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EDITORIAL NOTE
This issue of the SSDL Newsletter starts with a summary article on the International Symposium on
Standards and Codes of Practice in Medical Radiation Dosimetry held at the IAEA Headquarters in
November 2002. The Symposium was very successful. It was attended by about 250 scientists from
62 Member States. A total of 140 presentations were delivered covering a broad range of topics in
medical radiation dosimetry. One of the recommendations of the Symposium is to hold the next
meeting in 6 years.
The second article is a short note on the new IAEA programme related to the standardization of
radioactivity measurements. This new initiative was introduced following positive feedback from
many SSDL members and their interest in this activity. This new project is being led by Brian
Zimmerman, who joined the IAEA in March 2003. SSDL members with existing radioactivity
measurement capabilities that are interested in participating in this new initiative are encouraged to
contact him for more information, as are laboratories wishing to submit proposals to participate in
the new Coordinated Research Project focussed on radionuclide metrology. Laboratories wishing to
develop the capability to prepare and disseminate radioactivity standards should consider
submitting a proposal to the Agency’s Technical Co-operation Programme. The deadline for
proposals for new projects is 31 December 2003. Additional information is available on the IAEA
web site:
http://www-tc.iaea.org/tcweb/tcprocedures/projectproposals/default.asp
The third article, from the School of Applied Physics- Kebangsaan University in Malaysia, is a
short technical note on errors that could arise if dosimetry codes of practice are not implemented
correctly. Such errors were detected through IAEA comparison and audit services and advertised
among SSDL members to avoid similar mistakes.
The fourth article, from the SSDL in Pakistan, is also a technical note on a comparison of calculated
absorbed dose to water calibration coefficients determined with air kerma based protocols and the
so-called direct absorbed dose to water calibration coefficient (traceable to a primary standard). The
main conclusion of this article is consistent with previous findings, namely that in the case of
patient treatments there is no significant difference between air kerma based and direct absorbed
dose to water calibration coefficients for the most commonly used ionization chambers in a Co-60
beam.

The information contained in this Newsletter is intended to assist communication among members of the
IAEA/WHO SSDL Network.
In preparing this publication for press, staff of the IAEA have made up the pages from the original
manuscript(s). The information provided in the articles is the responsibility of the authors and views expressed
do not necessarily reflect those of the IAEA, the governments of the nominating Member States or the
nominating organizations. However, some assistance may have been provided by the IAEA in editing,
particularly for length. The articles have not been refereed.
The mention of names of specific companies or products (whether or not indicated as registered) does not imply any
intention to infringe proprietary rights, nor should it be construed as an endorsement or recommendation on the part of
the IAEA.
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THE PRESENT STAFF OF THE DOSIMETRY AND MEDICAL RADIATION
PHYSICS (DMRP) SECTION:
Name

Position/tasks

E-mail address

Ken Shortt

Section Head

k.shortt@iaea.org

Bera, Pranabes

Laboratory Technician (TLD)

p.bera@iaea.org

Czap, Ladislav

Laboratory Technician
Ionization chamber calibration

l.czap@iaea.org

Girzikowsky, Reinhard

Senior Laboratory Technician
High dose and Mammography

r.girzikowsky@iaea.org

Izewska, Joanna

TLD Officer,
Head, Dosimetry Laboratory Unit

j.izewska@iaea.org

Meghzifene, Ahmed

SSDL Officer
Editor, SSDL Newsletter

a.meghzifene@iaea.org

Pernicka, Frantisek

Diagnostic Radiology Dosimetry
Officer

f.pernicka@iaea.org

Vatnitsky, Stanislav

Medical Radiation Physicist
Treatment Planning Systems

s.vatnitsky@iaea.org

Zimmerman, Brian

Radioactivity metrologist

b.zimmerman@iaea.org

Flory, Rosemary

Secretary

r.flory@iaea.org

Soysa, Chandra

Secretary

c.soysa@iaea.org

Wong, Fui Mien

Secretary (part-time)

f.m.wong@iaea.org

DMRP Section
a

dosimetry@iaea.orga

This is the general e-mail address of the DMRP Section where all correspondence not related to specific tasks
of the staff above should be addressed. Please note also that there is a considerable circulation of the staff of the
Agency, so that messages addressed to someone who has left might be lost. All incoming messages to this mailbox
are internally distributed to the appropriate staff members.
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SERVICES PROVIDED BY THE IAEA PROGRAMME IN DOSIMETRY
AND MEDICAL RADIATION PHYSICS
The IAEA’s Dosimetry and Medical Radiation Physics programme is focused on services provided
to Member States through the IAEA/WHO SSDL Network and a system of dose quality audits. The
measurement standards of Member States are calibrated, free of charge, at the IAEA’s dosimetry
laboratory. The audits are performed through the IAEA/WHO TLD postal dose assurance service
for SSDLs and radiotherapy centres, and the International Dose Assurance Service (IDAS) for
SSDLs and radiation processing facilities, mainly for food-irradiation and sterilisation of medical
products.
The range of services is listed below.
Services

Radiation quality

1. Calibration of ionization chambers (radiotherapy, diagnostic
radiology including mammography and radiation protection,
including environmental dose level).

x-rays (10-300kV) and gamma
rays from 137Cs and 60Co

2. Calibration of well-type ionization chambers for Low Dose
Rate (LDR) brachytherapy.

γ rays from 137Cs

3. Comparison of therapy level ionization chamber
calibrations (for SSDLs).

γ rays from 60Co

4. TLD dose quality audits for external radiotherapy beams for
SSDLs and hospitals.

γ rays from 60Co and high
energy x-ray beams

5. TLD dose quality audits for radiation protection for SSDLs.

γ rays from 137Cs

6. ESR-alanine dose quality audits for radiation processing
(for SSDLs and industrial facilities), through International
Dose Assurance Service (IDAS).

γ rays from 60Co, dose range:
0.1-100 kGy

7. Reference irradiations to dosimeters for radiation protection
(for IAEA internal use).

x-rays (40-300 kV) and γ rays
from 137Cs and 60Co

Member States who are interested in these services should contact the IAEA/WHO Network
Secretariat for further details, at the address provided below. Additional information is also
available through the Internet at the web site: http://www.iaea.org/programmes/nahunet/e3/
IAEA/WHO SSDL Network Secretariat
Dosimetry and Medical Radiation Physics Section
Division of Human Health
International Atomic Energy Agency
P.O. Box 100
A-1400 Vienna
Austria
Telephone: +43 1 2600 21662
Fax: +43 1 26007 21662
E-mail: dosimetry@iaea.org
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dosimetry and the treatment of cancer. One of
these companies arranged for the display of a
cobalt therapy machine, which was located in
the rotunda of the Vienna International Centre
during the symposium.

SUMMARY NOTE ON THE
INTERNATIONAL SYMPOSIUM
ON STANDARDS AND CODES OF
PRACTICE IN MEDICAL
RADIATION DOSIMETRY

2. A SPECIAL PLENARY SESSION ON
CANCER MANAGEMENT

The International Symposium on Standards
and Codes of Practice in Medical Radiation
Dosimetry was organised by the Agency in
Vienna from 25 to 28 November 2002 to
foster exchange of information and highlight
recent advances in research in this field.

A special plenary session entitled “Meeting
the Needs” focussed attention on the
impending crisis in cancer management. A
speaker from the International Agency for
Research on Cancer indicated that cancer
incidence within developing countries is
expected to increase from 5 million new
patients per year in 2000 to 10 million in
2015, primarily due to population aging. In
the discussion following this special session,
representatives
of
the
manufacturers
participating in the equipment exhibition,
invited speakers and delegates tried to
identify
appropriate
and
affordable
technologies and to define possible roles for
the Agency to help in transferring equipment
and developing local expertise required to
meet the needs arising because of this crisis.

Over 250 scientists attended the Symposium
from 62 Member States. A total of 140
presentations were delivered covering a broad
range of topics in medical radiation
dosimetry.
A key issue addressed by the Symposium was
knowledge of the accuracy of radiation doses
delivered to patients, which is essential for
the safe and effective diagnosis and treatment
of disease. Such accuracy in dose
measurement is an integral part of a
comprehensive Quality Assurance (QA)
programme to ensure that the technology is
used properly and has the intended effect on
patients.

3. FINDINGS AND
RECOMMENDATIONS

1. CO-SPONSORING AND
COLLABORATING ORGANIZATIONS

Recommendations from the Symposium
sessions were presented for discussion and
approval by participants in the final session.
Although many of these recommendations
concern the scientific community, some are
directed to governments and industry as these
affect the practical application of nuclear
technology in the health care sector in both
developing and developed countries. Several
themes appear consistently throughout the
various recommendations, which are in
accord with the recommendations of the
International Conference on the Protection of
Patients in Diagnostic and Interventional
Radiology,
Nuclear
Medicine
and
Radiotherapy organised by the Agency in
Malaga, Spain, 26-30 March 2001. As
emphasised at Malaga, the education and
training for health care workers required to
diagnose and treat patients safely and
effectively is of utmost importance.

The co-sponsoring organizations of the
Symposium were the European Commission
(EC), the European Society for Therapeutic
Radiology and Oncology (ESTRO), the
International Organization for Medical
Physics (IOMP) and the Pan American Health
Organization (PAHO).
The collaborating organizations were the
American Association of Physicists in
Medicine (AAPM), the European Federation
of Organisations for Medical Physics
(EFOMP), the International Society for
Radiation Oncology (ISRO), the International
Commission on Radiation Units and
Measurements (ICRU) and the World Health
Organization (WHO). Ten companies
participated in a scientific exhibition of
equipment relevant to medical radiation
5

A recommendation was made to enhance the
application of the Agency’s dosimetry code of
practice (TRS-398) for external beam therapy
and to complete the development of the new
code for diagnostic radiology.

In addition, The Symposium recognised that:
-

-

-

appropriate and affordable equipment is
required to meet the needs, particularly of
developing countries, with manufacturers
as partners in the process of technology
transfer,

The full text of the symposium
recommendations is reproduced at the end of
this note.

it is essential for treatment methodologies
to be supported by infrastructural services
in medical physics and diagnostic
radiology, and

4. RESPONSE OF THE AGENCY
The refereeing and editing process of the
symposium proceedings has been completed.
The proceedings will comprise about 85
papers and will include the recommendations
of the Symposium. The Agency plans to
publish the proceedings before the end of this
year.

programmes in quality control and
assurance should provide the necessary
auditing tools to demonstrate the safe and
effective
application
of
nuclear
technology in the patient realm.

Explicitly within the field of medical
radiation dosimetry, the Symposium made
recommendations:
-

for the development of physical standards,
and

-

performance
comparisons,
and
participation in audits within the subfields of nuclear medicine, brachytherapy,
proton therapy and clinical dosimetry.

The Agency convened a Technical Meeting in
June 2003 to prepare an action plan in
response to the recommendations of the
Symposium. Representatives of PSDLs,
SSDLs and international organizations
together with Agency staff developed a draft
action plan. Other organizations are invited to
review this plan and make whatever
contributions they find to be appropriate.

There are recommendations for primary and
secondary standards dosimetry laboratories:
-

to develop further their standards for
absorbed dose to water and air kerma,

-

to refine the assessment of
corresponding uncertainties, and

-

to participate in comparison exercises in
order to build confidence in their
measurement capabilities.

their
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comparisons by Member States should
be encouraged.

CONCLUSIONS AND
RECOMMENDATIONS OF THE
INTERNATIONAL SYMPOSIUM
ON STANDARDS AND CODES OF
PRACTICE IN MEDICAL
RADIATION DOSIMETRY

For more than thirty years the IAEA has
developed dosimetry codes of practice
pertinent to external beam therapy and has
arrived at a situation now where all forms of
dosimetry measurements are linked together
in one coherent protocol. Consequently, the
Symposium recommends that:

Recommendations following the papers and
discussion were prepared by the chairs, cochairs and rapporteurs of each session and
presented to the participants of the
Symposium in the final session for their
approval.

1.3

1.4

Although many of these recommendations
concern the scientific community, some are
directed to governments and industry as these
affect the practical application in developing
countries. However, as was pointed out
during the final session, some of the
developed countries would also benefit from
following these latter recommendations. The
IAEA would obviously be a good choice to
take the lead in many of these actions.

1.5

Through maintenance and support of the
IAEA/WHO
SSDL
Network,
it
is
recommended that:
1.6

1.7

SESSION 1: SETTING THE SCENE
After the description of the operation of the
mutual recognition arrangement (MRA), it
was clear that the developing countries would
benefit from being included in the MRA
comparisons and declaring their calibration
and measurement capabilities (CMCs) as this
would encourage them to clarify their
methods and uncertainties. As it is a matter
for individual countries to decide whether
they should sign the MRA, the Symposium
simply recommends that:
1.1

the IAEA dosimetry Code of Practice
TRS-398 should be maintained and
updates released as necessary
the use of TRS-398 should be
encouraged throughout all the Member
States
the translation of TRS-398 should be
encouraged.

the
dissemination
of
dosimetry
standards and expertise throughout the
developing world should continue
the consistency and quality of dosimetry
standards should be maintained and
developed through comparisons.

SESSION 2: STANDARDS OF ABSORBED
DOSE TO WATER
Absorbed dose to water is the necessary
quantity for dosimetry measurements for
radiotherapy. Many papers were presented on
the different methods of determining
absorbed dose to water using primary
methods. However, there are many issues
relating to this that need to be addressed by
the primary standards laboratories in the
national metrology institutes. The Symposium
recommends that:

SSDLs holding national dosimetry
standards for signatories of the MRA
should be encouraged to participate in
comparisons and declare their CMCs
through their regional metrology
organization (RMO).

2.1

To support the SSDLs in this dosimetry work,
it is recommended that:

2.2

1.2

2.3

additional RMO comparisons should be
developed and participation in these
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absorbed dose to water should be
derived from as many independent
methods as possible
direct comparison of water and graphite
calorimeters should be encouraged
uncertainties assigned to absorbed dose
to water primary standards should be
examined in detail, preferably in a

2.4

2.5
2.6

2.7

working group of the international
Consultative Committee (CCRI) in
order to rationalize any apparent
discrepancies
research should be supported for all
forms and new applications of
calorimetry, e.g. in brachytherapy
absorbed dose standards for electron
beams should be developed further
development of absorbed dose to water
standards for kV X rays should be
encouraged
more PSDLs should participate in the
high energy X ray comparison piloted
by the BIPM.

of radiotherapy will remain central for the
treatment of cancer in both developed and
developing countries within the same time
frame, the Symposium feels that:
4.1

It is clear that cobalt teletherapy and
brachytherapy source trains will be the
mainstays of radiotherapy for most
developing countries in the foreseeable future.
To support these therapies, the Symposium
feels that:
4.2

SESSION 3: AIR KERMA STANDARDS
FOR PHOTONS

4.3

Currently, most dosimetry measurements are
made in terms of air kerma. However, as all
these measurements are related to a common
primary method using cavity ionization
chambers, it is particularly important that the
physical constants used in the measurement
equations, and the corrections necessary for
cavity ionization chambers are well
understood. Consequently, the Symposium
recommends that:
3.1

4.4

primary standards laboratories and the
ICRU, as appropriate, should address
the unresolved issues pertaining to air
kerma dosimetry standards, including
the re-evaluation of
-

the IAEA, WHO and PAHO should be
proactive in assisting developing
Member States in addressing their
current and future needs for cancer
treatment.

appropriate staffing — medical,
technical, nursing and scientific — is
crucial for the treatments to be effective
treatment
equipment
must
be
accompanied by the appropriate
techniques for diagnosis, tumour
localization
and
staging,
immobilization, shielding, treatment
simulation and planning, clinical
dosimetry
(including
displays),
treatment verification and follow-up
appropriate dosimetry equipment must
be made available for equipment
commissioning and continuing quality
control.

With regard to therapy and supporting
diagnostic equipment, the Symposium felt
that a number of issues could be addressed.
There were particular concerns raised during
the final discussion session that low dose rate
brachytherapy equipment was no longer being
produced, whereas this was considered by
some radiation oncologists to be better or less
expensive than high dose rate brachytherapy.
Consequently, the Symposium recommends
that the equipment industry should be:

kwall and kan (including the BIPM
standard)
Wair values and uncertainties
stopping power ratios
type B uncertainties related to
Monte Carlo methods, taking
account of the underlying interaction
coefficients.

4.5

SESSION 4: MEETING THE NEEDS
During this session, the WHO clearly
presented the dramatic increase that is likely
in the number of cancer patients in
developing countries within the foreseeable
future. Since nuclear technology in the form
8

encouraged to recommence the
production
of
low
dose
rate
brachytherapy equipment and also to
strive to make high dose rate
brachytherapy
equipment
more
affordable

4.6

4.11 national or regional centres of
excellence for training should be
developed and supported in cooperation
with
international
organizations.

made aware of the future needs of the
Member States regarding the increasing
demands for cancer services.

Whilst collaboration between industry and
government was seen as useful for developing
countries, concern was expressed that
voluntary organizations often donated
equipment without taking account of
consequent needs. Understanding that this is
the domain of the WHO and PAHO in
particular, the Symposium felt that:
4.7

4.8

SESSIONS 5, 6 AND 8B: DOSIMETRY
PROTOCOLS AND COMPARISONS
The Symposium felt very strongly that
radiotherapy dosimetry within a given
country should be consistent. To achieve this,
ideally the same dosimetry protocol should be
used in all radiotherapy centres of that
particular country. Keeping in mind that some
countries have developed their own national
dosimetry protocol (e.g., TG-51 in the USA),
for those countries that prefer to use TRS398, the Symposium recommends that:

WHO advice that provides guidance to
organizations donating technologies to
the developing countries should be
disseminated widely
supporting guidance covering all factors
required to implement such radiation
technologies for safe and effective
diagnosis and therapy should be
developed.

5.1

Where the necessary infrastructure and
expertise for maintaining linacs are missing,
cobalt therapy may be much safer and more
reliable for the patients than linacs. Hence the
Symposium felt that:
4.9

5.2

manufacturers should be encouraged to
continue production of cobalt therapy
units.

5.3

The current lack of properly trained
radiotherapy personnel is as serious as the
lack of equipment in many developing —
and, indeed, in some developed — Member
States. It was noted that optimizing the use of
existing equipment through the proper use of
personnel could sometimes be more costeffective than simply adding new equipment.
Consequently, the Symposium recommends
to the IAEA, WHO, PAHO, EC, ISRO,
EFOMP, ESTRO and IOMP that, in view of
the current lack of and future need for trained
personnel:

5.4

5.5

5.6

4.10 training programmes should be
implemented on a large scale for
professional
staff
working
in
radiotherapy not just to follow the basic
curricula but also to comply with a
requirement for continuing professional
development

5.7

5.8
5.9
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when adopting the IAEA international
Code of Practice for Radiotherapy
Dosimetry, TRS-398, this should be
done initially at the national level in
collaboration with the national scientific
societies and the SSDLs
training and education on TRS-398
should be encouraged prior to the
implementation of the code by users
the differences expected with the
practical implementation of TRS-398
should be disseminated
the necessary changes in QA procedures
should be assessed before the adoption
of TRS-398
both TRS-398 and the previous code
should be used in parallel for a short
time and differences between the codes
outside those expected should be
explained
a specific date should be chosen for the
adoption of the new code by all
hospitals in the country
independent dosimetry checks in cooperation with peers should be
encouraged
external audits should be performed if
available
the practical aspects of the adoption of
TRS-398 for kV X rays should be

radiology, in particular for dosimetry in
computed tomography. This has caused
considerable confusion, so it is strongly
recommended that:

studied and a pilot study should be
encouraged for the adoption of the kV
code in the clinic.
It is recognized that several PSDLs and many
SSDLs do not have their own accelerators for
the purpose of calibrating secondary
standards for the clinics. It has been
suggested that the SSDLs could use hospital
equipment (out of normal operating hours) for
this purpose. However, the setting up of a
facility for calibration takes time and the
uncertainties associated with setting up may
be larger than the uncertainties associated
with using a protocol’s calculated values.
Consequently, the Symposium recommends
that:

7.1
7.2

7.3

the quantities used for these purposes
should be harmonized
new codes of practice for dosimetry in
diagnostic radiology should use the
agreed quantities
the determination of diagnostic
reference levels, a process in which
image quality also needs to be assessed,
should use the agreed quantities.

Some SSDLs have established or are in the
process of establishing calibration services for
dosimetry in diagnostic radiology. The
number of laboratories that can provide these
services is not sufficient to meet national
needs. The Symposium recommends that:

5.10 a feasibility study (including the
assessment of uncertainties) should be
carried out so that SSDLs can
disseminate experimentally determined
ND,w calibrations — traceable to
primary standards laboratories — to
radiotherapy
centres
for
both
megavoltage photon and electron
beams.

7.4
7.5

Further recommendations concerning the
dissemination of dosimetry protocols are that:

SSDLs develop these services to be able
to cover their national needs
a set of recommendations be developed
to provide an interim approach to
traceability for countries with no access
to an SSDL that is undertaking the
calibration of diagnostic dosimeters.

The Symposium noted that computed
tomography could deliver significant doses to
the patient although these were not always
simple to assess, and that interventional
radiology had caused irreversible skin
damage to some patients. The discussions
provoked the recommendations that:

5.11 primary standard laboratories should be
encouraged to measure kQ factors and
these should be compiled in a single
document
5.12 clinical electron dosimetry (at the
hospital level) should be based, in order
of preference, on:
i)
ionization chamber calibrations in
electron beams based on a
standard traceable to a primary
standards laboratory, or
ii) cross-calibration in an electron
beam against a 60Co calibrated
reference chamber, or, if no other
option is possible,
iii) direct 60Co calibrations.

7.6

7.7

7.8

SESSIONS 7 AND 8A: DOSIMETRY
ISSUES FOR DIAGNOSTIC RADIOLOGY

appropriate methods for quality
assurance and quality control in digital
and interventional radiology should be
developed urgently
new dosimetry methods should be
developed to meet the needs of current
and future X ray diagnostic methods
dosimetry audits to check the
performance of calibration laboratories
and of end users should be developed
and implemented for these diagnostic
radiology techniques.

It was further noted that new skills for those
performing
the
diagnostic
radiology
measurements needed to be acquired.

A large number of quantities have been used
for dosimetry measurements in diagnostic
10

Consequently, the Symposium recommends
that:
7.9

education and training programmes
should be developed for physicists and
technical staff working in clinical
diagnostic radiology.

9.6

SESSION 9: NUCLEAR MEDICINE

9.7

During this session, a number of concerns
were expressed about the state of radionuclide
measurements and patient dosimetry in
nuclear medicine. The use of unsealed
sources for radiotherapy is increasing but
there does not seem to be a concerted effort to
improve the quality of the therapies although
standardization is becoming increasingly
important, especially in view of multinational trials. The Symposium summarized
their concerns by making recommendations
that:
9.1

9.2

9.3

Finally, in this session, the Symposium
recommends that:
9.8

9.5

a standardized code of practice for
simple and for more complicated
dosimetry calculations should be
developed.

SESSIONS 10 AND 12A:BRACHYTHERAPY

clinical radioactivity measurements
should be traceable to national or
international activity standards in each
country in which nuclear medicine is
practised
PSDLs should be encouraged to focus
on establishing reliable procedures for
measuring low energy gamma emitters,
beta emitters, low energy electron
emitters and alpha emitters
quality assurance/quality control
programmes should be established and
implemented, particularly for
quantitative dosimetry analyses in
nuclear medicine; guidance for such
programmes should be developed.

Although brachytherapy has been practised
for decades, it is a many faceted area in which
the dosimetry is neither always clear nor
always practised well. The Symposium
considered that the time had come to take
definite steps to improve the situation.
Consequently, it is recommended that:
10.1 PSDLs should establish dosimetry
standards for brachytherapy sources that
SSDLs then disseminate using an
internationally agreed method
10.2 dosimetry comparisons between PSDLs
and SSDLs should be developed and
implemented
10.3 dosimetry audits for clinical end users
should be developed and implemented
10.4 research efforts should be focused on
dosimetry standards based on absorbed
dose to water for photon emitting
brachytherapy sources
10.5 beta dosimetry for brachytherapy
should be improved, in particular for
Ru-106/Rh-106 sources
10.6 quality assurance programmes for
brachytherapy dosimetry should be
developed and implemented

With reference to patient dosimetry, the
Symposium recommends that:
9.4

detailed and able to provide better
correlations of calculated dose and
observed effect
comparison
programmes
for
quantification of radioactivity should be
established, especially for in-phantom
measurement and for calculation of
organ doses from multiple image sets
the development of standardized and
well documented software programs for
traditional dose calculation methods,
and for implementing newer, voxelbased methods, should be encouraged.

the use of current dosimetry models
should continue with the collection of
adequate data to obtain good dose
estimates, using as many patientspecific modifications as possible
the dissemination of better dosimetric
models, particularly those based on
patient images in voxel format, should
be encouraged so that internal dose
calculations can be more accurate and
11

10.7 education and training programmes
should be developed for SSDL staff and
for clinical personnel.
SESSIONS 11 AND 12B:
QUALITY
ASSURANCE AND QUALITY AUDITS IN
RADIOTHERAPY DOSIMETRY

11.7

Quality assurance and quality audit of a
number of areas in the radiotherapy process
were covered in these sessions and this has
resulted
in
a
large
number
of
recommendations. In particular, to set the
scene, the Symposium feels that:

11.8

11.1

radiotherapy at levels 1 (basic) and 2
(advanced) should be strengthened
through education and training,
equipment provision and expert
support,
while
at
level
3
(developmental) it should be advanced
through research programmes.

It was agreed that nationally adopted QA
programmes provided consistency for
radiotherapy practice and consequently, the
Symposium recommends that:
11.9

the development of national QA
programmes should be encouraged and
supported, especially in developing
countries
11.10 national programmes should include
guidelines on QA procedures for
radiotherapy centres and also for audit
networks or audit systems at the
national level
11.11 national audit systems for radiotherapy
dosimetry should be operated by
qualified groups involving cooperation between SSDLs and clinical
medical physicists.

The Symposium strongly expressed the view
that quality assurance and quality audits are a
very effective way to ensure the correct
delivery of the radiation dose to the patient
and to enable the therapeutic outcome to be
assessed
in
a
consistent
manner.
Consequently, it is recommended that:
11.2 quality assurance (QA) programmes for
radiotherapy equipment, dosimetry and
processes
should
be
promoted,
implemented and strengthened to ensure
accurate reproducible dose delivery to
each radiotherapy patient
11.3 QA programmes should cover the
medical aspects of radiotherapy as well
as the physics and technical aspects
11.4 audit should be encouraged for all
levels of radiotherapy.

The Symposium understood that complex
radiotherapy techniques required significantly
increased effort for their safe and effective
implementation and use. Consequently, it
recommends that:
11.12 the
development
of
QA
recommendations and programmes
should be promoted for complex
treatment situations (e.g. total body
irradiation, stereotactic radiosurgery,
intensity modulated radiotherapy)

The many facets of dosimetry audit were
considered and the Symposium recommends
that:
11.5

11.6

units, as recommended internationally
(e.g. International Basic Safety
Standards, the EC Medical Exposure
Directive 97/43/Euratom)
the level of external audit should be
appropriate to the level of the
radiotherapy department and the
national expertise (see also 11.11)
as a minimum external audit for
radiotherapy beam dosimetry, each
beam dose output should be measured
independently of the institution
procedures, e.g., using a mailed TLD
from an external laboratory, at least
once every two years.

dosimetry audit should be included
within the scope of clinical audit, as
assured dosimetry is required to enable
assured clinical practice
an external audit should be available to
all radiotherapy centres for all
clinically used external beam treatment

A range of audit tools has been developed by
several audit programmes, including that
successfully run by the IAEA, for dosimetry
audit. Postal dose audit based on TLD is
widely used and well-established. However, it
12

SESSION 14: CLINICAL RADIOTHERAPY
DOSIMETRY

was noted that other systems (e.g. alanine) are
being considered at the research level. The
Symposium recommends that:

At the clinical level, two areas of concern
were
discussed,
these
being
dose
measurements and dose calculations. The
practicalities of dosimetry systems were
evidently a problem and the Symposium
recommends that:

11.13 support should be given, through
research
programmes,
to
the
development and evaluation of audit
methodologies suitable for the various
radiotherapy levels.
Appreciating the particular importance of
audit when it is used to assure the dosimetry
of patients from more than one country
entered into co-operative clinical trials, the
Symposium recommends that:

14.1 industry should be encouraged to
develop affordable systems for practical
use in QA and dosimetry (e.g. tissue
equivalent materials, phantoms that are
easy to use, equipment that is robust
and reliable)
14.2 gel dosimetry methodology should be
developed to evaluate its potential for
routine use in radiotherapy centres
14.3 in vivo dosimetry should be promoted,
including its use in developing
countries
14.4 alternative
methods
of
clinical
dosimetry should be tested and
compared with traditional techniques.

11.14 activities in quality audit should be coordinated internationally and different
audit systems should be compared.
SESSION 13: PROTON AND HADRON
DOSIMETRY
The Symposium noted that the number of
treatment facilities using proton beams and
heavier ion beams (mostly carbon-12) was
growing, with 24 currently operational and
another 20 planned worldwide over the next
five years. There is still a divergence of
opinion internationally and even nationally
about the dosimetry methods to use for these
therapy beams. However, the results
presented indicate that the adoption of TRS398 would provide a coherent approach.
Consequently, the Symposium felt that the
dosimetry of these beams should be in
keeping with conventional radiotherapy beam
dosimetry and recommends that:

With regard to dose calculations,
Symposium recommends that:

the

14.5 advanced computing methods for dose
calculation should be encouraged where
appropriate expertise is available
14.6 guidelines should be developed as to
which QA tests of treatment planning
systems should be performed by
manufacturers, user groups and
individual users.
Recognizing that errors in treatment monitor
units and treatment time calculations have
caused accidents, the Symposium also
recommends that:

13.1 proton and heavier ion beam dosimetry
should be based on absorbed dose to
water standards
13.2 comparisons based on absorbed dose to
water calibrations should be organized
between centres.

14.7 all radiotherapy institutions should
implement an independent monitor unit
or time calculation protocol for each
patient.

For ion dosimetry, the Symposium felt that
considerable research was still needed to
improve knowledge on basic physics data for
dosimetry and consequently recommends
that:

SESSION
15:
CONCLUSIONS

REVIEW

AND

Some additional discussion points were raised
during the round-up session. In particular,
concern was expressed at the lack of

13.3 research projects on ion dosimetry
techniques should be supported.
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Views were also exchanged on the lack of
medical physics staff currently available and
the need for more staff in the future. Evidence
for the lack of staff currently employed, even
in developed countries, can be seen in the
report commissioned by a UK government
department on the need for "nuclear skills"
http://www.dti.gov.uk/energy/nuclear/skills/n
sg.shtml. The Symposium recommends that:

understanding of the role of the medical
physicist, specifically regarding dosimetry for
the patient. The Symposium recommends
that:
15.1 during the training of administrators,
the different roles of professionals
working in radiotherapy should be
clearly identified
15.2 national, regional and international
professional societies such as the IOMP
should be encouraged to work together
to register the profession of medical
physicist with the International Labour
Organization
15.3 medical physicists should involve
themselves in the education and training
of clinical practitioners.

15.4 national, regional and international
professional societies should work
towards promoting the profession of
medical
physics
to
university
undergraduates.
In conclusion, the Symposium was greatly
appreciated by all the participants and each
felt
personally
involved
with
the
recommendations. The view was expressed
that the time interval since the last
Symposium had been too long. In spite of the
heavy organizational burden on the staff of
the Dosimetry and Medical Radiation Physics
section, it is strongly recommended that:
15.5 a further dosimetry symposium should
be held in six years’ time.

14

•

ESTABLISHING RADIOACTIVITY
MEASUREMENT CAPABILITIES
FOR NUCLEAR MEDICINE IN
MEMBER STATES
B. Zimmerman
Dosimetry and Medical Radiation Physics
Section, Division of Human Health
International Atomic Energy Agency
The International Atomic Energy Agency
(IAEA), in response to a growing need for
measurement
quality
assurance
for
radionuclides used in nuclear medicine,
particularly in developing countries, is
establishing a new radioactivity standardization
programme in the Dosimetry and Medical
Radiation Physics section. The short-term (3-5
years) goals of this project are to:
•

Develop capabilities within the IAEA to
prepare and distribute calibrated solution
sources of medically relevant radionuclides,
traceable to international standards, to
Member States for use in calibrating
instrumentation. Traceability will be
established through comparisons with
primary
National
Measurement
Laboratories, as well as with the
International Reference System for activity
measurements of the BIPM. Ultimately, the
goal will be for the Agency to be able to
distribute standard sources of the most
relevant radionuclides to Member States
that require them as part of a secondary
standards radioactivity laboratory network.
The laboratories in the network will then
provide calibration and auditing services to
nuclear medicine clinics on a national or
regional basis. Formation of the laboratory
network is ongoing.
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Assist Member States in the development of
quality assurance networks for nuclear
medicine clinics in their countries. This
could be accomplished through Technical
Cooperation projects at the national and
regional levels and will take the form of
personnel training and consultations to
develop appropriate quality assurance and
audit systems, and in some cases, donation
of appropriate instrumentation. Further, a
Coordinated Research Project has recently
been approved to develop a uniform code of
practice
for
clinical
radioactivity
measurements. Formation of the research
group will begin in early 2004.

THE –10% AND +13% ERRORS
ARISING FROM MISINTERPRETATION OF THE TWO
IAEA PROTOCOLS TRS-277 AND
TRS-398: CAUSES AND
PREVENTION
1

S B Samat, 2C J Evans, 3T Kadni, 1A S Ooi
and 3M T Dolah
1

School of Applied Physics, University
Kebangsaan Malaysia, 43600 UKM BANGI,
Selangor, Malaysia
2
School of Health Science, University of Wales
Swansea, Singleton Park, Swansea SA2 8PP,
UK
3
SSDL Malaysia, Malaysian Institute for
Nuclear
Technology
Research,
43000
KAJANG, Selangor, Malaysia
Presently IAEA provides two protocols for
determining the absorbed dose to water, Dw. If
Mu is the corrected electrometer reading, ND the
absorbed dose to air chamber coefficient and L
a quantity derived from the multiplication of
several chamber coefficients, the IAEA TRS
277 protocol [1,2] calculates Dw as
Dw-TRS277 = Mu ND L

(1a)

On the other hand, if ND,w is the absorbed dose
to water calibration coefficient, the IAEA TRS
398 protocol [3] calculates Dw as
Dw-TRS398 = Mu ND,w

(2)

If a user at a hospital uses either one of the
protocols at a time, he or she will only have to
deal with either ND or ND,w. On the other hand,
some users will need to deal with both ND and
ND,w at the same time. In this case, IAEA, in
two different documents [3,4] made a strong
recommendation to SSDLs scientists and
hospital users that they should be careful not to
confuse the two symbols ND,w and ND. If this
confusion should occur, then
(i)

An error of –10% could arise in quoting
ND,w [4]. Call this Error I.

(ii)

An error of +13% could arise in the dose
delivered to a patient [3]. Call this Error II.

The confusion that led to Error I has in fact
occurred among two SSDLs during the IAEA
comparison programme [4]. To avoid further
possibility of this error, IAEA issued a notice to
all SSDLs in 1995, not to report values of ND,w to
hospitals [4,5]. Error II, however, was mentioned
in the most recent IAEA document [3], but only
very briefly, and without detailed explanation.
That is to say, between equations (1a) and (2), this
document does not say which equation is
responsible for Error II. It is clearly of interest
among SSDL scientists and hospital users to
understand how these Errors I and II could occur.
The purpose of this letter is to provide the most
likely answer to this.
We consider that there is inevitably a risk of
confusion when a symbol such as N does not
always appear with the same number of subscripts
(as in equations (1a) and (2)). If both ND and ND,w
are encountered, then the implication is that the
second, absent, subscript in ND must be replaced
by a “default” value. If the intended default is
“air” and the user supplies the subscript “air”,
then all is well. If the user supplies the subscript
“w” for water, then an error will occur.
Conversely, if someone has been carrying out
measurements with water as the only medium,
then it might seem reasonable to omit the second
subscript and regard the default as “w”. When
another person sees the symbol ND, however, it
may appear that the more reasonable assumption
is that the missing subscript is “air”, and this
again leads to an error. In short, this problem of
unequal numbers of subscripts on N is the cause
of the two errors. To overcome this, the IAEA has
made a recommendation [3,6] that another
subscript, “air”, should be added to ND of
equation (1a), so that the existing TRS-277
formula now becomes
Dw-TRS277 = Mu ND,air L

(1b)

The purpose of the recent IAEA recommendation
on the use of equation (1b) is clearly to prevent
the second subscript ever being dropped, so that a
user will never need to choose the default. Errors
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due to incorrect assumptions should then not
arise, although nothing can be done to insure
against errors in reading the symbols. (We note
that “air” in the Malay language means “water”
in English, but to the best of our knowledge this
particular error has not been reported in
practice.)
Both Errors I and II reported by IAEA can
therefore be explained by the insertion of an
incorrect default subscript into the symbol ND.

The values reported, –10% and +13%, are in fact
approximate values. Accurate error values can
only be obtained if we know the exact ND,air and
ND,w values of the ionisation chamber in use. As
an example Table 1 gives the values for our three
chambers. Here Error I gives the result of
assuming that ND refers to ND,air when ND,w was
intended. Error II gives the result of assuming that
ND refers to ND,w when ND,air was intended. We
used equations (1a) or (1b) to calculate Error II.

Table 1: The result of mistakenly supplying the missing subscript in ND.
Symbols, assumed values
and error formula
ND,air mGy/nC (=Y)

NE 2581

NE 2571A

NE 2571

50.81±0.37

40.23±0.25

40.68±0.26

ND,w mGy/nC (=Z)

57.49±0.13

44.87±0.10

45.29±0.10

Error I [=100%(Y–Z)/Z]

(–11.6±0. 7)%

(–10.3±0.6)%

(–10.2±0.6)%

Error II [=100%(Z–Y)/Y]

(+13.2±0.9)%

(+11.5±0.7)%

(+11.3±0.7)%

We have therefore reproduced the errors quoted
by IAEA (although both numbers do not occur
for the same chamber), and confirmed that s
(1a) or (1b) are the cause of Error II. Notice
that the results of Errors I and II show some
evidence of a systematic difference between NE
2571A and NE 2571 (which have graphite
walls) and NE 2581 (which has tissueequivalent walls).
We noticed that the points that we raised here
have not been published in the earlier issues of
this SSDL newsletter, and we considered that a
discussion of the two causes of error should be
combined in a single article.
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protocols to establish absorbed dose to water in
clinical radiotherapy beams.

COMPARISON OF CALCULATED
ABSORBED DOSE TO WATER
CALIBRATION
AND
DIRECT
ABSORBED DOSE TO WATER
CALIBRATION COEFFICIENTS OF
FARMER
TYPE
IONIZATION
CHAMBERS

In IAEA dosimetry protocols [1,2] prior to
TRS-398, the formalism is based on the use of
an ionization chamber calibrated in terms of air
kerma. These protocols provide the necessary
methodology for the accurate determination of
the absorbed dose to water from radiation
beams used in radiotherapy. However their
application from the perspective of medical
physicist is not simple and may negatively
affect the accuracy of clinical dosimetry as a
result of mistakes.

Syed Salman Ahmad, Khalid Mahmood and
Saraj Din Orfi
Health Physics Division, PINSTECH
P.O. Nilore, Islamabad
Pakistan
e-mail: salman@pinstech.org.pk
Fax: 0092-051-9290275

The main objective of the present work was to
evaluate the possibility of providing calibration
of ionization chambers in terms of absorbed
dose to water. This would be provided to
medical physicists according to new trends of
clinical dosimetry of radiotherapy beams.
Absorbed dose to water for Co-60 gamma rays
was determined with eight different Farmer
ionization chambers using air kerma and direct
absorbed dose to water calibration coefficients.

ABSTRACT
Results of the calculated absorbed dose to water
calibration coefficients using air kerma
calibrations and direct absorbed dose to water
calibration coefficients ND, W for eight Farmer
Type ionization chambers were compared using
Co-60 radiation quality and following the
dosimetry Codes of Practice (TRS-277 [1],
TRS-381 [2] and the new International Code of
Practice, TRS-398 [3]). The percentage
deviation in the results of calculated and direct
absorbed dose to water calibration coefficients
for NE-2571 type chambers ranged from -0.33
to -0.65. No significant difference was found in
the results of calculated and direct absorbed
dose to water calibration coefficients for these
chambers following the new International Code
of Practice [3].

2. MATERIAL AND METHODS
Eight Farmer type ionization chambers were
calibrated by comparison with the working
standard of the laboratory both in terms of air
kerma and absorbed dose to water. The
working standard of the laboratory [4] consists
of a measuring assembly type NE-2560 S. No.
173 and ionization chamber type NE-2561 S.
No. 200 and was calibrated at the IAEA
Dosimetry laboratory (Seibersdorf, Austria) in
terms of air kerma and absorbed dose to water.
The characteristics of the ionization chambers
used in the present work are given in Table 1.

1. INTRODUCTION
The quantity of direct interest to the medical
physicists in radiotherapy institutes is absorbed
dose to water. However, at present due to many
technical difficulties and practical limitations, a
primary standard of absorbed dose to water is
not available in many countries of the world.
Reference dosimetry is therefore based upon air
kerma standards and the use of dosimetry
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to place the chambers at a fixed position with
the chamber center at a reference depth of 5 cm
in water using a 3.45 mm thick PMMA sleeve .
The distance from the source to the center of
the chamber was 1.0 meter and the field size at
the chamber position was 10 cm x 10 cm.

Table 1: Characteristics of the ionization
chambers used in this work
Ionization
chamber type &
Sr. No.

Wall
material

Cap

Internal
radius
(mm)

NE-2571 # 1905

Graphite

Delrin

3.15

NE-2571 # 1213

Graphite

Delrin

3.15

NE-2571 # 1148

Graphite

Delrin

3.15

NE-2571 # 595

Graphite

Delrin

3.15

NE-2571 # 1211

Graphite

Delrin

3.15

NE-2581 # 237

A-150

Polystyrene

3.15

NE-2581 # 815

A-150

Polystyrene

3.15

PMMA

3.05

PTW-30004
# 0070

Graphite

Determination of absorbed dose to water
calibration coefficient
For the determination of absorbed dose to water
calibration coefficient, the formalism given in
IAEA dosimetry protocol TRS-277, was
followed. According to the protocol, the
absorbed dose to water at the effective point of
measurement is
Dw(Peff)=MND,air(Sw,air)Pu

(1)

where, M is the dosimeter (electrometer plus
ionization chamber) reading in charge mode
corrected for influence quantities,
ND, air is the absorbed dose to air chamber
calibration coefficient for the ionization
chamber,
S (w,air )Co-60 is stopping power ratio of water to
air at Co-60 radiation quality, and
Pu is a perturbation coefficient at Co-60
radiation quality to take into account the nonwater equivalence of the wall of the ionization
chamber during the measurement in water

In the first step, air kerma calibration
coefficients for the ionization chambers
connected to a Unidos measuring assembly
were determined in a Co-60 beam by the
substitution method using the laboratory
reference standard. The distance from the
source to the center of the chamber (SCD) was
1.0 meter and the field size at the chamber
position was 10 cm. x 10 cm. The experimental
setup for the air kerma calibrations of the
ionization chambers is shown in Figure 1.

ND,air = NK . (1-g) . km katt

(2)

where, NK is the air kerma calibration
coefficient for the ionization chamber,
g is the fraction of the energy of the secondary
electron lost to bremsstrahlung in air,
katt is a coefficient that takes into account
attenuation and scattering of photons in the
chamber wall and the build-up cap and
km corrects for the non- air equivalence of the
material of the ionization chamber wall.
Since the design of the IAEA standard water
phantom allows placing the ionization chamber
only at fixed positions at depth increments of
2.5 cm in water, the centers of all of the
ionization chambers were placed at the depth of
5 cm. The absorbed dose to water at the
effective point of measurement and at the

Figure 1. Experimental set up for the air kerma
calibration of ionization chambers.

In the second step, absorbed dose to water
calibrations were performed in an IAEA
standard water phantom with dimensions 30
cm. x 30 cm. x 30 cm. and that had a provision
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center of the chamber was related by the
displacement correction coefficient, Pdis
DW(5cm.)=DW(Peff).Pdis

Table 2: Air kerma calibration coefficients for
the ionization chambers used in this work

(3)

Ionization chamber
type & Sr. No.

Where Pdis = 1 - 0.004 r, with r being the inner
radius of the ionization chamber in mm [5].
This coefficient takes into account the
displacement of the volume of water replaced
by the chamber cavity.
Experimental set-up for the determination of
absorbed dose to water calibration coefficients
is shown in Figure 2.

Air kerma calibration
coefficient (mGy/nC)

NE-2571 # 1905

41.64

NE-2571 # 1213

41.20

NE-2571 # 1148

41.35

NE-2571 # 595

41.57

NE-2571 # 1211

41.07

NE-2581 # 237

50.89

NE-2581 # 815

52.27

PTW-30004 # 0070

47.59

The values of the absorbed dose to water
calibration coefficients (ND,W) determined
using air kerma calibration coefficient and
TRS-277, and direct absorbed dose to water
calibration coefficient of the reference standard
are presented in Table 3.
Table 3: Absorbed dose to water calibration
coefficients ND,w based on air kerma and TRS277, and direct ND,w.

Figure 2. Experimental set-up for the determination
of absorbed dose to water

Ionization
chamber
type &
Sr. No.

The absorbed dose to water calibration
coefficient ND,W was obtained from
ND,w=DW(5cm)/M

(4)

Equation (4) was also used for obtaining direct
absorbed dose to water calibration coefficients
for the Farmer ionization chambers.

NE-2571
# 1905
NE-2571
# 1213
NE-2571
# 1148
NE-2571
# 595
NE-2571
# 1211
NE-2581
# 237
NE-2581
# 815
PTW-30004
# 0070

3. RESULTS AND DISCUSSIONS
The results of air kerma calibration coefficients
for ionization chambers determined using the
reference standard are given in Table 2.
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Absorbed dose to water
coefficient ND,w
( mGy/nC )
Direct
Calculated
absorbed dose
using Air
to water
kerma
calibration
calibration
coefficient: B
coefficient
(TRS-277): A

calibration
Percentage
deviation
[A-B/B]
*100

45.31

45.57

-0.57

44.84

45.06

-0.48

45.00

45.24

-0.53

45.24

45.51

-0.59

44.70

44.84

-0.32

54.79

55.31

-0.94

56.27

57.15

-1.53

51.79

52.09

-0.58

Comparison of the results of absorbed dose to
water calibration coefficients presented in
Table 3, reveal that differences in calculated
ND,W and direct absorbed dose to water
calibration coefficients as much as -0.6 % for
the ionization chambers Type NE-2571. For the
tissue equivalent ionization chambers Type NE2581, the difference between calculated and
direct absorbed dose to water calibration
coefficients was higher -- as much as -1.5 %.
Since TRS -277 did not include kcel in the
equation for computing ND,air , no correction for
kcel was applied in the calculation of ND,w.The
value of Pcel was taken to be equal to 1.

Table 4: Absorbed dose to water calibration
coefficients ND,w calculated based on air kerma
and TRS-398 and direct ND,w.
Ionization
chamber
type &
Sr. No.

NE-2571
# 1905
NE-2571
# 1213
NE-2571
# 1148
NE-2571
# 595
NE-2571
# 1211
NE-2581
# 237
NE-2581
# 815
PTW-30004
# 0070

Following the recommendations of the new
International Code of Practice [3] based on
standards of absorbed dose to water, the ND,W
was calculated for the ionization chambers
using the following equations;
ND,w,Co-60=ND,air(Sw,air)Co-60PCo-60 ,

(5)

where PCo-60 is the overall perturbation
coefficient at Co-60 radiation quality, given by:
PCo-60=[PdisPwallPcavPcel]Co-60
ND,air=NK(1-g).kmkattkcel

(6)
(7)

The values of these correction coefficients were
taken from TRS-398 [3]. The meaning of these
coefficients has been described in detail in the
protocol.

Absorbed dose to water
coefficient ND,w
(mGy/nC )
Direct
Calculated
absorbed dose
using Air
to water
kerma
calibration
calibration
coefficient: B
coefficient
(TRS-398): A

calibration
Percentage
deviation
A-B/B
*100

45.32

45.57

-0.55

44.83

45.06

-0.50

44.94

45.24

-0.65

45.24

45.51

-0.60

44.69

44.84

-0.33

55.12

55.31

-0.34

56.61

57.15

-0.94

51.63

52.09

-0.89

4. CONCLUSION
It is concluded that there is no significant
difference between calculated and direct
absorbed dose to water calibration coefficients
when data from the previous dosimetry Codes
of Practice [TRS-277 and TRS-381] is used, for
chambers type NE-2571 and NE-2581.

Results of the absorbed dose to water
calibration coefficients ND,w calculated using
above equations (5-7) according to TRS-398
[3] and direct ND,W are presented in Table 4.
The results presented in Table 4 reveal a good
agreement between calculated absorbed dose to
water (ND,W ) and direct absorbed dose to water
calibration coefficients. It should be noted that
the value used for kcel is equal to 1.006 for the
NE-2571 chamber with a 1 mm diameter
aluminium central electrode as given in TRS381 [2]. For Pcel , the value used was 0.993 as
recommended in TRS-398 (3). The net
contribution of the product {kcel , Pcel } was
almost unity and therefore no appreciable
difference between the calculated and direct
absorbed dose to water coefficients was found.

The use of direct absorbed dose to water
calibration coefficient for routine clinical
dosimetry of radiotherapy beams is very simple
for medical physicists. Although the use of a
calculated absorbed dose to water calibration
coefficient from an air kerma calibration
coefficient is not recommended, the use of a
calculated ND,W calibration coefficient could be
continued for an interim period until the direct
ND,W calibration coefficient is available from
the standards laboratories.
It should be noted that the calculated absorbed
dose to water calibration coefficient ND,W is not
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traceable to any primary standard of absorbed
dose to water.

[3]IAEA
INTERNATIONAL
ATOMIC
ENERGY, "Absorbed Dose Determination in
External Beam Radiotherapy: An International
Code of Practice for dosimetry based on
Standards of Absorbed Dose to Water", Draft
V.6, October 1999.
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COURSES, MEETINGS AND CONSULTANCIES TO BE HELD DURING 2003
Courses and workshops
Regional Training Course on Quality Assurance of Physical and Technical Aspects in Radiotherapy,
Argonne National Laboratory, Illinois (USA), 12-23 January 2003
Regional Workshop on Dosimetry of Therapeutic X-ray Beams, Accra, Ghana, 7-11 July 2003
(RAF/6/027)
Regional Training Course on Mould Room Technology, Immobilization and Treatment Planning, Sao
Paulo, Brazil, 6-10 October 2003 (RLA/6/046 and RLA/6/049). This course will be repeated again in
2003, dates of repeated course yet to be fixed.
Regional Workshop on Acceptance Testing and Commissioning of Radiotherapy Equipment, Tripoli,
Libya, 12-19 October 2003 (RAF/6/027)
Workshop on the Implementation of the International Code of Practice for Radiotherapy Dosimetry,
IAEA TRS-398, Chiang Mai, Thailand, 17-21 November 2003
Regional Training Course on Evidence-based Radiotherapy, Tlalpán, Mexico City, Mexico,
24-28 November 2003 (RLA/6/046 and RLA/6/049)
Regional Training Course on Stereotactic Radiotherapy (SRT), Sao Paulo, Brazil, 3-6 December 2003
(RLA/6/046)
Regional Workshop on Internal Dosimetry, Rio de Janeiro, Brazil, 12-23 January 2004 (RLA/9/049,
ARCAL LXXVIII).
ESTRO courses under RER/6/012
Training Course on Radiotherapy Treatment Planning: Principles and Practice, Dublin, Ireland, 9-13
March 2003
Training Course on Dose Determination in Radiotherapy: Beam Characterization, Dose Calculation
and Dose Verification, Barcelona, Spain, 6-10 May 2003
Training Course on Physics for Clinical Radiotherapy (Russian Edition), Moscow, Russia, 25-29 May
2003
Training Course on Imaging for Target Volume Determination in Radiotherapy, Nice, France, 8-12
June 2003
Training Course on Physics for Clinical Radiotherapy, Leuven, Belgium, 31 August – 4 September
2003
Training Course on Evidence-Based Radiation Oncology: Methodological Basis and Clinical
Application, Tenerife, Spain 9-14 November 2003
Meetings and consultancies
Second Research Co-ordination Meeting on the Development of an International Code of Practice in
X-ray Diagnostic Radiology, IAEA Headquarters, Vienna, 13-17 January 2003
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Consultancy to finalize the Agency’s Medical Physics Syllabus, IAEA Headquarters, Vienna, 24-28
February 2003
Joint TCPC/NAHU Thematic Planning Meeting on Diagnostic Radiology, IAEA Headquarters,
Vienna, 26-30 May 2003
IAEA/ICRU Inaugural Meeting of the ICRU Subcommittee on Proton Therapy, “Prescribing,
Recording and Reporting Proton Beam Therapy”, IAEA Headquarters, Vienna, 29-31 May 2003
Second and Final Research Co-ordination Meeting on the Development and Dissemination of
Absorbed Dose to Water Calibration Techniques for SSDLs, Oslo, Norway, 23-27 June 2003
Action Plan Meeting in response to the Recommendations arising from the 2002 International
Symposium on Standards and Codes of Practice in Medical Radiation Dosimetry, IAEA Headquarters,
Vienna, 30 June – 1 July 2003
OIOS Evaluation Meeting of the Agency’s Activities in Dosimetry, IAEA Headquarters, Vienna, 29
Sept. – 3 Oct. 2003
Consultants’ Meeting on Development of Procedures for the Physical and Biological Evaluation of
Treatment Planning Calculations, IAEA Headquarters, Vienna, 13-17 October 2003
Consultants’ Meeting on Development of the Methodology for TLD-based Quality Audits for
Radiotherapy Dosimetry in Non-reference Conditions, IAEA Headquarters, Vienna, 20-24 October
2003
Consultancy to review the IAEA quality manual, IAEA Headquarters, Vienna, 1-5 December 2003
Consultants’ Meeting on Development of Procedures for “in vivo” Dosimetry, IAEA Headquarters,
Vienna, 8-12 December 2003
RAF6027 and RAF6024 (AFRA II-4) Project Coordinators’ Meeting on Medical Physics and the
Management of the Most Common Cancers in Africa, Bangkok, Cairo, Egypt, 13-17 December 2003
Task Group Meeting on Strengthening Medical Physics in the Asia & Pacific Region, place and dates
to be decided
Task Force Meeting on upgrading medical physics in Africa, Cairo, Egypt, 15-18 December 2003

25

MEMBER LABORATORIES OF THE IAEA/WHO NETWORK OF SSDLs1
Country

City

Contact person

Fax

E-mail

ALGERIA
ARGENTINA
AUSTRALIA
AUSTRIA

Algiers
Buenos Aires
Menai
Vienna

Mr. M. Arib
Ms. M. Saravi
Mr. D. Alexiev
Mr. C. Schmitzer

+213 21 43 4280
+54 11 6779 8228
+612 9717 3257
+43 2254 7802502

mehenna.arib@ifrance.com
saravi@cae.cnea.gov.ar
dax@ansto.gov.au
hannes.stadtmann@arcs.ac.at

BANGLADESH
BELARUS
BELGIUM
BOLIVIA
BRAZIL

Dhaka
Minsk
Ghent
La Paz
Rio de Janeiro

Mr. Abdul Jalil
Mr. Valery Milevsky
Mr. H. Thierens
Mr. Ismael Villca
Mr. Carlos J da Silva

+88 2 863051
+375 17 2130938
+32 92646699
+591 2 433063
+ 5521 44 29 692

inst@bangla.net
ion@belgim.belpak.minsk.by
hubert.thierens@rug.ac.be
ibten@caoba.entelnet.bo
carlos@ird.gov.br

BULGARIA

Sofia

Mr. Z. Bouchakliev

+359 2 9441661

ivandim@mail.techno-link.com

CANADA
CHILE
CHINA*
CHINA
CHINA
CHINA
CHINA
CHINA
COLOMBIA
CUBA
CYPRUS
CZECH REP. *
CZECH REP.
CZECH REP.

Ottawa
Santiago
Beijing
TaiYuan, Shanxi
Shanghai
Beijing
Hong-Kong
Beijing
Santafe de Bogota
Cuidad Habana
Nicosia
Prague
Prague
Prague

Mr. Brian R. Gaulke
Mr. Oyarzún Cortes
Mr. Gan Zeuguei
Mr. Chen Mingjun
Mr. Liu Shu-lin
Mr. Li Kaibao
Mr. C.L. Chan
Mr. Guo Wen
Ms. M.E. Castellanos
Mr. J. Morales Monzón
Mr. S. Christofides
Mr. Kodl
Mr. P. Dryák
Mr. D. Olejár

+1 613 9578698
+56 2 27318723
+86 10 444304

brian_gaulke@hc-sc.gc.ca
coyarzun@gopher.cchen.cl

+86 2164701810
+86 10 62012501
+852 29586654
+86 1 69357178
+57 1 3153059
+537 579571
+357 2 801 773
+4202 738330
+4202 66020 466
+4202 67313119

simtt@stn.sh.cn
kaibaoli@sina.com
cchan@ha.org.hk
rmcssdl@iris.ciae.ac.cn
ecastell@ingeomin.gov.co
tony@cphr.edu.cu
cstelios@cytanet.com.cy

DENMARK

Herlev

Mr. K. Ennow

+45 44 543450

klaus.ennow@sis.dk

ECUADOR
EGYPT
ETHIOPIA

Quito
Cairo
Addis Ababa

Mr. H. Altamirano
Mr. M. Sharaf
Mr. S. Mulugeta

+593 2 253097
+20 238 6751
+251 1 620495

comecen@comecenat.gov.ec
mokhtar_sharaf@yahoo.com
nrpa@telecom.net.et

FINLAND
FRANCE

Helsinki
Le Vesinet

Mr. Antti Kosunen
Mr. J.F. Lacronique

+358 9 75988450
+33 1 39760896

antti.kosunen@stuk.fi
opri@opri.fr

GERMANY
GERMANY
GHANA
GREECE
GUATEMALA
GEORGIA

Oberschleissheim
Freiburg
Legon-Accra
Paraskevi-Attikis.
Guatemala C. A.
Tbilissi

Mr. D.F. Regulla
Mr. Pychlau
Mr. C. Schandorf
Mr. C.J. Hourdakis
Mr. Angel Osorio
Mr. S. Sukhishvili

+49 8931872517
+49 761 4905570
+233 21 400807
+30 1 65 33 939
+502 2 762007
+995 32 940 912

regulla@gsf.de
ptw@ptw.de
rpbgaec@ghana.com
khour@eeae.nrcps.ariadne-t.gr
proradge@mem.gob.gt

HUNGARY*
HUNGARY
HUNGARY

Budapest 126
Budapest XII
Paks

Mr. I. Csete
Mr. G. Kontra
Mr. M. Orbán

+36 1 2120147
+36 1 2248620
+36 1 3551332

icsete@omh.hu
kontra@oncol.hu
orbanmi@npp.hu

INDIA
INDONESIA
IRAN
IRAN

Bombay
Jakarta Selatan
Karaj
Teheran

Mr. V.V. Shaha
Mr. Susetyo Trijoko
Mr M. Ghafoori
Mr. H. Gharaati

+91 22 5505151
+621 217657950
+98261 4411106
+98 21 6428655

vvshaha@apsara.barc.ernet.in

26

pdryak@cmi.cz
dolejar@suro.cz

Mghafoori@nrcam.org
hgharat@yahoo.co.uk

Country

City

Contact person

Fax

E-mail

IRELAND
ISRAEL

Dublin 14
Yavneh

Mr. S. Somerville
Mr. B. Shlomo

+353 12697437
+972 8 9434696

ssomerville@rpii.ie
absholomo@hotmail.com

KOREA, REP

Seoul

Ms. Heon-Jin Oh

+82 2 3513726

dowha@kfda.go.kr

LIBYA
LATVIA

Tripoli
Salapsils

Mr. Ben Giaber
Mr. A. Lapenas

+218 21 3614142
+371 790 1210

BenGiaber@yahoo.com
alap@latnet.lv

MADAGASCAR Antananarivo
MALAYSIA
Kajang
MEXICO
Mexico, D. F.

Mr. Andriambololona
Mr. Taiman Bin Kadni
Mr. V. Tovar Munoz

+261 20 2235583
+603 8250575
+52 55 3297302

instn@dts.mg
taiman@mint.gov.my
vmtm@nuclear.inin.mx

NORWAY

Osteras

Mr. H. Bjerke

+47 67147407

Hans.Bjerke@nrpa.no

PAKISTAN
PERU
PHILIPPINES*
PHILIPPINES
POLAND
PORTUGAL
PORTUGAL

Islamabad
Lima
Diliman, Quezon
Sta. Cruz, Manila
Warsaw
Sacavem
Lisbon

Mr. Salman Ahmad
Mr. Tony Benavente A.
Ms. E.S. Caseria
Ms. Nieva O. Lingatong
Mr. Bulski
Mr. A.F de Carvalho
Mr. H.D'Assuncao Matos

+92 51 9290275
+51 1 2260024
+63 9201646
+632 711 6016
+48 22 6449182
+351 21 9941995
+351 21 7229877

salman@pinstech.org.pk
tbenavente@ipen.gob.pe
escaseria@pnri.dost.gov.ph
apperalta@co.doh.gov.ph
w.bulski@rth.coi.waw.pl
aferroc@itn.pt
radfisica@ipolisboa.min-saude.pt

ROMANIA
RUSSIA

Bucharest
St. Petersburg

Mr. C. Milu
Mr. V.I. Fominykh

+40 21 3123426
+7 812 113 0114

cmilu@ispb.ro
trof@dosmet.vniim.spb.su

SAUDI ARABIA
SINGAPORE*
SINGAPORE
SINGAPORE
SLOVAK REP.
SOUTH AFRICA
SUDAN**
SWEDEN
SYRIA

Riyadh
Singapore
Singapore
Singapore
Bratislava
Pretoria
Khartoum
Stockholm
Damascus

Mr. A. Al-Haj
Mr. Eng Wee Hua
Mr. S. Chong
Mr V.K Sethi
Ms. V. Laginová
Mr. B. F. Denner
Mr. M.M. Hassan
Mr. J-E. Grindborg
Mr. M. Takeyeddin

+9661 4424777
+ 65 7384468
+65 2262353
+65 2228675
+421 2 52923711
+27 12 8412131
+249 11 774780
+46 87297108
+963 116112289

Abdal@kfshrc.edu.sa

TANZANIA
THAILAND*
THAILAND
THAILAND
TURKEY
TUNISIA

Arusha
Bangkok
Bangkok
Bangkok
Istanbul
Tunis

Mr. W.E. Muhogora
Mr. K. Bhadrakom
Mr. S. Srimanoroth
Ms. W. Thongmitr
Mr. A. Turer
Ms. L. Bouguerra

+255 27 2509709
+66 2 5806013
+66 2 9511028
+66 2 5613013
+90 212 5482230
+216 1 571630/653

nrctz@yako.habari.co.tz

URUGUAY

Montevideo

Ms. B. Souto

+598 2 9021619

dntnpsr@adinet.com.uy

VENEZUELA
VIET NAM

Caracas
Hanoi

Mr. F. Gutt
Mr. Dang Duc Nhan

+58 2 5041577
+84 4 9424133

fgutt@ivic.ve
ddnhan@mail.vaec.gov.vn

Mr. M. Kovačević

+381 11 455943

milojko@rt270.vin.bg.ac.yu

SERBIA
AND Belgrade
MONTENEGRO
**

sckmipil@pacific.net.sg
trdwac@nccs.com.sg
vlaginov@ousa.sk
nml@csir.co.za
jan.erik.grindborg@ssi.se
Atomic@aec.org.sy

siri@dmsc.moph.go.th
wimann@oaep.go.th
yasard@cnaem.nukleer.gov.tr
sadok-mtimet@rns.tn

Provisional Network members

* SSDL Organization
1

Kindly notify the Dosimetry and Medical Radiation Physics Section if the information here is incorrect or changes.
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COLLABORATING ORGANIZATIONS ASSOCIATED WITH THE IAEA/WHO
NETWORK OF SSDLs
International Bureau of Weights and Measures (BIPM)
International Commission on Radiation Units and Measurements (ICRU)
International Electrotechnical Commission (IEC)
International Organization of Legal Metrology (IOML)
International Organization of Medical Physics (IOMP)

AFFILIATED MEMBERS OF THE IAEA/WHO NETWORK OF SSDLs
Bundesamt für Eich und Vermessungswesen (BEV)
Australian Radiation Laboratory (ARL)
National Research Council (NRC)
Laboratoire National Henri Becquerel (LNHB)
Physikalisch-Technische Bundesanstalt (PTB)
National Office of Measures (OMH)
Ente per le Nuove Tecnologie L’Energia e L’Ambiente (ENEA)
Electrotechnical Laboratory (ETL)
Rijks Institut voor Volksgesundheid (RIVM)
National Radiation Laboratory (NRL)
Scientific Research Institute for Physical-Technical and Radiotechnical
Measurements (VNIIFTRI)
Laboratory of Ionizing Radiation, Slovak Institute of Metrology (SIM)
Centro de Investigaciones Energéticas, Medioambientales y Tecnológicas
(CIEMAT)
National Physical Laboratory (NPL)
National Institute of Standards and Technology (NIST)

Vienna, AUSTRIA
Melbourne, AUSTRALIA
Ottawa, CANADA
Saclay, FRANCE
Braunschweig, GERMANY
Budapest, HUNGARY
Rome, ITALY
Tsukuba, JAPAN
Bilhoven, NETHERLANDS
Christchurch, NEW ZEALAND
Moscow, RUSSIAN
FEDERATION
Bratislava, SLOVAK REPUBLIC
Madrid, SPAIN
Teddington, UNITED KINGDOM
Gaithersburg, USA
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