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Editorial Note
Professor Pedro Andreo, the former Head of the IAEA 
Dosimetry and Medical Radiation Physics Section, 
had left the Agency in November 2000 and replaced 
in August 2001 by Dr. Ken Shortt. Three years after 
his departure (December 2003), Professor Andreo was 
recruited again by the Agency as the Director of the 
Human Health Division. This includes, in addition 
to Dosimetry and Medical Radiation Physics, the 
sections Applied Radiobiology and Radiotherapy, 
Nuclear Medicine, and Nutrition and Health Related 
Environmental Studies. Information on the activities 
of the Division is available in the web site:

http://www-naweb.iaea.org/nahu/external/ 

This issue of the SSDL Newsletter starts with a report of the fi rst Research Co-
ordination Meeting of the Co-Ordinated Research Project (CRP) on the development 
of TLD-based quality audits for radiotherapy dosimetry in non-reference conditions. 
The meeting was held at the IAEA’s Headquarters in Vienna during 30 September 
– 4 October 2002. The meeting gathered the CRP participants from Algeria, 
Argentina, Austria, Bulgaria, China, India, France and Poland. 

The second article is also a meeting’s report on the development of quality assurance 
procedures for dosimetry calculations in radiotherapy. The meeting was held at 
the IAEA’s Headquarters in Vienna during 13-18 October 2003. Three consultants 
from Austria, the Netherlands and the USA have attended the meeting and made 
specifi c recommendations to the Agency on the initiation of a CRP on Quality 
Assurance for dosimetry calculations in radiotherapy. 

Finally, the editor wishes to inform the readers that the Proceedings of the 
International Symposium on Standards and Codes of Practice in Medical Radiation 
Dosimetry (held in Vienna in November 2002) have been published on the Agency’s 
web site:

http://www-pub.iaea.org/MTCD/publications/publications.asp

The pdf files of the 2 volumes can be downloaded from the web site. The printed 
version of the two-volume set will be available for distribution by 8 April 2004.

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 

Shortt, Ken Section Head k.shortt@iaea.org 

Bera, Pranabes  Senior Laboratory Technician (TLD) p.bera@iaea.org 

Czap, Ladislav Senior 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 

Danker, Sabine Secretary (part-time) s.danker@iaea.org 

Flory, Rosemary Secretary r.flory@iaea.org 

Soysa, Chandra Secretary c.soysa@iaea.org 

DMRP Section  dosimetry@iaea.orga 

a 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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REPORT OF THE FIRST RESEARCH 
CO-ORDINATION MEETING 
(E2.RC 885) ON THE CRP E2.40.12 
“DEVELOPMENT OF TLD-BASED 
QUALITY AUDITS FOR 
RADIOTHERAPY DOSIMETRY IN 
NON-REFERENCE CONDITIONS” 

 
30 September – 4 October 2002, IAEA 
Headquarters, Vienna 
 
CRP Participants: 
M.S. Bali, Algeria 
M. Saravi, Argentina 
D. Georg, Austria 
V. Staykova, Bulgaria 
Kaibao Li, China  
F. Garcia Yip, Cuba  
A. Dutreix, ESTRO1 
G. Ramanathan, India 
W. Bulski, Poland 
 
Scientific Secretary: Joanna Izewska 

1. BACKGROUND 

It is estimated that not more than 60% of the 
existing radiotherapy facilities worldwide have 
participated in some level of independent 
external dose quality audit. To extend the 
fundamental step of dose check in reference 
conditions to as many hospitals as possible 
throughout the world, a Co-ordinated Research 
Programme (CRP), “Development of a Quality 
Assurance Programme for Radiation Therapy 
Dosimetry in Developing Countries” 
(E2.40.07), was initiated in 1995 to assist 
IAEA Member States to develop national 
programmes for TLD based QA audits in 
radiotherapy dosimetry to assure proper 
calibration of radiotherapy beams. Using the 
Agency’s 30 years’ experience in TLD audits 

                                                 
1 ESTRO is the European Society for 
Therapeutic Radiology and Oncology 
 

of beam calibrations as a primary input, the 
aim of the CRP was to disseminate a uniform 
TLD methodology to the countries which set-
up national TLD-based QA audit networks for 
radiotherapy dosimetry. Twelve Member 
States were involved in the CRP, i.e. Algeria, 
Argentina, Colombia, Cuba, China, Czech 
Republic, India, Israel, Malaysia, Philippines, 
Poland and Vietnam. 

Considering that significant numbers of 
deviations in non-reference situations, as used 
clinically on patients, have been observed in 
international audit networks operating world-
wide, a group of consultants, in their meeting 
convened in 2001, advised the IAEA to initiate 
a new CRP “Development of TLD-Based 
Quality Audits for Radiotherapy Dosimetry in 
Non-Reference Conditions”. The new CRP 
(E2.40.12) builds upon the previous CRP 
“Development of a Quality Assurance 
Programme for Radiation Therapy Dosimetry 
in Developing Countries”, and extends the 
scope of activities of the national External 
Audit Groups (EAGs) from TLD audits in 
reference conditions, i.e. simple TLD checks 
of radiotherapy beam calibrations, to complex 
audit measurements in a variety of clinically 
relevant irradiation geometries, i.e. in non-
reference conditions. 

The objective of the CRP is to assist Member 
States in developing a general strategy for the 
TLD-based quality audit program for radiation 
dosimetry in non-reference conditions and in 
addressing the specific needs of the individual 
participating countries, including new 
developments, e.g. a methodology for the new 
audit programme.  

The new technologies are being developed 
with the active input from participants, 
including testing of new phantoms, developing 
new TLD irradiation procedures, instructions 
for hospitals and data sheets, and mechanisms 
for reporting the results to hospitals. Upon the 
successful development of the audit 
methodology, the EAGs will conduct a pilot 
TLD run for local hospitals in their countries. 
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The participants of the CRP E2.40.12 are: 
Algeria, Argentina, Austria, Bulgaria, China, 
Cuba, France, India, and Poland. 

The scientific scope of the CRP covers the 
following implementation steps, which have 
been planned for accomplishment in 2002-
2006. 

- The feasibility tests of the holders and 
phantoms and methodology for external 
audit in a variety of non-reference 
situations. This work is done by CRP 
participants (i) under Research Agreements 
between the IAEA and two laboratories 
with extensive experience in dosimetry 
audits, and (ii) under Research Contracts at 
the national level by the measuring 
laboratories of the selected EAGs. 

- Pilot studies at national level are required to 
test the methodology for the dosimetry 
measurements and the documentation, and 
the practical operation of the audit systems. 
The EAGs will conduct feasibility studies 
to assess the functionality and accuracy of 
the quality audit TLD holders and 
documentation to measure the outlined 
dosimetric parameters for non-reference 
conditions proposed by the CRP. In parallel 
to the above activities, comparisons of the 
EAG TLD system with the Agency’s TLD 
system will be conducted. 

- Development of an EAG manual outlining 
the specific steps and measurements 
needed, instructions, data forms and 
logistics of operating the quality audit for 
radiation therapy in non-reference 
conditions in its country.  

- Implementation of national TLD audits in 
non-reference conditions for radiotherapy 
hospitals. 

The expected research outputs from this CRP 
are the following: 

- A specific set of written guidelines to 
perform the quality audits and guidelines 
for the evaluation of these audits for 
radiation dosimetry in non-reference 
conditions will be developed and adapted to 

the local situation of each participating 
country, 

- A set of extensively tested photon quality 
audit dosimeter holders capable of 
assessing a hospital’s radiation dosimetry 
practices for non-reference conditions will 
be available, 

- A new methodology and procedures to 
monitor electron dosimetry using a TLD 
based quality audit will be developed, 

- Expertise and technology developed under 
this CRP will be validated by the national 
organizations or networks and will be 
available for transfer to other Member 
States. 

These expected research outputs will 
contribute to the overall increase in radiation 
dosimetry expertise and to reducing the 
number of potential misadministrations of dose 
to radiotherapy patients. Hence, better 
cooperation and standardization of radiation 
dosimetry practices is expected at the national 
level for these countries participating in the 
CRP. The project will also benefit other 
developing countries in two ways. Firstly, 
there will be direct experience available, 
gained by the countries involved, on the 
practical methods and procedures to extend 
measurements to parameters other than the 
beam output in reference conditions. Secondly, 
the network structures, extended to include this 
new activity, will be available as examples of 
how to develop the infrastructure to implement 
those methods and procedures and with whom 
experience and results can be shared and 
transferred. 

2. PRELIMINARY DISCUSSIONS 

The meeting started with the opening address 
by the Head of the DMRP Section. The first 
presentation, delivered by the Scientific 
Secretary, gave an overview of the IAEA 
activities in support to the national audit 
networks for radiotherapy dosimetry and the 
introduction to the CRP E2.40.12 
“Development of TLD-Based Quality Audits 



6 

for Radiotherapy Dosimetry in Non-Reference 
Conditions” with the focus on possible 
directions of the development of TLD audits in 
non-reference conditions.  It was followed by 
presentation of the results of the 
EQUAL/ESTRO (ESTRO Quality Assurance 
Network) TLD network operating in the 
European Union, that conducts TLD dose 
audits in reference and non-reference 
conditions. The presentation was delivered by 
Prof. A. Dutreix. 

A series of presentations on the research 
relevant to the CRP and future plans were 
given by the meeting participants. They 
described in detail the situation in individual 
countries with respect to the infrastructure in 
radiotherapy and medical physics, including 
the existing national QA programmes and new 
developments in the dosimetry audit systems. 
The status of the development of methodology 
and procedures for QA audits for radiotherapy 
hospitals in the participating countries was 
discussed at length including measuring 
procedures, structure of the national EAGs and 
relations with other relevant national 
organizations or bodies. The participants are in 
different stages of the process of adapting the 
procedures developed by the previous CRP 
E2.40.07 and some started pilot studies for the 
photon beam audits on-axis, in non-reference 
conditions. Each CRP participant submitted a 
written contribution, which are presented 
below.  

3. STATUS REPORTS FROM THE 
PARTICIPANTS 

A. DUTREIX, ESTRO 

The ESTRO Quality Assurance network for 
radiotherapy (EQUAL) was set up in 1998 for 
the countries of European Union. This TLD 
postal dose service includes photon and 
electron beam checks in reference and non-
reference conditions. By September 2002, the 
service has provided audits to more than 450 
radiotherapy centres by checking about 2200 
beams. Dosimetric problems in the beam 
calibration, errors in beam data used as input to 

the treatment planning system (TPS) and 
uncertainties in the algorithms used in the TPS 
can be detected in the EQUAL audit. 

The participating centres are instructed to 
irradiate the TLD (LiF) capsules to a dose of 2 
Gy based on calculations using the treatment 
planning system applied routinely in clinical 
use. For photon beams, four dosimetric 
parameters were checked: the beam output in 
the reference conditions, the percentage depth 
doses, the beam output variation for open and 
wedged fields and the wedge transmission 
factor. Measurements with electron beams 
were carried out for 3 different field sizes and 
two source-skin distances (SSD). 

About 13% of all beams had to be rechecked 
due to deviations larger than 5%. In some of 
these cases the deviations could be traced to 
set-up errors or other mistakes, e.g. wrong 
SSD, wedge forgotten, and wrong depth. It 
was proven that 6% of the deviations were due 
to real dosimetry problems. Site visits were 
then offered and have been carried out in 13 
centres. 

Most of the large deviations in dose were for 
non-reference conditions. For the reference 
geometry the deviations have progressively 
decreased. Thus for photon beams in the 
checks between 1998-1999, 3.1% of the 
centres were outside 5% and only 1.2% 
between 1998-2002. The real improvement is 
even larger as the latter value also includes the 
early period. The effort in Europe including 
the introduction of new dosimetry protocols, 
training-courses by ESTRO, etc. seems to have 
paid-off. 

The EQUAL programme is extended in 
parallel with changes in radiotherapy 
techniques. Recently checks were included for 
photon fields shaped with multileaf collimators 
(MLC). In the MLC dose audit, five fields 
were checked with shapes and dimensions 
defined by the MLC. Since launching the 
programme in early 2002, the MLC dose 
checks were performed for 76 beams, showing 
the great interest of radiotherapy centres for 
this new service. 
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M.S. BALI, ALGERIA 

A quality assurance programme for external 
radiotherapy was set up at the Secondary 
Standards Dosimetry Laboratory of Algeria, in 
the framework of the establishment of an EAG 
co-ordinated by the IAEA within the CRP 
E2.40.07. In the first step of the programme, 
the IAEA methodology using TLD-100 LiF 
powder was adapted. The parameters of the 
TLD readout system were optimized at the 
beginning of the project, e.g. the variation of 
the TL readings with the PM voltage, the 
nitrogen flow, the variation of the standard 
deviation with time delay after irradiation. 
Capsules containing an amount of about 160 
mg of LiF powder used as dosimeters were 
calibrated in terms of absorbed dose to water 
by comparison with an ionisation chamber 
whose calibration coefficient is traceable to 
BIPM. The calibration curve was validated 
with irradiations performed by the IAEA, the 
radiotherapy centres of Leuven (Belgium) and 
IGR (France) and the primary laboratory of 
NRC (Canada). Furthermore, the consistency 
of the calibration curves among three 
phantoms (IAEA water, PMMA and 
polystyrene phantoms) has been studied. The 
calibration curves obtained following this 
procedure, are perfectly consistent. 

The other step of the programme deals with the 
energy dependence of the LiF dosimeters, 
which was studied using high-energy electron 
beams from two Algerian linear accelerators 
and with capsules irradiated by the institutions 
cited above. Irradiations were performed with 
the IAEA standard electron holder. 

Five absorbed dose calibration checks for each 
photon beam in Algeria were performed from 
1997 to 2002 in the reference conditions. The 
results are all within the acceptance limit of 
5%, except for two Cobalt-60 beams where 
deviations were observed due to beam 
calibration and a mechanical timer failure. 

In 2002, a feasibility study was undertaken for 
the audit of the Algerian radiotherapy centres 
for photon beams, on-axis, in reference and 
non-reference conditions. The parameters 
studied were: beam output in reference 

conditions, depth dose data for a 10 cm x 10 
cm beam at 5 cm and 10 cm depth, the beam 
output variation with collimator opening for 
the beams: 7 cm x 7 cm, 7 cm x 20 cm and 20 
cm x 20 cm at 5 cm depth, and the wedge 
transmission factor for the most often 
clinically used wedge for a 10 cm x 10 cm 
beam. Nine dosimeters are irradiated for every 
beam. Four institutions took part in this 
feasibility study, and for all the studied 
parameters the results were within 5%. 

The audit programme in non-reference 
conditions on-axis will be implemented in 
Algeria for all photon beams. For Cobalt-60 
and X-ray beams of 4 MV-10 MV, the 
parameters to check will be: 

- beam output in reference conditions, 10 cm 
x 10 cm field, 5cm depth 

- depth dose data for 10 cm x 10 cm and 20 
cm x 20 cm fields at 5cm and 15cm depths 

- beam output variation with the collimator 
opening for 7 cm x 7 cm, 7 cm x 15 cm and 
20 cm x 20 cm fields at 15 cm depth 

- wedge transmission factor for 45 deg. 
wedge, 10 cm x 10 cm and 7 cm x 15 cm 
fields at a depth of 15 cm. 

For X ray beams of 15 MV and 18 MV, the 
same parameters will be checked but the 
depths will change from 5 cm and 15 cm to 10 
cm and 20 cm, respectively, and field sizes will 
change from 7 cm x 15 cm to 7 cm x 20 cm. 

Furthermore, a feasibility study will be 
undertaken for non-reference conditions with 
off-axis measurements in photon beams with 
the new IAEA TLD holder, as well as a 
feasibility study of the audit of electron beams 
in reference conditions at the depth of dose 
maximum, dmax. 
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M. SARAVI, ARGENTINA 

The EAG is composed of the SSDL, belonging 
to the National Atomic Energy Commission, 
and two medical physicists of the same 
institution. A total of 90 radiotherapy centres 
are registered in the EAG data base, with 69 
Cobalt-60 units and 42 linacs operating in the 
country, of which 18 linacs produce X-ray and 
electron beams. A total 111 high energy 
photon beams are available. In accordance 
with the national regulations all centres 
equipped with a linac must have a medical 
physicist within its staff. Centres that have 
Cobalt-60 units only must be supervised by a 
medical physicist.  

For QA of the TLD system, internal quality 
control (QC) procedures are implemented and 
external QC is provided regularly by the IAEA 
Dosimetry Laboratory (blind tests, irradiation 
to different doses for TLD calibration curve). 
The Prague University provided a blind test to 
check the energy correction factor applied for 
high energy X-ray beams.   

TLD dose audits in reference conditions are 
intended to be used on each high energy 
photon beam at least once a year. All centres 
are invited to participate in this programme but 
in fact, only 75/90 centres have so far 
participated. 

The acceptance limit for the dose deviation is 
5%. For Cobalt-60 units the percentage of the 
successful checks were, from 1998 to 2001, 
year by year,: 97%; 89%; 98% and 95%. The 
mean dose ranges from 1,976 Gy to 2,016 Gy 
and the standard deviation of dose distribution 
decreased from 5% to 3%. For 42 high energy 

X-ray beams, the percentages of results within 
5% limit were 98%, 99%, 100% and 95%, for 
the same period if time, with the standard 
deviation ranging from 2% to 3%. Starting 
from 1999, no deviations greater than 10% 
have occurred in any checks of calibrations of 
Cobalt-60 or high energy X-ray beams. 

All data sheets are analysed by the EAG group. 
Follow up of the centres with poor results is 
made immediately after the deviation occurs. 
Once the centre has taken corrective actions, a 
second TLD check is performed. If a 
discrepancy persists, a medical physicist of the 
EAG performs an on-site visit. From 2000, 
five follow-up visits have been made. 

Percentage depth dose was verified in 17 
Cobalt-60 machines by irradiating TLD 
capsules in reference conditions (5 cm depth, 
10 cm x 10 cm field size) and at 10 cm depth. 
Successful results were obtained for the 
audited beams.  

Measurements on-axis in non-reference 
conditions, for open and wedged beams of a 
varying field size, were performed on 25 linacs 
and 17 Cobalt-60 units.  In reference 
conditions, 39/42 results were within the 
acceptance limits; for other field sizes the 
number of successful results was: 39/42 for 
7 cm x 20 cm field, 34/42 for 5 cm x 5 cm 
field; 37/42 for 20 cm x 20cm; and 38/42 for a 
10 cm x 10 cm field with a wedge.  

The first step of TLD audits involving photon 
beams in reference conditions, has been 
implemented in Argentina. Further audit steps 
are planned for photon beams in non-reference 
conditions and electron beams on-axis. 
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Table 1. Audits for photon beams in non-reference conditions to be performed for at least 10 Cobalt-60 beams  

Checks to be 
performed 

Depth in 
water 

Irradiation 
distance 

Field size Accessor
y in the 
beam 

Number of 
TLDs 

Dose 

Reference 
conditions 

5 cm SDD or 
SSD 

10 cm x 10 cm No 2 TLDs 2 Gy 

Depth dose 
data 

5 cm and 
15 cm 

 10 cm x 10 cm 

 

No 2 TLDs 

  

2 Gy 

2 Gy 

Beam output 
variation 

15 cm SDD or 
SSD 

7 cm x 7 cm 

7 cm x 15 cm 

15 cm x 15 cm 

No 3 TLDs 2 Gy 

Wedge 
transmission 

15 cm SDD or 
SSD 

7 cm x 15 cm Wedge  1 TLD 2 Gy 

 

Table 2. Audits for photon beams in non-reference conditions to be performed for 10 linacs 

Checks to be 
performed 

Depth in 
water 

Irradiation 
distance 

Field size Accessory 
in the 
beam 

Number of 
TLDs 

Dose 

Reference 
conditions 

10 cm SDD or 
SSD 

10 cm x 10 cm No 2 TLDs 2 Gy 

Depth dose 
data 

10 cm 
and 
20 cm 

SSD 10 cm x 10 cm 

20 cm x 20 cm 

 

no 2 TLDs  2 Gy 

 

Beam output 
variation 

20 cm SDD or 
SSD 

7 cm x 7 cm 

7 cm x 20 cm 

20 cm x 20 cm 

no 3 TLDs 2 Gy 

Wedge 
transmission 

20 cm SDD or 
SSD 

10 cm x 10 cm 

7 cm x 20 cm 

Wedge  2 TLDs 2 Gy 
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In order to extend the TLD audits to electron 
beams on-axis, the response of TLD for various 
electron beam energies has been determined with 
a Cobalt-60 beam used as the reference beam. A 
pilot TLD run for 3 linacs, for 3 energies at dmax 
will be performed. Before starting this audit step, 
the energy correction will be validated through a 
blind test made with the collaboration of a 
reference center, such as ESTRO/EQUAL.  

Further, it is expected to implement off-axis audits 
for photon beams by using a new IAEA TLD 
holder for off-axis checks. The use of dosimetric 
films for relative measurements has to be decided 
upon.  

V. STAYKOVA, BULGARIA 

The Laboratory of Clinical Dosimetry and 
Metrology of Ionizing Radiation, SSDL-Sofia, 
started TLD postal dose audits in 1975 and fifteen 
runs have been carried out until now. All available 
high-energy photon beams were included. 

For a TLD postal dose audit, the methodology 
similar to the IAEA’s methodology is used. TLD 
capsules are irradiated at 5 cm depth in water on 
the beam axis, using the TLD holder for vertical 
photon beam set-up. TL-dosimeters are LiF 
powder (TLD-100) in plastic capsules, which are 
designed at the SSDL. 

Two sets of 3 dosimeters are irradiated at 10 cm 
x10 cm field with a dose of 2 Gy (determined by 
the method used in treatment planning). The 
control dosimeter is also posted. The specific 
feature of this audit is that beam output is checked 
at two distances: SSD = 60 cm and SSD = 75 cm, 
typical for Co-60 units in Bulgaria.  

Actions are taken when the deviations between 
the dose stated by the participant and the dose 
measured by EAG are greater than 5 %, including 
rechecks and site visits. 

The distribution of the deviations for 285 checks 
of beam calibration from fifteen TLD audit runs 
carried out until now has a mean deviation of 
0.4% and standard deviation of 3.4%. From these 
285 results, 251 (88%) are within the acceptance 
level of 5%. Extreme deviations were: +13% and 
–9.7%. 

For extending the TLD quality audit to non-
reference conditions, the EAG considers it 

necessary to separate the recommended 
methodology for these measurements with respect 
to the source type and technological level of the 
unit, and with respect to the most commonly used 
treatment techniques in radiotherapy departments, 
concerning both the number of dosimetry 
parameters checked and the conditions for these 
checks. 
Before starting the feasibility study for the audits 
in non-reference conditions, the evaluation of the 
TLD system performance has to be done, 
including the uncertainties. Because Co-60 units 
are prevalent in Bulgaria, the EAG will start the 
research with the feasibility study in clinical 
conditions for Co-60 beams. The dosimetry 
parameters of interest are: 

- the beam output in reference conditions with the 
existing methodology (5 cm depth in water, 10 
cm x10 cm field); 

- beam variation with field size and shape for the 
most commonly used fields for typical treatment 
techniques;  

- the depth dose for at least two fields; 

- wedge transmission for two wedges. 

The issues concerning the organization of the 
TLD audit, which have to be solved within the 
period of the pilot study, involve the approval of 
the EAG by the Ministry of Health and the 
establishment of the operational principles (in 
written form) of the TLD QA network, which will 
be discussed by the Bulgarian Society of 
Radiotherapists involving both medical physicists 
and radiation oncologists. The criteria for 
reporting the results of the audit to the authorities 
will also be discussed, regarding the aim and the 
principles of the audit. Actions for the 
modernization of the TLD equipment will be 
taken. 

The next step will involve expanding the audit 
programme to dosimetry parameters off-axis.  

KAIBAO LI, CHINA 

Since 1983, the Laboratory of Industrial Hygiene 
(LIH), Ministry of Health has been involved in the 
IAEA/WHO TLD postal dose quality audit 
activities for hospitals in China. The SSDL of LIH 
has participated in a yearly IAEA SSDL postal 
TLD dose comparison since 1989, with all results 
within the 3.5% acceptance limit. 
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In 1995, the SSDL started co-operation with the 
Beijing Cancer Hospital, the Chinese Academy of 
Medical Science, to join the IAEA CRP. An EAG 
was established in 1996 with the responsibility of 
operating a TLD based quality audit for 
radiotherapy dosimetry. Since then, TLD audits 
have been carried out in seven provinces of China. 
The results for 132 60Co units and 86 high energy 
X ray beams checked from 1996 to 2000 indicated 
that 78% of the hospitals were within the 
acceptance limit of 5%. Assistance was provided 
to 21 hospitals with poor results, including five 
on-site visits. All deviations were corrected. 

In addition to the work above, national 
programmes for brachytherapy and stereotactic 
radiosurgery dosimetry were initiated in 2001. At 
the end of 2000 there were 41 gamma knives and 
92 X knives in use in Chinese hospitals. So far 31 
of these machines have been checked for dose 
rates and field dose profiles using dosimetric film 
and miniature ionization chambers (0.015 cm3). 
The preliminary results indicate that problems 
exist with some of these machines. 

On the basis of the report of the IAEA 
Consultants’ Meeting of June 2001, a preliminary 
work plan for implementation of the CRP at the 
national level is outlined. It is divided into three 
steps, including measuring procedures, research, 
feasibility studies and equipment required.  

Step 1. TLD audits for photon beams in reference 
and non-reference conditions on the beam axis. 

Beam quality and reference point dose: TLDs at 
10 cm and 20 cm depth; 10 cm × 10 cm field; this 
measurement will be carried out twice . 

Field size variation of output and dose at depth: 
TLDs at 10 cm and 20 cm, irradiated 
simultaneously with 7 cm × 7 cm, 20 cm × 20 cm, 
7 cm ×20 cm fields. 

Dose variation with a wedge: TLDs at 10 cm and 
20 cm, irradiated simultaneously with 45°wedge; 
10 cm ×10 cm and 7 cm ×20 cm fields. 

Step 2. TLD audits for photon beams in reference 
and non-reference conditions off-axis. 

Point dose checks of beam profile using TLDs. 
Feasibility tests of the IAEA modified TLD 
holder for off-axis dose measurements and 
comparison studies will be performed by the 
national EAG . 

Dose profile checks using both TLD and film. A 
multipurpose solid phantom will be considered for 
tests of the practical operation of the system by 
the national EAG. 

 
Step 3. TLD audits for electron beams in 
reference and non-reference conditions at the 
depth of dose maximum. 

The checks will be carried out with the TLD 
capsules positioned at the depth of dose maximum 
for the selected electron beams and field sizes. 
The national EAG will conduct research on the 
TLD electron energy dependence and will 
perform a feasibility study of the system and 
methodology. 

F. GARCIA YIP, CUBA  

At present, there are 10 high energy radiotherapy 
units in Cuba to cover a population of about 11 
millions inhabitants. There are 9 Co-60 machines 
and a recently installed linear accelerator. Another 
Co-60 unit and a second linac are to be installed 
shortly. All the units are located in public 
hospitals run by the Ministry of Public Health.  

Five years ago, Cuba started a National Program 
of Quality Assurance in Radiotherapy that 
covered all Cuban radiotherapy centers. The main 
achievement of the program was the creation of a 
nationwide system for quality assurance and the 
development of human resources and equipment 
capacity geographically distributed in the country. 
Simultaneously, a National Committee for Quality 
Assurance was created with the responsibility, 
among others, to conduct systematic radiotherapy 
audits. These audits are based mainly on on-site 
visits to check not only dosimetry parameters but 
also to review the practices and documentation of 
the whole radiotherapy process. 

The implementation of the QA programme was 
possible thanks to the cooperation between the 
Cuban Ministry of Health and the IAEA 
Technical Co-operation programme. Cuba has 
taken part in the IAEA/WHO TLD postal dose 
audits for more than 20 years. Recently, Cuba 
participated in the IAEA Co-ordinated Research 
Project (CRP) E2.40.07, to create a national 
network of TLD dose postal audits in reference 
conditions. At the same time, the work of the 
External Audit Group (EAG) was consolidated.  
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The EAG is composed of experts from the 
National Control Center for Medical Devices 
(CCEEM), as the regulatory entity for the control 
and supervision of the medical devices in the 
country, from the Institute of Oncology and 
Radiobiology (INOR) and other hospitals 
representing the National Group of Oncology 
(GNO) and from the Cuban SSDL (CPHR). All 
radiotherapy services in the country are audited. A 
team of the EAG that performs the visit typically 
includes 2 physicists. They carry with them a 
complete set of instruments to perform dosimetric 
and mechanical QC of the radiotherapy units. 
Physicists from the EAG also take part in the 
commissioning of the new units. 

During the previous CRP (E2.40.07), a pilot study 
was conducted with 5 radiotherapy centers to 
check the dose in reference conditions. The 
deviations between the user prescribed dose and 
that measured with TLD were within 5% for all 
checks. 

The EAG intends to include the linac of INOR 
(Havana) in external (international) audits: 
IAEA/WHO (for the 2 photon beams) and 
EQUAL (for 3 of its 5 electron energies). The 
national postal dose audits will then cover the Co-
60 units of the country The EAG is ready to start 
dose audits other than reference conditions for a 
range of field sizes (10 cm x 10 cm, 7 cm x 7 cm, 
7 cm x 15 cm, 20 x 20 cm), at depths 5 cm and 15 
cm and with beam modifiers (wedge).  

The detailed work plan for the implementation of 
the audit programme off-axis is being developed. 
To check the beam profile parameters off-axis the 
EAG plans to use the solid PMMA phantom, with 
TLD and film dosimeters. 

G. RAMANATHAN, INDIA  

In India, the quality audit programme for 
dosimetry in radiotherapy is being implemented 
since the recognition of BARC as a Secondary 
Standards Dosimetry Laboratory (SSDL) by 
IAEA/WHO in 1976. Presently the programme 
covers approximately 250 Co-60 teletherapy units 
and about 35 linear accelerators primarily in 
India, but also in some of the neighboring 
countries such as Nepal, Myanmar, Sri Lanka and 
Syria. In India, 15 to 20 new machines are being 
added every year. In a year, two to three national 
runs of the quality audits are conducted involving 
about 50 hospitals each time. In addition to this, 

we also coordinate the direct participation of 20 
hospitals in the IAEA TLD comparison.   

The IAEA TLD methodology has been adopted in 
the quality audit. Presently, LiF:Ti,Mg (TLD-100) 
powder provided by IAEA is being used. The 
uncertainties in the evaluation have been reduced 
to less than 2% by optimization of the TLD 
procedure. Follow-up actions are taken for those 
hospitals whose deviations in the audit are outside 
the acceptance limit of 5% by sending detailed 
worksheets analyzing the discrepancies and by 
repeat TLD audit. If needed, visits to the hospitals 
are performed in order to improve the local 
dosimetry practices. 

The SSDL participates in a reciprocal comparison 
with the IAEA every year and has also had 
comparisons with external audit groups in 
Malaysia, Korea and Argentina. The results have 
shown good agreement.  

The results of the recent audits have shown that 
about 80% of the hospitals have results within 
acceptance limit of 5%. To improve the dosimetry 
in the hospitals with larger deviations, the 
possible reasons have been identified. The reasons 
are: calculation mistakes, improper dosimetric 
measurements, malfunctioning of auxiliary 
equipment and defective machine parameters. The 
EAG makes efforts to help hospitals to reduce 
these errors.  

The establishment of the national EAG has been 
carried out under the previous CRP (E2.40.07). 
The EAG is now in a position to take up the 
following plan of action for the present CRP of 
Quality audit of photon and electron beams under 
non-reference conditions. 

For Co-60 beams the following checks will be 
taken up for on-axis measurements 

1) For depth-dose checks: 

Measurement at reference depth of 5 cm and field 
size of 10 cm x 10 cm, followed by measurement 
at depth of 15 cm for the same field size 

2) For checks of the dose variation with field 
size: 

Measurements at depth of 15 cm and field sizes of 
7 cm x 7 cm , 20 cm x 20 cm and 7 cm x 15 cm 
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3) For wedge transmission checks: 

Measurement at depth of 15 cm for field size of 7 
cm x 15 cm without wedge and with the thickest 
wedge normally used in the clinical practice at the 
collimator rotation angles of 0° and 180°. 

For high energy photons from linear accelerators a 
similar set of measurements will be performed at 
the depths of 10 cm and 20 cm. 

This plan of action will be carried out through a 
pilot study at 10 hospitals, which may include on-
site visits, followed by a run of mailed dosimeters 
to 50 hospitals. Later, a study on photon beam 
checks off-axis will be initiated. 

It is also planned to start the quality audit of 
electron beams at the reference depth for three 
representative energies for 20 hospitals using the 
special holder designed by IAEA. The EAG will 
take up for the electron audit only those hospitals 
who have already taken part in photon audits. 

W. BULSKI, POLAND 

The radiotherapy infrastructure database for 
Poland has been updated by the national EAG.  
The database contains the up-to-date information 
on the number and technical data of radiotherapy 
equipment in Poland (both tele- and 
brachytherapy): radiotherapy machines, 
simulators, treatment planning systems, CT and 
MRI scanners, dosimeters, phantoms, staffing 
(medical physicists). 

The instruction and data sheets for TLD audits in 
reference conditions, which are sent out to 
participants together with the TLD capsules, have 
been revised, updated and finalized. They are 
included to the external TLD audit standard 
procedures (in Polish) as the appendices.  They 
have been prepared for the audits of Co-60, 
photon and electron beams with the dose value 
stated by the participants on the basis of the 
ionizing chamber measurements.  

The appropriate data sheets are being prepared for 
the audits with the dose value stated by the 
participants on the basis of the treatment planning 
system (TPS) calculations.  

A TLD pilot audit run of electron beams was 
performed and the results evaluated. The sources 

of errors have been reviewed and the ambiguities 
of the instruction sheets have been identified and 
corrected. 

The results of the TLD postal audits in Poland 
were presented at the ESTRO Congresses (Seville 
2001 and Prague 2002), as well as at various 
national meetings in Poland.  

An upgrading of the TLD laboratory is underway. 
The first activity is the commissioning of the new 
TLD reader (PCL3) with a new TL powder batch. 

The following audit checks are planned in the 
order of priority (in all audits the participant 
stated dose value is based on TPS calculations): 

1) An audit for Co-60 beams in reference 
conditions 

2) An audit for high energy X-ray beams on-
axis, involving: 

reference conditions: 10 cm x 10 cm at 10 cm 
depth; 

non-reference conditions: 10 cm x 10 cm at 
two depths: 10 cm and 20 cm; 

non-reference conditions: field size 7 cm x 7 
cm, 10 cm x 20 cm at 10 cm depth. 

3) MLC checks: pilot feasibility study with 5 
radiotherapy centres. 

4) Electron beam run (all centers). 

The recommendations on the audits in non-
reference conditions are going to be prepared 
along with the instruction and data sheets for the 
different types of audit runs. 

After the successful completion of the above 
listed activities further audits are planned for Co-
60 beams and linac photons on axis for wedged 
fields and off-axis for field sizes 10 cm x 10 cm, 7 
cm x 7 cm, 10 cm x 20 cm, at 10 cm depth. 

D. GEORG, AUSTRIA 

The scope of the research agreement was (i) to 
test a prototype TLD holder developed by the 
IAEA with high-energy photon beams in a variety 
of geometric conditions, and (ii) to measure a set 
of corrections for the new TLD holder for clinical 
photon beams.  
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In the very beginning, the feasibility study of the 
modified TLD holder was performed using a 
single photon beam energy. Measurements were 
conducted following a test program specified 
during an IAEA consultant meeting held in June 
2001. The workload for this ambitious program 
was very high and considered to be too extensive 
for medical physicists in a busy radiotherapy 
department. For that reason, the test program was 
reduced substantially in order to reach a workload 
acceptable for a hospital physicist. The 
reproducibility of measurements was verified with 
ionization chambers and TLDs. As the agreement 
between ionization chamber and TLD measured 
data was good, the measurement procedure itself 
was considered to be adequate for the purpose of 
dosimetric audits in non-reference conditions. 

In the second phase, the prototype TLD holder 
was used for a test series in four different photon 
beam qualities: Cobalt-60 as well as 6 MV, 10 
MV, and 25 MV photon beams from a linear 
accelerator. The number of fields and 
measurement points of the reduced test program 
were as follows: symmetric 10x10 cm² field for 
open and wedged beams (each 1 TLD), open and 
wedged asymmetric 10x10 cm² field with the 
beam axis shifted 2.5 cm off-axis (each 2 TLDs), 
and open and wedged 20x20 cm² field (each 3 
TLDs). Prior to detailed studies, the relevant 
correction factors were determined for the 
prototype holder.  

After finishing the feasibility study, 
recommendations will be published for dosimetric 
audits in non-reference conditions on- and off-
axis. These recommendations will include data on 
correction factors for TLD holder perturbation 
and scatter influence as a function of depth and 
photon beam quality. 

4. SUMMARY OF THE GENERAL 
DISCUSSION ON TLD AUDITS IN 
NON-REFERENCE CONDITIONS 

The meeting was dedicated to the discussion of 
the strategy for the duration of the CRP, including 
development of the methodology and the action 
plan for TLD audits in non-reference conditions 
and a workplan for the feasibility study for 
measurements on- and off-central beam axis. For 
this, a new type of TLD holder was designed at 
the IAEA and tested using hospital beams at 
AKH, Vienna and IGR, Villejuif. The next step 
discussed was a methodology for dosimetry audits 

of electron beams, and the operating procedures 
for the photon and electron quality audits 
including development of the instruction sheets, 
irradiation forms, discrepancy analysis forms and 
results reporting forms. 

Special emphasis was given to issues related to 
the admission criteria for a hospital to participate 
in a QA audit. It was decided that the basic TLD 
audit (step 1) should be open to all facilities in the 
country and the audit in non-reference conditions 
(step 2) will be available to those facilities that 
have completed the basic audit successfully. 
Attention was given to the reporting of audit 
results, involving confidentiality issues, and 
publication of the global results.  

The composition of the national EAGs was 
discussed and optimal structures for the individual 
countries recommended with special emphasis on 
the role of the radiation oncologist in the EAG as 
he/she has a liaising role with the radiation 
oncology community. The decision on which 
oncologist should represent the community 
depends on the country, but the community 
should make the choice. The oncologist role will 
be to advise on the dose reporting procedure as 
well as on priorities for the implementation of 
different steps in the audits (e.g. photons off-axis 
or electrons). His/her primary responsibility, 
however, should relate to the contacts with the 
radiation oncologist of the local centre if there is a 
dosimetry problem that affects cancer treatment of 
the patient at that centre. The meeting 
recommended that efforts should be taken to bring 
radiation oncologists to the audit groups and 
encourage their active participation. The radiation 
oncologists community should be kept informed 
about EAG activities and, especially, the TLD 
audit results. 
 



15 

REPORT OF A CONSULTANTS’ 
MEETING ON THE DEVELOPMENT OF 
PROCEDURES FOR QUALITY 
ASSURANCE FOR DOSIMETRY 
CALCULATIONS IN RADIOTHERAPY 

13–18 October 2003, IAEA Headquarters 
Vienna 
 
Consultants: 
D. Georg (Austria) 
B. Mijnheer (The Netherlands) 
D. Miller (USA) 
 
Scientific secretary: S. Vatnitsky 

SUMMARY 

The first objective of this Coordinated Research 
Project (CRP) is to create a set of simple and 
practical acceptance and commissioning tests, 
defined in a dedicated protocol, which can be easily 
followed at the hospital level. Such QA tests for 
dosimetry calculations in radiotherapy are needed 
not only by small hospitals with limited resources, 
but also in large (university) centres having a high 
patient load or limited staff. There is an urgent need 
for a “practical” document describing a minimum 
number of benchmark cases, to be performed by a 
user in a hospital, which can be carried out in a 
reasonable amount of time. Such benchmark cases 
should help to avoid severe errors in the treatment 
planning process in a specific institution. With the 
introduction of more sophisticated treatment 
techniques or the start of special (for instance dose 
escalation) studies, this set of basic tests should be 
extended to guarantee the safe and consistent 
implementation of these more advanced techniques 
and special studies. The practicality of developed 
quality assurance guidelines will be assured 
through trial use in clinical facilities of varying 
size.  Reduction of extensive published quality 
assurance recommendations in a QA program 
feasible in all hospitals will be achieved without 
loss of comprehensiveness by appropriate and 
optimum division of effort between treatment 
planning system vendors and hospital staff. 

The expected outputs will  be an increase in the safe 
use of radiation therapy treatment planning systems 

for external beam therapy and a reduction of the 
number of potential miss-administrations of the 
dose to patients undergoing radiotherapy treatments. 

Three Research Contracts and four to five Research 
Agreements will be awarded. The recommended 
duration of this CRP to accomplish all of its 
objectives is 4 years. 

1. BACKGROUND SITUATION 
ANALYSIS 

1.1 Introduction 
Treatment planning systems are widely available in 
developed and developing countries. Computer-
based treatment planning is now considered to be a 
standard of practice that can significantly elevate 
the quality of radiation treatment. However, the 
complexity of planning systems has led to their 
misuse, while the process of testing their accuracy 
remains a task that is beyond the capabilities of 
most radiation therapy facilities. In the past, some 
major accidental exposures to patients undergoing 
radiation therapy have occurred, which were related 
to the misuse of a treatment planning system (TPS) 
and/or to a lack of understanding of how the TPS 
works. More details related to the incidence of 
accidents in radiotherapy can be found in several 
reports (IAEA 2000a, IAEA 2000b, ICRP 2001). In 
many of these accidental exposures, a single cause 
could not be identified but usually there was a 
combination of factors contributing to the 
occurrence of the accident. The most prominent 
factors were deficiencies in education and training, 
and a lack of quality assurance (QA) procedures. 
With respect to treatment planning systems, major 
accidents were related to: 

- Inconsistent or incorrect basic beam data in 
the TPS. 

- Confusion of patient related data. 

- Data transfer issues. 

- Insufficient understanding of the dose 
calculation algorithms.  

- Misapplication of treatment distance 
correction in the monitor unit calculation. 

- Erroneous or no decay correction in 
treatment time calculations for cobalt units. 
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After an investigation of one of these accidental 
exposures of radiotherapy patients (IAEA 2000), 
the IAEA developed procedures for on-site review 
visits for QA in external radiotherapy treatment 
planning (IAEA 2003). Part of these procedures is 
the on-site application of a test package consisting 
of: 1) water phantom cases to compare calculated 
dose values with measured values, and 2) 
anatomical cases to trace differences in dose 
calculations performed with the clinically applied 
system and those determined with a reference TPS. 
These visits can be performed by a team of experts 
at the request of a specific institution having a 
problem related to treatment planning but do not 
concern general QA procedures valid for all 
institutions applying a computerized TPS.  
 
Even if a treatment planning system is used by a 
well-trained qualified person, various types of 
errors, for instance, due to inaccuracies in the in- 
and output data or limitations of the algorithms, 
may represent a safety hazard to patients. Therefore, 
formal acceptance testing and commissioning of the 
TPS, i.e., a comprehensive series of operational 
tests before using the TPS for treating patients, is 
required. These tests, which should partly be 
performed by the vendor and partly by the user, do 
not only serve to ensure the safe use of the system 
in a specific clinic, but also help the user in 
appreciating the possibilities of the system and 
understanding its limitations. 
 

1.2 Available documents on QA of TPS 

Many reports on radiotherapy treatment planning or 
on treatment planning systems mention the 
importance of performing QA tests before starting 
to use the system clinically. Probably a Nordic 
group presented the first detailed document 
discussing QA of treatment planning systems 
(Dahlin et al., 1983). The emphasis in that report 
was on user requirements for CT-based treatment 
planning systems. Later, a number of national and 
international reports were published in which issues 
related to QA of treatment planning systems are 
described. These reports are: the Canadian report 
(Van Dyk et al., 1993), the UK reports (Shaw, 
1996, Mayles et al., 1999), the Swiss report 
(SSRPM, 1997), the American report (Fraass et al., 
1998); the Dutch report (NCS, 2003) and the 
ESTRO booklet (ESTRO, 2004). Quality assurance 
of a number of dosimetric and non-dosimetric 

aspects of a TPS is discussed to a different degree 
of sophistication in these reports.  The earlier 
documents are mainly dealing with dosimetric 
aspects of QA. Later reports do provide more 
extensive recommendations on many issues related 
to QA of treatment planning systems, but no clear 
guidelines are given as to which specific tests 
should be performed before the clinical use of a 
TPS could start. Also, it was difficult for a TPS-user 
to decide which tests have to be performed by an 
individual user, or by the vendor or a user group. 
For that reason an attempt was made in the ESTRO 
booklet to give suggestions for such a division of 
tests.  

In November 2000, the International 
Electrotechnical Commission (IEC), published an 
International Standard on “Requirements for the 
safety of radiotherapy treatment planning 
systems”(IEC 2000). Similar to other IEC 
documents concerning medical equipment, e.g. for 
linear accelerators, this International Standard 
defines a number of requirements to be complied 
with by manufacturers of such equipment in order 
to provide protection against the occurrence of 
safety hazards to patients. Compliance with these 
requirements should be checked by testing by the 
vendor and demonstrated to the customer. A large 
number of these tests can already be performed 
before the system is installed in the hospital, i.e., 
before the acceptance testing of the system 
starts. For instance, benchmarks that demonstrate 
the accuracy of dose computation within the bounds 
of the described numerical algorithms should be 
made available by the vendor. The results of these 
tests should be described in documents 
accompanying the system, and should only be spot-
checked by an individual user. Although vendor 
responsibilities for system safety have been 
established by IEC Standard 60283, manufacturers 
and customers do not often apply the guidelines 
mentioned in this document to guarantee the 
safety of treatment planning systems as defined in 
this industry standard.  

1.3 Action needed 

A forthcoming publication in the IAEA Technical 
Report Series on Quality Assurance of 
Radiotherapy Treatment Planning Systems (TRS on 
QA RTPS) contains a wealth of information on 
commissioning, and quality assurance of 
computerized treatment planning (IAEA 2003). It 
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provides a general framework on how to design a 
QA programme for all kinds of TPS, both for 
external therapy and brachytherapy. It describes a 
large number of tests and procedures that should be 
considered and should in principle fulfil the needs 
for all TPS-users. However, due to the complexity 
of the treatment planning process, this TRS 
publication does not provide a simple protocol that 
can be followed step-by-step by a user at a hospital 
for the commissioning and QA of a TPS. Because 
of its completeness, it might therefore be difficult 
for a user to choose those tests that are most 
urgently needed for the situation in that particular 
institution. Also a number of the tests presented in 
the TRS refer to testing the system itself, and are 
not specific for an individual user. These detailed 
system tests may therefore better fit in the testing 
programme to be performed by a manufacturer of a 
TPS as outlined, in general terms, in the IEC 
document. Although QA of treatment planning 
systems is recognized in all reports as an important 
subject to prevent misadministration of radiation, 
the consultants have the opinion that the 
implementation of QA of a TPS at the hospital 
level, as well as at the vendor level, remains a 
challenge and an unresolved issue. The IAEA TRS 
publication discussed above can at this moment be 
considered as the most complete reference work in 
the field of QA of treatment planning systems. It is, 
however, too comprehensive as it covers many 
aspects, ranging from patient data management 
issues through dose computation to data output 
issues. The workload for the implementation of all 
these guidelines would be enormous and require far 
more personnel and instrumentation resources than 
is available in most facilities, particularly within 
smaller hospitals.  

The first objective of the CRP is therefore to use 
this TRS publication as the basis to create a set of 
simple and practical acceptance and commissioning 
tests, defined in a dedicated protocol, which can be 
easily followed at the hospital level. Such QA tests 
for dosimetry calculations in radiotherapy are 
needed not only by small hospitals with limited 
resources, but also in large (university) centres 
having a high patient load or limited staff. There is 
an urgent need for a “practical” document 
describing a minimum number of benchmark cases, 
to be performed by a user in a hospital, which can 
be carried out in a reasonable amount of time. Such 
benchmark cases should help to avoid severe errors 
in the treatment planning process in a specific 

institution. With the introduction of more 
sophisticated treatment techniques or the start of 
special (for instance dose escalation) studies, this 
set of basic tests should be extended to guarantee 
the safe and consistent implementation of these 
more advanced techniques and special studies. 

In order to demonstrate compliance with the 
requirements of the IEC standard, the vendor can 
also use a number of the tests described in the IAEA 
TRS. The second aim of the CRP is therefore to 
separate tests for QA for dosimetry calculations in 
radiotherapy that should be the responsibility of the 
vendor, from those that must be performed by the 
user. Ultimately the tests should be defined in such 
a way that there is an unambiguous division 
between the tasks of the vendor and the user. 
Although the user must bear final responsibility for 
accurate use of the planning system and accurate 
application of the planned treatment, the vendor 
should be responsible for assurance that the 
planning system functions as described to the 
customer.  

The consultants have found that patient specific QA 
aspects of the treatment planning process/outcome 
have only been addressed in a limited way in the 
existing documents. However, this is a critical link 
between treatment planning and treatment delivery. 
It is therefore recommended that the third action to 
be undertaken by the CRP should be the 
formulation of a set of recommendations for quality 
assurance checks of individual patient treatment 
plans. 
 

2. OVERALL OBJECTIVES 

The broad objective of the proposed project is 
improved safe use of radiation therapy treatment 
planning systems for external beam therapy. This 
will be achieved by implementation of quality 
assurance guidelines developed by the CRP and 
distributed to hospitals within Member States. The 
guidelines will be formulated for practical 
application in hospitals with limited resources as 
well as for use in larger institutions.  Practicality 
will be assured through trial use in clinical facilities 
of varying size. Reduction of extensive published 
quality assurance recommendations to a feasible QA 
program in all hospitals will be achieved without 
loss of comprehensiveness by appropriate and 
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optimum division of effort between treatment 
planning vendors and hospital staff. Vendor 
adherence to the IEC Standard 62083 assures that 
documentation of absorbed dose computation 
accuracy for conditions of normal use is provided to 
the customer. Compliance with the IEC Standard 
also assures that tests for correct system 
functionality will be made at the time of installation. 
To assist this process the document to be developed 
within this CRP should contain a detailed 
description of items from the IEC Standard to be 
provided to the customer.  

Thus, the complete IAEA package will contain the 
following components: 
1. A description of tests expected to be included in 

the vendor’s documentation of the accuracy of 
the dose computation algorithms. 

2. A list of items expected to be included in the 
vendor’s on-site acceptance test procedure.  

3. A description of recommended dosimetry 
calculation and other tests for the commissioning 
of new planning systems and system updates. 

4. Guidelines for establishment of an ongoing 
treatment planning quality assurance program 
including QA of individual patient treatment 
plans.  

3. SPECIFIC RESEARCH OBJECTIVES 

The IAEA TRS publication along with other 
existing documents on quality assurance of 
treatment planning systems must be reviewed. The 
consultants have the opinion that a description of 
most required tests for quality assurance of 
dosimetry calculations can be found from the 
collection of referenced reports.  Information from 
other sources may be necessary to formulate 
recommendations for patient-specific treatment 
planning quality assurance. 

The CRP should focus on conventional external 
beam therapy using high-energy photon and 
electron beams. It is recommended that 
brachytherapy and advanced external beam therapy 
techniques, such as intensity-modulated 
radiotherapy (IMRT), should be added in a second 
phase. 

Vendor related components should be developed 
with industry feedback.  One or more members of 
the CRP should have a close but un-conflicted 
relationship with a vendor such as through a 
treatment planning users group. Vendor test 
recommendations should be extracted whenever 
possible from the IAEA TRS publication and other 
reference documents. Recommendations to vendors 
should be consistent with the industry standard: IEC 
60283. 

Tests should include evaluation criteria taken from 
the reference reports. Consideration may be given to 
setting different criteria for basic and advanced 
treatment practices. The CRP may suggest actions 
to be taken if certain tests cannot pass the evaluation 
criteria. 

The consultants recognize the potential danger in 
using computerized treatment planning systems 
without a basic understanding of its algorithms and 
system functionality. For that reason, tests proposed 
by the CRP should simultaneously address 
educational aspects by including descriptions that 
assist the training of users. The user should be 
familiar with the details of the algorithms in the 
system before clinical use. This knowledge should 
be obtained from the documentation described 
above, by training provided by the vendor, from 
general training in the use of the algorithms, and by 
getting information from other institutions having 
the same system. Additional training may be gained 
by user participation in recommended vender-
guided acceptance tests and from recommended 
commissioning tests performed independently by 
the user. 

All proposed on-site test procedures need to be 
evaluated carefully in a pilot study covering the 
range of hospital settings. The evaluation of results 
and the feedback from such a pilot study may lead 
to a redesign of some test situations. The pilot study 
will give an impression of the workload of the 
proposed tests for different planning systems and 
different levels of clinical practice. 

After successfully passing the pilot study phase, the 
test package needs to be sent out for a feasibility 
study to participants from Member States. Based on 
this experience, tests should be fine tuned but not 
primarily redesigned.  
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At the final phase of this CRP, dosimetry 
calculation quality assurance guidelines should be 
produced and published by the IAEA (e.g. as a TRS 
document). 
 

3.1 Documentation of dose computation 
algorithm accuracy 

The CRP should include recommendations for dose 
calculation algorithm verification tests to be 
completed and documented by the vendor prior to 
installation. Each algorithm used by the planning 
system for dosimetry computation should be 
described at a conceptual level along with enough 
mathematical detail to allow basic understanding by 
the user. Each algorithm also should have a 
technical description that states the accuracy of the 
algorithm relative to measured data for at least one 
set of pre-defined conditions. The description 
should include, in addition, the limitations of the 
algorithm under the most extreme conditions of 
input variables (IEC 2000). 

 

3.2 On-site acceptance tests 
The CRP should provide recommendations for tests 
to be included in vendor-guided acceptance test 
procedures. The CRP should consider a range of 
dosimetric and non-dosimetric system function tests 
in their recommendation. The consultants 
recommend that the procedure for acceptance 
testing of treatment planning systems should be 
made more similar to that of other equipment used 
in a radiotherapy department. After installation of a 
planning system in a hospital, the vendor should 
perform a series of tests, together with the user, to 
demonstrate that the system performs according to 
its specifications. Such a procedure implies that the 
vendor should make available to the customer a 
document describing the correct functioning of the 
system. The vendor also should include an 
acceptance test guide that describes the tests to be 
performed and provides for formal acceptance by 
the customer. Recommendations for the contents of 
this guide document are to be made by the CRP. 

 

3.3  Commissioning tests to be performed in 
the hospital 

Recommended commissioning test cases should be 
categorized into basic level tests and advanced tests. 
Basic level tests will include dose and monitor unit 
calculation accuracy verification for the normal 
range of rectangular fields plus other simple test 
conditions as developed by the CRP. The basic test 
series should verify that the institution’s beam data 
have been properly adapted to the treatment 
planning system. Commissioning tests may be 
limited to the basic level for radiotherapy centres 
that limit their practice to treatment with rectangular 
fields. Advanced level commissioning tests should 
be added to the basic test set to address the needs of 
centres performing more conformal radiotherapy. 
The CRP should consider tests for the advanced set 
that validate the use of CT data, beam intensity 
modifiers, custom field-shaping blocks or multi-leaf 
collimators. 

Tests requiring physical measurements should be 
designed for performance with instruments 
normally found in the hospital. Total system tests 
should start with the acquisition of anatomical data 
and end with transfer of treatment planning output 
data to the treatment unit. 
 

3.4  Ongoing treatment planning quality 
assurance 
The CRP participants should formulate guidelines 
for ongoing treatment planning QA programs, 
including QA checks of individual patient plans.  
The consultants find that there may be insufficient 
information on these topics within the referenced 
reports.  Periodic system checks should include all 
aspects of the planning process that are subject to 
variation such as beam database integrity, CT 
performance, and hard copy output. Individual 
patient QA should include independent monitor unit 
verification and a checklist of other items as 
developed by the CRP. 

4. EXPECTED RESEARCH OUTPUT 

The output of the research program will be a report 
that provides specific guidelines for implementation 
of quality assurance measures that will enhance the 
safe use of radiation treatment planning systems.  
The document will include recommendations for 
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clinical treatment planning system verification of 
dose calculation algorithms, acceptance testing, 
commissioning and ongoing quality assurance.   

The final version of the report will be influenced by 
on-site trials that assure its recommendations are 
both practical and adequate for normal clinical 
needs. Once complete, the report will be distributed 
to Member States and made generally available 
through the IAEA web site. 
 

5. ACTION PLAN 

Upon the formation of the CRP group in 2004, a 
total of five consultants and Research Co-
Ordination Meetings will be required during the 
course of this CRP in 2004-2007 to assist in 
development of the specific tests and procedures 
and implementation of the tests in hospitals by TPS 
users to accomplish the objectives of this CRP. The 
specific tasks that will be carried out are:  
 

Activity 1  Formation of a group of 
institutions participating in the CRP 
The CRP will involve a maximum of six 
institutions, and a maximum of three of these will 
come from developed countries. These institutions 
will participate in the CRP having close interaction 
with the vendors in order to separate tests for QA 
for dosimetry calculations in radiotherapy that 
should be the responsibility of the vendor, from 
those that must be performed by the user. A 
maximum of three institutions will come from 
developing countries either from large (university) 
centres having a high patient load or limited staff, or 
from the small hospitals with limited resources. 
These institutions will be involved in on-site trials 
that assure the developed recommendations and 
protocols are both practical and adequate for normal 
clinical needs. Selection will be based on 
qualification of counterparts, ability to carry out QA 
tests, and the quality of the proposals received. 
(2004). 

 

Activity 2 Hold 1st RCM to review the existing 
national and international QA procedures in 
dosimetry calculations in radiotherapy. 

Participants will review the existing national and 
international QA procedures in dosimetry 
calculations in radiotherapy and industry standards 
and distribute the tasks to develop a feasible QA 
program in all hospitals that will be achieved 
without loss of comprehensiveness by appropriate 
and optimum division of effort between treatment 
planning vendors and hospital staff. (mid 2004) 
 

Activity 3  Hold Consultants’ meeting to 
develop verification tests of dose computation 
algorithm accuracy and recommendations for 
tests to be provided and included in vendor-
guided acceptance test procedures at the 
hospital. 

The consultants will develop recommendations for 
dose calculation algorithm verification tests to be 
completed and documented by the vendor prior to 
installation. The consultants will provide 
recommendations for tests to be included in vendor-
guided acceptance test procedures at the hospital. If 
possible one or two representatives from vendors 
should participate in the meeting, as the vendor 
should perform a series of tests, together with the 
user, to demonstrate that the system performs 
according to its specifications. Such a procedure 
implies that the vendor should make available to the 
customer a document describing the correct 
functioning of the system. The vendor also should 
include an acceptance test guide that describes the 
tests to be performed and provides for formal 
acceptance by the customer. (early 2005) 
 

Activity 4 On-site acceptance tests 

The CRP participants conduct dosimetric and non-
dosimetric system function tests included in vendor-
guided on-site acceptance test procedures.  If 
possible the testing will be carried out in close 
cooperation with the vendors. (2005) 
 

Activity 5 Hold Consultants’ Meeting to 
review the results of on-site acceptance testing 
and to develop commissioning tests and 
periodic QA tests of dosimetry calculations to 
be performed in the hospital 

The consultants will review the results of testing of 
the vendor-guided acceptance test procedures at the 
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hospitals and develop a protocol with 
commissioning test cases categorized into basic 
level tests and advanced tests and formulate 

guidelines for ongoing treatment planning QA 
programs, including QA checks of individual 
patient plans. (early 2006) 

 

Activity 6 On-site trials of the commissioning 
tests and periodic QA tests of dosimetry 
calculations, preparation of the draft report 

The participants conduct on-site trials of the 
commissioning test cases categorized into basic 
level tests and advanced tests including QA checks 
of individual patient plans. (2006 – mid 2007) 

Activity 7 Hold 2nd RCM to review results and 
finalize the draft of the TECDOC on tested 
procedures and protocols for QA of dosimetry 
calculations in radiotherapy. 

Participants will review the results of on-site trials 
and finalize the draft of a TECDOC, which will 
provide specific guidelines for implementation of 
quality assurance measures of dosimetry 
calculations in radiotherapy hospitals. (late 2007) 

It is anticipated that this CRP will require 4 strategy 
meetings over its lifetime. The following is a list of 
the meetings, year, participants and topic of 
discussion. 

 

Year Meeting Participants Topics of Discussion 

2004 RCM Research Agreement and 
Contract Holders 

Implementation of QA testing procedures 

2005 CT International experts Verification tests of dose computation algorithm 
accuracy and tests to be provided and included in 
vendor-guided acceptance test procedures at the hospital 

2006 CT Selected Research 
Agreement Holders, 
International experts 

Progress Report; Commissioning tests and periodic QA 
tests of dosimetry calculations  

2007 RCM Research Agreement and 
Contract Holders 

Summary Report of CRP; Draft of TRS 

6. IMPORTANT ASSUMPTIONS 

There are several assumptions made for the 
implementation and completion of this CRP on the 
development of procedures for Quality Assurance 
for dosimetry calculations in radiotherapy. These 
assumptions include: 

1. Each participating institution must have 
functioning treatment planning systems and staff 
with the necessary expertise in computerized 
treatment planning.  

2. Several CRP participants shall have the 
capability of non-conflicting interaction with 
TPS vendors, or participate in vendor-organized 
user’s group activity. 
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COURSES, MEETINGS AND CONSULTANCIES TO BE HELD DURING 2004 
 

Courses and workshops  

Regional Training Course on Quality Assurance of Physical and Technical Aspects in Radiotherapy, 
Argonne National Laboratory, Illinois (USA), 12-23 January 2004 

Regional Training Course on X-ray Dosimetry, Johannesburg, South Africa, 20-24 September 2004 

Regional Training Course on Dosimetry of High Energy Photons Beams using TRS-398, Khartoum, 
Sudan, 14-18 November 2004  

 

 
ESTRO courses under RER/6/012 

Radiotherapy Treatment Planning: Principles and Practice, Dublin, Ireland, 7-11 March 2004 

Modern Brachytherapy Techniques, Bled, Slovenia, 21-25 March 2004  

Imaging for Target Volume Determination in Radiotherapy, Münich, Germany, 18-22 April 2004 

Dose Determination in Radiotherapy: Beam Characterization, Dose Calculation and Dose Verification, 
Nice, France 2-6 May 2004 

Evidence-based Radiation Oncology: Basis and Clinical Application, Moscow, Russia, 13-18 June 
2004 

Physics for Clinical Radiotherapy, Leuven, Belgium, 29 August – 2 September 2004 

Basic Clinical Radiobiology, Lausanne, Switzerland, 19-23 September 2004 

 

Meetings and consultancies 

Peer Review Meeting on the Quality System of the Agency’s Dosimetry Laboratory, IAEA 
Headquarters and Agency Laboratories in Seibersdorf, 2–6 February 2004 

Consultants’ Meeting on Development of Guidelines for Comprehensive Audit of Radiotherapy Practice 
for Developing Countries (organized jointly by Dosimetry and Medical Radiation Physics Section and 
Applied Radiobiology and Radiotherapy Section), IAEA Headquarters, Vienna, 16-20 February 2004 

11th Biennial Meeting of the SSDL Scientific Committee for the Evaluation of and Recommendations 
on the Dosimetry Programme and the IAEA/WHO Network of Secondary Standards Dosimetry 
Laboratories (SSC-11), IAEA Headquarters, Vienna, 2-5 March 2004 

Consultants’ Meeting on Development of Methods and Guidelines for improving the Resolution of 
Discrepancies Detected in SSDLs, IAEA Headquarters, Vienna, 26-30 April 2004 

Second IAEA/ICRU Meeting of the ICRU Sub Committee on Proton Therapy, Vienna General 
Hospital and IAEA Headquarters, Vienna, 19-21 June 2004 

Consultants’ Meeting to develop operational procedures for Medical Physics Investigation Team  
(MPIT), IAEA Headquarters, Vienna, dates not yet known 
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Consultants’ Meeting on Harmonization of Quality Assurance Practice for Nuclear Medicine 
Radioactivity Measurements, IAEA Headquarters, Vienna, dates not yet known 

Consultants’ Meeting to develop procedures for in-vivo dosimetry, IAEA Headquarters, Vienna, dates 
not yet known 

First Research Co-ordination Meeting on Development of Procedures for Quality Assurance for 
Dosimetry Calculations in Radiotherapy, IAEA Headquarters, Vienna, 28 June – 2 July 2004 

Consultancy visit to review and edit IAEA TECDOC on the Implementation of the International 
Dosimetry Code of Practice TRS-398, IAEA Headquarters, Vienna, July 2004 

Research Co-ordination Meeting on Testing the New Code of Practice for X-ray Dosimetry in 
Diagnostic Radiology, IAEA Headquarters, Vienna, dates not yet known 

Second Research Co-ordination Meeting on Development of TLD-based Quality Audits for 
Radiotherapy Dosimetry in Non-reference Conditions, IAEA Headquarters, Vienna, 4-8 October 2004 
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MEMBER LABORATORIES OF THE IAEA/WHO NETWORK OF SSDLs1 
Country City Contact person Fax E-mail 
ALGERIA Algiers Mr. M. Arib +213 21 43 4280 mehenna.arib@ifrance.com 
ARGENTINA Buenos Aires Ms. M. Saravi +54 11 6779 8228 saravi@cae.cnea.gov.ar 
AUSTRALIA Menai Mr. D. Alexiev +612 9717 3257 dax@ansto.gov.au 
AUSTRIA Vienna Mr. C. Schmitzer +43 2254 7802502 hannes.stadtmann@arcs.ac.at 
    
BANGLADESH Dhaka Mr. Md. Shakilur Rahman + 8802 8613051 shakilurssdl@yahoo.com 
BELARUS Minsk Mr. Valery Milevsky  +375 17 2130938  ion@belgim.belpak.minsk.by 
BELGIUM Ghent Mr. H. Thierens +32 92646699 hubert.thierens@rug.ac.be 
BOLIVIA La Paz Mr. Ismael Villca +591 2 433063 ibten@caoba.entelnet.bo 
BRAZIL Rio de Janeiro Mr. Carlos J. da Silva + 5521 44 29 692 carlos@ird.gov.br 
BULGARIA Sofia Mr. Z. Bouchakliev +359 2 9441661 ivandim@mail.techno-link.com 
     
CANADA Ottawa Mr. Brian R. Gaulke +1 613 9578698 brian_gaulke@hc-sc.gc.ca 
CHILE Santiago Mr. Oyarzún Cortes +56 2 27318723 coyarzun@gopher.cchen.cl 
CHINA* Beijing Mr. Gan Zeuguei +86 10 444304  
CHINA TaiYuan, Shanxi Mr. Zhang Qingli  zhangqing_li@hotmail.com 
CHINA Shanghai Mr. Liu Shu-lin +86 2164701810 simtt@stn.sh.cn 
CHINA Beijing Mr. Li Kaibao +86 10 62012501 kaibaoli@sina.com 
CHINA Hong-Kong Mr. C.L. Chan +852 29586654 cchan@ha.org.hk 
CHINA Beijing Mr. Guo Wen +86 1 69357178 rmcssdl@iris.ciae.ac.cn 
COLOMBIA Santafe de Bogota Ms. M.E. Castellanos +57 1 3153059 ecastell@ingeomin.gov.co 
CUBA Cuidad Habana Mr. W. S. Gonzalo +537 579571 gonzalo@cphr.edu.cu 
CYPRUS Nicosia Mr. S. Christofides +357 2 801 773 cstelios@cytanet.com.cy 
CZECH REP. * Prague Mr. Kodl +4202 738330  
CZECH REP. Prague Mr. P. Dryák +4202 66020 466 pdryak@cmi.cz 
CZECH REP. Prague  Mr. D. Olejár +4202 67313119 dolejar@suro.cz 
     
DENMARK Herlev Mr. K. Ennow +45 44 543450 klaus.ennow@sis.dk 
     
ECUADOR Quito Mr. H. Altamirano +593 2 253097 comecen1@ecnet.ec 
EGYPT Cairo Mr. M. Sharaf +20 2 386 7451 mokhtar_sharaf@yahoo.com 
ETHIOPIA Addis Ababa Mr. H. Melaku +251 1 62 04 95 hailemelaku@yahoo.com 
     
FINLAND Helsinki Mr. Antti Kosunen +358 9 75988450 antti.kosunen@stuk.fi 
FRANCE Le Vesinet Mr. J.F. Lacronique +33 1 39760896 opri@opri.fr 
     
GERMANY Oberschleissheim Mr. D.F. Regulla +49 8931872517 regulla@gsf.de 
GERMANY Freiburg  Mr. Pychlau +49 761 4905570 pychlau@ptw.de 
GHANA Legon-Accra Mr. C. Schandorf +233 21 400807 rpbgaec@ghana.com 
GREECE Paraskevi-Attikis. Mr. C.J. Hourdakis  +30 1 65 33 939 khour@eeae.nrcps.ariadne-t.gr 
GUATEMALA Guatemala C. A. Mr. Angel Osorio  +502 2 762007 proradge@mem.gob.gt 
GEORGIA Tbilissi Mr. S. Sukhishvili +99532 6133-01 gnim376@yahoo.com  
     
HUNGARY* Budapest 126 Mr. I. Csete +36 1 2120147 icsete@omh.hu 
HUNGARY Budapest XII Mr. G. Kontra  +36 1 2248620 kontra@oncol.hu 
HUNGARY Paks Mr. M. Orbán +36 1 3551332 orbanmi@npp.hu 
     
INDIA Bombay Mr. V.V. Shaha +91 22 2550 5151 vvshaha@apsara.barc.ernet.in 
INDONESIA Jakarta Selatan Mr. Susetyo Trijoko +621 217657950 P3krbin@batan.go.id 
IRAN Karaj Mr M. Ghafoori +98261 4411106 Mghafoori@nrcam.org 
IRAN Teheran Mr. H. Gharaati +98 21 6428655 hgharat@yahoo.co.uk 
IRELAND Dublin 14 Mr. S. Somerville +353 12697437 ssomerville@rpii.ie 
ISRAEL Yavneh Mr. B. Shlomo +972 8 9434696 absholomo@hotmail.com 
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Country City Contact person Fax E-mail 
KOREA, REP Seoul Ms. Heon-Jin Oh +82 2 3513726 dowha@kfda.go.kr 
     
LATVIA Salapsils Mr. A. Lapenas +371 790 1210 alap@latnet.lv 
LIBYA Tripoli Mr. Ben Giaber +218 21 3614142  BenGiaber@yahoo.com 
     
MADAGASCAR Antananarivo Mr. Andriambololona +261 20 2235583 instn@dts.mg 
MALAYSIA Kajang Mr. Taiman Bin Kadni +603 8250575 taiman@mint.gov.my 
MEXICO Mexico, D. F. Mr. V. Tovar Munoz +52 55 3297302 vmtm@nuclear.inin.mx 
     
NORWAY Osteras Mr. H. Bjerke +47 67147407 Hans.Bjerke@nrpa.no 
     
PAKISTAN Islamabad Mr. Salman Ahmad +92 51 9290275 salman@pinstech.org.pk 
PERU Lima Mr. Tony Benavente A. +51 1 2260024 tbenavente@ipen.gob.pe 
PHILIPPINES* Diliman, Quezon Ms. E.S. Caseria +63 9201646 escaseria@pnri.dost.gov.ph 
PHILIPPINES Sta. Cruz, Manila  Ms. Nieva O. Lingatong +632 711 6016 apperalta@co.doh.gov.ph 
POLAND Warsaw Mr. W. Bulski +48 22 6449182 w.bulski@rth.coi.waw.pl 
PORTUGAL Sacavem  Mr. A.F de Carvalho +351 21 9941995 aferroc@itn.pt 
PORTUGAL Lisbon  Mr. H.D'Assuncao Matos +351 21 7229877 radfisica@ipolisboa.min-saude.pt 
     
ROMANIA Bucharest  Mr. C. Milu +40 21 3123426 cmilu@ispb.ro 
RUSSIA St. Petersburg Mr. V.I. Fominykh +7 812 113 0114 trof@dosmet.vniim.spb.su 
RUSSIA St. Petersburg Mr. A. Chervyakov +7 812 596-6609 cherviakov.a@cards.lanck.net 
     
SAUDI ARABIA Riyadh Mr. A. Al-Haj +9661 4424777 Abdal@kfshrc.edu.sa 
SINGAPORE* Singapore Mr. Eng Wee Hua + 65 7384468  
SINGAPORE Singapore Mr. S. Chong +65 2262353 sckmipil@pacific.net.sg 
SINGAPORE Singapore Mr V.K Sethi +65 2228675 trdwac@nccs.com.sg 
SLOVAK REP. Bratislava Ms. V. Laginová +421 2 52923711 vlaginov@ousa.sk 
SOUTH AFRICA Pretoria  Mr. B. F. Denner +27 12 8412131 nml@csir.co.za 
SUDAN** Khartoum Mr. M.M. Hassan +249 11 774780  
SWEDEN Stockholm Mr. J-E. Grindborg  +46 87297108 jan.erik.grindborg@ssi.se 
SYRIA Damascus Mr. M. Takeyeddin +963 116112289 Atomic@aec.org.sy 
     
TANZANIA Arusha Mr. W.E. Muhogora +255 27 2509709 nrctz@yako.habari.co.tz 
THAILAND* Bangkok Mr. K. Bhadrakom +66 2 5806013  
THAILAND Bangkok Mr. S. Srimanoroth  +66 2 9511028 siri@dmsc.moph.go.th 
THAILAND Bangkok Ms. W. Thongmitr +66 2 5613013 wimann@oaep.go.th 
TURKEY Istanbul Mr. A. Turer +90 212 5482230 yasard@nuckleer.gov.tr 
TUNISIA Tunis Ms. L. Bouguerra +216 1 571630/653 sadok-mtimet@rns.tn 
     
URUGUAY Montevideo Ms. B. Souto +598 2 9021619 dntnpsr@adinet.com.uy 
     
VENEZUELA Caracas Mr. F. Gutt +58 2 5041577 fgutt@ivic.ve 
VIETNAM Hanoi Mr. Dang Duc Nhan +84 4 9424133 ddnhan@mail.vaec.gov.vn 
     
SERBIA AND 
MONTENEGRO 

Belgrade Mr. M. Kovačević +381 11 455943 milojko@rt270.vin.bg.ac.yu 

     
** 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) Vienna, AUSTRIA 
Australian Radiation Laboratory (ARL) Melbourne, AUSTRALIA 
National Research Council (NRC) Ottawa, CANADA 
Laboratoire National Henri Becquerel (LNHB)  Saclay, FRANCE 
Physikalisch-Technische Bundesanstalt (PTB) Braunschweig, GERMANY 
National Office of Measures (OMH) Budapest, HUNGARY 
Ente per le Nuove Tecnologie L’Energia e L’Ambiente (ENEA) Rome, ITALY 
Electrotechnical Laboratory (ETL) Tsukuba, JAPAN 
Rijks Institut voor Volksgesundheid (RIVM) Bilhoven, NETHERLANDS 
National Radiation Laboratory (NRL) Christchurch, NEW ZEALAND 
Scientific Research Institute for Physical-Technical and Radiotechnical 
Measurements (VNIIFTRI) 

Moscow, RUSSIAN 
FEDERATION 

Laboratory of Ionizing Radiation, Slovak Institute of Metrology (SIM) Bratislava, SLOVAK REPUBLIC 
Centro de Investigaciones Energéticas, Medioambientales y Tecnológicas 
(CIEMAT)  

Madrid, SPAIN 

National Physical Laboratory (NPL) Teddington, UNITED KINGDOM 
National Institute of Standards and Technology (NIST) Gaithersburg, USA 
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Verwendete Distiller 5.0.x Joboptions
Dieser Report wurde automatisch mit Hilfe der Adobe Acrobat Distiller Erweiterung "Distiller Secrets v1.0.5" der IMPRESSED GmbH erstellt.
Sie koennen diese Startup-Datei für die Distiller Versionen 4.0.5 und 5.0.x kostenlos unter http://www.impressed.de herunterladen.

ALLGEMEIN ----------------------------------------
Dateioptionen:
     Kompatibilität: PDF 1.3
     Für schnelle Web-Anzeige optimieren: Nein
     Piktogramme einbetten: Nein
     Seiten automatisch drehen: Nein
     Seiten von: 1
     Seiten bis: Alle Seiten
     Bund: Links
     Auflösung: [ 600 600 ] dpi
     Papierformat: [ 595 842 ] Punkt

KOMPRIMIERUNG ----------------------------------------
Farbbilder:
     Downsampling: Ja
     Berechnungsmethode: Bikubische Neuberechnung
     Downsample-Auflösung: 300 dpi
     Downsampling für Bilder über: 450 dpi
     Komprimieren: Ja
     Automatische Bestimmung der Komprimierungsart: Ja
     JPEG-Qualität: Hoch
     Bitanzahl pro Pixel: Wie Original Bit
Graustufenbilder:
     Downsampling: Ja
     Berechnungsmethode: Bikubische Neuberechnung
     Downsample-Auflösung: 300 dpi
     Downsampling für Bilder über: 450 dpi
     Komprimieren: Ja
     Automatische Bestimmung der Komprimierungsart: Ja
     JPEG-Qualität: Hoch
     Bitanzahl pro Pixel: Wie Original Bit
Schwarzweiß-Bilder:
     Downsampling: Nein
     Komprimieren: Ja
     Komprimierungsart: CCITT
     CCITT-Gruppe: << /K -1 /Columns 5828 /Rows 1346 >>
     Graustufen glätten: Nein

     Text und Vektorgrafiken komprimieren: Ja

SCHRIFTEN ----------------------------------------
     Alle Schriften einbetten: Ja
     Untergruppen aller eingebetteten Schriften: Nein
     Wenn Einbetten fehlschlägt: Abbrechen
Einbetten:
     Immer einbetten: [ ]
     Nie einbetten: [ ]

FARBE(N) ----------------------------------------
Farbmanagement:
     Farbumrechnungsmethode: Farbe nicht ändern
     Methode: Standard
Geräteabhängige Daten:
     Einstellungen für Überdrucken beibehalten: Ja
     Unterfarbreduktion und Schwarzaufbau beibehalten: Ja
     Transferfunktionen: Anwenden
     Rastereinstellungen beibehalten: Ja

ERWEITERT ----------------------------------------
Optionen:
     Prolog/Epilog verwenden: Nein
     PostScript-Datei darf Einstellungen überschreiben: Ja
     Level 2 copypage-Semantik beibehalten: Ja
     Portable Job Ticket in PDF-Datei speichern: Ja
     Illustrator-Überdruckmodus: Ja
     Farbverläufe zu weichen Nuancen konvertieren: Ja
     ASCII-Format: Nein
Document Structuring Conventions (DSC):
     DSC-Kommentare verarbeiten: Ja
     DSC-Warnungen protokollieren: Nein
     Für EPS-Dateien Seitengröße ändern und Grafiken zentrieren: Ja
     EPS-Info von DSC beibehalten: Ja
     OPI-Kommentare beibehalten: Nein
     Dokumentinfo von DSC beibehalten: Ja

ANDERE ----------------------------------------
     Distiller-Kern Version: 5000
     ZIP-Komprimierung verwenden: Ja
     Optimierungen deaktivieren: Nein
     Bildspeicher: 524288 Byte
     Farbbilder glätten: Nein
     Graustufenbilder glätten: Nein
     Bilder (< 257 Farben) in indizierten Farbraum konvertieren: Ja
     sRGB ICC-Profil: sRGB IEC61966-2.1

ENDE DES REPORTS ----------------------------------------

IMPRESSED GmbH
Bahrenfelder Chaussee 49
22761 Hamburg, Germany
Tel. +49 40 897189-0
Fax +49 40 897189-71
Email: info@impressed.de
Web: www.impressed.de
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