD - RNGS

PMMA
HOLEFOR
RADIOACTIVE WIRE
(CATHETER)

HV ELECTRODE

OLLECTING VOLUME
CTING ELECTRODE

Fig. 1. Cross section (no scaled) of a ring ionization chamber RIC
TABLE 1. The values of the applied interaction coeffcients (symbols as in TRS 277)
SPMMA.air

6OCo beam
Swaterair

1.102

1.133

GY
ND"'(C
'C )

SPMMAair

47,97

1.098

90Y (32p)

source

Swaterair
1.129

ND,,v

GY
48,14
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SOURCE CALIBRATION IN INDIA
A. SHANTA, S. VANDANA, H.A. SABUWALA,
K.N. GOVINDARAJAN, U.B. TRIPATHI, B.C. BHATT
Radiological Physics
Advisory Division
Bhabha Atomic Research Centre
Mumbai, India

In India, there are over I 0 brachy-therapy centres, of these about three-fourth use indigenously
produced "'Cs tube sources supplied by Board of Radiation and Isotope Technology (BRIT),
Department of Atomic Energy. In addition, there are about 35 remote afterloading LDR (131CS) units
and about 40 HDR (112 Ir) units. Manual afterloading interstitial therapy, using locally produced 192 Ir
wires, is in practice in over 25 centTes. The steps initiated at Radiological Physics and Advisory
Division of Bhabha Atomic Research Centre to establish traceable calibration for brachytherapy
sources, according to IAEA recommendations 1999), are discussed in this paper.
A well-type ionization chamber, model HDR-1000 plus from Standard Imaging Inc., USA, and a
CDCS-J type 137CS source from Ncomed Amersham U wch is identical to the reference
standards available at the IAEA Dosimetry Laboratory, have been procured. The well chamber has
been calibrated at the LAEA. Prior to sending the chamber for calibration and on receiving back, the
chamber response was measured in reproducible geometry, using a 17CS source, to ensure stability of
response dring the transit.
Using the LAEA calibration factor and a calibrated Victoreen model 530 electrometer, the air kenna
strength of the CDCS-J type 131CS source has been measured. The source holder and chamber set-up
were identical to that used for calibration at the MEA. The duration of charge collection was so
chosen that uncertainty due to fluctuations in the leakage contributed less than 0.1%. Corrections
have been applied for ambient conditions and other spurious contributions to charge measurements.
The measurements are repeated at regular intervals to check the long term stability of the measuring
device wich is found to be whin ±1"/o over the last 2 years.
The 131CS source and the well chamber have been used as reference standards for reference air kerma
rate measurement of "'Cs sources supplied by BRIT. he 131CS sources supplied by BRIT are of two
types, one of active length 10 mm; total length 18 un and the other of active length 5mm and total
length 21mm. The sources are doubly encapsulated with 0.1 nun platinum followed by 0. mm
stainless steel and have outer diameter of 30 nun. The reference air kerma rate of indigenous "'Cs
sources were determined by directly correlating with the response of reference CDCSJ type source,
ensuring the centre of the source at the position of peak response. The air ken-na rate constant was
evaluated by correlating the measured reference air ken-na rate with the supplier quoted activity and it
worked out to be 0078 ± . 015 gGy. If M2 . MBq -3.3 R C 2. rnCiml. if,).
As the dimensions of the indigenous 117CS sources are marginally different from the CDCS-J type
reference source (active length: 13.5mm, total length: 20 mm; filtration 0.5mm stainless steel and
external diameter: 2.65mm), in-air measurements have been carried out to compare the relative
response of the two types of sources. The measurements were carried out at the centre of a room of
size 4m x 4m x 3m, using a cylindrical chamber of nominal volume 400 cc at a source to chamber
centre distance of Im. By replacement technique, the responses of 137CS sources from BRIT were
compared with that of reference CDCS-J source. They agreed within 0.5% indicating that the
geometry correction factor for well chamber measurement could be considered negligible.
Measurements have also been carried out for the '9'lr wire sources supplied by BRIT, to correlate the
quoted linear activity (mCkcm) to the linear reference air kerma rate. e 192 Ir wire source, supplied
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by BRIT, consists of iridium-platinum core 75 platinum 25 % ifidium) of 0 I mm diameter with
0 I mm thick platinum coating, thus making an overall diameter of 03 mm. The wire is supplied in
lengths of 50 or 100 cm in coil form and the linear activity (mCi/cm) quoted.
Using appropriate insert, well chamber response was measured for 112 Ir wire in coil form, with and
without the compressor. The response worked out to be 745 ± IO pA/mCi for coil in compressed
forin and 786 ± .05 pA/ CI without the compressor. The response of the chamber for 10mm wire,
cut from one of the coil, was then measured by keeping it at the peak response position, using a nylon
tubing,
the HDR source holder. he response worked out to be 807 ± 012 pA/mCi. Using the
calibration factor for HDR 192 Ir, provided by the supplier, which is traceable to Uversity of
Wisconsin, an Accredited Dosimetry Calibration Laboratory (ADCL), the air kerma rate constant of
the 10 mm wire source worked out to be 0 102 gGy.lf'.11`12. MBq-' (- 43 Rxm. mCf'.h7l). This value
is about 4% lower than the value quoted earlier (after applying correction for room scatter), based on
air measurements (Shanta et. al, 1996).
To compare the data with that of nternational suppliers, measurements have been carried out for an
LDR 192jr seed ribbon supplied by Alpha Omega Inc., USA. The ribbon consisted of seeds, each of
length 3mm with 0.5mm. spacer between the seeds, thus making an overall length of 27.5mm. The
response of the chamber, corrected for the length of the seed ribbon, was correlated to the activity
quoted by the supplier in'mg radium equivalent'. Assuming that Mg 226 Ra corresponds to 72 gGy.ff
.in the reference air kenna rate per unit current pGy. If'. M' -') worked out to be 460 as against
the HDR 112 Ir calibration factor of 4.65, provided by the supplier.
It is suggested that the institution may acquire a calibrated
stability of their measuring equipment.

117CS

source to check the long-term
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AUDITS IN HIGH DOSE RATE BR ACYTHERAPY IN BRAZIL
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L.C. CASTELO
Instituto de RadioproteqAo e Dosimetria (IRD), Rio de Janeiro, Brazil

The lack of well established dosimetry protocols for HDR surces is a point of great concern
regarding the uiformity of procedures within a particular country [1]. The main objective of this
paper is to report the results of an implementation of the audit program in dosimetry of high dose rate
brachytherapy sources used by the radiation therapy centers in Brazil.
In Brazil, among 169 radiotherapy centers, 35 have HDR brachytherapy systems. This program
started in august 2001 and until now eight radiotherapy services were audited. The audit program
consists of the visit in loco to each center and the evaluation of the intensity of the source with a well
type chamber specially design for HDR 192 Ir sources.
The measurements was carried out with a HDR1000PLUS Brachytherapy Well Type Chamber and a
NLAA 4000 Electrometer, both manufactured by Standard Imaging Inc. The chamber was calibrated
in air ken-na strength by the Accredited Dosimetry Calibration Laboratory, Department of Medical
Physics, Uiversity of Wisconsin in the USA.
The same chamber was calibrated in Brazil using a 92 Ir high dose rate source whose intensity was
determined by
Co ganu-na rays and 250 kV x rays interpolation methodology 2 3 The Nk of
"Co and 250 kV x rays were provided by the Brazilian National Standard Laboratory for Ionizing
Radiation (LMNRI).
I was recorded, for each center, the method and type of chamber used by the physicist to measure the
intensity of the sources in his routine work. The certificate of calibration value, provided by the
source manufacturer, was a] so recorded.
The table I shows the results and the model of the HDR system for all centers. Among the centers
audited, 3 used the fanner type chamber calibrated according to the terpolation methodology 3],
method A. The remaining centers employed well type chambers, method B.
Table 1. Air kenna strength values measured by the radiation therapy centers audited SAventer) and
the IRD (5KIRD). The values obtained from the certificate of calibration are presented as well.
,ACenteris the percent difference between the center value and ER-D value. AXoCertif is the percent
difference between the certificate value and the RD value.

Centers
I
2
3
4
5
6
7
8

Equipment
Nucletron Micro
Selectron
Nucletron Micro
Selectron
Varian Varisourse
MDS Nordion
Gamma-Med Plus
Nucletron Micro
Selectron
Varian
Vari Source
Nucletron Micro
Selectron
Nucletron Micro
Selectron

Method

SKcenter
rnGyx.h-'

SKcertif
rnGy.n.h-'

SKIRD

rnGy.a?.h-'

9.23

9.32

A016cente

ACertif
0.97%

B
A

30.80
16.72

30.42
16.94

30.83
16.71

0.11%
0.10%

1.33%
1.41%

B

14.39

17.98

17.74

8,11%

1.30%

A

7.87

7.89

8.03

2.03%

1.83%

B

18,26

17,10

18,07

1,10

5,43%

A

29.09

29.24

29.16

0.20%

0.30%

A

56,33

48,14

47,04

19.80%

2,38%
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The most important difference obtained, 19,8%, can be explained by lack of knowledge of the
physicist about the interpolation methodology for the fanner type chamber calibration. he %
percent difference value obtained with a well type chamber is, perhaps, due to the lack of an updated
calibration factor of this chamber. The remaining results indicated that there is no difference between
the methods applied.
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APPLICATION OF GEL DOSIMETRY - A PRELIMINARY STUDY ON
VERIFICATION OF UNIFORMITY OF ACTIVITY AND LENGTH OF SOURCE
USED IN BETA-CATH"M SYSTEM
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Department of Radiation Oncology
Christian Medical College
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Vellore, India
B. PAUL RAVINDRAN
London Regional Cancer Center
London Ontario, Canada

Recently the traluminal irradiation of coronary arteries following balloon angioplasty is found to
reduce proliferation of smooth muscle cells and restenosis. Among the isotopes used for the
intacoronary irradiation 9Sr/Y appears to be ideal (H I Almos et a 1996). In 1984 Gore et at
proposed that radiation induced changes in the well-established Fricke solution could be probed with
Nuclear Magnetic Resonance (NMR) relaxation measurements rather than using conventional
spectrophotometry measurements. This was a major step in the development of gel dosimetry and
since then gel dosimetry has been one of the major advances
the dosimetry of complex radiation
fields has been in the area of Rel dosimetry. In this preliminary work on gel dosimetry we present the
verification of unifon-nity of activity along the length of the source train and verification of the length
of the source used in the Beta-Cath""' system used for intracoronary brachytherapy with ferrous gel
dosimeter. The Beta-Cath system obtained from Novoste, NorcrossGA was used in this study. It
consists of a source train of 16 9Sr/Y' sources each of length 2.5mm. The total length of the source
train is 40mm.
For preparation of the Fer-rous-Gelatin Gel, the recipe provided by the London Regional Cancer
Center, London Ontario, Canada was used. Stock solutions of 50mM HS04
03 mM ferrous
ammonium sulphate, 0.05mM Xylenol orange was first prepared. The gel was prepared by mixing 4%
gelatin with distilled water while stirring in a water bath at 40-42'C. Acid solution, Ferrous
ammonium sulphate solution and Xylenol orange were added and stir-red in the water bath for about
an hour to allow aeration. The mixture was poured in to three 20in] syringes to forin the gel and
stored in the reffigerator at 5C.
For irradiation with Betacath, the get was prepared in three cylindrical 2ml syringes. A nylon tube
having the same dimension as that ofthe delivery catheter used in mitra-coronary was placed at the
middle during gelation of the gel. After the formation of the gel the nylon tube was removed and in its
place the intra-coronary catheter was inserted. This was connected to the Betacath equipment and the
gels were exposed to a dose of 2OGy with the time of irradiation given by the manufacturers. The TI
weighted NM scan of the irradiated gels shown in figure I was obtained for all the three syringes
using Philips Gyroscan of 0.5T with TE=20ms, TR=30OOms for a T of 500 rns.
The iages obtained were analyzed with Scion Image (Scion Corporation). The profiles with distance
against density values were obtained for the images of the tree gels and are shown in figure 2.
It was found that the area of irradiation was clearly visualized in the gel. The length of the irradiated
area was measured as 40.3mm on screen and from the profiles, it was measured as 39.64mm. From
figure 2 it can be seen that the density is uniforin throughout the length of 39.64mm of the irradiated
region. Thus the uniformity of activity throughout the source train in the Beta-Cath system was
verified with Fricke gel.
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Even though the diffusion property of the ferric ions in the gel led to a time constraint between
irradiation and measurement, we concluded that Fricke gel can be used as a quality assurance tool to
verify the uniformity of activity of the source.
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Eight '9'lr sources for high dose rate afterloading have been calibrated by using three techniques, in
air, in phantom and well type chamber since March 1999 to January 2002.
The air kernia detennined by each technique 1,2) was compared with te manufacturer's calibration
values ± %).
Fanner chamber type 30001 of PTW with PTW LNIDOS type 10002 electrometer was used for both
in air and in phantom measurements. The calibration factor of the charriber for 192 Ir 380 keV) was
determined by interpolation from the values of 6OCo and 250 kVp (137keVff), calibrated by
Secondary Standard Dosimetry Laboratory (SSDL). Nucletron Source Calibration Jig and PTW
Afterloading Calibration Phantom (cylindncal) Type 9193 were used for in air and in phantom
techniques respectively.
The well
with the
from the
SSDL in

- type chamber used in this study was Selectron Source Dosimetry System type No 077.094
same electrometer used in air and in phantom techniques. The calibration factor for 192 ir
manufacturer's comparison measurement for 192 Ir was used since it could not be done by the
Thailand.

Every calibration technique showed lower values than the manufacturer's within 24 as shown in
Fig. . The mean discrepancies were -167
± 056 096% - 2.350'O) - 12% ± 053 0.40 2.19%) and - 125% ± 03 7 0.73% - 136%) for in air, inphantom and well-type chamber respectively.
The results indicated that the accuracy of these three techniques was agreeable within 1.5 % In
phantom and well-type techniques are more reproducible in setup than in air. The phantom setup has
more advantage than well-type system that the chambers for external beam therapy can be used with
the phantom.
REFERENCES
[1] INTERNATIONAL ATOMIC ENERGY AGENCY, Calibration of Brachytherapy Sources,
TECDOC - 1079, IAEA, Vienna (I 999) 19 30.
[2] PTW PREIBURG, Instruction Manual Afterloading Calibration Phantom Type 9193 for
Measurements of the Nominal air kenna rate of 192 - ridium - HDR Afterloading Sources with a
PMMA Cylindrical Phantom.

181

IA]EA-CN-96-92P

SOURCE
0
LU
U.
LL

-05

1

2

3

4

5

6

A
A

13

0

0

0
-1.5

NAIR

D IN
RiANR)M
0

A

A vvaLTYPE CHAMBER

-2 0

0

-25
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Presently, no primary standard exists for the standardization of remote aerloading '9'Ir HDR sources.
These sources are, therefore, being standardized by a few Secondary Standard Dosimetry Laboratories
(SSDLs), in terms of Air Kerma Strength (AKS) or Reference Air Kenna Rate (RAKR) using a 06 cc
Fanner type chamber, set up as an Interim Standard [I]. These SSDLs offer calibration to well type of
ionization chambers that are non-nally used by the hospitals for calibrating the '9'Ir HDR source.
Presently, in many countries, including India, well chambers are not commercially available. Nor do
these countries offer any calibration service for '9'Ir HDR source. With the result users make use of
well chambers imported from different countries with their calibration traceable to the country of
origin. Since no intercomparisons between these countries have been reported, the measurement
consistency between hospitals becomes questionable. The problem is compounded by the fact that
these chambers are used for several years without re-calibration since no calibration service is locally
available. For instance, in India, the chambers have been in use in hospitals, since 1994, without a
second calibration.
Not all hospitals use the well chamber for the calibration of the 192 Ir HDR source. Many hospitals
make use of 06 cc chambers, in air, at short source to chamber distances, for measuring the AKS of
the source. The latter method is prone to much larger miaccuracy due to the use of very short source to
chamber distances without proper calibration Jigs, use of Co calibration factor for 192 Ir HDR source
calibrations, neglecting correction factors for room scatter, fluence non-unifonnity, use of arbitrary
buildup factors for the buildup cap of the chamber etc.
A comparison of the procedures used at hospitals revealed that various arbitrary methods are in use at
hospitals. An indigenously developed well chamber was calibrated against a Reference Standard
192
1
traceable to the Primary Standard established for the Ir HDR source 2]. The well chamber was then
taken to hospitals in different regions or on-site calibration of the 192 Ir HDR sources.
In the case of hospitals using a well chamber, the well chamber was calibrated against our reference
well chamber and this value was compared with the certificate value. In the case of hospitals using a
0.6 cc chamber, the AKS as measured by the hospital was compared 1vith value obtained with our
reference well chamber. In all the cases the AKS values were also compared with the values given in
the source certificate. The results are given in Table I below.
Most of the hospitals visited by us,
spite of the different methods adopted for source calibration,
claimed that their measurements areed with the source certificate values to with in 0.5
in most of
the cases and only rarely a larger deviation (about 3 %) was observed. Our measurements (with
common traceability to RSL, BARC), at hospital sites, showed (see last column of Table 1) much
larger deviations. The hospitals must, therefore, make use of calibration that will be traceable to and
supplied, in the near future, by RSL, BARC so that better consistency could be ensured among the
brachytherapy centres practicing "'Ir dosimetry. The practice of measuring AKS by different methods
and accepting the average value as the correct AKS does not in fact improve the accuracy of 192 Ir
HDR source calibration. This method ust be discontinued.
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There is a need to carry out intercomparison between calibration laboratories that ffer 192 Ir MR
calibration with local traceability to establish nationwide consistency.
is will bring about better
consistency at the user level. The Primary Standards Dosimetry Laboratories, in the meanwhile, must
establish Primary Sndard for 192 Ir MR source at National level, so that accuracy and international
traceability can be established for the standardization of '9'fr MR source, a necessary step for
resolving differences that may arise between calibration laboratories, that presently depend on locally
established interim standards, for offering a calibration service for 192 Ir MR sources.
Table 1. Results of

Senial
No.
I

2
3
4
5
6
7
8
9
10
11
12
13
14
15

112

Ir MR source calibration at hospital sites

[NajjH0SPWchCERT

[SKIHOSPO.6,Ch

[SKISCrl.

[NkdHOSPWch, BARC

ISKICDHTWch.BARC

ISKICDHTWchBARC

Hospitals

Hospital HI
Hospital HI
Hospital H2
Hospital H3
Hospital H4
Hospital H5
Hospital H6
Hospital H7'
Hospital Hr
Hospital H8
Hospital H9
Hospital HI O
Hospital HI I'
Hospital H12
Hospital H 13

1.016
1.055'
1.025
1.022
1.059
1.042
1.016
1.061
1.018

1.053
1.029
-

1.046
1.019
0.998
1.024
1.035
-

1.036
1.039
1.02
1.066
1.040
1.078
1.026
1.035
-&
1.046
1.044
1.032
1.045
1.030
1.031

Value obtained
year 1997, when calibrated against the Reference well chamber, traceable to the
interim Std., maintained at RPC (UTX), USA.
Only these hospitals use SI well ionization chamber. Rest of the hospitals with well ionization
chamber use the SDS model chamber supplied by PTW, Germany.
++Value obtained for the SUN Nuclear well ionization chamber traceable to Local Standard
maintained at K & Associates.
The source certificate issued by Alpha Omega mentions the source strength only in Ci and not n
terms of AKS.
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Indonesia with a population of more than 200 Million people which spread on about 5000 islands, up
to now only has 23 radiotherapy centers and some not active anymore. As mention by Parkin et a] [I]
that Cervix/Utery and breast cancer are the most estimated numbers of new cases of cancers in
women for developing countries, stomach and lung cancers in men. Indonesia as a developing country
is likely similar to other developing countries on numbers of new cases of cancers in women. But
quite different in men, in Indonesia the most cominon cancers are nasopharynx and thyroid cancers.
The use of r-192 sources
igh dose-rate (HDR) remotely afterloaded brachytherapy treatments
have greatly increased in recent years and variety of such sources are commercially available. Nine
radiotherapy centers in Indonesia installed Nucletron microSelectron HDR remote afterloader. Based
on the data of ClptoMangunkusumo Hospital, Jakarta that the most common cancers are the cervix,
breast, nasopharynx and thyroid cancers which of percentage are about 31 %, 25 %, 13 %, and 6
respectively 2]. It means that the use of HDR 192 Ir brachytherapy has to be an effective tool
the
treatments.
Safety Series No. 115 3 stated that sealed sources used for brachytherapy be calibrated in terins of
activity, reference air kerma in air or absorbed dose rate in a specified medium, at a specified
distances, for a specified reference date. Guidelines on standardized these calibration methods could
be found on LAEA-TECDOC- 1079 4].
Two methods have been studied and applied to calibrate HDR 192 Ir brachytherapy in Indonesia,
especially for Nucletron microSelectron HDR' 112Ir remote aftertoader brachytherapy. Calibration of
HDR 192Ir brachytherapy source has been done by Cavity Ionization Chamber and with Well Type
Ionization Chamber. First, 06 cc of NE Farmer type dosimeter that was calibrated to Co and 250 kV
of x-rays in air kerma was used in this experiment. Position of measurement detector and source at
the center of the room and about I meter from the floor. Eight variation of distances from IO cm to 40
crns have been carried out measurement as recommended by IA]EA-TECDOC-1079. Correction have
been given for scatters, non-uniformity, and attenuation. To solve the problem of scatter correction
factor was used Matlab programming. A correction was also calculated for the ambient temperature
and pressure. Second, 245 cc of Standard Imaging Well Type Ionization Chamber HDR-1000 plus
was used in this experiment with Atomlab 44E electrometer. Chamber was placed at the center of the
room and about I meter from the floor. Charged readings were applied and corrected for ambient
temperature and pressure. Eleven dwell positions from 90.5 to 99.5 cm have been taken for these
measurements
Figure I shows air ken-na rate or ctivit ( relative to optimum result to the distances of
measurements. It is shown that for a combination of HDR 192jr source with Fanner type chamber, the
optimurn distance was 16 cm as it has been stated by DeWERD [5]. It found that the differences of
0 12 to decay calculation. Figure 2 shows a typical axial response with distance from the bottom of
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the Well Type Chamber that it found on our measurement. The result of activity determination is 24
% higher than Cavity Chamber measurement. However, this experience on HDR 112 Ir calibration by
using two methods be able to solve the calibration problem on the use of HDR 192 Ir brachytherapy at
several radiotherapy centers in Indonesia.
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Intracoronary brachytherapy is a promising approach for prevention of restenosis after coronary
angioplasty. One of the most important problems is dosimetry of radionuclide during irradiation. But,
there is no method readily usable to detenrime the absorbed dose currently. In this study we separately
investigate the dose distributions of 9Y, "'Re and 12p infused into different size cylindrical balloons
based on Beta particle dose point kernel [I] and give an empirical expression easy to be used in clinic.
With our computer program based on Beta particle dose point kernel 2 the absorbed dose
distributions in the blood vessel wall were calculated under the following conditions: (a) 1MBq/ml
90y, 111Re and
2p in a standard cylindrical bEilloons(inner diameter 1.0mm, outer diameter 3.0mm,
length 20nim) respectively. (b) 37001\4Bq/ml 90y, 188 Re and 32p in the standard cylindrical balloons
respectively and irradiating for 6 min. (c) IMBq/ml "Y, "'Re and 32p in 27 different size cylindrical
balloons: mr1er radius 0 025, 0.5mm; outer radius 12 13 14, 1.5 16 17, 1.8 19, 2.Omm; length
20mm, respectively. hen the curve of absorbed dose rate as the balloon's outer radius and as the
penetrated depth in the vessel tissue was fitted to a unction with non- Iiear least squares method, and
finally an empirical expression was presented combining the function with radionuclide decay.
(a) The absorbed dose distributions long the radial direction of the standard cylindrical balloon
showed that the peak value is inside the balloon, and the inflexion of the dose curve is at the
endothelial surface of the vessel. The dose in the vessel and outer tissues decreased sharply with the
radial distance in a double exponential manner. (b) The distributions of the dose along the depth and
vessel axis( z,--0 at the center of balloon) for 3700MBq/ml 90Y, "'Re and 12 P radiating 6min are
showed in table 1. (c) The empirical expression of between radiation time T(min) and initial
radioactivity Ao(MBq/ml), tissue depth x(mm, x=O at the balloon's surface), balloon outer radius
C5
rjnim) , absorbed dose D(inGy) is T-T1/2/0.6931n{l-0.693D/T1/2 /[Ao(c le-'2xln(r. )+C3e-c4x A I
where

T/2

is radionuclide's half-life(inin); the parameters c 1,

C2,

C3,

C4,

c5 depend on radionuclide

and the balloon's inner diameter. The parameters (c 1, C2, C3, C4, C5 ) for 9Y, ""Re and 12P are
showed in table 2 If the depth within 2min and the outer diameter 1.3-1.9nim, the relative errors of
the empirical expression (comparing with the result of convolution with the dose point kernel) are less
than 1 for 'OY and "'Re and less tha 33% for 32p.
Table 1. The doses of 90Y, 118Re, 32p at some attention sites (Gy/6min/l00rnCi/rnb
depth( 0 at
the balloon's
surface, mm)
0.0
0.5
1.0
2.0
4.0

z--Ornm

guy
z4nirn

45.33
24.17
15.78
7.63
1.81

41.92
21.25
13.41
6.19
1.41

z--0=

Re
z--8nun

z--10nun

Z-Onun

Z-Srnrn

z- IOnirn

42.88
21.24
13.02
5.48
0.89

40.23
19.14
11.39
4.60
0.73

21.37
10.61
6.50
2.74
0.45

43.49
20.63
11.83
4.12
0.34

41.53
19.08
10.70
3.62
0.30

21.75
10.32
5.92
2.06
0.17

168

z- I
22.66
12.08
7.89
3.81
0.90

32P
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Table 2 The parameters in the empirical expression
nuchde

T1,
(min)

Balloon's
inner radius
(mm)
0
0.25
0-5

'lly

3840

1.618
1.676
1.859

0.660
0.667
0.690

1.576
1.507
1.289

1.241
1.260
1.330

0.702
0.696
0.676

188R,

1014

0
0.25
0.5

1.319
1.38
1.563

0.792
0.8
0.826

1.561
1.5
1.292

1.349
1.37
1.431

0.735
0.73
0.709

MP

20534

0
0.25
0.5

1.172
1.237
1.443

0.966
0.973
0.996

1.646
1.579
1.368

1.426
1.441
1.493

0.791
0.786
0.765

C,

Value of the parameters
G
C3
C4

C5

The absorbed doses of 9Y, "'Re and "P decrease sharply with the radial distance in a double
exponential manner. It is very advantageous for focusing radiation energy to the vessel wall and
preventing damage to distal tissue. Using the empirical expression, the required radiation time can be
easily calculated for clinical purpose.
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The transit doses around a HDR 192 Ir stepping source have been calculated using Sievert Integrals.
This paper follows our work on the calculation of the transit doses in HDR brachytherapy using
empirical methods [1]. Sievert Integrals have been introduced to build more versatile models. The
accuracy of this method was tested with Monte Carlo Simulations.
The description of the source is '9'Ir (Mallinckroft Medical B. V.) with total length 5.0 mm and
diameter
mm (active source length 35 m 06 mm diameter with stainless steel fAISI 316LI
encapsulation). The diagram below follows our earlier work on the transit dose [I].
2-

+B

a (cm) I -

+A

0-

0 0

i

0 0

+C

a

x cm)
FIG. 1. Illustration of example: -, dwell point', , calculation point

In this investigation, calculations were performed at all the positions in which, the moving source,
instantaneously, had its geometrical centre located exactly between two adjacent dwell points. The
dose rates in these positions were obtained from the Sievert Integrals, making use of energy
absorption coefficients, obtainable from XMuDat, 1AEA Nuclear Data Section. Discrete step sizes of
0.2 5 cm were chosen to calculate the dose rates. Values of the average velocity V were obtained from
the table provided by Houdek et al 2 The total transit dose at any of the calculation points was
evaluated from:
D = 0.25 x (Total Average Dose Rate)
V
The exercise was repeated by applying the MCNP4B computer code using ENDFIB-VI data.
Cylindrical scoring geometries in a large homogenous water phantom were used. In addition to the
source/encapsulation materials and geometry the stainless steel attached to the distal end of the source
for guiding it through a stepped pattern, was included in the simulated geometry.
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Below are the transit doses calculated at points A, B, & C and compared to our earlier work 1]

Nani et al. 2001)
Sievert
MCNP4B

D(cGy)
D (cGy)
D (c Gy)

A

B

C

1.92
1.80
2.30

0.63
0.58
0.75

1.62
1.50
2.21

Using the Monte Carlo Simulations as a standard the Sievert Integral calculations produce dose
calculation errors ranging from 32 to 21
for the examples considered. This could be much igher
for longer treatment lengths where contribution from points near the longitudinal axis become more
important. The error introduced by the Sievert Integrals to the prescribed dose for complex implants
could then be
the neighbourhood of
%. For simple implants or standard applicators the error
introduced to the prescribed dose will be acceptable, typically less than I .
The Sievert Integral algorithms are simple, versatile and very easy to use. It is therefore a valuable
tool for the evaluation of the transit doses in HDR brachytherapy A rigorous mathematical odel is
being developed to account for the difference between the output from the Monte Carlo Simulations
and the method of Sievert Integrals. This will be particularly useful for complex implants and for the
evaluation of the transit doses in regions assumed to have received negligible radiation dose, e.g.
regions through which the source passes before stepping at the proximal dwell site.
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The Czech TLD QA network was established in 1997, as a part of the External Auditing Group
(EAG) oiginated in 1995, in order to perform an independent quality audit in external beam therapy
for two purposes: a) to unify the dose within radiotherapy departments, b) to impact state supervision
[1,2]. On basis of a good experience with this network in radiotherapy, new methods were developed
to expand the network also to radiology in order to simplify the operation of state supervision. The
TLD QA network in dental radiology has been brought into practice in 2001 3 Both the TLD audits
perfon-ned in radiotherapy and radiology are realized via mailed dosimetry.
In radiotherapy, two modes of the adit are used. Basic mode of TLD audit covers measurements
under reference conditions, specifically beam calibration checks for all clinically used photon and
electron beams. According to Czech regulations every beam must be checked in this way at least once
during two years' period. Advanced mode consists of measurements under both reference and nonreference conditions using Leuven
ltipurpose phantom for photon beams 4]. It enables to check a
substantial part of the treatment planning process inclusive of final dose realization of the planned
radiotherapy. The radiotherapy centers are instructed to deliver absorbed dose of 2 Gy to the TLI)s on
central beam axis based on calculated treatment time or monitor uits by their treatment planning
system for a particular treatment set-up. In this way the TLD measured doses are compared with the
calculated ones. Deviations of ±3% are considered acceptable for both basic and advanced modes of
the audit, deviations up to ± 6 are still tolerable, but new audit is repeated as soon as possible to
solve the dosimetry problem. Deviations above ±6% leads imediately to investigation by EAG.
There are 34 centers in the Czech Republic, which provide external beam radiotherapy. Since they
must undergo the basic TLD audit regularly every two years, a total of 50-80 beams are checked
annually in this way. If a center shows a deviation outside the acceptance level, it is audited more
often. Presently about 90% of these beams comply with the acceptance level. he rest of 10% show
deviations up to ±6%, deviations higher than ±6% are very rare nowadays. There are different types
of treatment planning systems (TPS) presently used in the Czech Republic. These TPS were tested at
IO radiotherapy centers using the advanced form of the TD audit. According to multipurpose checks
performance, most of the TPS comply with the tolerance level for simple treatment set-ups in case of
central beam axis measurements. For off axis measurements some of them exhibit discrepancies
above the acceptance level, especially for set-ups with inhomogeneities, oblique incidence and
wedges. Two of the tested treatment planning systems showed deviations within the acceptance level
of ±3%, another two showed a few dviations up to ± 6, for the rest of systems a few deviations
exceeding ±6% were detected.
In dental radiology, the audit is afined to check not only some basic dosimetric characteristics of the
X-ray apparatus, but also conditions of film processing process used by dentists. It is well known that
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dentists often do not keep recommended chemical procedures for film processing. Consequently, they
deliver higher exposures to patients in order to speed up the film developing process. For the audit
purpose, the dentist receives a dosimetric set with nstructions. The dosimetric part of the method
includes irradiation of a radiographic film simultaneously with an attached TLD ' order to check K,
output, irradiation field size and exposure reproducibility. The dentist is instructed to apply usual
setting for upper molar exposure. The developing process is checked by means of two dental films
and a standardized phantom. The dentist is required to develop an enclosed dental film irradiated
under reference conditions in the measuring center laboratory. In addition he (she) is asked to provide
his (her) own dental film and irradiate it having the phantom put on. This film is developed later in the
measuring center using a standard optimised process. Measurement of sensitometric characteristics of
both the dental films and their mutual comparison provide information on the film processing quality.
It also dicates a relation between the applied K, value and the quality of the developing process. The
K. value should not exceed mGy and the structures imaged on the developed dental films should be
adequately visible and distinguishable. Diameter of the irradiation field should be in range from 54 to
6 cm.
Existing esults from a recent pilot study show that 25% of radiology centers achieve K, less than
mGy together with a good performance of filrn development. The % of them, especially those, who
use high sensitive films, show K,, less than mGy, but despite this some inadequacies connected with
the film development are evident. In some cases, the K,, value could be even lowered, if correct film
development procedures were perfon-ned. The level of mGy is exceeded for 17% of radiology
centres. It is usually connected with outdated X-ray units. There are about 4000 of X-ray dental units
in the Czech Republic. An intention is to check all these units by the TD audit regularly every two
years. It means to perform about 2000 audits annually in this way. The audit operation of this large
capacity was started in January 2002. In accordance with amended applicable Czech laws, dental
radiology centres with good results of the audit will be prefer-red in the existing quality assurance
system.
The importance of the national TLD quality assurance network has been proved. It has contributed to
improvement of clinical radiation dosimetry ' radiotherapy centres and to improvement of radiation
protection of patients in dental X-ray investigations. In addition it helps much to the regulatory
authority to monitor effectively and regularly radiotherapy and radiology institutions.
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ln the frame of the AEA Co-ordinated Research Project "Development of a Quality Assurance
Program for Radiation Therapy Dosimetry in Developing Countries" a Dosimetric Quality Control
Group was set up Argentina in 1996, to develop a program in order to iprove radiotherapy the
country. Nowadays, this Group, befly called External Audit Group (EAG), is composed by the
national Secondary Standard Dosimetry Laboratory (SSDL), which has the responsibility for dose
detenninations, traceability to international dosimetry chain and TLD measurements, and two Medical
Physicists from CNEA who are working at the Oncology Hospital "Marie Curie" in Buenos Aires.
The present paper reports the activities perfori-ned by the EAG with external high energy photon
beams in reference conditions and the results of two pilot studies on cobalt 60 beams in non-reference
conditions.
The first step of the program was to update the existing data base about the radiotherapy centres
operating in the country [1] A form was sent to each of them in order to obtain basic information
about their staff, number and type of treatment machines, brachytherapy sources, measuring devices,
beam calibration, treatment planning system, simulator and other relevant data. 90 radiotherapy
centres were registered
the EAG data base. Forms were completed by 75/90 centres. There are
nowadays 69 cobalt 60 units and 42 LINACs operating in the country (I 842 LNACs producing high
energy X ray and electron beams).
EAG deals with measurements perfonried with mailed TLD irradiated at radiotherapy centres 1,2].
Internal quality control on our TLD sstem is made during each audit by means of reference capsules
irradiated by IAEA, external controls consist in blind tests performed by IAEA once a year. The
correction factor, Kn, determined at our SSDL for high energy X-rays as checked with the
collaboration of IAEA and Prague National Radiation Protection Institute (PNRPI) by means of a
blind test. Results for 4 MV 6 MV 10 MV and 15 MV accelerating potentials were wthin the
uncertainty limits of measurements.
Each centre participates
the high eergy photon beam audits in reference conditions at least once a
year. After evaluating the TLD capsules the dose deviation is calculated: Dev = DA- DTLD) I 00/1)TLDWhen the dose deviation is greater than 5%, the causes of discrepancy are investigated and follow-up
actions are carried out by the EAG. esults of the radiotherapy units that completed the dose audits
during the period 1996-2000 are shown in Table 1. Results for year 2001 will be included in the full
paper.
Table 1: Results of external dose audits for high energy photon beams
Type of
machine

Year

Number of
checked beams

Number of units
with DevJ 5%

Co-60
Co-60
Co-60
Co-60
Co-60
LINAC
LfNAC
LfNAC
LINAC
LINAC

1996
1997
1998
1999
2000
1996
1997
1998
1999
2000

68
68
67
56
46
28
38
44
33
40

63
62
65
50
45
26
38
43
32
40

Number of units
with 5<lDevl
I WO
4
5
0
6
1
2
0
1
1
0

Number of units
with Dev > 10%
1
1
2
0
0
0
0
0
0
0
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Follow-up of beams with dose deviation greater than 5% Is made until the cause of discrepancy is
justified, or detected and corrected.
One pilot study to check depth correction factors was performed by irradiation of TLD capsules at
different depths in water (5 and 10 cm) in cobalt 60 beams. Dose deviations smaller than 5% were
obtained by 11/13 units.
From 1998 to 2000 other pilot audits in non reference conditions (at the same reference point but
varying field size and adding wedge filter) were perfon-ned on 42 cobalt 60 units. Results are shown
in Table 2.
Table 2 Results of pilot studies for cobalt 60 units in reference and non-reference conditions
Field size

l0cm x 10cm
5cm x 5cm
20 crnx20 cm
7cm x cm
wedge

Nutriber of machines
with dose deviation
5%
39
34
37
39
38

Most of the causes of deviations greater than 5%, both in reference and non-reference conditions,
were due to the incorrect use of correction factors, either in the calculation of the reference dose rate,
or in the calculation of the capsule irradiation time. Geometric problems were found in the set up f
capsules and in repeatability of the capsule irradiation conditions. For 2 cobalt 60 units, the causes of
discrepancies were the malfunction of the timer and an incorrect use of the protocol for the
determination of the dose rate at the reference calibration point, respectively.
The procedure for visits to institutions was implemented, which includes mechanical and radiation
beam checks, verification of the calibration factor of the dosimeter, dose rate in reference condition,
and correction factor charts, and also revision of the documentation related to the unit 3].
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[31 IAEA-TECDOC 1 15 1. "Aspectos fisicos de la garantia de calidad en radioterapia: Protocolo de
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A quality audit programme for external radiotherapy was set up at the Secondary Standard Dosimetry
Laboratory (SSDL) of Algeria. The programme was initiated in the framework of an LAEA
coordinated research project. The first step of the programme was to set-up a recognized External
Audit Group (EAG), comprising a radiation physicist from the SSDL, medical physicist and a radiation
oncologist form the hospitals.
The LAEA methodology using TLD 100 LiF powder was established. Capsules containing an amount
of about 160 mg of LiF powder used as dosemeters, were calibrated in terms of absorbed dose to
water by comparison with an ionization chamber whose calibration factor is traceable to the BIPM.
The calibration curve was validated with irradiations performed by the IAEA, the radiotherapy centres
of Leuven Belgium) and IGR (France) and the primary standard dosimetry laboratory of NRC
(Canada). 1he programme covered first Co-60 beams and was extended to include high-energy
photon beams, at a later stage.
For high energy photon beams, it was necessary to study the energy dependence of the LiF
dosimeters, using the linear accelerators in the hospitals. Furthen-nore a fading effect of the TLD 100
powder was studied. It was found that after 3 months, a TL signal decreases by 3 .
An intercomparison with the reference centres cited above, and with two laboratories involved in
similar programmes, was made for bsorbed doses between 140 cGy to 280 cGy. The maximum
deviation obtained was 2 %, which is within the acceptance level of ± 35 .
In the present paper, the methodology followed by the EAG is presented and the results of the beam
calibration checks performed from 1997 to 1999 are analysed.
Note: the work was supported by the IAEA under CRP E2.40.07, for which Mr A. Meghzifene was
the chief scientific vestigator till 1997.
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QUALITY CONTROL PROGRAMME FOR RADIOTHERAPY
A.M. CAMPOS DE ARAUJO, C.C.B. VIEGAS, A.M. VIAMONTE
National Cancer Institute, Brazil

It's a 3 years pilot programme started in January 2000 with 33 philantropic cancer institutions that
provides medical services to 60% of the patients from the national social security system. Brazil has
today 161 radiotherapy services 144 operating with megavoltage equipments). These 33 'nstitutions
are distributed over 19 brazilian states.
The aim of this programme is:
- To create conditions to allow the participants to apply the radiotherapy with quality and
efficacy.
- To promote up dating courses for the physicians, physicists and technicians of these 33
Institutions.
With the following objectives:
- To recommend dosimetric and radiological protection procedures in order to garantee the
tumor prescribed dose and safe working conditions.
- To help in establishing and implementing these procedures.
The main activities are: local quality control evaluations, postal TLD audits in reference conditions,
postal TLD audits 'Moff axis conditions and training.
The local quality control program has already evaluated 22 institutions with 43 machines 25 Co-60
and 18 linear accelerators). In these visits we perform dosimetric, eletrical, mechanical and safety
tests. As foreseen, we found more poblems among the old Co-60 machines i.e., field flatness, size,
simetry and relative output factors, lasers positioning system alignment; optical distance indicator;
radiation and light field coincidence; optical and mechanical distance indicators agreement, than
among the linear accelerators i.e., field flatness and size; lasers positioning system alignment; tray
interlocking and wedge filter factors.
We 'ust completed the 4 postal TLD audit in reference conditions. They are promoted every 3
months. In Table I we can see how many institutions have participated in each one, the number of
Co-60 and linear accelerators photon beams evaluated and their results.
Table I
Results of 4 Evaluations in Reference Conditions - Relative Percentual Deviations
Evaluation
1
2
3
4

Institution Beams (Co-60 / L.A.)
32
29
33
33

70
60
68
67

37
34
34
35

33
26
34
32

Optimum Tolerance investigation
77,1
83,3
79,4
74,6

7,1
15,0
19,1
25,4

10,0
1,7
1,5
0

Emergency
5,7
0
0
0

Note:
The considered "percentual relative deviation ranges" in between the measured and stated values
(Dm/Ds) have been:
Optimum: Dm/Ds < ± 3%
Tolerance: ± 3 < Dm/Ds < ± %
Investigation: 5% Dm/Ds < ± 10%
Emergency: Dm/Ds ± IO%
All the evaluated beams with deviations in investigation and emergency ranges are re-evaluated.
When these results remain out of the acceptable range (Dm/Ds < ± 5%), a local investigation is
imediately done. Figure I shows the number of evaluated bearris in furiction of its relative
measurement deviations (D, D.
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Figure 1 4 Evaluations in Reference Conditions
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We'd like to point out that we found a remarkable decrease in the deviations in between the I" and the
2 daudit as well as in the TLDs returning time.
The postal TD audit in off axis conditions program started later, with the development of a special
TLD holder and all the inherent tests. The TLD kit has been sent to all the participants, to be
irradiated in a standard water phantom at SSD or SAD, depending of the local calibration or
the clinical practice procedure. The dose to be delivery at each TLD, as been defined as 2
Gy. This TLD audit for photons beams checks also: reference beam output, depth dose data,
beam output variations with field size, wedge transmission factor, field simetry and flatness
and dose calculation with a angled incidence. For electrons beams we will check the
reference beam output at different depths.
In 2000 the training has been through two seminars for physicians, physicists and technicians. In
2001 we hold only very practical courses, full time, for small groups, in order to have everybody
using the equipments and working with all machines. We offered
our Radiotherapy Service in the
National Cancer Institute (Rio) four up dating courses for thechnicians 33) and another four for
physicians 34). Together with Varian we hold one course on Commissioning, Acceptance and
Quality Control in regard to a Clinac-2100 / Varian linear accelerator (8 physicists) and one course on
CAD PLAN Planning System and Somavision (I 7 physicists).
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[2] Ferreira 1, Dutreix A, Bridier A, Chavaudra J, Svensson H. The ESTRO quality assurance
network (EQUAL)
[3] IAEA-TECDOC # 115 1, Physical aspects of quality assurance for radiotherapy
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The SSDL in Laboratory of Industrial Hygiene has participated in yearly IAEA-SSDL postal
TLD dose intercomparison since 1989. The results for past few years are given in Table .
Table .The results oJ._lAEA-SSDL TD intercomparisoii(1996-2000)
Year
1996
1997
1998
1999
2000

Beam quality
Co-60
6MV
Co-60
6MV
Co-60
1OMV
Co-60
6MV
Co-60
6MV

? -ray
x-ray
? -ray
x-ray
? -ray
x-ray
? -ray
x-ray
? -ray
x-ray

Dev.(%)*
-1.5
-3.2
-1.5
-3.3
- 04
-0.8
0.0
-1.0
-2.5
-2.2

Dev.=(SSDL stated dose--IA-EA measured dose)/lAEA measured dose.The deviation within ±3.5%
is considered satisfactory.
Since 1983, Laboratory of Industrial ygiene, Ministry of Health, has involved in the IAEA/WH0hospital TLD dose quality audit activities in China The results during 1996-2000 are given in Table
2.
Table 2 The results of AEA/WMO-hospital LD quality audits
Total nmber of beams checked
84
-35
415 NV x-rays
-49,
Co-60
-ray
Satisfied rate (Dev?
5%):
61.9%
Maximum positive deviation:
45.9%
Maximurn negative deviation:
49.9%
Number of the second checked
2
Number of on-site visits to hospitals
5
Nurnber of persisting deviation of ?
5%: 0
...................
. .................. . .....................
....................................
1.11..___-,_._,..__.......
-- - --- -----------------------. .......
1-1-_._.11__.111-_-_--_1__1 . ........
...........

. . .....
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In 1995, the SSDL in the Laboratory of Industrial Hygiene cooperated with Beijing Cancer Hospital,
Chinese Academy of Medical science
the IAEA Co-ordinated Research Progranu-ne
(NO.8769/RO). According to the requirements of the project, an External Audit Group (EAG in
China was established in 1996 with the responsibilities of operating TLD-based quality audit for
radiotherapy dosimetry. Since then, The national TLD dose quality audit services have been carried
out in 7 provinces in China he results are given in Table 3.
Table 3 The results of national TD audits 1996-2000)
Total number of beam: checked
-86
4 15 M`V x-ray
-132,
Co-60
-ray
Satisfied rate(Dev.? 5%) :
Maximum positive deviation:
Maximum negative deviation:
Number of the second TD check:
Number of the on-site visit to hospitals
Number of persisting deviation of more than ±5

218

77.5%
51.3%
49.7%
35
5
0

Beside the work above, the national programmes for brachytherapy and stereostatic radiosurgery
(SRS) treatment dosimetry were initiated 2001.
The activity measurement intercomparison between the SSDL and some hospitals for r-192 HDR
brachytherapy sources has been performed using a HDR well-type ionization chamber (Model HDR
1000 plus) and CDX-2000A Charge Digitizer, which were calibrated in Accredited Dosimetry
Calibration Laboratory, University of Wisconsin, USA.
The preliminary results 'indicated that the agreement between SSDL measured activity and hospital
stated activity was within +5% for more than 80% of total participants.
By the end of 2000, there are 41? -knives and 92 Yiknives machines are used for treatment in
hospitals. For improvement of treatment quality and prevention of radiation accidents for patients
undergoing treatment So far total number of 31 x, ?-knives machines were checked for their focus
dose rates and field dose profiles using dosimetric film and miniature ionization chamber
(0. I 5cc).The preliminary results indicated that some problems existed for some of machines.
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[3] IAEA-TECDOC-1079,Calibration of brachytherapy sources,1999.
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Five years ago we started a National Program of Quality Assurance in Radiotherapy. This program
was possible thanks to the cooperation between the Cuban Ministry of Health and the International
Atomic Energy Agency (IAEA) ' the Projects ARCAL XXX and CJB/6/01 1. In the framework of
these projects a total of ten complete dosimetry set were acquired and a large nurnber of medical
physicists were trained. At the same time, the Cuban side signed a contract for nine cobalt uits,
which have been gradually installed ad all of them are running at the moment.
During more than 20 years Cuba has taken part in the lAEA/WH0 TLD postal dose audit programs
and our results have been inside the (/-) 5
acceptance limit. Cuba ao joined the IAEA
Coordinated Research Program E2 40 07, to extend at a national level the experience of the TLD
based audits, using the capability of ur SSDL to measure TLD. At the same time the work of the
already existing External Audit Group was consolidated.
The National Program of Quality Assurance in Radiotherapy works on base of external on-site visits.
T'he main objective is to avoid any accident and to improve the quality of the RT treatments. Every
year each Radiotherapy service is visited by a qualified team of physicists with the objective to check
the physical aspects of the quality of the RT treatment, it includes: Documents and Records, safety,
mechanical and dosimetric aspects, treatment planning, also we use the fixed depth phantom to
simulate and verify several techniques.
Although the TLD postal audit results are acceptable, in our QA audits we have detected some
problems that may deviate the dose delivery to patients in more than 5%, examples of which are:
0
0
0
0
0
0

Not all the clinical plans are redundantly checked by an independent person
Not all the controls (daily, monthly and annual) are performed according to the protocols
approved by the National QA Conu-nittee. In some cases the controls are not well recorded.
Clinical protocols are not strictly followed.
Problems with patient data acquisitions.
Problems in set up of patients.
Mechanical malftmctions.

As a result dring this lastly 3 years of auditing this problems has been lessened in its magnitude.
Recently our main recommendation hs been fulfilled with the participation of a radiation oncologist
as being part of the audit team.
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Recognizing the importance of quality assurance in radiotherapy and the need to make access to
radiation standards traceable to the nternational measurement system to every radiotherapy center,
the KFDA, as a national secondary standard dosimetry laboratory (SSDL), has started a quality
assurance program from 1999. This program was initiated by tele-survey to all radiotherapy centers
regarding general infortnation about their radiotherapists, medical physicists, type of equipment,
dosimeters, etc. This provided the KFDA with a data file and led to links between the KFDA and the
clinics.
In 1999 a national quality assurance program for ensuring dosimetry accuracy has been performed by
on-site dosinietry for 4 60CO y ray, 47 high-energy photon beams used in 43 centers. During the audits,
the procedure followed by the KFDA was to measure the outputs of the LINAC(6 NIV) and Co-60
teletherapy urnits in terms of absorbed dose to water for fixed dose(2 Gy) in water phantom (only one
phantom used in this on-site visit). For all the case, the measurements are carried out in a water
phantom according to the IAEA recommended code of practice [1].
The distributions of deviations in total audit are given in Fig. 1. The results showed deviations varying
between 7.11 and 838 %. KFDA follow up the large deviated radiotherapy centers.
The traceability to SSDL is a major factor of deviation between KFDA measurement dose and clinics
quoted dose. The correction for air density (temperature and pressure) is a factor that sometimes
introduces errors. Most of the clinics do not calibrate their own barometers and sometimes rely on the
air pressure that is quoted during measurements by local metrological offices. In one case, the
barometer and thermometer of the clinic were deviating from KFDA instruments by about IO mmHg
and 2 respectively even if the temperature was measured in air. In one case, about 4
of output
variation with gantry head angle horizontal vs. vertical) 2].
In the past two years the KFDA is successful in setting up the postal dose TD intercomparison
program. TL postal dose intercomparison, the method was based on the original LEA/WHO
Program. A Fimel model PCL3 readout system is used for the evaluation.
In first session, there are radiotherapy centers that use a 60CO teletherapy unit participate in TLD
intercomparrison program. The results of participants satisfy the acceptance limit /- 5%.
KFDA plan 52 quality audits of high-energy photon beams for radiotherapy centers.
The aim of KFDA quality audit program is to provide radiotherapy centers with external audits in
order to ensure that the radiation doses delivered to patient are as close as possible to the prescribed
dose. The KFDA was successful setting up close links with radiotherapy centers.
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A quality audit program for Philippine radiotherapy centers was developed under the IAEA
Coordinated Research P 'ect entitled Development of Quality Assurance Programme for Radiation
Therapy Dosimetry in Developing Countries. The program includes annual conduct of on-site visits
and a TD based dose assurance program using mailed dosimeters.
An external audit group (EAG) was organized for the implementation of the projece. he group is
officially recognized under Department Order Nos. 365-C and 365-D s. 2001 signed by the Secretary
of Health on November 20, 2001. he members of the group are medical physicists and radiation
oncolo 'sts from both private and government institutions who have had extensive training and
experience in radiotherapy. The members of the Measuring Group are the BHDT-SSDL and PNRISSDL
A quality audit manual was prepared as guide for the EAG A audit report form for on-site visits was
developed and tested by the EAG in the field. It contains vital information on manpower, workload,
equipment, dosimetry, safety, quality assurance, regulation, comments and recommendations for the
improvement of the service. A copy of this report is being provided to the hospital administration
during the exit conference of the tean12.
A total of nineteen 19) radiotherapy centers were visited from January 2000 - January 2002 It
includes all operational facilities, those with newly installed teletherapy equipment and those
undergoing source replacement before the machines were used for clinical application.
The centers have at least one (1) medical physicist. Only one (1) radiotherapy facility (Co-60) has not
yet been provided with an in-house dosimetry equipment and fourteen 14) centers have computerized
treatment planning systems.
A total of nineteen 19) Co-60 machines had been evaluated for performance 3 two 2) of which had
been replaced, three 3 are non-operational and due for decommissioning. Two 2 units were
imported to the country as refurbished equipment. A total of eight (8) medical linear accelerators had
been evaluated for performance 4 one of which was imported to the country as refurbished equipment.
Lithium fluoride powder (Harshaw TD 100 packed in polystyrene capsules is used in the project
for dose quality audit. The procedures for processing, handling and evaluation were developed with
the technical assistance and supervision of the IAEA Laboratory. Intercomparison of the response of
the TLD systems of the BHDT-SSDL and the IAEA Laboratory were undertaken on September 2000
(deviation: 07%) and October 2001 (average deviation: 065%).
A test audit run for Co-60 and inegavolt x-ray beams was conducted on November 26 to December ,
2001 A set of two 2) capsules for irradiation and one (1) capsule for control was prepared for each
beam to be checked. The participants were coded in order to maintain confidentiality of results.
Sixteen sets of dosimeters were issued to participants. One (1) participant failed to return the TLD
capsules. The results of the evaluation are shown in Fig. 1. All beams were found to have deviation
less than ± 5.0%. However, a careful study of the data sheets shows that fourteen 14) dosimeter sets
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had been iadiated using newly measured beam output and not the clinical data used in the treatment
of patients. The difference of the values was found ranging between 0.6% to 18%.
The radiotherapy quality audit program was developed by the Department of Health under the Health
Sector Reform Agenda and shall be implemented even after the expiration of the IAEA research
contract.
The project personnel has identified various areas for improvement in this project and has come up
with the following recominendations: (a) the quality audit report for on-site visits shall be updated and
upgraded to allow the creation of a data base that can also be used in fitture health care programs of
the country and to align the perfonnance criteria of equipment with nternational standards (b) the
evaluation procedures, dosimetric euipment perforinance and quality control shall be improved in
order to avoid the problems encountered during the test runs (c a close coordination between the
BHDT- SSDL and the IAEA Laboratory shall be maintained at all times (d) TLD audit runs shall be
undertaken with he reference irradiation and TLD reader intercomparison done by the IAEA
Laboratory for quality control.
Dose Quality Audit Results
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Fig. I Evaluation esults of the TLD dose quality audit test run
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The Secondary Standard Dosimetry Laboratory (SSDL) of the Medical Physics Department of the
Centre of Oncology in Warsaw is a continuation of the Radiation Measurements Laboratory created in
1937, following the suggestions of Mane Cune, the founder of the Institute. The present SSDL is a
member of the WH0/1AEA nternational network and is periodically audited by the International
Atonuc Energy Agency. he SSDL is in charge of the calibration of all radiotherapy dosimeters in
Poland, and it also co-ordinates all activities carried out in radiotherapy quality assurance programmes
nation-w'de. The External Audit Group (EAG) was set-up according to the recommendations of the
IAEA, as a part of the SSDL. The EAG is 'M charge of the management of the project and
organization of the TD measurements. The SSDL takes the responsibilities of the metrological
aspects of the programme. The results of the efforts, aimed at the development of a quality audit
programme and methodology in radiotherapy, are presented.
In Poland there exist 21 radiotherapy centres, and a total number of above 60 megavoltage units. The
first audit, supported by the IA_EA (Research Contract No 6013/RI/RB), was done during the period
between 1991-93. It yielded 'interesting results on the magnitude and sources of uncertainties of dose
measurements 1]. Between 1993-95 a nation-wide TD check for photon beams in the framework of
the EROPAQ project was perfortned 2 Between 1999-2000 the audits supported by the 1AEA
(Research Contract No 10796/RO), covering Co-60 and accelerator photon beam output
measurements in standard conditions were performed. In 2001 the audits in non-standard conditions
started.
Table 1. Data on the number of radiotherapy centers (RT-centres), number of megavoltage uits and
the number of dosimetry audits of photon beams in Poland.
Number of
RT - Centres

Number of
Co-60
Linacs
Numbers of centers with Co-60
or linacs are 'ven in brackets
27 16)
22 16)

1992 - 1992

17*

1994 - 1995

18**

27

1999- 2000

21*

2001-

21*

Number of audits
Co-60
Linacs

11

11

16)

32

24

22 (18)

43 (18)

12

17

22 (18)

45 (18)

16

17)

23

*including the audits performing center (CO -1 in Warsaw)
**some centers took part in the audit twice or calibrated more than one beam
The Standard Procedure for TLD postal audits was elaborated, and the TL powder parameters which
n-tight ifluence the results were measured. In particular the non-linearity correction factor, the fadig
correction factor, and the energy correction factor for the Polish TL-powder used for audits were
determined with considerable care 3].
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The distributions of the results for subsequent audits are presented. It can be seen, that the precision of
the TLD dose detennination, as defined by the standard deviation te distribution of the results,
improved in subsequent audits but the deviations exceeding ± 35% still occasionally occur. The
deviations exceeding ± 35% were carefully analysed and the causes of the errors were traced
(accelerator instability, geometrical errors in TLD capsule's set-ups, insufficient care taken during
TLD irradiation, misinterpretations of the dosimetry protocol, calculation errors).
This study does not take into account the clinical aspect of the errors in dosimetry. It is extrenie
difficult to estimate the number of patients, which could be irradiated with doses different to the
prescribed doses because some of the errors detected might have occurred only during the TLD
irradiation. To evaluate the impact of the detected deviations on patient doses in detail more frequent
and more complex audits should be performed
D irradiations in non-standard conditions), closer
collaboration with radiation oncologists should be established, and an effective system of patient dose
verification should be introduced.
The following conclusions can be drawn from the study:
1. The results of the study show that it is possible to keep the dose deten-nination within tolerance
limits by the implementation of correct methodology and carefully camied-out measurements and
calculations of doses.
2. The decrease of the standard deviation for three subsequent TLD postal audits indicates the
improvement of the dose detern-iination in Polish radiotherapy centres, but deviations exceeding
3,5% still occur.
3. The external audits prove to be very effective means of assuring the quality of radiotherapy
nation-wide, and should be extended to non-standard conditions.
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Colombia counts now with 16 linear accelerators and 24 cobalt units used for radiation therapy
treatments, with a total of 60 radiation beams, and the country takes part in the 1A-EA/WH0
International Network of Postal Dosimetry, as well a in the LAEA/WH0 SSDL network.
Since the country has technical capacities to develop a national quality control program, based on the
SSLD and other dosimetry laboratories, with the support of the 1AEA through a coordinated research
project. a national network for radiotherapy beam calibration quality control was created. The network
is supported by the technical infrastructure of the SSDL and the thermoluminscence dosimetry
laboratory of the Nuclear Safety and Radiation Protection Unit of INGEOMINAS and an External
Audit Group (EAG) conformed by medical physicists, 'oined to radiotherapy centers of different
regions of the country.
The objective of the network is mainly the development of procedures for the evaluation of the beam
calibration by means of tennoluminiscent (TL) powdered detectors, through the system of capsules
used by the 1AEA/WH0 postal dosimetry audit program. The TL powder contained in the capsules is
divided 'In20 mg samples wich are placed metallic minicapsules for their reading.
As a result of the work carried out up to now, we have established the procedures for dosimetric
evaluation using a HARSHAW 4500 reader. The performance of the system and procedures were
evaluated by nternal trials using the secondary standard of the SSDL and with iadiation set-ups
corresponding to the reference conditions for beam calibration. An uncertainty of the final result
better than 2 for evaluation of doses near 2 Gy was obtained.
The results of the first dosimetry quality audit exercise to national level, for evaluation of high energy
photon beam calibration, are presented. The problems detected, concerning the fill-in of the forms
with the information about beam calibration and capsules irradiation, are analized. and the solutions
proposed by the EAG are explained.
Work supported by the IAEA under CRP E2.40.07
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The International Atomic Energy Agency (1AEA) provides a postal thermoluminescent dosimetry
(TLD) comparison service to radiotherapy centres around the world. TLD capsules filled with
powder are sent to participating institutions, and then exposed in clinical x-ray beams to a nominal
absorbed dose of 2 Gy in a water phantom. The capsules are returned to the IAEA after exposure for
evaluation. The results are directly traceable to the Bureau International des Poids et Mesures (BfPM)
[1]. Australian results have been generally good 2,3,4].
ARPANSA is developing a similar service for Australian radiotherapy centres that will be traceable to
the national primary standard of absorbed dose to water. The service will be mostly consistent with
JAEA procedures so that previous results can be compared. (The 1AEA has indicated that they may
not be able to provide Australia and other developed countries with this service 'Mthe future.)
For the past year at ARPANSA a Cobalt-60 gamina ray beam has been used to characterise Lithium
Fluoride (LiF) TILD powder. Preliminary testing has involved the development and evaluation of
linearity curves, a fading curve over a period of a year, and the measurement of Tissue Phantom
Ratios (TPR20/10) and Dose Ratios I'D20/10). An Energy Dependence Curve was detennined from
measurements at two of the Radiotherapy Centres in Melbourne, using linear accelerators with 6MV,
10MV and 18MV photon beams.
At ARPANSA a Teledyne Brown Egineering System 3 0 TLD reader is used to read TLD powder.
The powder is dispensed into a tray and distributed uniformly by the user before being inserting into
the reader,, where it is heated and then read. The operator skill required for accurate and reproducible
results was developed over the testing period. The quality of the TLD measurements is dependent on
many factors including annealing methods, and the calibration and readout of the material.
Some problems with the TLD method include:
• The sensitivity and fading characteristics of the TLD powder
• Contamination of the light emitted by non-radiation induced signals
The absorption of light in the TLD powder
• False readings due to dust or other particles which glow when heated, and
• The exposure of TLD to utraviolet light
A pilot study is being undertaken in selected Australian radiotherapy centres. LEA standard capsules
and jigs are being used. Each of these centres will be sent several capsules filled with LiF powder.
Two or three will be exposed to 2 Gy in a water phantom, with either a TPR20,10 or ao/lo beam
specification. An unexposed capsule will measure environmental effects on the TLD powder during
transport and storage. The centres will be given a 2 week window in which to expose the capsules.
They will be asked to nominate the date of exposure so that a nornialisation capsule, exposed at
ARPANSA on the same day, can be used to correct the results.
The pilot study will help to correct problems encountered with the TLD method before the TLD
Quality Assurance Program begins for all radiotherapy centres in Australia. There are approximately
33 radiotherapy centres in the country, and all will be expected to participate.
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Initially ARPANSA's TLD QA Program will involve one photon beam per centre. Future work at
ARPANSA will include the development of procedures so that 13 photon beams and 12 electron
beams will be offered.
The assistance of the IAEA is gratefully acknowledged
providing a quality assurance program for
some Australian hospitals through the World Health Organisation WHO) and
recent years for
directly organising two Australia -wide TLD QA programs.
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The advantages of radiotherapy protons and heavier charged-particle beams, the technological
feasibility, and the clinical results obtained so far have led to the establishment of about 20 treatment
facilities worldwide and plans to open another 20 proton and light-ion therapy centres ' the next five
years. In order to meet the expanding capabilities of treatment techniques, considerable effort has
been devoted during the last fifteen yars to the development of the dosimetry and calibration of such
beams. This paper reviews these developments and summarizes the present status of Codes of Practice
and protocols for the dosimetry in reference conditions of proton and ion beams.
The first dosimetry protocol for heavy-particle radiotherapy beams, AA-PM TG 20 [1], was based on
the use of Faraday cups and calorimeters, whereas ionization chamber dosimetry received little
attention. Following the trends in "nuclear particle" radiotherapy, TG 20 included recommendations
for specifing "dose to tissue". The lack of availability of a han-nonized set of data for the different
particles made this protocol to include data for stopping-powers and for the mean energy required to
produce and ion pair in air, Wi,., from multiple authors, without enough attention being paid to their
consistency. The increased focus into proton beams was materialized in te publication of the ECHED
Code of Practice 2 dedicated exclusively to protons, where ionization dosimetry received more
attention than in TG 20. It was not until the publication of the Supplement to the ECHED
recommendations 3] that ionization chambers having a 60CO calibration factor were recommended as
a reference detector for proton dosimetry, and data supplied for chambers with different wall
materials. The emphasis on ionization chamber-based proton dosimetry was complemented with a
recommendation for using water as dosimetry phantom material and the necessary data on tissue and
water to air stopping-power ratios ad W,.. One of the most interesting aspects of the ECHED
Supplement was the use of the proton stopping-power data in then just released ICRU-49 4] report.
In order to achieve homogeneity in the dosmietry and dose delivery at institutions mplementing
heavy-particle radiotherapy, the two protocols, TG 20 and ECHED, recommended periodic dosirnetry
intercomparisons among the different centres. Several ionization chamber intercomparisons
performed in the early nineties revealed that the different physical data in the two protocols were the
main cause of the observed substantial differences
absorbed dose determination in proton therapy
centres. Calorimetry studies performed at a number of institutions confirmed the findings of the ion
chamber intercomparisons, indicating that the adoption of a unifonn set of data and a common
dosirnetry protocol would be necessary to achieve consistency in the dose delivered to patients in all
proton centres.
In the following years, the publication of the ICRU 59 [5] report represented an attempt to harmonize
clinical proton dosimetry worldwide aid to promote the dissemination of the new radiation metrology
standards in terrns of absorbed dose to water. Practical problems associated with the use of Faraday
cups and calorimeters were fully recognized by the ICRU report, and the role of these methods in
proton dosimetry was minimized, favouring that of ionization chamber dosimetry. Upon the adoption
of ICRU 59 in multiple proton centres, nternational dosimetry intercompanisons using ionization
chambers calibrated in terms of air kenna in "Co, have shown, as expected, a considerable
improvement in their homogeneity with the result that all participants agreed within ±0.9% in their
calibration of a common beam using their own instrumentation. This result encouraged the u;e of
ICRU 59 worldwide for the calibration of clinical proton beams. On the other hand, detailed analysis
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of the intercomparison data and recent publications have indicated that improvements and corrections
to ICRU 59 are needed.
The International Code of Practice IAEA TRS 398 61, based on standards of absorbed dose to water
for external radiotherapy beams, includes recommendations for the calibration of protons and heavier
ion radiotherapy beams. For protons, TRS 398 differs substantially from ICRU 59 in that it has
adopted recent developments in the field of ion chamber dosimetry and considers a thorough revision
of some the physical quantities involved in proton dosimetry. The effect of the more accurate fluenceaveraged stopping power ratios in TRS 398 is a minor difference of 0.5% with ICRU 59, but the ratio
of Wi,. values, protons to 60 Co, differs by 23%; 06% of this difference is due to the conceptually
different use of Wj -values for ambient air (ICRU) and dry air (IAEA). The approximate definition of
ko in ICRU 59, which excludes chamber correction perturbation factors at 60CO (that enter in the
denominator of k), together with the use of a different W, -ratio and very similar s.,,ai,. values, causes
differences
ko values between 2.6% and 1.5%, depending on the chamber type and proton beam
quality. Both recommendations consider chamber perturbation factors in proton beams to be unity.
The expected future improvements in proton dosimetry will probably focus on chamber specific
factors and perturbation effects in protons, as recent Monte Carlo studies and dosimetry comparisons
indicate that depending on the chamber type, perturbation effects can be up to 1.
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The irradiation facility at PSI is designed for the treatment of deep seated tumours with a proton beam
energy of up to 2 70 MeV I]. The spot scanning technique, which uses a proton pencil beam applied
to the patient, is performed on a compact isocentric gantry. An optimal three-dimensional
confortriation of the dose distribution to the target volume can be realized. A fast steering system and
a redundant interlock system are in oeration.
The dose delivery is controlled by a parallel plate transmission chamber, which is calibrated in terms
of number of protons per monitor unit. he therapy planning is based on an empirical model, which
takes into account attenuation of pmary protons and losses outside the primary beam through
secondary products. The therapy plan predicts an absolute dose.
The calibration of the primary monitor is done using a reference thimble ionization chamber inside a
homogeneous geometrical dose olume. The reference system is calibrated in a cobalt field at the
national office of metrology in terms of absorbed dose to water. The dosimetry protocol used up to
last year was based on the ICRU Report Nr. 59, we have switched to the IAEA Code of Practice
starting this beam period. Data on the monitor calibration for various energies and using two different
reference systems will be shown.
The calibration of the beam monitor using a Faraday Cup
the static pencil beam results in a good
agreement with the ionization chamber measurements, with a deviation of less than I%.
Following the daily setup of the machine, an extensive quality control and safety check of the whole
system is perfortned. The daily dosimetry quality assurance program includes:
- measurement of dose rate and mordtor ratios
- check of the beam position monitors
- measurement of a depth dose curve
- dose measurement in a regular dose field
The doses measured daily in a regular scanned field show a standard deviation of about I %. Further
daily checks results, which illustrate the precision and reproducibility of the dose application,
independent of the gantry angle and the beam energy, will be presented.
Before the first delivery of a new field to the patient, the dose distribution is checked by using a water
phantom with an array of ionization chambers. A qualitative 3d check is done in addition through
irradiation of a stack of films. The routine dosimetry with ionization chambers agree well with the
expected dose from the therapy plan. The overall dose error for one year is - 003 Gy (S.D.). Some
systematic effects, due to reactions in the range-shifter plates, have been found for small fields. Data
to illustrate the dose verification will be shown.
For our quality control and for the fiirther refinement of the application technique we use a CCD
dostmetry system. A scintillating screen is viewed by a CCD camera and a mirror. Tis 2d dosinietry
device has an excellent position resolution and shows a very good reproducibility of the beam
delivery.
Further developments with the aim f realizing a D dosimetry system for the measurement of
intensity modulated fields, which have a high spatial resolution, are under way.
REFERENCES
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Radiotherapy with C12-ions at the German heavy ion research centre GSI (Darmstadt) started in
December 1997. For the purpose of clinical dosimetry a CoP for carbon ions was developed at the
Gen-nan Cancer research centre (Heidelberg). This CoP is compared with the latest Code of practice
TRS-398 of the LA.EA 1], that now includes also heavy ion beams.
The Col? developed at DKFZ for carbon ions was formulated for thimble ionisation chambers that are
delivered with a calibration factor for Co-60 gamma rays in dose to water (ND,,,, Co-60). The calibration
can be traced to the national calibration laboratory (Physikalisch-Technische Bundesanstalt PTB,
Braunschweig).
Monitor catibration procedure and reference conditions
At GSI the depth dose distribution can be actively modulated by the use of an energy variation of the
synchrotron. A spread out Bragg peak (SOBP) therefore is produced from a superposition of 256
different available energies (from 8MeV/u to 350 MeV/u) with arbitrary weights. Consequently, the
beam monitor is to be calibrated at different energies. Calibration measurements are performed at a
subset of six energies; linear interpolation values are used for the entire energy set. To avoid
uncertainties due to the steep dose gradient the calibration is performed in the plateau region of the
Bragg peaks instead of the peaks itself. As reference the measurement is perfon-ned with a Fanner
type iisation chamber (model M30001 by PTW, Freiburg)
a water equivalent phantom material
(RW3 from PTW, Freiburg). The centre of the chamber is placed in 7mm depth. The phantom is
positioned in the 1socentre and irradiated with a 5cm x 5cm scanned field.
Determination of absorbed dose under reference conditions
The absorbed dose to water at the reference depth is given by:
D,, (Pff = Mc,,ND',,,,Cb60ko
where Mc,, is the dosimeter reading corrected for air density effects, polarity and saturation effects
of the chamber. The calibration factor ND.,,-.Co60 is delivered by the manufacturer. k is a chamber
specific factor that corrects for the different beam quality of C-12 ions and the calibration quality Co60). This is in accordance with TRS-398.
Correction factors for recombination and polarity
Although a pulsed and scanning beam is used at the GSI facility, we assumed that the correction
method for continuous radiation does apply. The reason is that a slow extraction mode is used at the
accelerator and particle pulses have duration of about Is. Secondly, the scanning is not continuous, but
keeps the beam stable at each scan point for several milliseconds, wich is far more than the average
transit times of the ions in the chamber. Consequently, we are using the saturation correcting fon-nula
according to Boag for continuous radiation. Measurements are described in 2] and yielded a value of
1.009 at I00MeV/u and 1007 at 300 MeV/u for the reference Fanner chamber. The polarity effect
measured according to the TRS-398 protocol for pulsed radiation did not deviate from .O.
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Effective point of measurement
The effective point of measurement for thimble type chambers was determined (see 3 by a
comparison of measured depth dose curves for a Fanner chamber ad a plane parallel chamber
(Markus chamber), where it was assumed that the point of measurement of the plane parallel chamber
was known. The resulting depth dose for the thimble camber was calculated using an averaging of
depth dose values over the curved inner surface of the chamber. The resulting Pff was 072 of the
inner radius of the chamber with an uncertainty of IO%. This is accordance with the proposed value
in the TSR-398 for protons of 0.75.
Determination of the k factor
Like in the TRS-398, the k factor was calculated theoretically according to the equation:
WC-12

k =
Q

-C-12

_
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P

60
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C
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0

which is a product of the ratios of' the wvalues, the stopping power ratios water-to-air and the
chamber specific perturbation factors for C12 and Co-60, respectively. The calculation of the
stopping power ratio has to take into account not only the fluence of primary carbon ions, but also the
fragments that arise from nuclear interactions (mainly target fragmentation with =1 to 5) as well as
their energy distribution. It was found in 2 that for energies above I MeV/u an average constant
value of 1 13 leads to an uncertainty in dose determination of below 2.
The w-value was adopted from an ICRU recommendation for protons of 34.8eV A compilation of
available data for protons, alpha-particles and ions suggested an uncertainty in dose of 4%, if tis value
is adopted also for C12 ions. The recommended values in TRS-398 for the stopping power ratio and
w-value are 1 13 and 34.5eV, respectively.
For the perturbation factor of the Farmer chamber in a C 12-ion beam a value of PC-12= 1.0 was used,
since no data exist that indicate a significant deviation from unity. This seem plausible since due to the
very short range of secondary electrons from C12 beams, effects of the non air equivalence of the
wall or the central electrode should be small.
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PROTON DOSIMETRY INTERCOMPARISON USING PARALLEL PLATE ION
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dTERA- Foridazione per adroterapia oncologica, Novara 128 00, Italy

A four-centre proton dosimetry intercomparison was performed at the Paul Scherrer Institute on the
OPTIS 62 MeV clinical proton beam line. The participating centres were:
a) Paul Scheffer Institute (CH)
b) Clatterbridge Centre for Oncology (UK)
c) NFN -Laboraton' Nazionali del Sud, Catania (1)
d) TERA- Fondazione per adroterapia oncologica (Milano) (1)
There were several aims to this study. The first, to intercompare small, paralleplate ion chambers
(IC) in the entrance region of an umodulated proton beam and the centre-depth of a modulated beam
using flat chambers from each centre (MARKUS, graphite windows, 0.055 Crif), M terms of dose-towater. The second, to obtain a common absorbed dose-to-air calibration, using photons or electrons,
and a modification of the fori-nalism proposed by Medin et af such that,
DQW(P,) = M Q * NPP
DairQo

l(Wai,),/(Wair)Qol*(S.,air)Q*PQ

Where Q and Q. refer to proton and reference beam qualities, 4 is the chamber (proton) reading
corrected for physical conditions. p refers to perturbation induced by the on chamber. The physical
parameters are drawn from ECHED protocols ('9 1,94) and ICRU Report Nos.49 and 59. The method
of obtaining dose-to-air varied at each centre, using either electrons or 60CO photon beams and
comparing with chambers traceable to international or national standards laboratories'. Each centre
also used conventional thimble ICs for further comparison (TI, Fariner-PTW and FWT IC-18).
Provisional results show that the mean of the Markus IC dose measurements was slightly higher than
that obtained from thimble chambers, but not significantly so. The deviation of the Markus IC
measurements is small, taking into account the different calibration and traceability procedures.
Modulated Proton
Beam

Maximum
Difference

Average Deviation
%

Difference of
Means %

MARKUS IC 4)

1.8

0.51

+0.87

Thimble IC 6)

2.7

0.85

-0.6

All IC (10)

3.7

0.97
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The radiation field of a neutron beam optimized for boron neutron capture therapy constitutes of a
mixture of a photon and a neutron component. The photon and neutron absorbed dose to tissue have
different biological effectiveness [1], suggesting that they should be determined separately. The
thermal neutron absorbed dose component can be determined in phantom materials using activation
probes. The photon and the fast neutron component can be detennined using ionization chambers.
The response of ionization chambers in different photon beams has recently been reported for
conventional radiation therapy 2 Thus far, the beam quality correction factors Q-factors) for
photons for ionization chambers in epithermal neutron beams have been assumed equal to unity or
estimated through measurements in accelerator produced photon beams. In the present study the kor
factors have been determined for two ommercially available detectors in an epithermal neutron beam
optimized for BNCT using the Monte Carlo method. First, a magnesium-walled detector flooded with
argon gas (Mg/Ar-detector) is considered. Due to the low neutron cross-section of Mg and Ar the
Mg/Ar detector is nominally only sensitive to photons. In addition, an A I 50-walled detector flooded
with tissue-equivalent gas JE/TE-delector) is studied here, since it is a detector with an approximate
equal response to neutrons and photons. The neutron absorbed dose component can thus be found
through a subtraction method.
A Monte Carlo model using the MCNP-code (version 4C) of the reactor core and filtration system of
the clinical beam was constructed. he Monte Carlo code was used to generate a source file close to
the beam exit. The fal part of the filtration system, the beam collimators, the phantom and the
detector has been simulated in order t calculate the detector response. The detectors have also been
simulated in the calibration situation, which is a Co-60 beam. The beam quality correction factor can
be written as
kQ1 -D,,,,Q IMQ.
D,,'olmQ
where, ko, is the beam quality correction factor applicable for correcting the calibration factor for
detennination of the photon absorbed (lose in the neutron beam, D denotes the photon absorbed dose
to water at the measurement position without the presence of the detector, M denotes the detector
signal, for the calibration beam quality
and the photon component of the neutron beam 0),
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respectively. If the average energy required to produce an Ion pair is assumed to be the same in both
beams equation I can be rewritten
kQ - D.,'Q, ID,.'Q'
.

(2)

Dg.,, Q:,
ID,..Q,

where Dg.sdenotes is the photon absorbed dose to the detector gas. In the present work absorbed doses
have been calculated using a restricted stopping power value and the applicable electron spectra in the
phantom material or detector gas, respectively. he k,,factors has been determined for 3 and 9 cm
depth (d) in water and acrylic material; results are given
table 1. Note that in the case of acrylic
D,, y has been exchanged for D,Qr denoting the photon absorbed dose to acrylic material at the
measurement point without the presence of the ionization chamber.
Table 1. kjrfactors for the two ionization chambers studied in the present work. The relative
statistical uncertainty of each factor is given directly below.
Detector

kQ1
Water (d=3 cm) Water (d=9cm) Acrylic (d=3 cm) Acrylic (d=9 cm)

Mg/Ar

1.091

1.040

1.102

1.001

TE/TE

1.028

1.020

0.999

0.971

Detector
Mg/Ar
TE/'TE

Statisticaluncertainties(01o) (I SD)
Water (d=3 cm) Water (d=9cm) Acrylic (d=3 cm) Acrylic (d=9cm)
0.5
0.6

0.9
0.9

0. 8
0.7

1.0
1.2

A substantial correction is necessary for photon measurements in the neutron beam considered,
particularly for the Mg/Ar detector at shallow phantom depths. Note that if the corrections in table I
are not applied an error in the determination of the neutron absorbed dose component will be
introduced, since that is found using a subtraction method. The present work strongly suggests that
neutron therapy facilities basing the dosimetry on the paired ionization chamber technique should
carefully investigate the quality correction factors applicable to their beams, and revise the reference
dosimetry accordingly.
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PROTON BEAM DOSIMETRY - PROTOCOL AND INTERCOMPARISON
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A. FUKUMURA, T. KANAI, N. KANEMATSU, K. YUSA
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Chiba, Japan

A new protocol for dosimetry in external beam radiotherapy will be published by Japan Society of
Medical Physics (JSMP) in this year [I]. The protocol deals with not only photon and electron beams
but also proton and heavy ion bearns, since the number of proton and carbon beam therapy facilities
increases recently in Japan.
In this presentation, we report the results of a proton dosimetry intercomparison, which was held at
Proton Medical Research Center (PMRQ, University of Tsukuba in February 2002. The objectives of
the ntercomparison were to evaluate the differences in absorbed dose determination at various proton
therapy facilities in Japan and to establish consistency in proton beam absorbed dose to water with the
new protocol.
The institutions participating the intercomparison were NIRS, PMRC, National Cancer Center (NCC),
Hyogo Ion Beam Medical Center (HIBMC) and Wakasa Wan Energy Research Center (WERC).
Dose measurements using different cylindrical ionization chambers were carried out in a water
phantom at a position of 30 mm residual range for'proton beams which had range of 155 m and
spread out Bragg peak (SOBP) of 60 m width. Each institution evaluated the absorbed dose to water
per monitor unit, using both the procedure routinely used at the institution and the new protocol.
Before the proton beam measurements, all ionization chambers were calibrated with 60CO in terins of
exposure.
As a result, the intercomparison showed that the use of the new protocol would improve +/- 1.0 %
(one standard deviation) and 27 % (aximum discrepancy) differences in absorbed doses stated by
the participating facilities to +/- 0.3%, and 09 %, respectively. The new protocol will be adopted by
the all participants after the publication.
We also plan to compare the new protocol with 1AEA 21 and ICRU 3] protocols for proton beam
dosimetry.
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Proton facilities have recently implemented recommendations of the ICRU 59 [1] to harmonize
calibration of proton beams with thimble ionization chambers. On the other hand, a comparison of
proton doses derived from the intercompanson measurements based on ICRU 59 2] suggested that
differences in the results could not be explained only by differences in the 60CO calibration factors of
the chambers used and that improvements and corrections to the ICRU 59 recommendations were
needed. To improve and standardize radiation dosimetry of external photon, electron, proton and light
ion beams, the L4,EA has introduced a new Code of Practice, TRS 398 3]. he TRS 398 is based on
the use of ionization chambers calibrated in tenons of absorbed dose to water and includes
recommendations for both thimble and parallel plate chambers.
This study compared proton beam calibrations based on recommendations of the 1AEA Code of
Practice TRS 398 and the ICRU 59. Dose comparisons were performed
clinical range-modulated
proton beams with energies of 155 MeV and 100 MeV at the Loma Linda University Medical Center
Proton Therapy Facility using four thimble and three parallel plate ionization chambers. Several
chambers had official ND.,, and NK calibrations provided by an Accredited Dosimetry Calibration
Laboratory (ADCL), the National Institute of Standards and Technology (NIST), or the IAEA. For the
chambers without an official calibration, two cross-calibration procedures were employed using a
thimble chamber with Co 60 calibration factors traceable to the standard laboratory. he first crosscalibration procedure used a Co6o beam to derive NK and ND.,,. calibration factors. The second
procedure used a non-modulated 250 MeV proton beam to derive proton calibration factors. The
purpose of this cross-calibration was to evaluate proton doses obtained with a procedure similar to
that used in electron beam dosimetry 3,4].
A comparison of dose determinations in clinical proton beams using recommendations of the TRS
398 for the used chambers resulted in differences of deterinined dose values of 16 %, which are
within the stated uncertainty of calculated k factors for these chambers in the TRS 398. The
implementation of proton perturbation correction factors in the users' beam may improve the
agreement in dose determination with different chambers. Results showed that the 155 MeV proton
beam calibrations based on recommendations of the TRS 398 differed up to 22% compared to the
calibrations based on recommendations of the ICRU 59, mainly due to the differences in the stopping
powers and the w value for protons recommended in both documents. The use of the IAEA TRS 398
protocol for determination of absorbed dose-to-water in the 100 MeV proton beam line with the
thimble and plane parallel chambers resulted in a difference in calibration of 1% when compared to
the use of the cross-calibrated parallel plate ionization chambers.

Table 1: Dosimetry parameters and absorbed dose-to-water values (cGy/MU) for measurements in the
155 MeV proton beam using recommendations of the IAEA TRS 398 and ICRU 59 for chambers
having official ND.,, and NKcalibration factors.
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In radiotherapy, the primary objective is to deliver a prescribed dose of radiation to a turnour or lesion
within a patient while minimising the dose delivered to the surrounding healthy tissue. Traditional
radiotherapy treatments usually involve simple external or internal irradiations of a turnour. External
irradiations are nornially achieved in the clinic with photon or electron beams produced by high
energy linear accelerators. The photon or electron beams are collimated into regular shapes as they
emerge from the treatment head of the unit which is supported by a gantry that can be rotated
isocentrically to any position. A discrete number of photon or electron beams with different angles of
incidence that intersect at the iso-centre are used to produce a region of high dose around the tumour
volume (positioned at the sio-centre). Internal irradiations are non-nally achieved in the clinic by
implanting radioactive sources in and around the turnour or lesion. Such irradiations are characterised
by very high doses local to the turnour. Radioactive sources are also used to prevent post-angioplasty
restenosis by inserting sources into arteries.
Usually when treating a turnour a compromise is made between tumour control and complications
arismig from non-nal tissue damage. One measure of this compromise, the therapeutic ratio, is defined
as the radiation dose producing complications
50% of patients divided by the dose providing
turnour control in 50% of the patients. The therapeutic ratio depends on the radiobiological
characteristics of the cancerous tissue and surrounding healthy tissues and on the radiation dose
distribution achieved by the radiotherapy treatment. It is generally believed that the therapeutic ratio
can be minimised by optimising the conforination of the radiation dose distribution to the target
volume. his is difficult with traditional radiotherapy techniques since they do not produce dose
distributions that adequately cover turnour volumes of complex shapes and sizes while sparing normal
tissue. The situation is further complicated if the normal tissues are critical organs or are particularly
sensitive to radiation. Radiotherapy techniques employed to obtain a closer conformation of the dose
distribution to the turnour volume are referred to as confort-nal radiotherapy techniques.
The clinical implementation of confon-nal therapy has been delayed by limitations in the verification
of conformal dose distributions calculated by treatment planning systems prior to the irradiation of the
patient and the verification of complex treatments during its delivery to the patient. There are several
aspects of conformal therapy that complicate dose verification. To achieve the dose distributions
conforming to complex 31) volumes, high dose gradients arise in the treatment volume. Further,
overdose or underdose regions can exist when separate radiation fields are used to deliver additional
radiation. These aspects require that practical dose measurement (dosimetry) techniques be able to
integrate dose over time and easily measure dose distributions in 31) with high spatial resolution.
Traditional dosimeters, such as ion chambers, then-noluminescent dosimeters and radiographic fil do
not fulfil these requirements. Novel gel dosimetry techniques are being developed in wch dose
distributions can potentially be determined
vitro in 3D using anthropomorphic phantoms to
simulate a clinically iradiated situation.
As long ago as the 1950's, radiation-miduced colour change in dyes was used to investigate radiation
doses in gels [1]. It was subsequently shown that radiation induced changes in nuclear magnetic
resonance (NMR) relaxation properties of gels infused with conventional Fcke dosimetry solutions
[2] could be measured using magnetic resonance imaging (MRI 3 In Fricke gels, Fe 21 ions in
ferrous sulphate solutions are usually dispersed throughout a gelatin, agarose or PVA matrix.
Radiation-induced changes
the dosimeters are considered to be either through direct absorption of
ionising radiation or via intermediate water free radicals. Fe 2+ions are converted to Fe'+ ions with a
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corresponding change in paramagnetic properties that may be quantified using NNIR relaxation
measurements or optical techniques.
Due to predominantly diff-usion-related limitations 4 (and references therein), alternative polymer
gel dosimeters were subsequently suggested [5]. In polymer gels, monomers such as acrylan-dde and
NN'-methylene-bis-acrylamide are usually dispersed in a gelatin o agarose matrix. Monomers
undergo a polymerisation reaction as a function of absorbed dose resulting in a D polymer gel
matrix. The radiation-induced formation of polymer influences NMR relaxation properties and results
in other physical changes that may be used to quantify absorbed radiation dose (Fig. 1). As well as
NIRI, other quantitative techniques for measuring dose distributions include X-ray computer
tomography, vibrational spectroscopy and ultrasound.
Clinical applications of these radiologically tissue equivalent gel dosimeters have been reported n the
literature. For further infortnation of gel dosimetry and specifically clinical applications the
proceedings of the Td international onference on Radiotherapy Gel Dosimetry 6 and references
therein should be consulted.
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INTRODUCTION
There is a growing demand to improve methods for in-vivo measurements of the absorbed doses to
patients resulting from radiation therapy and diagnostics [I]. CurTently, in-vivo patient monitoring has
mainly been performed using one of four available detector systems; then-noluminescence (TL)
dosimeters, Si-diode detectors, MOSFET, or diamond detectors. However, these systems suffer from
one or more of the following shortcomings in generapurpose external dosimetry: poor stability, no
tissue equivalence, and no provision for reatime dose or dose rate nformation A new reatime nvivo dosimetry system has been developed based on measuring the optically stimulated luminescence
(OSL) and radioluminescence (RL) signals from solid state dosimeters made of carbon-doped
aluminum oxide (AL,03:4
TECIINIQUES AND INSTRUMENTATION
The phenomenon of OSL is physically related to the well-known thernioluminescence JL). OSL
arises fi7om optical stimulation of minerals that have been exposed to ionising radiation. The
integrated OSL signal from a sample is thus related to the dose of absorbed radiation. RL arises due to
the prompt recombination of ionised charge during irradiation by X-ray or gamma radiation sources,
or high-energy particles (x, P, neutrons etc.). The subsequent luminescence (the RL signal) generated
by the therapy radiation source gives continuous information about the dose rate during the treatment
[2]. In OSL, since the stimulation wavelength is different from that of the emitted luminescence, such
measurements can be carried out using a single optical fiber in connection with a suitable detection
filter placed in front of a photomultiplier (PM) detector. Thus, the main advantages of an optical fiber
dosimeter over the currently available radiation detectors used in clinical applications are a small-size
sensor, and the capability to measure both real tune dose rate and absorbed dose. Furthermore ultrathin fiber dosimeters can be placed either on the body surface or in cavities near the organs of interest.
A schematic diagram of a newly developed remote optical fiber dosimetry system for radiotherapy is
shown in Fig. 1. To produce OSL a green laser beam is focused through a dicronic color beam-splitter
positioned in a 450 angle relative to the incident beam, and via the light fiber into the A203:C
dosimeter. The stimulated OSL snal, which mainly consists of blue light, is sent back from the
dosimeter in the same fiber and reflected by the beam splitter into a miniature PM detector. In the
current work the fiber dosimeter probe consists of a small single crystal of A,03:C (produced by
Landauer Inc.) coupled to the end of a thin fiber made of plastic (see Fig. 2.
RESULTS
Several A,03:C fiber dosimeters have been tested using experimental 9Sr/Y, 3'Cs and 60 Co radiation
sources and in clinical beams of 6 MV and 18 MV photons and 20 MeV electrons at various dose
rates. The experiments showed that the OSL and RL signals increased linearly with absorbed dose and
dose rate in the ranges 0 I mGy to I 0 Gy and 06 mGy/min to at least 3 Gy/min, respectively, which
well matches the clinical ranges. The overall precision was in the order of I %. Fig. 3 shows the RL
versus dose rate using 6 MV photons. Fig. 4 summarises the result of a reproducibility experiment and
shows the normalised OSL response for different radiation qualities and dose rates relative to the
mean value obtained using 6 W photons.
REFERENCES
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AN ANTHROPOMORPHIC HEAD PHANTOM WITH A BANG"' POLYMER GEL
INSERT FOR DOSIMETRIC EVALUATION OF INIRT TREATMENT DELIVERY
G. IBBOTT, M. BEACH
M.D. Anderson Cancer Center
Houston, Texas, USA
M. MARYANSKI
MGS Research, Inc.
Guilford, Connecticut, USA

Radiation therapy has seen remarkable advances in the ability to plan complex 3-D treatments to tumor
target volurnes. Intensity-modulated radiation therapy IMRT) is one such method used in cancer
treatments to conform doses to irregularly shaped tumor volumes while minimizing the dose to nearby
critical structures. IMRT offers the possibility of high dose gradients, and it is therefore possible to
deliver high doses to target volumes while maintaining low doses to nearby critical normal structures to
a much greater extent than is the case with conventional radiation therapy. At the same time, the high
gradients achievable with IMRT mean that localization of the dose distribution is critical. Small errors
in positioning of the patient can mean that a target volume is missed, or that a sensitive nonnal structure
is irradiated to a igher dose than intended, and perhaps higher than can be tolerated.
Consequently, comprehensive QA procedures are critical if WIRT is to be delivered consistently. The
Radiological Physics Center (RPQ has developed a mailable anthropomorphic head phantom to assist
in the evaluation of WIRT head and neck treatment delivery. The phantom currently has a dosimetry
insert that uses film and thermoluniinescent dosimeters JLD) to evaluate the dose distributions. VAiile
these conventional dosimeters have well known characteristics, they can oy provide -D JLD) and
2-D (filrn) evaluation of treatment delivery. However, it is desirable to use a volumetric dosimeter in
the evaluation of the complex distributions offered by MIRT.
BANGO polymer gel dosimetry has been shown to be a promising alternative to film and TD because
it allows for 3D evaluation of treatment planning. Previous investigations have demonstrated that
complex dose distributions can be measured and displayed accurately with the BANG gel [1] A
BANG gel insert has been designed for the RPC head and neck INIRT phantom that will provide for
volurnetric dosimetry evaluations. A cylindrical insert container made of Barexg plastic has been
designed and constructed. Barexg was chosen because it has low permeability to oxygen and can be
then-nomolded according to design parameters. The 'insert is designed to fit within the phantom so that it
will encompass a simulated treatment region. A separate solid insert that contains simulated planned
target volumes and a critical structure defines the treatment volume.
An optical computed tomographic (CT) scanner was used to determine te optical density (OD)
throughout the gel and relate the OD to dose. A straightforward relationship between OD and dose
has been demonstrated previously 2]. The cylindrical design of the gel insert was chosen to facilitate
optical CT densitometry.
Data will be presented demonstrating the response of the gel under simple iradiation conditions, and
under representative IMRT irradiations. Simple irradiation conditions were chosen first to demonstrate
the relationship between gel response and dose, and to eliminate confounding effects of the phantom
and insert. These measurements also confirm the relationship between optical density and absorbed
dose. Measurements with beams from a 60CO irradiator and 6 MV and 18 MV linear accelerators will
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be described. Different energies were chosen to demonstrates the gel's independence of dose rate as
well as photon energy. Repeated easurements under identical conditions also demonstrate the
reproducibility of the procedure. Dose distributions obtained with the gel will be compared with
ionization chamber measurements under identical UVIRT treatment conditions. In addition, IMRT dose
distributions measured with the gel system will be compared with film nd TLD measurements made
with the existing phantom system.
The phantom with gel dosimetry insert is proposed as an evaluation tool for MRT, and to credential
institutions participating in national clinical trials. Dose distributions measured with the gel dosimeter in
the simulated target volumes and critical structure region should agree with the calculated distributions
to within ±5%.
Spatial localization should be within
mm. Comparisons will be shown that
demonstrate that the gel dosimetry system perforrns to within ±5% of conventional film/TLD
dosimetry.
This investigation was supported by PHS grants CAI 0953 and CA81647 awarded by the NCI, DHHS.
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CLINICAL IMPLEMENTATION AND QUALITY ASSURANCE FOR INTENSITY
MODULATED RADIATION THERAPY
C-M MA, R. PRICE, S. MCNEELEY, L. CHEN, J.S. LI,
L. WANG, M. DING, E. FOURKAL, L. QIN
Fox Chase Cancer Center, Philadelphia, PA, USA
This paper describes the clinical iplementation and quality assurance (QA) for intensity-modulated
radiation therapy JMRT) based on the experience at Fox Chase Cancer Center, Philadelphia, USA.
We will review our procedures for the clinical
lamentation of the IMRT technique and the
requirements for patient immobilization, target delineation, treatment optimization, beam delivery and
system administration. We will discuss the dosimetric requirements and measurement procedures for
beam commissioning and dosimetry verification for IMRT. We will examine the details of mode
based dose calculation for N4RT treatment planning and the potential problems with such dose
calculation agorithms. We will discuss the effect of beam delivery systems on the actual dose
distributions received by the patients and the methods to incorporate such effects in the treatment
optimization process. We will investigate the use of the Monte Carlo method for dose calculation and
treatment ven'fication for IMRT.
The MRT technique is a major departure from the way radiotherapy is currently delivered. Although
conventional treatment techniques such as 3-dimentional radiotherapy (3DCRT) have proved to be
effective and practical the use of computer-controlled multileaf collimators (MLC) for intensity
modulation provides the possibility for better target dose coverage and normal tissue sparing.
However, this improved treatment efficacy is associated with increased treatment complexity. Figure
I shows the important aspects in the clinical implementation of the INIRT technique, which will be
discussed in this paper.

Clinical Implementation of IMRT
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Figure I Procedures for the clinical implementation of the IMRT technique.
Patient immobilization is an important aspect in RVIRT implementation, which insures the accurate
delivery of a confonnal dose distribution to the planned treatment target. Different devices have been
developed to reposition the patient so that the treatment target can be accurately localized. hese
include aquaplast face mask, bite-block head holder, alpha cradle and vacuum body frame for patient
repositioning, breath control spirometer and other devices for respiration control or regulation, and
ultrasound, CT, optical and radiographic imaging systems for reatime target localization. At FCCC,
we have used a BAT ultrasound system for prostate IMRT to relocate the target prior to every MRT
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treatment. The precise knowledge of the target volume is another important aspect in MMT
implementation, which relies on advanced imaging techniques such as CT, MRI, MRS, PET,
ultrasound, etc. These imaging modalities not only provide anatomical, morphological and ftitictional
infori-nation for target determination but also help in treatment strategy designing. We will report on
the first MR simulator being investigated at FCCC for target and ctical structure segmentation in
EVIRT treatment planning.
Treatment plan optimization, either by inverse planning or forward planning, plays a vital role in
IMRT. The conformal dose distributions are realized by multiple intensity-modulated beams delivered
using MLCs or compensators. The sequences of leaf movement and their associated effects on the
dose delivered to the patient have been studied by investigators including the variation of the
accelerator head scatter component in the MLC-collimated beam, the amount of photon leakage
through the leaves, and the scatter from the leaf ends, the "tongue and groove" effect and the effect of
back-scattered photons from the moving jaws and MLC leaves on the monitor chamber signal. Since
the inverse-planning algorithms for beam optimization often used approximations to speed up the
dose computation, significant uncertainties in the calculated dose distributions may occur, especially
in the presence of heterogeneities. When simple source models are used in the dose computation, the
correlation between the calibrated reference dose and the dose calculated for a beam segment might
get lost. All the above dicate the significance of the prediction and the determination of the dose
distributions in a patient for an IMRI'treatment, which calls for a well-designed, comprehensive and
practical QA procedure to
ure the accuracy of dose calculation, patient positioning and beam
delivery for IMRT. We will discuss these aspects based on our UvIRT experience at FCCC.

Energy
4 MV

M-C
2.177 Gy

Meas
2.177 Gy

CORVUS
2.201 G7y

15 MV

2.146 Gy

2.161 Gy

2.276 Gy

Figure 2 Comparisons of bsorbed dose values predicted by the inverse planning system
(CORVLJS), calculated by Monte Carlo (M -C) and measured bv ionization dosimetry.
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QUASIMODO:
AN
ESTRO PROJECT FOR PERFORMING
ASSURANCE OF TREATMENT PLANNING SYSTEMS AND IMRT

QUALITY

B.J. MIJNHEER
Radiotherapy Department, The Netherlands Cancer Institute
Amsterdam, The Netherlands

A computerised treatment planning system, TPS, is an essential tool in the design of a
radlotherapeutic treatment of a cancer patient. Presently there exists only limited information on how
to perform quality assurance, QA, of a TPS ' a systematic and efficient way 1,2]. Particularly with
respect to the 3D aspects of planning systems, there are no clear guidelines which specific tests should
be performed before implementing a D TPS in clinical use. For that reason it was decided that
ESTRO would start some activities in the field of QA of a TPS. It was decided, that ESTRO would
concentrate on those activities not yet covered by other reports. These activities concern mainly two
aspects. First there is a need for a minimum number of tests to be performed in those institutions that
have only limited resources. These tests should be not too cumbersome to perform and cover the most
essential parts of a TPS required for accurately planning of established conformal radiotherapy
techniques.
Recently a rapidly creasing nmber of institutions started with the cinical introduction of a new
form of conformal radiotherapy, the so-called intensity-modulated radiotherapy, NfRT. By varying
the beam intensity over a treatment field it is possible to deliver the radiation dose more conforrii. to
irregularly shaped target -olumes. In this way it is possible to deliver a higher dose to the tumour
while at the same time reducing the volume of surrounding healthy tissues For the QA of these
advanced techniques, tests are in progress in individual institutions but no guidelines are yet
formulated. It is the second aim of this project to design tests and to provide guidelines for the
verification of INIRT.
The QUASIMODO (QUality ASsurance of Intensit34MODulated
Oncology) project of ESTRO can be divided into two interrelated parts:

beams

in radiation

Part 1: Drafting a list of minimum number of tests of a TPS
These recommendations are intended for all institutions cluding small centres applying conformal
radiotherapy, which sometimes use old releases of cormnercial software or home made systems.
Recominendations should consider both geometric and dosimetric aspects of a TPS. This group works
in close co-operation with other committees drafting guidelines for QA of a TPS, e.g., the working
group of the Netherlands Corrimission on Radiation Dosimetry, NCS, and a working group of the
LNEA preparing a more general report on corrunissioning and quality assurance of computerized
radiation treatment planning. Because the aim of the ESTRO document will be more restricted than
that of the NCS or LUA, some parts of these reports, related to practical tests, might be a good
starting point for the ESTRO activities.
The co-operation of companies selling a TPS is necessary at a later stage of the pr .ect to get their
input and comments on these roposals. Perforrning the tests by some selected users of a particular
TPS will be encouraged before distributing the recommendations at a large scale, for instance as an
ESTRO booklet.
Part 2 Verification of static and dynamic NELC fields
An interesting and extremely timely activity is the verification of newly designed UVMT techniques,
for which not yet general guidelines are available. For this activity it is not sufficient to test the
accuracy of the TPS alone. The various parts of the chain of an INIRT procedure such as the design of

230

IAEA-CN-96-121

the IMRT beam profile, the sequencing of the position of the leaves and the actual delivery of the
dose by the treatment machine, are interrelated. Therefore this activity concerns the verification of
specific 1MRT applications using data measured at various treatment machines having an MRT
option. n principle there are two ways of delivering IMRT profiles: the use of static MLC fields or
the "step and shoot"-method, and the dynamic use of MLC leaves of which the "sliding-window"technique is the most commonly employed method. Tests should be developed which cover both
approaches, because both techniques are offered by linac-manufacturers. For this project le we
therefore need the active co-operation of a relatively large number of dedicated institutions that have
to perfonri measurements as well as clculations of specific IMRT tests.
In this part of the project various IMRT configurations with increasing complexity will be designed
and tested. It should be possible to diver these fields both with the static method and the dynamic
IMRT technique. Phantoms and films will be sent and irradiated in each of the 12 participating
centres. Film processing and data analysis will be performed in Gent and Amsterdam. Besides
dosimetric verification, the geometry of the leaf positions will also be verified by comparing their
predicted position relative to their actual position determined by applying metal markers fixed on the
phantom. The expected result of this project line is a list of recominendations on the
processes/parameters, which have to be venfied before IMRT should be applied clinically.
The project started August 1, 2001 and is funded for two years. The results obtained so far are with
respect to part I limited to the drafting of a survey of existing tests for QA of TPS. Also a time
estimate has been made of performing a limited number of these tests. A preliminary conclusion is
that a more clear separation has to be made between tests to be performed by the vendor C a specific
TPS, by some users (tests sites) of that system and by an individual user.
From a questionnaire distributed amongst the 12 participating centres it became evident that until now
most institutions are using 1MRT to treat patients with prostate and head and neck cancer. Phantoms
are therefore designed to verify these techniques as applied the various institutions. At the time of
the symposium we will report about the results of these tests.

REFERENCES
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treatment planning," Med. Phys 2 5, 1998) 1773 - 1829.
[21 VAN DYK, J., BARNETT, R.B., CYGLER J, SHRAGGE, P.C. Cornmissioning and quality
assurance of treatment planning computers, Int. J. Radiat. Oncol. Biol. Phys. 26, 1992) 261 273.
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EXTRACTION
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DOSE
INFORMATION IN 3D POLYMER GEL DOSIMETERS BY XRAY COMPUTED
TOMOGRAPHY
J.V. TRAPP, G. MICHAEL, Y. DE DEENE, C. BALDOCK
Centre for Medical, Health, and Environmental Physics
Queensland University of Technology, Brisbane, Australia

It has been shown that a post irradiation change in the linear attenuation coefficient, of a polymer
gel dosimeter can be measured by use of X-ray cornputerised tomography (CT) 1,2]. It is postulated
that the change in u may be primarily due to a change
physical density, p of the polymer gel
dosimeter. In this work we examine the relationship between and p in a polymer gel dosimeter and
consider the implications of a density change in relation to spatial resolution of the dsimeter. Other
factors affecting the extraction of accurate dose information from polymer gel dosimeters are
considered, such as iaging protocols and phantom design.
k4 and p were measured in a polymer gel dosimeter irradiated to various doses. The polymer gel
dosimeter was comprised of % gelatin (Sigma Aldrich, Sydney), 3% Acrylarnide (Sigma Aldrich,
Sydney), 3% NN'-methylene-bis-acrylamide (BIS) (Sigma Aldrich, Sydney), and 89% water. The
gels were poured into square cuvettes of set path length for attenuation measurements, and volumetric
flasks for density measurements.
,u was measured using a collimated beam of 59.54 keV photons from an 141 Am source. This energy
was selected as it is close to the typical effective energy of a clinical CT scanner. was also measured
for deionised distilled water for estimation of CT number. The detector was a high purity germanium
detector (EG&G rtec). Background counts were subtracted from the recorded counts and the
remainder was nortnalised according to a calibration count taken at each set of measurements. was
calculated as the gradient of a weighted least squares fit, with the path length of the radiation through
the polymer gel dosimeter, t being the abscissa and the ordinate, y being:
Y = 11

C (A C2 (Ao -

)

(1)

)

where A is the counts with water or polymer gel dosimeter in the collimator, AO is the counts with
empty cuvettes in the collimator,
is the background counts, and C, and C, are the calibration
normalisation factors. A was measured for each number of cuvettes used, e.g. for t of 2 cm, AO was
measured with two empty cuvettes to allow for attenuation by the cuvettes themselves. The
uncertainty in y was calculated by a first order Taylor expansion of equation 1 3]
Density was measured using glass density flasks with capillary stoppers three days post-irradiation.
The mass of the flasks was determined empty, containing gel only, containing gel with the remainder
filled with water, and filled with water only. Measurements were made at room temperature (240C).
The density of the gel calculated as:
Pgel

ge

Pivater

(2)

MtOt - MIA'at

where pgj is the density of the polymer gel dosimeter, aw, is the density of water, mt is the mass of
water that the flask can hold, Mwa, is the mass of water required to fill the flask when containing gel,
and ni,j is the mass of gel in the flask.
Figure I shows a plot of the log of true count rate against the total path length through water. Also
shown is a weighted least squares linear fit showing a slope of 020222 ± 000021, w1iich is the
measured linear attenuation coefficient for distilled de-ionised water in this experiment. u was
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calculated using the same procedure for polymer gel dosimeters. Figures 2
3 show
and p
respectively for the polymer gel dosimeter. As with previously published results for measurements by
a clinical scanner [1] there appears o be an exponential trend indicating a saturation effect at high
doses.
Figure 4 is a plot of p against p A weighted least squares linear fit has been added. The least squares
fit has a P value of <0.0001 and r-square value of 0998. From this it can be assumed that u in the
polymer gel dosimeter examined is proportional to p.
The change in density of the polymer gel dosimeter during irradiation may fitroduce uncertainties
into the absorbed dose as the radiation attenuation properties change. There is no mass lost from the
gel during irradiation therefore the increase in density must be related to a reduction in the volurne of
the irradiated gel. Initial measurements show that the change in volume is within acceptable levels to
meet spatial resolution requirements of ICRU42 4].
REFERENCES
[1] Trapp J, Back A J, Lepage M, Michael G and Baldock C, 2001. An experimental study of the
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ACOUSTIC EVALUATION OF POLYMER GEL DOSIMETERS
M.L. MATHER, Y. De DEENE, C. BALDOCK
Centre for Medical, Health and Environmental Physics
Queensland University of Technology, Brisbane, Australia
A.K. WHITTAKER
Centre for Magnetic Resonance
University of Queensland, Brisbane, Australia
Advances in radiotherapy treatment techniques such as intensity modulated radiotherapy are placing
increasing demands on radiation dosimetry for verification of dose distributions in 3D. In response,
polymer gel dosimeters hat are capable of recording dose distributions in 3D are currently being
developed. Recently, a new technique for evaluation of absorbed dose distributions in these
dosimeters using ultrasound was introduced [I]. The current work aims to demonstrate the potential of
ultrasound as an evaluation technique for polymer gel dosimeters and to 'investigate the ultrasound
properties of two different dosimeter formulations, PAG 2] and MAGIC 3] gels.
A batch of PAG with a orinulation of 3 acrylamide 3
NN'-Methylene-bisacrylamide, 5%
gelatine and 89% water by mass was prepared 2] ' a nitrogen filled glove box. Once prepared the
gel was poured into polystyrene spectrophotometer cuvettes. The cuvettes were then placed in
specially designed nitrogen filled glass tubes and sealed with greased ground glass stoppers to prevent
oxygen contamination of the samples. A batch of MAGIC gels consisting of 9% methacrylic acid by
weight was prepared 3 on the bench top. MAGIC gels were also poured into polystyrene
spectrophotometer cuvettes and sealed with plastic stoppers. The MAGIC gel samples were not sealed
in glass tubes as MAGIC gels respond to ionising radiation in the presence of oxygen. Once set, PAG
and MAGIC gel samples were irradiated up to 50 Gy using a Gamma cell 200 Co-60 irradiation
facility which had previously been calibrated 4].
Ultrasonic measurements were performed at room temperature (20'C) in a thin-walled, water-filled
plastic container. Each cuvette was placed one at a time in a reproducible position in the container. An
ultrasonic transducer (Panametrics A310S, Panarnetrics Inc., Waltham, MA) was coupled with
ultrasound transmission gel (Aquasonic 100, Parker Labs. Inc., Fairfield, NJ) to one end of the
container. A sgle cycle smusold was transimtted by the transducer at its resonant frequency (- 5
M]Hz). The resulting reflected signals from the cuvette and polymer gel dosimeter interfaces were
received by the transducer and recorded on a digitising oscilloscope (Tektronics TDS 220). Data was
then transfer-red via a GPIB connection to a PC and analysed. Signals were analysed to deten-nine the
amplitude of the reflected waves and the time of flight of the signal through the polymer gel
dosimeter. This data was used to determine ultrasonic attenuation and speed.
The variation of ultrasonic attenuation with absorbed dose is displayed in Figure I for PAG and
MAGIC gels. Ultrasonic attenuation is seen to increase with absorbed dose over the full dose range
for both formulations. In PAG the ultrasonic attenuation increases in a quaslinear fashion up to
approximately 15 Gy, with an ultrasonic attenuation-dose sensitivity of 3.9 ± 03) dB in'Gy7l while
the quasi-linear region for AGIC gel extends up to approximately 50 Gy with an ultrasonic
attenuation-dose sensitivity of 4.7 ± 03) dB IGy-'. The overall attenuation found in the MAGIC
gels was greater than in PAG and this may be due to differences in the viscosity of the two gel
formulations.
The variation of the ultrasonic speed of propagation of bulk longitudinal waves through the polymer
gel dosimeters with absorbed dose is shown
Figure 2 A snificant difference in the variation of
ultrasonic speed with absorbed dose is seen between the two dosimeter forinulations. Ultrasonic speed
decreases with absorbed dose PAG whilst speed creases with absorbed dose in MAGIC gels. The
decrease
ultrasonic speed in PAG continues up to approximately 30 Gy whilst the increase in
ultrasonic speed in MAGIC gels continues over the full dose range investigated. This result is a
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significant and illustrates ultrasound measurements can provide valuable information about dosimeter
formulation.
Results from this study indicate ultrasound has great potential as a technique for evaluation of
polymer gel dosimeters. Ultrasound techniques have a number of avantages over currently used
evaluation techniques and from a practical point of view they could easily be set up in a radiotherapy
department. With continuing development in radiation treatment techniques, polymer gel dosimeters
and techniques for their evaluation will play a vital role in the future of radiation dosmietry.
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The energy dependence of a dosimetry system based on electron paramagnetic resonance (EPR)
spectroscopy of alanine has been studied to deten-nme its suitability for use in dose verification for
radiotherapy. A few experiments with igh-energy photon irradiation of alanine have been reported n
the literature. However, the reported results disagree whether the ratio of dose in alanine to dose in
water is independent of the radiation energy or whether there is a small dependence for photon
energies of relevance to radiotherapy 1,2].
The concentration of free radicals in alanine is proportional to the absorbed dose in alanine over a
wide dose range covering three decades 3 Te relative number of radicals may be determined by
examining the EPR spectruni, and hence it is possible to determine the dose with a system that has
been calibrated using a known dose of "Co radiation.
In the present work, iadiations of alanine dosimeters were perfornied at the National Research
Council (NRC), in Ottawa, Canada. The radiation qualities investigated were 10, 20 and 30 MV xrays using the NRC linac. For each radiation quality, 30 dosimeters were irradiated in a water
phantom with a level of absorbed dose to water ranging from 10 to 50 Gy. For reference purposes,
irradiations using the NRC 60CO source were performed on more or less the same day as the
irradiations at each specific linac quality. In all beams, the dose to water was measured using a
graphite-walled NE2571 ionisation chamber that was oginally calibrated by comparison with a
sealed-water calorimeter.
The alanine dosimeters were evaluated at the EPR laboratory at the University of Oslo, Norway, using
an X-band Bruker ESP300E spectrometer with a rectangular double resonator. One of the resonators
contained a M2'/N4gO sample that was read after each dosimeter reading, in order to provide
independence from short-tenn sensitivity fluctuations in the spectrometer. All dosimeters iradiated at
one specific liac quality were evaluated at the same measurement session as the corresponding
reference dosimeters irradiated with Co. The ratio of alanine response per dose to water between the
linac and the 60CO irradiation provides a measure of the energy dependence that should be
independent of the EPR spectrometer configuration.
Figure I shows the experimental results for the alanmie dosimeters irradiated with a linac energy of 0
W together with the corresponding reference dosimeters irradiated with 60 Co. The peak-to-peak
amplitude of the central EPR line has been norinallsed to the corresponding manganese reference
signal, to the mass of the individual dosimeter as well as to a common fictive water temperature 4].
The response from the alanine per unit absorbed dose to water is estimated by the slope of the dose
response curve shown in figure 1. The slope and its standard uncertainty was calculated using a
weighted least squares linear regression [5].
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Figure 1. Dose-response curve for alanine dosimeters irradiated with 60CO gamma radiation and
MV x-rays. The peak-to-peak amplitude of the central EPR line, normalised to the corresponding
manganese reference signal to the individual dosimeter mass as well as to a common irradiation
temperature, is plotted versus dose to water for 60CO gamma radiation () and 0 MV x-rays (0?The
black and grey lines are the weighted least squares (WLS) regressions for the two respective plots.
Th e size of the symbols is larger than the statistical uncertainty of each point, except for the 51 Gy
points.

The experimental energy dependence for one linac quality relative to 60CO is probed by taking the
ratio of slopes for the linac and the 61)Co dose response curves. The uncertainty in the ratios was
estimated according to 6].
The resulting energy dependence yields 0987 ± 0.005, 1.00 ± 0.005 and 096 ± 0006 for 10 20
and 30 MV, respectively. It is concluded that there is 'indication of a very small energy dependence of
alanine for the 10 MV quality which should be taken into account if a combined dose uncertainty of
less than 2
is required. Other photon ener 91'es should be
vestigated in order to find reliable
correction factors for the apparent small energy dependence of alanine/EPR.
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IONISING RADIATION INDUCED POLYMERISATION FOR RADIATION DOSE
MEASUREMENTS AND ITS APPLICATIONS IN RADIOTHERAPY
M.A. BERO, M. TAKEYEDDIN
Atomic Energy Commission of Syria (AECS)
Damascus, Syria

lonising radiation effects in polymeric materials have been used for various applications in industry
and medicine. Recently, free radicals polyrnerisation induced by lonising radiation was exploited to
measure the three-dimensional (3-D) distributions of radiation absorbed dose in sensitive gels using
Magnetic Resonance hnaging (MRI) [1] and Optical Computed Tomography (OCT) 2 Various
polymer gel recipes have been utilised for 3-D dosimetry of high-energy photons and electrons. The
viability of extending their applications to other types of radiation employed in modem radiotherapy
techniques was investigated. The polymer gel dosemeter used in this study exhibits first order linear
dose response curves with both optical and MRJ evaluation methods in the therapy dose range
IOGy. Dosemeter performance was not influenced by dose rate within the range rnGy up to few tens
of Gy per second and radiation energy 'M the range few hundreds keV up to a few tens of MeV, which
can be achieved from radiation sources currently employed in radiotherapy.
Polymer gel samples were exposed to three different types of lonising radiation employed in
radiotherapy; y-rays, linear accelerator X-rays and electron beams, in order to find out if there is any
significant changes in the doserneter response. The mean value of R, relaxation rate for a set of five
samples was quantitatively studied at several different energies. Dosemeter dose response curves were
then plotted in Fig. I for each radiation type by taking the mean relaxation rate obtained at all used
energies. Direct comparison between these three curves shows very good agreement and the gel
sensitivity were 02275 02315 and 02354 s-' Gy-' for y-rays, X-rays and electrons respectively. This
is expected if we consider the mechanism by wich ionising radiation interacts with the gel materials.
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Fig. 1. Polymer gel dose response curves for different types of ionising radiation measured with MR]
technique. Mean values of R, were measured from five samples at each absorbed dose with variety of
radiation energies, 0661 1173 1332 MeV y-rays 4 6 8 NW X-rays and 9 12, 20 MV electrons.
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CLINICAL DOSIMETER BASED ON DIAMOND DETECTOR
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S.S. MARTYNOV-, S.A. POPOV
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'Institute of Physical and Technical Problems, Dubna, Russian Federation
bCentral Research Institute of Roentgenology and Radiology,
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Diamond detectors have found application in the relative dosimetry and their parameters have been
described elsewhere [1]. Today, the exclusive producer of the diamond detector is the Institute of
Physical and Technical Problems, Russia, and exclusive dealer is the PTW-Freiburg. The main
features of the diamond detector are good long time stability, suitable range of the energy dependence
for photon and electron beams in clinical use, dependence of the measured date from temperature
and pressure.
The high sensitivity per volume unit of the diamond detector (1500 times igher then ionization
chamber) allowed using detectors with very small volume 1-5 mm') and rather simple electronics for
ionization current registration.
The new dosimeter consists of the diamond detector itself, 40 m registration cable, pre-amplifier,
micro-processor block for data handling and absorbed dose calculation using the calibration factor of
diamond detector in terms of absorbed dose to water. Dosimeter has the possibility to work with PC
using standard RS-232 interface. The main features of the dosimeter are as follows:
-

the range of dose rate measurements for photon, electron and proton beams is within 0.01-1.0
Gy/s,
the energy ranges for photons are 0.08 - 25 MeV, and 4 25 MeV for electrons, with energy
dependence no more then ± 2;
the main uncertainty of the dose measurements is within 7%;
the pre-irradiation dose for diamond detector is no more then 10 Gy;
the sensitive volume of the used diamond detectors is within 1-5 mm;
the weight of the dosimeter no more then 2 kg.

The new dosimeter was evaluated at the Central Research Institute of Roentgenology and Radiology,
St. Petersburg, Russia to verify its perfort-riance. The dosimeter was used as a reference instrument for
dose measurements at Cobalt-60 unit, SL75-5 and SL-20 linear accelerators and the test results have
shown that the device have met the specifications. It is planned to produce dosimeter as serial device
by the Institute of Physical and Technical Problem after completion of the tests.
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DOSIMETRY IN RADIOTHERAPY WITH NATURAL DIAMOND DETECTORS
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There is wide interest in the use of diamond detectors for dosimetry in radiotherapy mainly because of
the small dimensions, radiation hardness, nearly tissue equivalence of sensitive material and
capability to deliver the dosimetric response "on line". In order to assess the dosimetric properties of
PTW Riga diamond detectors type 60003, experiments were perfort-ned in conventional (high energy
photon and electron) therapy beams as well as in proton therapy beams. The main detector features
investigated were reproducibility of response,, dose-signal relationship, temperature dependence, doserate dependence, energy dependence ad angular dependence.
High energy photons 6-25 MV) and electrons 6-22 MeV), available at the Radiotherapy Department
of the Florence University, were used for investigating the general properties. Two different PTW
diamond detectors of the same type were used to evidence inter-sample differences. Table summarises
the main differences observed between the two detectors that indicate the necessity to charactenise
each diamond detector individually [I].

Table: Difference in the behaviour of two P-W Riga diamond detectors type 60003
Property
Pre-irradiation dose
Complete charge collection
Dose rate dependence
Temperature dependence
Beam quality dependence

Detector#1
5 Gy
> 20 V
A = .979
0.1% OC-1
(sensitivity),/(sensitivity),=1.05

Detector#2
15 Gy
> 50 V
A = 0987
0.03% C-'
(sensitivity)y/(sensitivity),=1.04

The beam quality dependence of the detector response is probably the most critical point and this
statement is of particular relevance for proton dosimetry since the proton LET changes with depth in
the medium. Mainly because of the little information available on detector sensitivity variations with
beam energy, the use of diamonds for clinical proton dosimetry is not widespread. In two recent
papers 2,3] a sensitivity dependence on proton energy of a natural PTW diamond detector has been
reported.
Due to the necessity to characterise each diamond detector individually the PTW Riga natural
diamond detector 'Moperation at the LNS-INFN, Catania, Italy was tested with the local proton beam
line. This experiment is of main concern because this proton beam, produced by a superconducting
cyclotron and used for ocular melanoma treatment, is available only since 2001 (CATANA beam).
The first patient has been treated in February 2002.
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Proton irradiations wre performed with non modulated and modulated 62 MeV beams. Attention
was focused on diamond sensitivity variation with LET. The beam energy choice was also motivated
by the fact that the variations of detector sensitivity with proton energy were expected more visible
and of more therapeutic significance in a 60 MeV beam with respect to higher energy beams. In
agreement with a previous publication 3], the diamond detector underestimated doses at the Bragg
peak and at the distal end of a modulated beam of more than 10%. Also dose profiles were determined
with the diamond in agreement with gafchrornic film measurements. Polarization effect, doseresponse linearity and dose rate dependence were also assessed. Data were compared with previous
results obtained using a diamond detector of the same type in the 62 MeV beam at the Clatterbridge
Centre for Oncology, UK 3].
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THERMOLUMINESCENT THIN A203 SINTERED PELLETS FOR DOSIMETRIC
APPLICATIONS IN THE THERAPEUTIC RANGE
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Comissdo Nacional de Energia Nu-clear (CNEN)
Sdo Paulo, Brazil

Calcined alumina powder (alpha phase) produced by Alcoa (Poqos de Caldas, Brazil) was used to
produce thin sintered pellets of pure )k1103 (5.5mm diameter and 0.8mm thickness), to investigate the
performance of this material in rel, ion to ts dosimetric properties. `Ihe feasibility and possible
applications of the A,03 pellets for photon and X rays beam dostmetry, as part of a quality assurance
program was also studied to confinn that the absorbed doses to the patient are limited to those levels
considered necessary a radiation therapy treatment 1,2,3].
The powder was first cold pressed and then sintered at 1650 C in air during three hours to obtain the
properties require or this study. The dosimetric characteristics of the thin sintered pellets, that is, TL
glow curve, reproducibility, radiation dose response, fading, detection lower limit, energy dependence
and angular dependence, were deterrained A panoramic 60CO source ad two X-rays equipments: a
Rigaku-Denki system, model Geigerflex 6OkV), and a Pantak system, model H320 (320W).
The TL response of the samples was obtained using a Harshaw Nuclear Systems, model 200OA/B TL
Analyser, with a heating rate of 'C.s-'. he reading cycle was perforined within 65s, with a constant
flux of N, of 4.0L.min-'. The maximum temperature of 300 'C was reached in each readout cycle.
'I'be output data were recorded in a X-Y ECB register, model RB102, with two channels. The samples
were thermally treated at 400 'C (one hour), a condition that was considered adequate to eliminate
previous exposure signals, for reutilization.
The reproducibility of the TL response of the thin A1,03 sintered pellets was obtained measuring them
ten times after repeated standard annealing and irradiation cycles. Te standard deviation after these
ten readout cycles was 30%. The T- glow curves were obtained submitting the A03 Samples to
gamma radiation with an absorbed dose
air of 5Gy. The main glow peak, or dosimetric peak,
appears at about 200 'C. The lowest detectable value was deterinined studying the variability of the
TL response obtained by the reading of the non-irradiated pellets. It was taken as being equal to three
standard deviations from the mean zero dose reading of the pellets. The lowest detectable value was
1.0rnGy.
The TL response as a function of the absorbed dose of Co gamma radiation for alumina samples
was obtained in the interval between 0. I and I OGy. The results are shown in Fig. .
The energy dependence of the thin AbO3 sintered pellets was determined in function of radiation
quality of X-rays beams. Measurements were also taken to study the angular dependence of the TL
response of the pellets to obtain correction factors to be applied in situations where front irradiations
are not possible or desirable.
The dosimetric characteristics of alumina sintered pellets, such as TL glow curve, response
reproducibility, calibration curves, fading angular and energy dependence were studied. The results
obtained show the feasibility of using this material for dosimetric Tplications in the therapeutic
range, after adequate corrections for fadirtg.
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EXPERIENCE WITH IN VIVO DIODE DOSIMETRY FOR VERIFYING
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COST-EFFECTIVE APPROACHES
D.I. THWAITES, C. BLYTH, L. CARRUTHERS, P.A. ELLIOTT, G. KIDANE,
C.J. MILLWATER, A.S. MacLEOD, M. PAOLUCCI, C. STACEY
Oncology Physics, Edinburgh Cancer Centre., University of Edinburgh,
Western General Hospital, Edinburgh UK

A systematic programme of in vivo dosimetry using diodes to verify radiotherapy delivered doses
began in Edinburgh in 1992. The aims were to investigate the feasibility of routine systematic use of
diodes as part of a comprehensive QA programme, to carry out clinical pilot studies to assess the
accuracy of dose delivery on each machine and for each site and technique, to identify and rectify
systematic deviations, to assess departmental dosimetric precision and to compare to clinical
requirements. A further aim was to carry out a cost-benefit evaluation based on the results from the
pilot studies to consider how best to use diodes routinely. The diodes purchased and used have all
been Scanditronix, including old-style EDE, EDP- 10 and EDP-20 and later EDD2, EDD5, new-style
EDP IO and EDP-2 0.
A later programme was initiated to assess simplifications for routine use. This has included: not
using correction factors, or reducing the set used; the use of additional metal build-up caps on the
standard diodes to match build-up thicknesses, to reduce the ranges of correction factors required;
the use of combined mid-range 'generic' correction factors for a specific machine, modality,
treatment site/field and diode position; how data is communicated and recorded to and from the
treatment unit; how the diodes are mounted and handled in the treatment room; the quality control
required for the diodes themselves; assessment of falsely recorded discrepancies to minimise the
resource implications.
The department has been fortunate i having a supply of multi-disciplinary Master's level students
(physicists, radiation oncologists, one part-time research radiographer), who have carried out
dissertation projects on the testing and development stages. Following initial conventional physics
testing and workup [1], to acquire clibration and correction factors, phantom measurements were
carried out to verify the methodology in various situations and to aid in future interpretation and
transfer of diode dose measurements to estimation of doses at isocentre. Then a comprehensive set of
full clinical pilot studies were done, assessing doses as precisely as possible. Entrance and exit doses
were measured on all patients in each group once a week until sufficient data was accumulated to
provide confident analysis [e.g. 23]. Typical entrance dose distributions showed mean differences
(measured to expected) close to zero. Standard deviations (sd) of distributions were 12-4.1%
depending on site and linac. For exit doses the equivalent values were: means 14% below expected,
sd 25%. For total treament course delivery to the target volume (prescription point), i.e. combining
all beams and measured fractions, examples of mean deviations (with sd following) included:
•
•
•
•
•
•
•

head and neck
breast (old technique, isocentre on surface)
breast (new technique, isocentre at depth)
pelvic
conformally blocked prostate/bladder (initial)
conformally blocked prostate/bladder (corrected)
electrons

-0.2 to 1.0% (.5
4% 25%)
-2% 2.7%)
-0.4% 2.7%)
+1.5% 2.6%)
+0.1% 2.6%)
+0.9% 2.5%)

3%)
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The studies identified some systematic problems and significant outliers. This has lead to practice
improvements. In addition, the studies indicated that diode dosimetry can identify problems at the
I% level with good methodology, implementation and quality control.
For routine use for conventional treatments, it was decided: to measure only entrance doses, with a
5% tolerance, using diodes in conjunction with the rest of a comprehensive QA system, including
independent W checks, record-and-verify data QA and independent radiographer checks on set-up
and treatment parameters; to develop to measuring all patients, usually only once within the first few
days of treatment; to have a clear protocol for actions in the event of a significant discrepancy being
observed. For some special cases, full entrance and exit dose measurements were to be retained:
newly commissioned treatment equipment or techniques, as an overall test; critical patient groups, or
critical techniques; occasional full audit studies.
Of the factors assessed to simplify routine use, the use of build-up caps and the use of 'generic'
factors have been adopted. Build-up caps of brass, copper and steel have been used 4]. The caps
reduce the range of correction factors required such that many entrance factors can be ignored at
levels acceptable for routine use, although the changes without/with caps are less on the newer-style
diodes than the older. However the newer-style typically have smaller correction factor variations
anyway. Some factor variations (e.g. angle) may be worsened and, of course, -the shadowing effect is
worsened. Gains from the use of caps were less obvious for higher-energy beams than for lowerenergy. Full correction factors are still used in any detailed audit studies, critical group studies, etc.
Methods have also been implemented to streamline data flow and the physical handling of the diodes
in the treatment room. Typical times added to planning are very small and in the treatment room, the
diode operations tend to be carried out in parallel with other operations, so adding minimal time. The
time for physics work-up and quality control and for investigations of observed discrepancies can be
significant. However recognition of false positives and their reasons has improved with experience,
to the extent that time lost from these is now significantly reduced. Currently the department is reassessing routine use in some sites where no discrepancies have been observed over long use, e.g.
breast and considering putting more effort into some other sites where deviations would be more
critical, e.g. conformal/dose escalation, etc.
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VERIFICATION OF DOSE DISTRIBUTION CALCULATIONS BY TREATMENT
PLANNING SYSTEMS IN
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In partial fulfilinent of the requirements of a Quality Assurance programme for treatment planning
systems in a radiotherapy department, a method of venfymg dose distributions calculated by
radiotherapy planning systems was developed at the Centre of Oncology in Krak6w, Poland [1].
Thernioluminescent detectors were positioned inside a humanoid phantom to simulate conditions of
patient radiotherapy. Realistic 3D treatment plans were prepared using several systems (CadPlan,
Theraplan and BrainLab) for treating volumes in an Alderson phantom, which was prepared for
topometry (CT-scanned) and for repeated irradiation in fully sulated conditions of fractionated
radiotherapy with external photon beams.
At the Institute of Nuclear Physics in Krakow, in collaboration with the Centre of Oncology, several
types of miniature thernioluminescent LiF:MgTi (MTS-type) and LiF:MgCuP (MCP-type) detectors
specially designed for clinical dosimetry in radiotherapy, were developed. The detectors are
manufactured in the forin of solid pellets of diameter down to I mm and typical thickness 0.5 mm, in
the form of rods with diameter down to 0.5 mm and length of a few mllinietre and as two-layer
detectors with a thin (in the range of 0.065 m) active layer of high-sensitive LiF:MgCuP 2].
Individually calibrated solid MTS-N detectors were placed inside and around the treated volumes in
the phantom which was then repeatedly irradiated by external beams of Co-60 gamma-rays
(THERATRON 780E) or 6 MV X-rays (CLINAC 2300). For dosimetry in Co-60 and 6 W X-ray
beams, the TL detectors, individually corrected, were calibrated in a standard plexiglass phantom and
in water, against clinical ionlisation chamber dosimetry. Percent Dose-Depth curves for the Co-60 and
6MV X-ray beam were measured with TL detectors in water at five different depths and compared
with measurements made using a Fan-ner-type ionisation chamber at the same depths. Exposure time
for the Co-60 unit and the number of monitor units for the accelerator, were calculated to deliver a
typical dose of 2 Gy at the ICRU reference point, which lies close to measurement point no. 7 in the
phantom (cf. Fig. 1). Two series of exposures were made for each of the two beam combinations. On
the basis of TD -measured dose-depth curves for the two beams, the relative accuracy of
determining dose (of the order of I Gy) at depths in a water phantom is about 04-0.6%. In the
volume of interest representing the target volume, the relative standard difference between the
calculated and measured dose values ranged between 13% and 22
for the Co-60 and 6 MV X-ray
beams, respectively. The TPS-calctilated unifort-nity of irradiation of that volume is whin 1%.
While fraction-to-traction repeatability was within 12%, systematic under-exposure around the
reference point, by 23%, was found two consecutive exposures by sets of both beams.
In the example shown below (Fig. 1) MTS-N TL detectors were placed at I I points inside and around
the treated volumes in the pelvic region of the phantom,
a standard four-field "box"-type plan 6
MV X-rays, CadPlan). Here, some systematic under-exposure of the region of interest, by 23% is
found. This could be related to the conversion of Hounsfield units to mass absorption coefficients in
the tomography of the Alderson phantom, and requires further study.
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Fig. 1. Example of validation of a radiotherapy treatment plan in an antropomorphic phantom.
Therapy planning system: CadPlan, v. 31.3. Therapy unit: CLINAC 2300; number of 6 MV X-ray
fields: 4 field size: I x I c'
SD = I 0 cm, normalization 2 Gy at ICRU reference point (no. 7.
The calculated dose distribution was verified against phantom "radiotherapy" at points no. I I I by
three MTS-N detectors exposed together at each point.
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In March 2001, the Italian Institute offlealth (Istituto Superiore di SanitA), within the national project
of Quality Assurance (QA) in Radiotherapy, established a multidisciplinary working group aiming at
the development of guidelines 'M Intraoperative Radiation Therapy (IORT). The group was composed
by radiation ncologists, medical physicists, radiation technologists and surgeons working in those
Italian Centres experienced in the field of IORT, already performing this treatment modality in the
clinical practice. A preliminary draft of the document was presented in Rome at the end of 2001.
With respect to a smilar report published by AAPM in 1995 [1], in the Italian guidelines a great
emphasis is assigned to mobile dedicated facilities located in the operating room, largely available in
Italy in relationship to the total number of equipments used for IORT.
The aim of this presentation is to discuss the main physical issues reported in the guidelines. They
include the following sections: (a) beam calibration; (b) relative dosimetry; (c) quality control; (d in
vivo dosimetry; (e) environmental radiation protection; (f) monitor unit calculation.
Dosimetric aspects of megavoltage electron beams either produced by conventional or mobile linear
accelerators and kilovoltage x-ray beams generated by miniature sources 2 are described.
Specifically, dosimetry of electron beams delivered by the most common model of mobile linac up to
now used in Italy, charactenised by much higher dose per pulse values 212 cGy/pulse) than
traditional machines (about 006 cGy/pulse), is analysed. On the other hand, brachytherapy sources
are not dealt with, because this IORT modality is not utilised in our Country at present.
In section (a), suggestions concerning the equipment and dosimetry procedures to be adopted for
accurate beam calibration are reported, particularly for typical critical conditions such as beam
obliquity. For electron beams produced with very high dose/pulse values, where the use of flat ion
chambers could be unreliable due to the uncertainty in the determination of the ion recombination
factors 3 the utilisation of chemical Fricke or alanine dosimeters or radiochromic films is
recommended.
Section (b) mainly deals with the measurement of relative dose distributions (PDD curves, transversal
profiles, isodose curves), the potential influence of primary collimator setting, air gaps, field blocking
and 'internal shieldings. Some other special issues as radiation leakage through the applicator walls are
also discussed.
In section (c), the need of a severe ad specific QA program on the IORT equipment is highlighted
[4,5]. Beam-on time limitations for mobile facilities located in the operating room and QA procedures
for x-ray sources are also discussed. As an example, in table I the main periodic tests suggested for a
dedicated linac are reported.
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In section (d), the implementation of in vivo dosimetry as an overall check of the accuracy of the
actual delivered dose is encouraged, despite of its still limited use in IORT A procedure, mainly
based on entrance dose determination 61 using a thin detector placed on patient surface, is discussed.
Different types of dosimeters wich could be used on- vs off-line) are compared mainly in terms of
field perturbation, reliability, reproducibility, dependence on beam energy, temperature and dose rate.
Section (e) deals with environmental radiation protection, particularly in the case of mobile facilities
located in conventional (i.e. unshielded) operating rooms. The use of movable shields and a primary
beam stopper is analysed.
Finally, in section (f) formulas for the calculation of linac monitor units, or total counts in the case of
x-ray sources, are commented. Independent double check is recommended.

Parameter
Mechanical movements
Interlocks and safety systems
Status of accessories (applicators, etc.)
Sterility of accessories
Warning devices
Dose monitoring system: constancy
Alignment laser apparatus
(soft-docking systems)
Dose monitoring system: short-term
reproducibility
Dose monitoring system: lnearity
Field flatness and symmetry
Radiation beam energy
I
Dose monitoring system: beam calibration

Tolerance
Functional
Functional
Not damaged
Sterile
Functional
±3%
±1 mm

In the 24
In the 24
In the 24
In the 24
In the 24
In the 24
Weekly

±1%

Monthly

2%
±3% (symin.);
±5% (flatn.)
±2 mm or 4%
-I
±2%

Monthly
Monthly

Frequency
hrs before treatment
hrs before treatment
hrs before treatment
hrs before treatment
hrs before treatment
hrs before treatment

Monthly
Yearly

Table 1. Main periodic tests suggested for an IORT dedicated linear accelerator (electron beams).
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ELECTRON
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THERAPY:
DOSE
DISTRIBUTION
CALCULATIONS BY MEANS OF THE MONTE CARLO METHOD
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Universidad de San Carlos de Guatemala, Guatemala
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Centro Wdico Dean Funes, FaNIAF (UNQ
C6rdoba, Agentina

Electron-beam pseudoarc therapy can be used to treat relatively superficial volumes which follow
curved surfaces [I].
Monte Carlo (MC) simulations, performed with the Code PENELOPE 2], were carried out to reach
the configuration which best suited the volume to be treated.
The first simulation corresponded to a 30 cm side cubic water-phantom surrounded by air. A onepoint monoenergetic 6 9 and 12 MeV nominal value) electron source as used, located I 0 cm firom
the phantom surface, and of a IO cm x IO cm field-size at the surface.
Scattering filters were simulated by eans of a gaussian distribution and x-ray jaws were modelled
using the accelerator dimensions of the experimental set-up. In addition to the electron beam, a
bremsstrahlung photon component was included, which was previously determined, also by MC.
Figure I shows depth-dose percentages as well as profiles at the depths of the maximum obtained by
MC together with those obtained by fihn-dosimetry, using a Varian Clinac 18, at 6MeV.
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Fig. 1. Comparison of experimental
and MC o values for a 6MeV field. F.S.:10cmxlOcm,
SSD=100cm: (a) PDD vs. depth, (b)Profile at 2min depth..
In the same way as described above, using a cylindrical water phantom. 16.5cm in radius, of infinite
length and with its axis parallel to the gantry rotation axis, electron beams of 6 9 and 12 MeV
nominal-energy were simulated. The photon collimating jaws were set so as to produce fields of cm,
10 cm and 15 cm in width by 20 cm in length at the isocenter. Different overlapping were studied
from I' up to complete field separation. A mm-thick Pb shield located on the phantom at the edges
of the arc, was also taken into account.
Of all the configurations simulated, three were chosen to be contrasted with experimental data, one for
each energy used, using a IO cm field width and 22' angular step (corresponding to a /4overlap). The
results obtained are presented in Figure 2.
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Fig. 2 Comparison of experimental o and MC(
data using a 9MeV pseudo-arc. F. S.: 10 cm
x 20 cm, isocentric with center at cylinder center and /4overlap (a) PDD vs. depth , (b)Profile at
18.mm depth.
MC was also used to study possible changes, in PDD and profiles, occurring i cylinders of different
radii. In both cases, the variations found was less than 2 mm (see Fig. 3. Thus, the technique may be
applied to surfaces presenting a cross sections other than circles.
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Fig. 3 PDD vs. depth (a) and profiles (b) for different radii obtained by MC for a 9 MeV pseudoarc. F.S. IO cm x 20 cm,, isocentric at cilynder center and /4overiap.
An elliptic-section phantom was also simulated. In this case, a homogeneous distribution was found at
the interest zone choosing the isocenter at the center of a circle inscribed in such as way as to produce
the best fit to the zone of interest.
By means of the MC simulation employed in the present work, dose distributions were obtained
which are in excellent agreement with experimental results. These distributions are useful for the
irradiation of relatively superficial zones distributed along a curved area, such as the treatment of
post-mastectomy chest walls. The results obtained indicate that an adequate dose distribution can be
obtained, for all the energies studied, using 10 cm wide beams and calculating the angular steps so
that a /4field overlap or half-field overlap is achieved. Choosing /4overlap requires a smaller amount
of beam positions and bremsstrahlung contamination is reduced.
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BASIC DOSIMETRY OF RADIOSURGERY NARROW BEAMS USING MONTE
CARLO SIMULATIONS - A DETAILED STUDY OF DEPTH OF DOSE MAXIMUM
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Dose measurements of narrow photon beams used in radiosurgery are complicated by the lack of
lateral electron equilibrium which is a requirement namely for ionometric methods. The details of
basic dosimetry for these narrow beams are still quite unknown. To overcome this difficulty Monte
Carlo simulation is a privileged tool to assess the processes of the energy deposition phenomena in
such narrow photon beams. Some smulations had aready been perfortned to calculate percent depth
doses in a water phantom of the arrows beams used
our hospital Centro Regional de Oncologia
de Coimbra-Portugal) and the agreement with experimental data was good [1] A more specific
analysis of the calculated and experimental dose measurements in the build-up region revealed that
the depth of the dose maximum djax increases with the size of the additional collimators (Figure )
which is the opposed behavior presented by radiotherapy conventional radiation fields 2]. To fully
understand this phenomenon, Monte Carlo simulations are perforined in order to verify if it is due to
processes occurring in the generation of the narrow photon beams or in processes occurring in the
water phantom. The Monte Carlo code used in these studies is MCNP-4c 3 the accelerator is a
Siemens Mevatron KD2 in 6MV photon mode and the size of the additional collimators goes from
5mm to 23mm (geometrical dimension).
For the analysis in air, various scoring planes were placed 'ust after the collimators (one for each
collimator). Phase space data from the scoring planes is characterized in terms of. type of particles,
energy and spatial distributions. Contributions of the various elements of the accelerator head are
scored. The photons that reach the scoring plane have two different origins: photons coming from the
elements of the accelerator head and photons that had suffered interactions inside the additional
collimators. Regarding the photons oming directly from the head structures, most of them were
generated by Bremsstrahlung process in the target; the contributions of the other head elements
become more important as the size of the collimator increases. The ratio between photons coming
from the accelerator head and photons originated in the additional collimator also increases as the size
of the collimator increases. The analysis of the various scoring planes sows also that the electron
contamination of the additional collimators is quite negligible. Finally, the average energy of the
incident photons upon the water phantom decreases as the size of the collimator increases. These
results seem to contradict the behavior of dma,
The in-water analysis includes a scoring cell array along the central axis in the buildup region. As the
radius of the additional collimators icreases, the number of electrons that contributes to the energy
deposition increases for each scoring cell as it was expected. The spatial distribution analysis of these
electrons shows that some electrons are generated in the scoring cells or very close to them due to
primary photons that reach them and other electrons, equally generated by primary photons, are
created relatively far away from those cells. The energy analysis shows that as the collimator radius
increases for each electron spatial distribution, the electron average energy increases in the same
scoring cells and also increases as the depth of the scoring cells increases for a given collimator. In
fact, as the size of the collimators increases, the electrons of these two spatial distributions will
contribute to the energy deposition deeper in the buildup region increasing the depth of the dose
maximum dmax-
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Through this detailed analysis, we have concluded that characterizing the photon and electron spectra
in air is not sufficient to explain the increase of d,, with the increase of the size of the additional
collimator. Only the processes occurring water explain this behavior.
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Figure 1. Measured depth of maximum dose in central axis versus diameter of the collimators.
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As proton radiation therapy centers become more widely available, we anticipate an increase in
clinical proton therapy research, e.g. clinical trials to compare the efficacy of proton therapy with that
of conforinal photon therapy. In this presentation, we explore some of the quality assurance (QA)
work that will be necessary to support multiminstitution clinical trials to include facilities in Europe,
Asia and the United States. Specifically, we shall concentrate on three areas pertaining to practical
clinical proton dosimetry for which clear, concise, and coherent guidance is needed.
First, the existing proton therapy dosimetry protocols (e.g. ICRU Report 59 [1], IAEA TRS-398 2])
provide general methods that are ell suited for adoption in proton therapy. Many additional
techniques are required in order to implement dosimetry in a contemporary proton clinic. For
example, special situations arise for small fields including those for radiosurgery and ocular
treatments, and for rotational therapy. Fortunately, this additional infori-nation is emerging from
various proton therapy centers. For example, Vatni-tsky et al. 3 described the dosimetry of small
beams, Newhauser et al. described absolute proton dosimetry techniques for radiosurgery 4] and for
ocular beams [5]. Newhauser et al. also reported on a general forinalism and practical methods for
dosimetry measurements in a rotational proton gantry 6]. Our aim is to discuss some specific needs
for the standardization of these tasks, which will be essential 'M achieving adequate uniformity in
multi-m'stitution clinical trials.
Second, we will discuss means to standardize of writing the physics QA portion of protocols for
multiinstitution clinical trials, through which a statistically significant number of patient outcomes
may be obtained more rapidly. Surprisingly, only two multiinstitution proton cclinical trial have
been undertaken (a skull base sarcoma trial and a prostate cancer trial, both shared between MGH and
Loma Linda). Vhy are proton centers not collaborating more closely? One reason is that they are
hindered by a lack of uniformity in medical and physics practices among the 20 proton centers
presently treating patients. In some cases, where the differences are due to markedly dissnnilar
equipment, adequate uniformity may be difficult or impossible to achieve. Fortunately, however, in
many areas the w-tifori-nity in practice can and should be improved though the adoption of common
dosimetry and reporting methods. These efforts could, to a large extent, hannonize proton QA
practices with the established corresponding methods for external,beam photon therapy. In addition,
future protocol writers will need various site-specific and class solutions. Established methods from
conventional therapy do not work well for some sites. For example, Moyers et al. 7 describes
difficulties with the ICRU 50 [8] recommendations on prescribing and eporting doses (intended for
photons) when applied to proton therapy of the lung. Hence, we aim to facilitate clear conununication
between the physicians who write the clinical trial protocols and physicists who are responsible for
providing the dosimetry necessary to carry them out.
The third and final area of preparation that we shall discuss is the standardization of QA
methodologies for proton dosimetry. At MGH we have adopted many QA techniques from externa
beam photon and electron experience. However, proton dosimetry, and hence the needs for a QA
program, is in several ways quite different, owing to the unique properties of proton beams and also to
the comparatively immature state of conu-nercial proton therapy equipment, e.g. as compared to
commercial electron linear accelerators. In addition, the conduct of multiinstitutional clinical trials
demands a high degree of consistency. A mechanism is required for conducting independent
verification of the dose delivered to patients at institutions participating in clinical tials. In some
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cases, credentialLing procedures are required to assure that radiation therapy is delivered in a uniform
manner. The Radiological Physics Center (RPC) (Houston) provides routine audits 9 and has
developed quality assurance tools to monitor and evaluate patient dosimetry and treatment accuracy in
conventional radiotherapy [10] clinical trials. The need for a similar QA program to support proton
therapy will be outlined, cluding the development and implementation of on-site dosimetry auditing
techniques and remote verification procedures at participating institutions.
In summary, we shall discuss increased standardization of proton dosimetry and that will be needed
for adequate QA of future clinical trials. The increasing availability of facilities dedicated to proton
therapy (and other heavy charged particles) presents an urgent need for greater comparability of
treatments via the standardization of procedures.

REFERENCES
[1]

Clinical proton dosimetry part 1: Beam production, beam delivery, and measurement of absorbed
dose, ICRU Report 59, International Commission on Radiation and Units, Bethesda, 1998.

[2]

International Atomic Energy Agency, Absorbed dose detennination in external beam
radiotherapy: An nternational code of practice for dosimetry based on standards of absorbed
dose to water, Technical Report Series No. 398, LAEA, Vienna, 2001.

[3]

Vatnitsky SM, Miller DW, Moyers MF, Levy RP, Schulte RW, Slater JD, and Slater, JM.
Dosimetry techniques for narrow proton beam radiosurgery. Phys Med and Bl 44:11 27892801 1999)

[4] Newhauser WD, Myers K, Rosenthal S, and Smith AR. Proton bam dosimetry for
radlosurgery: Implementation of the ICRU Report 59 at the Harvard Cyclotron Laboratory (In
press).
[5] Newhauser WD, Myers K, Rosenthal S, and Smith AR. Dosimetry for ocular proton beam
therapy at the Harvard Cyclotron Laboratory based on the ICRU Report 59. Conditionally
accepted for publication in Med Phys on 10 Oct., 200 .
[6]

Newhauser WD. Dosimetry for the gantry beams at the Northeast Proton Therapy Center Part :
Dimensions and geometric relationships. Northeast Proton Therapy Center Report Number
NPTC-HD- 1 12, 21 Dec., 2001

[7]

Moyers MF, Miller DW, Bush DA and Slater JD. Methodologies and tools for proton beam
design for lung tumors, Int J Radiat Oncol Biol Phys 49(5) 1429-1438.

[8] Prescribing, recording, and reporting photon beam therapy, ICRU Report 50, International
Commi'ssion on Radiation and Units, Bethesda, 1993.
[9]

Hanson WF, Shalek RJ, and Kennedy P. Dosimetry quality assurance in the United States from
the experience of the Radiological Physics Center. Quality Assurance in Radiotherapy Physics,
Proceedings of an American College of Medical Physics Symposium, pp:255-282, May 1991.
Also published in SSDL Newsletter 30, April 1991, IAEA/WHO Vienna, Austria.

[10] Hanson'NT and Stovall M. Quality audit network for external beam radiotherapy. Proceedings
of the National Institute of Standards and Technology Workshop on Measurement Quality
Assurance for Ionizing Radiation, March 1993.

256

IAEA-CN-96-141
XA0203931
CANCER EPIDEMIOLOGY IN DEVELOPING COUNTRIES
S.L WHELAN
Unit of Descriptive Epidemiology
International Agency for Research on Cancer (IARC)
Lyon, France

It is estu'nated that there were over IO million new cancer cases in 2000 54 million of them occurring
in the developing countries (Parkin et al, 2001). The marked geographical variation in cancer
occurrence results in differing therapeutic priorities: North America has more new cancer cases than
South-Central Asia, but there are more deaths from cancer in South-Central Asia, reflecting a different
pattern of cancer rather than differences in prognosis. Prediction of future trends is difficult, but the
impact of population increase and ageing will be significant, with an expected 63% increase in the
population of the less developed countries in 50 years.
Four sites of cancer are reviewed, looking at their present and possible ftiture importance in the
context of developing countries and their aetiology.
Breast cancer
Worldwide, cancer of the breast is by far the most cancer of women, with an estimated one million
new cases in the year 2000 - 22/6 of all new cancers in women. More than half the cases are in the
industrialised countries, and the disease is not yet as common in developing countries although
incidence is increasing. High rates are found in the south of South America, especially Uruguay and
Argentina, but incidence is low in most African and Asian populations.
Most of the geographical variation observed is due to differing environmental/lifestyi-, exposures.
Risk is related to elements of 'affluent' lifestyle, low fertility and overweight especially, and
mc'dence rises in women migrating to high risk areas. In sub-Saharan Africa, the cidence in white
women is much igher than in black Africans and risk is higher in the cities such as AbidJan (C6te
d1voire) and Harare (Zimbabwe) than less urban environments.
Increases in breast cancer incidence and mortality are observed for ahriost all countries where
adequate time series are available, and these are often more marked in younger generations of women
(Parkin, 1994). Increases of I% per year were reported between 1964 and 1985 in Bombay (Yeole et
al, 1990) 27% per year in Shanghai between 1972-1974 and 1992-93 (Jin et a, 999) and 36% per
year in Singapore between 1968 and 1992 (Seow et al, 1999). In badan, Nigeria incidence in 1998-99
was 24.7 per 100 000, compared with 13.7 in 1960-69.
Cervix cancer
Cancer of the cervix uteri is the second most common cancer among women worldwide, with an
estimated 468 000 new cases and 233 000 deaths in the year 2000. Arnost 80% of cases occur in
developing countries, where it is the most common cancer in women i many regions. The highest
incidence rates are found Latin America and the Caribbean, sub-Saharan Aica 22% of all cancers
in females) and South and South East sia.
Several studies have found that, while there have been clear declines i incidence and mortality in
populations with organised screening, there are increases occurring in young women in both
squarnous cell and adenocarcinomas. hese may be related to increased exposure to HPV and use of
oral contraceptives.
In the developing countries, rates of mortality and incidence have been relatively stable or show
modest declines. Screening programmes in Cuba (Femandez et a], 1996) and Costa Rica (Herrero et
al, 1992) seem to have had virtually o impact on cervical cancer incidence. There does appear to
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have been a dramatic decline in incidence in China, for example in Shanghai age-adjusted incidence
of cervical cancer fell from 26.7 per 100 000 to 25 between 1972-74 and 1993-94 (Jin et al, 1999).
Such a large decrease cannot be solely the result of screening activities, so there must have been a
genuine decrease in exposure to risk factors too. Considerable research into the feasibility of using
simpler screening methods in the developing countries, especially visual inspection following
application of dilute acetic acid and Lugol's iodine, is on-going.
Colo -rectal cancer
Large bowel cancer is predominant in 'affluent' societies, and most frequent in North America,
Western Europe, Australia/New Zealand and the southern part of South America. In 2000 colorectal
cancer was estimated to be the fourth most common cancer the world in both sexes, and the second
in developed countries, with an estimated 943 000 cases 9.4% of total cancers).
Temporal changes in countries with high rates have been relatively small, but greater increases have
been observed
countries of low incidence. Incidence is low in Africa and Asia but migrant studies
show a rapid increase in colorectal cancer cidence when populations move from a low-risk area (e.g.
Japan) to a high-risk area (e.g. USA) Shimizu et al, 1987). In Israel, the age-standardized rates in
Jews bom in Europe or America 46.8 and 35.8) are substantially greater than in Jews bom in Africa
or Asia 27.3 and 23.0). The rates for colorectal cancer in blacks in the USA now exceed those in
whites in several areas.
The increases
incidence in migrant populations point to an environmental causation, probably
related to dietary factors, with a possible link to exercise. In Affica, the very low incidence of cancer
of the colon and rectum 22% of the world cases in 2000) has frequently been related to the
characteristics of the Affican diet, with a high cereal and low animal protein consumption. It appears
from recent data that risk in the younger age-groups in Africa is approaching, and even at times
exceeding, that the US (Parkin et al, 2002).
Nasopharyngeal carcinoma
Nasopharyngeal carcinoma (NPQ is a rare malignancy in most parts of the world; age-standardized
incidence rates for people of either sex are generally less than I per I 0 000 persons per year (Parkin
et a], 1997), and it comprises only about 06% of new cancer cases worldwide. However incidence is
much higher in a few scattered regions such as the southern provinces of China (Guangdong, Guanxi,
Hunan and Fujian) (Li et al, 1979), and moderately raised
populations from South East Asia
(Parkin et al, 1997) and North Aica, the Sudan and Saudi Arabia (Muir, 197 1; Cammoun et al, 1974;
Hidayatalla et al.; 1983; A-ldnissi, 1990).
The Epstein-Barr virus (EBV) is now generally accepted to be important
the carcinogenesis of
NPC, but infection does not explain the very different geographical and ethnic patterns. Intake of
several preserved food products, such as Cantonese-style salted fish or hanissa in Tunisia, has been
found to be significantly associated with NPC.
Demography
Most developing regions have achieved major reductions in fertility rates in the last 30 years. The
exception is sub-Saharan Africa, where rates are still igh. The 'epidemiological transition' has
occurred, or is occurring, in many developing countrie s, with a shift from the infectious and parasitic
diseases to the chronic and degenerative diseases. Control of infectious disease and curtailment of
family size will result in an increase the proportions of the elderly, and it is estimated that by 2020
one of every six Thais is likely to be aged 60 or older (Kinsella, 1999). It is difficult to assess the
effect of the AIDS epidemic on dernography. In sub-Saharan Affica (accounting for almost two thirds
of all HIV-positive persons worldwide), it has been estimated that a total of 21 nuillion person years of
life have been lost to DS among women aged 25-64 (Yang et al, in preparation).
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XA0203932
MEGAVOLTAGE RADIATION THERAPY: MEETING THE TECHNOLOGICAL
NEEDS
J. VAN DYK
London Regional Cancer Centre and University of Western Ontario, London, Ontario, Canada
In its simplest description, the purpose of radiation therapy is to Mt the target and to miss all other
parts of the patient. WIii1e there are multiple technological methods available for doing this, the actual
radiation treatment needs to t considered in the broader context of the total radiation treatment
process. his process contains multiple steps, each of which has an impact on the quality of the
treatment and on the possible clinical outcome. One crucial step in this process is the determination of
the location and extent of the disease relative to the adjacent norinal tissues. This can be done i a
variety of ways, ranging from simple clinical examination to the use of complex 3-D imaging,
sometimes aided by contrast agents. As part of tis localization process, it is very important that
patient imobilization procedures be implemented to ensure that the same patient position will be
used during both the planning and the daily treatment stages. With the knowledge of the location of
the target and the critical tissues, decisions can be made about the appropriate beam arrangements to
prov'de adequate turnour coverage while sparing the healthy tissues. This beam arrangement may
have to be confin-ned on a therapy smulator prior to actual implementation of the radiation treatment.
In summary, the treatment process includes diagnosis, patient immobilization, target and normal
tissue localization, beam selection, beam shaping, dose calculation, technique optimization,
simulation, prescription, treatment verification and, finally, treatment. Dependent on the type of
disease, it is not necessary that every patient undergoes all of the steps in the process; however, it is
necessary that each step of the process used for a particular patient be carried out with the greatest
accuracy. Uncertainties at any stage of the process will be carried through to subsequent stages and
have an impact on clinical outcome. It is, therefore, important to recognize, when addressing
technological needs for megavoltage radiation treatment, that the radiation treatment machine
technology not be considered in isolation from the technologies associated with the other steps of the
treatment process. It makes no sense to have highly sophisticated linear accelerators capable of 3-D
conformal and intensity modulated radiation therapy (UART) if there is not a good imaging capability
for accurately defining the extent and location of both tumours and normal tissues.
Requirements for a radiation therapy facility have been defined iri an IAEA report [1]. This report
considered cobalt-60 megavoltage therapy machines but indicated that the MEA would not consider
provisions for linear accelerators. In 1993, the Pan American Health Organization along with the
WHO and the LAEA produced a report describing the design requirements for megavoltage X-ray
machines for cancer treatment in developing countries 2]. Clearly, even within the last decade, there
are still different opinions on the benefits (and risks) of cobalt-60 versus linear accelerators for
provision of radiation treatment especially the context of developing countries 3,4].
There are a number of considerations when a particular institution in any cotmtry makes decisions
about the purchase of radiation therapy equipment. Broadly speaking, these include:
•

Societal infrastructure considerations (e.g. is there stable electrical power available to support the
treatment and related technologies?)

•

Financial considerations (e.g. are there sufficient fancial resources to purchase, operate,
maintain and eventually dispose of the treatment technology?)

•

Types and stage of diseases most likely to be treated (e.g. late stage diseases have different
planning and treatment requirements compared to early stage and well localized tumours)

•

The number and types of professional staff available to support the treatment technologies (e.g.
radiation oncologists, medical physicists, radiation therapists (technologists), and electronics and
mechanical maintenance support either on staff or through maintenance contracts)
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•

The number of patients requiring treatment with the treatment equipment available (patient
throughput and efficiency considerations)

•

Treatment technologies available to prepare the patient for the actual irradiation procedure (e.g.
there is no point to IMRT capabilities on a linear accelerator if the planning tools are not
avalflable)

•

Technological considerations of the therapy equipment in the context of above fictors (e.g.
cobalt-60 versus linear accelerator 3,4])

•

Perceptions, misperceptions and emotional responses regarding specific technologies (e.g. do
higher energy x-rays yield better clinical results than cobalt-60 gamma rays? or "It's old;
therefore, it's no good!")

•

Safety considerations
the light of some of the above factors (e.g. cobalt-60 source disposal or
linear accelerator safety for staff and patients)

•

In summary, identifying the technological needs requires a thorough understanding of the
technological capabilities of the treatment technologies available. These capabilities, however,
must be placed in the context of te multiple factors listed above.
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ISSUES OF HEALTH ECONOMICS IN THE PRACTICE OF RADIOTHERAPY IN
DEVELOPING COUNTRIES
C.V. LEVIN
Applied Rad'obiology and Radiotherapy Section
Division of Human Health, nternational Atomic Energy Agency
Vienna, Austria
There has been a rapid expansion of radiation oncology services in developing countries over the past
decade 12]. The question ases of how far, how fast and which technology should be introduced and
expanded and yet remain sustainable.
The problem can be reduced to a simple issue of an increasing number of cancer cases (refer S.
Whelan), hence increasing demand for radiotherapy in less-developed countries while the current
resources for treatment 3] are at present concentrated in well-developed countries.

Linae
Cobalt
Total
Population

Less
671
1562
2233
5 Billion

Well
3802
670
4472
1.1 Billion

By 2015 there will be a shortfall of 10,000 teletherapy machines for providing radiotherapy.
Macro-economics
A simplistic model, derived from midustrialised countries, relates the desired amount of megavoltage
teletherapy equipment (NIEV) and personnel to population with scant regard to the economic
constraints or epidemiological dfferences 56]. These figures are a culmination of a century of
development of this clinical practice in countries with considerable resources and a cancer pority in
tertiary health services. However, many countries have inadequate or no radiotherapy services [11
and a jump from this standard to comprehensive services is unrealistic within the existing financial
and personnel constraints. Radiotherapy requires a considerable outlay for the equipment, the
building and other infrastructure as well as trained personnel. In emerging economies, the process of
acquiring radiotherapy is thus progressive. An LAEA study 4 shows that the acquisition of these
services, measured in MEV per million population
IEV/mill) is related to the Gross National
Income per capita (GNI/cap), with regional differences.
10.
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Generalisations can be made on a regional basis. Whereas South and Central America closely follow
this pattern, Affica consistently has less equipment while Eastern Europe has more equipment than
expected for their economies.
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Nticro-economics
Cost-effectiveness analysis (rather than cost-benefit) is usually applied to questions regarding health
economics'. Even the definition of costs creates difficulties. In the evaluation of the costs of
radiotherapy in developing countries we cannot use the known market prices (the cost to the payer or
medical aid rates), as a yardstick as these simply do not exist. In general, the costs are borne by the
State - the service provider.
Teletherapy
For the first 60 years of the century of radiotherapy, teletherapy was administered by orthovoltage Xray machines. The technology has rapidly advanced to megavoltage (E > I MeV) using cobalt
machines and in the 1970s the introduction of more expensive linear accelerators. The last decade has
been characterised by increased integration of tumour imaging (by CT and MRI scanning) and
treatment planning to allow increasingly confori-nal treatment The technological advances have thus
occur-red predominantly in the management of smaller turnours increasingly seen in well developed
countries - the reward of public awareness and early diagnosis using a sophisticated but increasingly
costly medical infrastructure.
The cost-per-patient associated with administration of teletherapy is comprised of predominantly
fixed costs for capital equipment at international prices but with local building, overhead and
personnel costs. As teletherapy has few variable costs, the cost-per-patient for teletherapy falls
rapiidly with increased utilisation. The net effect of these factors is that higher technology equipment
adds little 15%) to the cost of treatment per patient in industrialised countries but can crease costs
by a factor of 3 in developing countries (Table 11). Furthen-nore, these costs fall as the working day
extends to as much as 20 hours in some countries.
Country

Cobalt therapy costs for 15#

Linac therapy costs for 15#

Ghana

$465

[$1350]

S. Africa

$980

$1950

[$4150]

$4800

United States

Brachytherapy
For the treatment of uterine cervical cancers, radium treatment, started I century ago, was replaced by
caesium. These low dose rate (LDR) procedures are rapidly being replaced by 30 minute outpatient
procedures since the development of small, high activity iridium sources (mHDR). While this has
evident benefits for the patient, there are significant problems regarding sustainability in developing
countries. Yet LDR equipment production at present is under threat of extinction.
The initial high initial and maintenance cost of using mHDR can be Justified only if considerable
numbers of patients are treated annually using a clinical protocol with a small number of fractions
used.
Personnel
Machines do not treat patients - that is done by trained personnel. The number of machines and
complexity of treatment are increasing. Shift work up to 20 hours per day is used to treat the largest
number of patients per machine. Yet overall, the limiting factor in many countries in Asia and Affica
is trained radiation oncologists.
The high costs of training in industrialised countries plus the loss of trained personnel to these regions
represent a significant subsidy paid b the CITs to support radiotherapy in dustriallsed countries.
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There is a progressive process in acquiring radiation oncology both as regards the number and
sophistication of the equipment purchased. This expansion of services needs to be accompanied by a
national programme of professional education to ensure full utilisation of the equipment for the
benefit of cancer patients.
The 'best' equipment is not always the most appropriate equipment especially when ftinding is
lin-Lited.
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USE OF IMAGING TECHNIQUES IN RADIATION ONCOLOGY
C. BORRAS, D. RUDDER AND 1'. JIMENEZ
Pan American Health Organization, Regional Office World Health Organization
Washington D.C., USA
Iniaging techniques are used in radiation oncology for: disease diagnosis, tumor localization and
staging, treatment simulation, treatment planning, clinical dosimetry displays, treatment verification
and patient follow up.
In industrialized countries, up to the 1970's, conventional radiology was used for diagnosis,
simulation and planning. Gamma cameras helped tumor staging by detecting metastases. n the
1970's, simulators were developed for exclusive use in radiation oncology departments. Clinical
dositnetry displays consisted mainly in axial dose distributions. Treatment verification was done
placing films in the radiation beam with the patient under treatment. In the 1980's, 2-13 imaging was
replaced by 3-D displays with the incorporation of computerized tomography (CT) scanners, and in
the 1990's of magnetic resonance imagers (MRI). Ultrasound units, briefly used in the 1960's for
treatment planning purposes, were found again useful, mainly for brachytherapy dosimetry. Digital
portal imagers allowed accurate treatment field verification. Treatment planning systems incorporated
the capability of "iverse planting", i.e. once the desired dose distribution is decided, the field size,
gantry, collimator and couch angles, etc, can be automatically selected. At the end of the millennium,
image fusion permitted excellent anatomical display of tumors and adjacent sensitive structures. The
2000's are seeing a change from anatomical to functional imaging with the advent of MR] units
capable of spectroscopy at 3 Tesla and positron emission tomography (PET) units. According to the
UNSCEAR 2000 Report 1], in 1997 there were 70 centers worldwide perfon-ning PET examinations.
In 2001 combined CTIPET units appeared in RT departments. In 2002 fsion of CT, MRI and PET
images became available. Molecular imaging is being developed.
The situation in developing countries is quite different. To start with, cancer incidence is different in
developing and in industrialized countries. In addition, the health services pattern is different: Cancer
treatment is mostly done in public institutions -strapped for funding and forced to prioritize needswhile advanced diagnostic imaging equipment is bought by private facilities. CT may be used for
patient diagnosis and treatment follow up, but rarely for treatment planilmig and dosimetry purposes.
MRI and/or PET, where available (Argentina, Brazil, Chile and Mexico have PET units), are used to
diagnose cancer, but not for treatment planning purposes. Because of the lack of prevention and early
detection programs, cancers are diagnosed at later stages, and tumor extension is mostly evaluated by
clinical examination. Often radiation treatments are given for palliative purposes, where an accurate
tumor localization in 3-D is not critical. Simulators are rare and other imaging units in radiation
oncology departments, inexistent. Treatment planning systems, where available, provide 2-D
displays, rarely overlaid on anatomical structures, except
brachytherapy where anatomical
infonriation is obtained with AP and lateral radiographs taken with a conventional x-ray unit. Portal
films to verify treatment fields are rrely taken, as x-ray film is very expensive and the treatment
machines have such heavy patient workloads that they cannot be spared for treatment simulation and
'fication. Furthermore, technicians are poorly trai ed and many facilities operate without medical
ven
in
physicists who could develop adequate protocols to optimize the use of existing equipment.
The gap in cancer detection and treatment between industrialized nd developing countries is
widening. In the United States, 39.6 irifflion CT procedures were performed in 2001 a 51% increase
from 1998, and about 50% of the CT scanners purchased that year had multislice capability. In the
same year the number of MRI procedures rose to 1 mlion, with 60% of the MRI's installed having
magnets of 1.5 Tesla or greater. At the end of 2002, at least 21 companies provided products for the
various stages of the Intensity Modulated Radiation Therapy (IMRT) process: imaging equipment for
staging, patient immobilization and positioning devices, imaging units for treatment planning,
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treatment planning systems, post planning verification devices, and software for treatment
verification, quality assurance (QA), patient information and image management 2 With some of
these products
the U$ million dollar range, equipment and software are outside the reach of
developing countries.
Yet, the population
developing countries is aging and cancer incidence is increasing. If radiation
oncology is to cure cancers, imaging techniques need to be incorporated. Field sizes need to be
decreased to lower morbidity of healthy tissues and absorbed doses to the treatment planning volume
need to be increased to achieve better tumor control. In other words, the tumor volume needs to be
determined with greater accuracy. As Michael Goitein said in 1982 to justify the use of CT in
radiation oncology, cancer is a three-dimensional disease! 3].
Because of fancial and educational (lack of trained staff) constraints, resources need to be otimized
through careful planning. The needed imaging equipment has to be tailored to the type of treatment
equipment in the facility. To simulate treatments given with Cobalt-60 units and/or simple linear
accelerators, a simulator may be less expensive than a CT scanner, but less useftil. With careful
protocols to ensure patient position reproducibility, a CT scanner housed
a diagnostic department
may be shared by the therapy department if appropriate scheduling is agreed upon and the therapy
department provides their own technical staff. Mobile digital portal imagers may be the solution to
verify treatments. In the long range they should be less expensive than films, chemicals and
darkrooms.
Imaging techniques that offer 3-D capabilities are essential if the facility wants to install stereotactic
surgery, conforinal radiation therapy using multileaf collimators, dynamic wedges and/or IMRT,
which may change the dose rate, gantry angle, couch angle, and collimator settings during treatment.
Particular attention needs to be given to computerized diagnostic and therapeutic systems that can be
linked electronically 4
Diagnostic images acquired for tumor localization may be fed to the
simulator -if these two processes are not obtained in a CT-simulator- from there to the treatment
planning system, and fally to the accelerator (or vice-versa if inverse planning is not performed).
To ensure safety, the International Electrotechnic Commission (IEC) has developed standards for
imaging and radiotherapy systems, which equipment manufacturers adhere to. The IEC has also
adopted the DICOM (Digital Image Cominunication) standard, which facilitates the accurate digital
data transfer among devices, ensuring compatibility between data from different manufacturers.
Because of the complexity involved when treatment machines are linked, the IEC has also a
DICOM-RT standard. The problem with these standards is that they not ensure inter-operability, only
interconnectivity.
National regulatory agencies such as the Food and Drug Administration of the United States have to
approve all new medical devices for their efficacy as well as safety prior to their commercial release.
The European Union has "homologation" regulations and standards for "good practice
manufacturing". National regulatory radiation protection agencies license facilities and/or individuals
engaged in practices which involve the use of ionizing radiation. Medical physics organizations such
as the American Association of Physicists in Medicine develop and publish guidelines and protocols
to test equipment performance and miplement QA programs. Here lies the crux of the matter. To test
equipment performance specifications and regulatory standards, as well as to develop and implement
appropriate QA programs, medical physicists require comprehensive training covering diagnostic
radiology, radiation therapy and nuclear medicine procedures. Hence, the challenge in developing
countries to successfully acquire and deploy new technologies (such as IMRT) lies not so much in
financial limitations, but the lack of sufficient personnel, adequately trained.
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MEDICAL PHYSICS EDUCATION AND TRAINING: OPPORTUNITIES AND
CHALLENGES - AN OVERVIEW OF INTERNATIONAL ACTIVITIES FOR
"MEETING THE NEEDS"
A. NIROOMAND-RAD
Georgetown University Medical Center, Washington D.C., USA
IOMP International Organization for Medical Physics)

While 'Ionizing radiation has been used for over 100 years, in the last half-century we have seen
dramatic improvements in the diagnosis and treatment of cancer, as well as other conditions such as
cardiac ablation. Just 20 years ago, many of the cures we consider common today would have been
miraculous. Much of our success comes from advances
science and technology that have helped us
understand the nature of the disease, detect it earlier, calculate and measure radiation dose more
accurately, and deliver it more precisely to where it is needed.
Medical physicists have brought scientific advancement and technological developments to medicine,
especially in diagnosis and treatment of cancer patients. hey have brought a unique perspective that of a scientist trained in physics, including radiological and clinical physics - to cancer care. As
part of a professional team, they play an important role in the safe delivery of radiation and in the
development and iplementation of quality assurance (QA) programs. In radiation therapy, medical
physicists are as concerned with the radiation treatment outcome as radiation oncolo 'sts. Their first
responsibility is to the patient. They strive to assure accurate delivery of treatment prescription (within
5%) to the target of 'interest while minimizing the dose to the surrounding uninvolved organs/tissues.
They employ the best possible radiation treatment given the state of current technology, skills of the
staff, and the resources available in the radiation oncology department. In 3D conformal treatments,
because of potential serious injury due to dose escalation, they consider 'individual patient-specific
data by employing proper imaging and image fusion techniques to calculate and deliver the optimal
radiation treatment technique. Even though 10% error radiation dose may double chance of disease
recurrence, accurate delivery of radiation is essential in relieving pain, controlling tumor growth, and
increasing survival rates as well.
Medical physicists prepare complex equipment to be used for delivery of radiation. They calibrate
radiation beams from radiation producing equipment such as Cobalt machines, linear accelerators,
simulators, CT-Sims, as well as brachytherapy sources and equipment such as low-, medium-, and
high- dose rate (LDR, MDR, and HDR) units by measuring and analyzing the radiation dosage
following national and international Codes of Practice. They input the radiation beam characteristic
and source data to treatment planning computers aid examine their accuracy in generating dose
distributions. They need to understand the limitations of the complex calculation algorithms of the
treatment planning systems. They must test and validate their accuracy under all possible conditions
and/or configurations to assure proper dose calculation for the patient. Moreover, they have to be
directly involved with calculation and delivery of complex treatment procedures such as intravascular
brachytherapy, implants 'involving HDR units, stereotactic radiosurgery (SRS), and IMRT (intensity
modulated radiation therapy) procedures. They must establish protocols for radiation procedures and
evaluate radiation outcomes. As part of quality assurance measures, they must routinely check and
monitor radiation producing equipment, radioactive sources, imaging machines, electronic portal
imaging devices (EPID), and any other equipment devices employed in cancer diagnosis and
treatment. Moreover, they are involved with the education of the medical dosimetnists and radiation
oncologists. They also train hospital staff such as radiation therapists technologists and nurses in the
proper handling of radiation producing equipment and radioactive materials order to avoid hartriful
practices.
Therefore, without the knowledge and skills of the medical physicists, patients could be misdiagnosed
and the treatment machine could miss the target or deliver the wrong radiation dose to the patient -
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the hospital staff as well as the general public could also be exposed to unwarranted radiation. To
prevent this, qualified medical physicists need to be present at any radiation facility. In Europe, the
EU (European Union) members follow the European Commission's Medical Exposure Directive
[97/43/EURATOM (MED), 1997] that requires the services of a qualified medical physicist at any
radiation facility. Many professional rganizations, including IONIP, concur with this Directive and
recommend that it be adopted globally. In light of this increasing need for medical physicists and the
growing responsibilities that have resulted from the ever-increasing complexity in biomedical and
biophysics technology, proper education and training of medical physicists has become an extremely
difficult challenge for many academic centers especially in developing countries. The existing
academic and clinical residency programs in medical physics are not sufficient and/or adequate to
meet the monotonically rising demand for qualified medical physicists worldwide.
Initially a few decades ago, medical physics was considered to be applied physics and was being
taught at a few splinter physics departments. But now it is being considered as one of the most precise
health sciences and is being taught at medical physics departments; some are affiliated to medical
schools as well. For stance in the US, the first fully-fledged medical physics department, affiliated
with a medical school, was established at the University of Wisconsin - Madison in 1980. Since then,
even though more medical physics departments have been established in the US and various parts of
the world, the numbers of graduates are not sufficient to meet the needs especially in developing
countries where the cancer population is rising. A possible solution is to establish regional medical
physics Trograms such as the one that is being developed by IAEA for Affica under the African
Regional Cooperative Agreement (AFRA) for the Member States. Another possible solution is to
provide training to the trainers. A example of this model of taining the trainers" is the
AAPM/IOMP nternational Scientific Exchange Programs (ISEP) that have been offered to many
medical physicists in many developing countries since 1992.
In recent years, as the Medical Physics discipline and profession have matured, the roles and
responsibilities of medical physicists as well as the requirements for educational and training
programs have been more clearly defined by various national and international organizations. The
ten-ninology "qualified medical physicist" (QMP) has been introduced to designate an individual who
is competent and legally authorized to practice in one or more of the sub-fields of medical physics.
Moreover, certification and registration of the medical physicists by the professional organizations
(such as American Board of Radiology or American Board of Medical Physics) in the appropriate
sub-field(s) as well as continuing medical education (CME) and continuing professional development
(CPD) for maintenance of certification (MOQ have become essential. Standards of practice have
been developed by scientific and professional organizations such as AAPM (American Association of
Physicists in Medicine), ACMP (American College of Medical Physics), and ACR (American College
of Radiology), and EU Directives. Medical physicists have to meet the established minimum required
standards. The standards are needed to hannonize education and training of medical physicists in
order to assure high quality patient care. Lastly, the skills and training of medical physicists need to be
updated on an ongoing basis in order that they may fimction effectively and independently.
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