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From the Editor

In this issue of the SSDL Newsletter (No. 77) we focus on
the IAEA calibration service for high energy photon beams
and how the SSDLs using this service can further
disseminate traceability. A short article on types of
connectors and adapters used for dosimetry measurements,
report on a training hosted by Dosimetry Laboratory (DOL)
and the IAEA recent publications are included.

The Dosimetry and Medical Radiation Physics (DMRP)
section welcomed its new section head at the start of January
2023. Before joining the [AEA, Mauro Carrara was working
as a clinically qualified medical physicist at the National
Cancer Institute in Milan, Italy. He was involved in the
clinical duties that pertain to a medical physicist whilst also
being involved in research, collaborating with several
international institutions, participating as principal and co-
investigator to several funded projects, and authoring or co-
authoring more than 75 peer-reviewed publications in the
field of dosimetry and quality assurance. He was appointed

as Professor for graduate and post-graduate academic
courses, mentoring students approaching the field of medical
physics and in training residents beginning their careers as
clinical medical physicists. Over the last three years, he
joined the IAEA and was working as radiotherapy medical
physicist for the Dosimetry and Medical Radiation Physics
Section.

“I grew up with the JAEA TRS-398 publication on my
hospital desk, thinking about the professionals that were
behind this publication with great admiration. This is how [
first learned about the existence of the IAEA and over the
years I frequently benefitted from the exceptional quality of
their publications and activities. I consider it a great honour
to serve the IAEA as Head of the Dosimetry and Medical
Radiation Physics Section, having particularly in mind the
exceptional physicists and persons who came before me. I
would like to take the chance to thank them on behalf of the
worldwide community of Medical Physicists” says Mauro.

Mr Mauro Carrara, Section Head of Dosimetry and Medical Radiation Physics Section, Division of Human Health.
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Staff of the Dosimetry and Medical Radiation
Physics (DMRP) Section

International Atomic Energy Agency, Vienna International Centre, P.O. Box 100, 1400 Vienna, Austria

Telephone: (+43-1) 2600+extension; Fax: (+43-1) 26007, E-Mail: Official. Mail@jiaea.org

Name Position/tasks Email address Extension
Carrara, Mauro Radiotherapy Medical Physicist, M.Carrara@iaea.org 21653
Section Head
Azangwe, Godfrey Quality Manager G.Azangwe(@iaea.org 28384
Berger, Daniel Radiotherapy Medical Physicist D.Berger@iaea.org 21655
Cardoso, Joao Dosimetrist (Calibrations) J.Cardoso@jiaea.org 28328
Castellanos Lopez, Maria  Consultant M.E.Castellanos- 26443
Esperanza Lopez@iaea.org
Chelminski, Krzysztof Dosimetrist (Linac) K.Chelminski@iaea.org 28329
Ciortan, Simona-Mihaela  Team Assistant S.M.Ciortan(@iaea.org 21634
Ciraj Bjelac, Olivera Medical Physicist (Imaging) O.Ciraj-Bjelac(@jiaea.org 26909
Czap, Ladislav Dosimetrist (Calibrations) L.Czap@jiaea.org 28332
Danker, Sabine Team Assistant S.Danker@jiaea.org 28351
Dimitriadis, Alexis Dosimetrist (Quality Audits) Al.Dimitriadis@iaea.org 28357
Faustmann, Aminata Dosimetry Services Assistant A.Faustmann@iaea.org 28207
Hakimy-Sadiq, Nargis Team Assistant N.Hakimy@jiaea.org 21662
Kazantsev, Pavel Dosimetrist (Quality Audits) P.Kazantsev(@iaca.org 28330
Knoll, Peter Medical Physicist, Nuclear Medicine P.Knoll@jiaea.org 26674
Meghzifene Ahmed Consultant A.Meghzifene@iaea.org 21659
Msimang, Zakithi Medical Radiation Physicist - Z.Msimang(@iaea.org 21660
SSDL Officer, Editor of the Newsletter
Swamidas, Jamema Laboratory Head (Dosimetry Laboratory) J.Swamidas@jiaea.org 28331
Titovich, Egor Associate Database Officer (Medical E.Titovich@iaea.org 21665
Physics)
Tsapaki, Virginia Medical Physicist, Diagnostic Radiology  V.Tsapaki@iaea.org 21663
Velez, Graciela Consultant G.Velez@jiaea.org 21659
“Dosimetry Contact Point dosimetry(@iaea.org, 21662

ssdl@iaca.org

*This is the e-mail address to which general messages on dosimetry and medical radiation physics should be addressed, i.e. correspondence not

related to specific tasks of the staff above. Each incoming general correspondence to the DMRP Section mailbox will be dealt with accordingly.
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Services provided by the IAEA in
DMRP Section

The IAEA’s Dosimetry and Medical Radiation Physics Section focuses on services provided to Member States through the
IAEA/WHO SSDL Network and on dosimetry 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 postal dose audit
service for SSDLs and radiotherapy centres by using radiophotoluminescence and optically stimulated luminescence
dosimeters (RPLDs and OSLDs).

The Dosimetry Laboratory’s Quality Management System has been reviewed and accepted by the Joint Committee of the
Regional Metrology Organizations and the BIPM (JCRB). Some of the IAEA Calibration and Measurement Capabilities
(CMC:s) are published in Appendix C of the BIPM key comparison database (KCDB).

The IAEA CMCs can be found at the following web site: https://www.bipm.org/kedb/
The range of services offered by the [AEA’s DMRP section are listed below.

Services Radiation quality

X rays and y rays from '*’Cs and *°Co beams
137Cs, Co, @linac photon beams* and '*’Ir
brachytherapy sources

**Calibration of ionization chambers (radiation therapy,
brachytherapy®, radiation protection, and diagnostic radiology
including mammography)

**Comparison of ionization chamber calibrations coefficients X rays and y rays from '*’Cs and ®°Co beams
(radiation therapy, radiation protection, and diagnostic radiology

including mammography) for SSDLs

Dosimetry audits (RPLD) for external radiation therapy beams v rays from ®Co and high energy X ray beams

for SSDLs and hospitals

Dosimetry audits (OSLD) for radiation protection for SSDLs y rays from ¥’Cs

Reference irradiations and blind dose checks for dosimetry %9Co and high energy X ray and electron
audit networks (radiotherapy) beams

Reference irradiations to dosimeters for radiation protection X rays and y rays from '*’Cs and °Co
beams

* Calibration services are not included in the TAEA CMCs published in the BIPM KCDB.

** Technical procedures and protocols for calibrations and comparisons are available on our website https://ssdl.iaea.org/

@ Service available only for SSDL’s that have activities in this area.

Member States interested in these services should contact the IAEA/WHO SSDL Network Secretariat, for further details, at

the address provided below. Additional information is also available at the web site: https.//ssdl.iaea.org

IAEA/WHO SSDL Network Secretariat

Dosimetry and Medical Radiation Physics Section
Division of Human Health

Department of Nuclear Sciences and Applications
International Atomic Energy Agency

P.O. Box 100

1400 Vienna

Austria

Telephone: +43 1 2600 21660
Fax: +43 1 26007 81662
Dosimetry Contact Point Email: dosimetry@iaea.org

SSDL Contact Point Email: ssdl@iaea.org

Note to SSDLs using IAEA calibration and audit
services:

1. To ensure continuous improvement in IJAEA
calibration and audit services, SSDLs are encouraged
to submit suggestions for improvements to the
Dosimetry Contact Point.

2. Complaints on IAEA services can be addressed to
the Dosimetry Contact Point.

3. Feedback can be provided using the form on our
website: https://ssdl.iaea.org/

https://iris.iaea.org/public/survey?cdoc=DOL00100
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Methodology for the dissemination of
megavoltage photon-beam calibrations
from the IAEA Dosimetry Laboratory to SSDLs

and end users
C.E. Andersen, D. Burns and R.P. Kapsch

1 BACKGROUND

The IAEA Dosimetry Laboratory maintains a linear
accelerator with a selection of five photon beam qualities in
the range from 6 MV (TPR3q19 = 0.665) to 18 MV
(TPR3g 10 = 0.780). To obtain traceability for these beams
reference-class ionization chambers belonging to the IAEA
are calibrated at the BIPM in terms of absorbed dose to water
for three photon-beam qualities spanning a marginally
tighter range, from 6 MV (TPRyg 19 = 0.686) to 18 MV
(TPR3g 10 = 0.774). Evidently, the BIPM qualities are not
matched to those at the IAEA, nor will the latter in general
match those of SSDLs to whom the IAEA might provide
calibrated instruments for the purpose of providing
traceability or for use in dosimetry audits.

In parallel to the establishment of its accelerator services, the
IAEA has revised the international Code of Practice TRS-
398 [1] for reference dosimetry in external beam
radiotherapy based on calibrations in terms of absorbed dose
to water. This update, that will be published during 2023,
provides values for the factors kg, that permit the

calibration coefficient for a beam of quality Q to be obtained
from the calibration coefficient determined at a reference
quality Q¢. When the modality of interest is megavoltage
photons and the reference quality is ®Co radiation,
equation 1 is used:

ND,W,Q(TPRZO,lo) = ND,w,Co60 kQ(TPRZO,lo)- €Y)

Based on the work of Andreo et al. (2020) [2], generic values
for k¢, are provided as a function of TPRy( 1, for a series of
ionization chamber types. These values for a given chamber
type are derived from a combination of experimental
measurements and Monte Carlo calculations. These data are
provided in tabular form for fixed values of the TPR( ;¢ and
also as a fitted equation of the form:

1+ exp (a_TOW)
kq(TPRz0,10) = a — TPRy010) @
1+ exp (T)

Values for the fit parameters a and b are given for each
ionization chamber type.

The purpose of the present report is to provide a
methodology for the transfer of calibration coefficients
Npw,q that is robust, despite the different beam qualities
available at the BIPM, the IAEA, the SSDLs and the end
users, and that is consistent with the data treatment and
recommendations provided in TRS-398 Rev 1 [1].

It is important to note that although TRS-398 Rev 1 provides
generic values for a given chamber type, the principal
recommendation made in the Code of Practice is to use
calibration coefficients Np o measured by a standard
dosimetry laboratory for a particular chamber. This not only
results in a lower uncertainty but it removes the risk of using
generic values for an individual chamber that has not been
shown to conform to type. It also simplifies subsequent
measurements because any polarity effect in the reference
chamber is taken into account in the calibration coefficients
and no additional polarity measurements are required.

2 METHODOLOGY

The method proposed in the present report can be divided
into three distinct phases.

2.1 Calibration of IAEA reference chambers
at the BIPM

The recommended method is illustrated in FIG. 1, which
shows the results of an IAEA reference chamber calibrated
at the three megavoltage photon beam qualities maintained
by the BIPM. The result for “Co radiation is also shown and
these four points are fitted with a relation which combines
equations (1) and (2):



a —-0.57
1te ( IAEA )

NIAEA biAEA
DWQ(TPRZO 10)CIAEA +eXp(aIAEA_TPRZO'1O) (3)
biAEA

where the additional free parameter cjapa replaces the ©Co
calibration coefficient (in other words, the ®Co calibration
coefficient is used to provide an additional data point for the
fit, but it is not used to fully constrain the fit as it does in the
evaluation of ky factors in TRS-398 Rev 1'). The five
vertical dashed lines indicate the TPR,q 1o values for the
IAEA beams and the corresponding points the values

NJAEA (TPRZO 10) for the IAEA reference beams derived
frorn the fit.
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FIG. 1. The IAEA reference chamber is calibrated at the BIPM for
three photon beams and for Co (black points). These data are
fitted using Eq. (3) (solid black line); an alternative, quadratic fit
is shown (dotted blue line) for information only. Fitted calibration
coefficients (orange points) are evaluated from the fit for the
TPR;,10 values available at the IAEA.

Note that the fitted value éAVE‘z (0.57), which reduces to
just cjaga, should be close to the value for Np y, cog0 given
in the ®Co calibration certificate issued by the BIPM. But it
should not be used to replace the directly calibrated value.
To verify the correct implementation of the fit equation,
values of Np3e%(TPRy19) should be calculated for the
TPR,0 10 values corresponding to the BIPM calibration

qualities and compared with the certificated values. The
differences should be less than 0.1 %.

! As stated in the calibration certificates issued by the BIPM, the
data should not be used to evaluate kq factors because the *°Co
results are not based on the same primary standard as the
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Also shown in the figure is a quadratic fit to the four points.
This is used only to demonstrate that the fitting procedure is
relatively insensitive to the details of the chosen model. The
uncertainty bars on the BIPM calibration coefficients
represent those stated by the BIPM, typically 0.40 %. The
procedure  giving rise to the fitted values

NJAEA (TPRZO 10) for the IAEA qualities necessarily

1ntr0duces additional uncertainty, but this is relatively small
because of the goodness of the fit (in this case showing a
root-mean square (rms) deviation of 0.06 %). Prior
knowledge that the fitting model is representative (Andreo
et al. 2020) [2] and the fact that no significant extrapolation
is made contribute to the goodness of the fit. It is
recommended that the IAEA includes a component of 0.10
% for this process in their uncertainty budget; this increase
is already included in the uncertainty bars associated with
the fitted values in FIG. 1.

Note that an SSDL that obtains a direct calibration in the
BIPM beams may choose to use a method of interpolation
similar to that described above.

2.2 Calibration of SSDL reference chambers
at the IAEA

This process is similar to that described in the preceding
section. A suitable SSDL reference chamber is calibrated at
the IAEA in the five megavoltage beams and in ®°Co. These
six points are fitted with an equation similar to (3), now
expressed as

a —0.57
1+ exp (S —227)

Asspr, — TPR20_10>
bsspL.

/SSDL
N6 (TPRg10) = CsspL

1+ exp( @

By this means the IAEA provides to the SSDL not only the

directly measured values for NDS%% at the five calibration

qualities but also the fit parameters (asspr, PsspL, CsspL)-
However, care must be taken because of the risk that an
SSDL uses the calibrated chamber (either in their own
laboratory or elsewhere) for beams with TPR,q 14 values
that fall outside of the range of the five IAEA qualities. In
order to maintain traceability, the IAEA should state clearly
that the calibration data they provide to an SSDL be used

megavoltage results, and also because by convention the BIPM
9Co results are not corrected for ion recombination or beam
non-uniformity.
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without additional uncertainty only for beams falling within
a restricted range of TPR;( 1o values, here recommended to
be between 0.65 and 0.79.

FIG. 2 shows the results of a test calibration made at the
IAEA for a nominal SSDL chamber. The fit to these data is
shown as a solid line over the TPR;( 1o range from 0.65 to
0.79, also indicated by the green band. The vertical dashed
lines indicate nominal TPR; ;4 values within this range for
which the SSDL might

Sf,%(TPRZO 10) for subsequent use either for the

derive fitted wvalues for

calibration of end user instruments or for auditing purposes.

Considering the uncertainty introduced by the fitting
procedure as well as the possibility that the chamber be used
for ‘non-standard’ beams (still falling within the
TPR ;¢ 10 range from 0.65 to 0.79), it is recommended that
the SSDL includes an uncertainty component of not less than
0.2 %. A higher value might be appropriate if the rms
deviation of the SSDL reference chamber relative to the fit
(as shown in the example of FIG. 2) is greater than 0.2 %.
Indeed, it is reasonable to choose the additional uncertainty
to be equal to this rms deviation, with a minimum value of
0.2 %. For the example shown in FIG. 2, the rms deviation
is 0.08 %.

54,2
54.0 -
538 4 {
536

o \¥\
T 532

1

-1
> 53.0 4
8
528
3
= 526
524 +
522
52.0 A i - -
® (Calibration coefficients provided to SSDL
51.8 4 Fit using Eq. (4) provided to SSDL
) Derived calibration coefficients for SSDL or user beams S
516 T T T T -
0.55 0.60 0.65 0.70 0.75 0.80

TPR 20,10

FIG. 2. The SSDL reference chamber is calibrated at the IAEA for
five photon beams and for °Co (black points). These data are fitted
by the IAEA using Eq. (4) (black line). Fitted calibration
coefficients (orange points) are evaluated from the fit for nominal
TPR;010 values as required by the SSDL. The green region
indicates the TPRyq 1o range from 0.65 to 0.79 within which
calibration coefficients can be derived without additional
uncertainty.

2.3 Subsequent use of SSDL reference
chambers for end users

Equipped with a calibrated chamber and the fit parameters
(asspi» bsspL, CsspL), an SSDL can serve end users in
several ways. From the point of view of simple data
handling, the most straightforward is for the SSDL to use the
chamber directly in a user beam, for example to cross
calibrate a local reference chamber or to audit the local
dosimetry.

For this purpose, the fitted calibration coefficient

Sf,% (TPRZO 10) for the SSDL reference chamber is
evaluated for the TPR( 1o of each user beam of interest. As
noted in Section Error! Reference source not found., to
verify the correct implementation of the fit equation, values
of NSSDL(TPRZO 10) should also be calculated for the
TPR,g 10 values corresponding to the IAEA calibration
qualities and compared with the certificated values. The
differences should generally be less than 0.2 %. Note also
that the fitted value Nj30V(0.57), which is just csspr,
should be close to the value given in the °Co calibration
certificate issued by the IAEA but it should rot be used to
replace the directly calibrated value.

The situation is more complex when the reference chamber
is used at the SSDL to calibrate a user chamber. This is
because interpolation, or perhaps even extrapolation, is
required between the TPR; ¢ values used for calibration at
the SSDL and those for which the user chamber will
subsequently be used. If the SSDL is able to calibrate the
user chamber at three or more TPR; ¢ values (which may
or may not include °Co), a fitting procedure similar to that
described in the preceding sections might be adopted. In the
event that the SSDL has only one or two beams available for
calibration the fitting procedures become unreliable or
impossible. Reference must be made to the procedures given
in the Code of Practice TRS-398 (Rev 1) [1], specifically the
use of ratios of k factors to convert from one beam quality
to another.

In the event that an SSDL or user quality of interest has a

TPR,g 10 value nominally the same as one of the five IAEA

beams for which a value for N3 f,% is given in the calibration

certificate, this latter calibration coefficient can be used
instead of the corresponding fitted value. This has the
advantage of a lower uncertainty.

We recall the limitation on the use of the SSDL reference
chamber stated in Section Error! Reference source not



found., namely that its use be restricted to beams with
TPR,q 10 values in the range from 0.65 to 0.79. In the event
that its use outside of this range cannot be avoided, the
additional uncertainty must be assessed.

References

[1] INTERNATIONAL ATOMIC ENERGY AGENCY,
Absorbed Dose Determination in External Beam
Radiotherapy: An International Code of Practice for
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Dosimetry Based on Standards of Absorbed Dose to Water,
Technical Reports Series No. 398 (Rev.1), Vienna (2023)

[2] ANDREO, P., et al., Determination of consensus k (Q)
values for megavoltage photon beams for the update of
IAEA TRS-398, Phys. Med. Biol. 65 (2020) 095011.

HDR brachytherapy course hosted at IAEA DOL

The IAEA dosimetry laboratory hosted medical physicists
and radiation metrologists from Latin America, participating
in a regional training course on dosimetry for high dose rate
(HDR) brachytherapy, under a technical cooperation project
RLA9091. There were 21 participants from 14 Member
States. Two of the five days for training were dedicated to
practical sessions at the TAEA Seibersdorf dosimetry
laboratory. The course was conducted in the Spanish
language.

The training covered dosimetry for HDR brachytherapy
machines with '’Ir and ®Co sources and dissemination of

traceability to the user at a hospital. Participants gained
hands on knowledge in how to calibrate well type reference
chambers including how to use and transfer that traceability
to their treatment process and the quality control that needs
to be performed when receiving sources.

Participants had the opportunity to perform the
measurements in their teams, estimate measurement

uncertainty and report to the rest of the participants on all the
activities that were assigned to them.

FIG. 3 Participants of the Brachytherapy training course at the IAEA Seibersdorf laboratories.
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Connectors and adapters used for dosimetry

measurements
J. Cardoso, L. Czap, Z. Msimang

1 Introduction

The scope of calibration services that the SSDL’s are
providing is increasing. In recent years more SSDL’s have
established the calibration capabilities for diagnostic
radiology. With this increase in scope, also came
calibration and verification of equipment with different
connectors than those the SSDL’s have been using for
calibration in radiation therapy and radiation protection.

2 Connectors and adapters

The recently published IAEA Human Health Report 44 [1]
on the establishment of an SSDL gave the most used
connectors for ionisation chambers as coaxial, triaxial and
special, see FIG. 4, extract from IAEA HHS 44. Another
connector type that is available in the markets for mostly
the diagnostic radiology chambers is the Lemo connector
shown in FIG. 5.

FIG. 4 Connector types: (a) coaxial, (b) triaxial, (c) PTW
M type, (d) TNC, (e) BNC and (f) miniQuick [1]

It is not always possible for SSDL’s to have electrometers
that may be used with all the connector types for various
ionization chambers in the market. The laboratories may
however standardize on the connector they use for their
equipment and procure adapters to be used with the
equipment they are to calibrate.

FIG. 5 Lemo connector type used by Radcal

Using adapters may be tricky for some combinations and
simple for other. Suppliers of the chambers may sell
adapters of certain type which may be procured by the
SSDL’s. When an SSDL decides to build their own
adapters, care must be taken as a wrongly configured
connector may lead to wrong results and even harm for the
personnel performing measurements. It is crucial for the
user to understand the electrometer connection scheme
when using the adapters. Certain combinations combining
coaxial and triaxial connectors may result in the presence
of polarizing voltage (bias) on the outer housing of the
connector.

In the SSDL Newsletter 52, which was published in 2006,
an article on high voltage polarity of electrometers was
published. This article is still useful for understanding how
polarity is applied to an ionisation chamber during
calibration. A variation in “triaxial TNC” connectors has
been observed for some ionisation chambers. SSDL’s need
to take caution and not to force fit the connectors. Even
though the connectors are of the same type, the size is
slightly different.

3 References

[1] INTERNATIONAL ATOMIC ENERGY AGENCY,
Establishing a Secondary Standards Dosimetry
Laboratory, IAEA Human Health Series No. 44, IAEA,
Vienna (2023).

[2] Czap, L., Meghzifene, A., & Pychlau, C.,
Understanding the high voltage polarity of electrometers,
SSDL Newsletter No. 52, IAEA, Vienna (2006).
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Commissioning of an irradiator at the IAEA DOL

The IAEA Dosimetry Laboratory has recently
commissioned a G10-2-360 gamma beam irradiator that was
donated by Hopewell Designs, Inc. The irradiator has '¥’Cs
and *°Co sources and is being used for radiation protection
level calibrations of different types of dosimeters, reference
irradiations of personal dosimeters, irradiation of reference
dosimeters for audit services, calibration of survey
instruments, and for the training of visiting scientists and
trainees. It will also be used to support the BIPM key
comparisons of primary standards for radiation protection in
137Cs beams

\ LY
Figure 6. New gamma irradiator at DOL

QUATRO course hosted at the IAEA DOL

The objective of a comprehensive radiotherapy audit is to
review and evaluate the quality of all components of the
radiotherapy programme, including safety infrastructure and
the implementation of international standards and best
practices. Responding to the growing need for more
radiotherapy professionals with sound knowledge on the
QUATRO (Quality Assurance Team in Radiation
Oncology) methodology, to serve as national, regional and
international auditors, the DMRP jointly with the ARBR
(Applied Radiation Biology and Radiotherapy) section
hosted a training course on QUATRO methodology from 02
to 05 May 2023. As a quality improvement tool, QUATRO
audits are performed by a multidisciplinary team of experts
composed of a radiation oncologist, a medical physicist, and
aradiotherapy technologist through a comprehensive review
of the entire clinical process in a radiotherapy department.

The training course was held in the Spanish language with a
total number of 53 participants from 16 Latin American
Member States. The attendees were supported through the
Technical Corporation Project INT 6063.

The IAEA dosimetry laboratory hosted practical sessions for
18 Medical Physicists, participating in the training course.
The practical sessions covered the following topics:

e Reference dosimetry measurements in linac
radiation beam qualities;

e Treatment planning case
discussions;

e Auditing IMRT - End to End methodology using
SHANE phantom;

e How to provide data, complete and review check

lists, and questionnaires relevant to QUATRO.

evaluation and

| G & = - i el an 23l
Figure 7. Medical physics participants for the QUATRO
training course at the [AEA Seibersdorf laboratories
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Quality Assurance Team for Radiation Oncology
(QUATRO) — IAEA methodology for comprehensive
audits of radiotherapy practices: A tool for Quality
Improvement — Second edition published in 2022

J. Swamidas

1 Comprehensive quality audits in
radiotherapy

The IAEA has a long history of providing assistance for
dosimetry audits to its Member States. Together with the
World Health Organization, it has operated postal dose audit
programmes to verify the calibration of radiotherapy beams
since 1969. The programme currently covers 139 Member
States.

Quality audits can be of various types, either reviewing
specific critical parts of the radiotherapy process (dosimetry
audit) or assessing the whole process (comprehensive audit)
including staff, equipment and procedures, patient
protection and safety and the overall performance of the
department. An independent external audit (peer review) is
important to ensure adequate quality of practice and
treatment delivery and is also a requirement of the IAEA
International Basic Safety Standard [1]. The IAEA, through
its technical cooperation programme, has received numerous
requests from low- and middle-income countries to perform
comprehensive audits to assess the entire radiotherapy
process. In response to these requests, the IAEA has
developed a methodology for the comprehensive audit in
radiotherapy called Quality Assurance Team for Radiation
Oncology (QUATRO), with an objective to review and
evaluate the quality of all components of the radiotherapy
programme, including professional competence, with a view
to quality improvement.

2 QUATRO methodology

A QUATRO audit is performed by a multidisciplinary team
of experts composed of a radiation oncologist, a medical
physicist, and a radiotherapy technologist, who are
experienced professionals in their discipline and have
received additional training in auditing procedures. The
auditors are selected by the IAEA and spend 3-5 days onsite
at the audited facility. A major part of the audit is patient
oriented, and follows the clinical path of the patient, from
diagnosis, decision to treat, prescription, treatment planning
and delivery, to the end of the follow-up process excluding
the treatment outcome. Staffing levels, professional

10

education and training programmes are given special
attention. The methodology consists of the application of
various checklists, questionnaires, reviews, observation,
staff interviews, and onsite dosimetry measurements to
evaluate the quality of all elements involved in radiotherapy.
It does not represent one radiotherapy standard applicable to
all visited departments but provides a general methodology
that can be applied in a range of economic settings. A
preliminary assessment of the radiotherapy programme is
provided to the institution at the conclusion of the visit
followed sometime later by a detailed written confidential
report with recommendations for quality improvement.
Adoption of the auditors’ recommendations is purely at the
discretion of the audited institution.

The methodology for conducting comprehensive clinical
audits was published in 2007 as Comprehensive Audits of
Radiotherapy Practices: A Tool for Quality Improvement [2]
and has been successfully applied in more than 100 clinical
audits worldwide.

3 Second edition (2022)

In the light of developments in techniques and equipment in
radiotherapy, and lessons learned from past audits, an
updated second edition of the QUATRO guidelines was
published in 2022 [3]. It includes guidelines for auditing new
technologies, incorporated in the form of 42 checklists. The
new features of the second edition include the modified
criteria for centre of competence, quality management
system, considerations for the introduction of new
technology, communication, education, and clinical training
program in compliance with IAEA curricula [4-6]. The
publication is freely available to download from the IAEA
website.

The QUATRO methodology has been endorsed by the
European Federation of Organisations for Medical Physics
(EFOMP), the European Society for Radiotherapy and
Oncology (ESTRO), and the International Organization for
Medical Physics (IOMP). The availability of an
internationally harmonized guidance document, endorsed by
professional societies, would be a significant contribution
towards the improvement of radiotherapy practice all over
the world.
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Publication announcements

IAEA publications have been made available in different
areas of dosimetry and medical radiation physics. The
relevant links to freely access the material are listed below
for material published from 2022 to date.

Establishing a Secondary Standards Dosimetry Laboratory,
(IAEA Human Health Series No. 44), March 2023
Establishing a Secondary Standards Dosimetry Laboratory |
IAEA

Education of Radiation Metrologists for Secondary
Standards Dosimetry Laboratories (Training Course Series
No. 76), February 2023

Education of Radiation Metrologists for
Standards Dosimetry Laboratories | IAEA

Secondary

Handbook of Basic Quality Control Tests for Diagnostic
Radiology, IAEA Human Health Series No. 47), February
2023

Handbook of Basic Quality Control Tests for Diagnostic
Radiology | IAEA

Comprehensive Audits of Radiotherapy Practices: A Tool
for Quality Improvement (Second edition), September 2022
Comprehensive Audits of Radiotherapy Practices: A Tool
for Quality Improvement | [AEA

Audit Methodology for Medical Physics Clinical
Training Programmes (Training Course Series No.
74), July 2022

Audit Methodology for Medical Physics Clinical Training

Programmes | [AEA

Selecting Megavoltage Treatment Technologies in External
Beam Radiotherapy (IAEA Human Health Reports No.
17), January 2022

Selecting Megavoltage Treatment Technologies in External
Beam Radiotherapy | [AEA

External publications by IAEA staff in the field of
dosimetry and medical radiation physics are presented
below.
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Courses, Meetings and
Consultancies in 2023

TC Courses and Workshops related to DMRP activities

RAS6102 Regional Training Course on Quality Assurance and Dosimetry for Junior Medical Physicists, Amman,
Jordan, 11 — 15 January 2023

RAF6058 Workshop on Quality Control Programme in Africa: Analysis of Results and Way Forward, Vienna,
Austria, 16 — 20 January 2023

RAF6058 Training Course on Dosimetry using Monte Carlo Techniques, Accra, Ghana, 16 — 20 January 2023

RLA 6091 Regional Training Course on Quality Assurance and Dosimetry in Mammography Including
Tomosynthesis and Contrast Enhanced Mammography, Curitiba, Brazil, 5 — 10 February 2023

RLA9091 Regional Training Course on Calibration of Radiation Protection Equipment Using Neutron Sources in
Secondary Standard Dosimetry Laboratory (SSDL), Rio de Janeiro, Brazil, 20 — 24 March 2023

RER 6040 Image Guided Radiotherapy for Cervical Cancer: Focus on Brachytherapy, Belgrade, Serbia, 27 — 31
March 2023

RAS6101 Regional Training Course on Roles Responsibility, Education &Training of Medical Physicist and
Certification for Clinically Qualified Medical Physicist, Krabi, Thailand, 27-31 March 2023

RLA9091 Regional Workshop on brachytherapy calibrations and measurements for SSDL and medical physicist,
Vienna, Austria, 17 — 21 April 2023

INT6063 Interregional Training Course on Quality Assurance Teams for Radiation Oncology, Vienna, Austria, 2 — 5
May 2023
RLA9091 Regional Workshop on Calibration of Radiation Protection Equipment Such as Survey Instruments and

Reference Irradiation, with Cs-137, Recife, Brazil, 08 — 12 May 2023

RLA9091 Regional Training Course on Brachytherapy Calibrations and Measurements Including SSDL and Medical
Physicist, Lima, Peru, 08 — 12 May 2023

RAF6058 Regional Training Course on Image Quality and Radiation Dose Management in Radiology for English
Speaking Countries, Pretoria, South Africa 15 — 19 May 2023

RAS6101 Regional Training Course on Quality Management and Quality Assurance in Medical Imaging for Medical
Physicists, Bangkok, Thailand, 22 — 26 May 2023

RER6040 TAEA Virtual Regional Workshop on Advanced Treatment Planning for Head and Neck Cancer: From
Contouring to Plan Evaluation, Vienna, Austria, 12 — 30 June 2023

RER6042 Regional Workshop on Quality and Safety in Diagnostic and Interventional, in conjunction with the 10th
EURASIAN Radiology Forum [in Russian], Astana, Kazakhstan, 26 — 29 June 2023

RAF6055 Regional (AFRA) Training on how to Audit and Optimise Clinical Protocols on Common Cancers
(English), Nairobi, Kenya, 26 — 30 June 2023

RAF6055 Regional (AFRA) Training on how to Audit and Optimise Clinical Protocols on Common Cancers (French),
Algiers, Algeria, TBC

RLA6091 Regional Training Course on Quality Assurance and Dosimetry in Dental and Cone Beam CT, Havana,
Cuba, July 2023

Joint ICTP-TAEA Workshop on Quality Assurance, Quality Control and Optimization of Equipment and Procedures

Used in Fluoroscopically Guided Interventional Radiology, Trieste, Italy, 9 — 13 October 2023

RER6042 Regional Training Course on Basic Quality Control in Diagnostic Radiology [in Russian], Tashkent,
Uzbekistan, 30 October — 3 November 2023

RER6042 Regional Training Course on Performance Testing of Digital Detectors, Zagreb, Croatia, 6 — 10 November
2023

Joint ICTP-IAEA Workshop on Artificial Intelligence in Ionizing Radiation for Medical Physicists, Trieste, Italy, 20
— 24 November 2023
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Training courses and ESTRO Courses

IAEA/ESTRO Training Course on Dosimetry Audit, London, United Kingdom, 17 — 21 April 2023

E2-TR-1805156 Joint IAEA—Argonne National Laboratory Training Activity on Comprehensive Clinical Audits in
Diagnostic Radiology under the Quality Assurance Audit for Diagnostic Radiology Improvement and Learning
(QUAADRIL) Tool, Houston, Texas, United States of America, 24 — 28 April 2023

RER6040 IAEA/ESTRO Training Course on Physics for Modern Radiotherapy, 22 — 26 May 2023 (virtual)

RER6040 IAEA/ ESTRO Training Course on Advanced Skills in Modern Radiotherapy, Paris, France, 19 — 23 June
2023

RER6040 IAEA/ESTRO Training Course on Basic Clinical Radiobiology, Porto, Portugal, 9 — 13 September 2023

RER6036 Regional Training Course on Clinical Dosimetry in Modern Radiotherapy, Moscow, Russia, 17 — 21
October 2023 (in Russian)

RER6036 Regional Training Course on Radiobiology for Radiation Oncologists and Medical Physicists (virtual), 23
October — 3 November 2023 (in Russian)

RER6040 TAEA/ESTRO Training Course on Clinical Practice and Implementation of Image-guided Stereotactic
Body Radiotherapy, Prague, Czech Republic, 9 — 11 November 2023

RER6040 TAEA/ESTRO Training Course on Evidence Based Radiation Oncology, Budapest, Hungary, 12 — 16
November 2023

RER6036 Regional Training Course on Physics for Conformal Radiotherapy: Advanced Technologies, Moscow,
Russia, 13 — 24 November 2023 (in Russian)

RER6040 IAEA/ESTRO Training Course on Best Practice in Radiation Oncology — Train the RTT (Radiation
Therapists) Trainers — Part II, Vienna, Austria, 20 — 22 November 2023

RER6036 Regional Training Course on Radiation Protection and Safety and Accident Prevention in Radiotherapy
(virtual), 27 November — 1 December 2023 (in Russian)

DMRP Meetings and Consultancies

14

Consultancy Meeting on Guidance Related to Quality Assurance and Optimization in Fluoroscopically-Guided
Interventional Radiology, Vienna, Austria, 17 —21 April 2023

Consultancy Meeting on Developing Guidelines on Quality Assurance for Digital X ray Breast Imaging Modalities,
Vienna, Austria, 22 — 26 May 2023

Technical Meeting on Developments and Trends in Secondary Standards Dosimetry Laboratories and Quality
Management Systems, Vienna, Austria, 29 May — 2 June 2023

First Research Coordination Meeting on Audit System for Radiopharmaceutical Therapy (RPT), Vienna, Austria, 3rd
Quarter 2023

Second Research Coordination Meeting on Evaluation of the Dosimetry Needs and Practices for the Update of the
Code of Practice for Dosimetry in Diagnostic Radiology (TRS-457), Vienna, Austria, 3rd Quarter 2023

Consultancy Meeting to Advise on the Co-ordinated Research Project for the Evaluation on the Requirements for
Medical Physicists Working in Radiopharmaceutical Therapies (RPT), Vienna, Austria, 16 — 20 October 2023

Consultancy Meeting on Guidelines for Medical Physicists on Dose Management Systems, Vienna, Austria, 6 — 10
November 2023
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Member Laboratories

of the IAEA/WHO Network of SSDLs

Country City Contact person E-mail

ALBANIA Tirana Ms Nikaj Klotilda klotildanikaj@hotmail.com

ALGERIA Algiers Mr Ammar Herrati ammar.herrati@yahoo.fr

ARGENTINA Ezeiza Ms Amalia Stefanic astefanic@cnea.gob.ar

AUSTRIA Seibersdorf Mr Christian Hranitzky christian.hranitzky@seibersdorf-
laboratories.at

AZERBAIJAN Baku Ms Shahla Musayeva shahla musayeva@mail.ru

BANGLADESH Dhaka Mr Shakilur Rahman shakilurssdl@baec.gov.bd

BELARUS Minsk Mr Alexander Kiyko kiyko@belgim.by

BELGIUM Mol Mr Liviu-Cristian Mihailescu Imihaile@sckcen.be

BOSNIA AND Sarajevo Ms Amra Sabeta amra.sabeta@met.gov.ba

HERZEGOVINA

BRAZIL Rio de Janeiro Ms Karla C. De Souza Patrdo karla@ird.gov.br

BULGARIA Sofia Mr Tsvetelin Tsrunchev tsetso@ncrrp.org

CANADA Ottawa Mr Ibrahim Aslam aslam.ibrahim@cnsc-ccsn.gc.ca

CHILE Santiago Mr Carlos H. Oyarzin Cortes carlos.oyarzun@cchen.cl

CHINA Beijing Mr Fei Gao gaofei@ciae.ac.cn

CHINA Shanghai Mr Fangdong Tang tangfd@simt.com.cn

CHINA TaiYuan Ms Mei Feng fengmei cirp@126.com

CHINA Beijing Mr Jinsheng Cheng chengjinsheng@nirp.chinacdc.cn

CHINA Hong Kong SAR Mr Francis Lee leekh4@ha.org.hk

COLOMBIA Bogota Mr Julian Nifio janino(@sgc.gov.co

CROATIA Zagreb Mr Robert Bernat rbernat@irb.hr

CUBA Havana Mr Gonzalo Walwyn Salas  gonzalo@cphr.edu.cu

CYPRUS Nicosia Mr Nicolaos Papadopoulos  nic.papadopoulos@shso.org.cy

CZECH REP. Prague Mr Vladimir Sochor vsochor@cmi.cz

CZECH REP. Prague Mr Libor Judas libor.judas@suro.cz

DENMARK Herlev Mr Peter Kaidin Frederiksen pkfr@sis.dk

ECUADOR Quito Mr Enrique Arévalo enrique.arevalo@recursosyenergia.gob.ec

EGYPT El-Giza Mr Ahmed Maghraby ahmed.maghraby@hnis.sci.eg

ETHIOPIA Addis Ababa Mr Biruk Hailemariam birukgirmal23bg@gmail.com

FINLAND Helsinki Ms Paula Toroi paula.toroi@stuk.fi

GEORGIA Thilisi Mr Simon Sukhishvili s.sukhishvili@gmail.com

GERMANY Freiburg Mr Holger Georg holger.georg@ptwdosimetry.com

GERMANY Schwarzenbruck Mr Norman Dumy norman.durny@jiba-group.com

GHANA Legon / Accra Mr Collins Kafui Azah collins.azah-gidi@gaec.gov.gh

GREECE Athens Ms Eleftheria Carinou eleftheria.carinou@eeae.gr

GUATEMALA Guatemala City Mr Vinicio Ortiz vortiz33@gmail.com

HUNGARY Budapest Ms Viktoria Finta finta.viktoria@bfkh.gov.hu

HUNGARY Paks Mr Karoly Karolyi karolyik@npp.hu

INDIA Mumbai Mr Sathian Vilippalil sathian@barc.gov.in

INDONESIA Jakarta Ms Caecilia Tuti Budiantari tuticb@batan.go.id

IRAN Karaj-Rajaei Shahr Ms Sedigheh Kashian skashian@acoi.org.ir

IRELAND Dublin Ms Veronica Smith v.smith@epa.ie

ISRAEL Yavne Mr Gal Amit galam@soreq.gov.il

ISRAEL Ramat Gan Mr Shlomo Ish Shalom shlomo.ishshalom@moh.gov.il

JORDAN Amman Mr Mamoun Alzoubi mamoun.alzoubi@jaec.gov.jo

KAZAKHSTAN Kapchagai Mr Bekjan Erenchinov ssdlkz@gmail.com

KENYA Nairobi Ms Grace Ateka ateka@kebs.org

KOREA, REP. OF Seoul Mr Kum Bae Kim kbkim@kirams.re.kr
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Country City Contact person E-mail

KUWAIT Kuwait City Ms Elham Kh. Al Fares ealfares2002@yahoo.com

LATVIA Salaspils Ms Oksana Skrypnik oksana.skripnika@lvgmc.lv

MADAGASCAR Antananarivo Mr Joel Rajaobelison rajaobelisonjoel@gmail.com

MALAYSIA Kajang Mr Mohd Taufik Bin Dolah taufik@nm.gov.my

MEXICO Mexico City Mr Héctor J. Mendoza Nava hector.mendoza@inin.gob.mx

MOLDOVA Chisinau Mr Siarhei Saroka siarhei.saroka@inm.gov.md

MOROCCO Salé Mr Mohammed Tazi Saisout cnrp.ma@gmail.com

NEW ZEALAND Christchurch Mr Glenn Stirling glenn.stirling@esr.cri.nz

NIGERIA Ibadan Mr Akerele Olumide akereleolu@yahoo.com

NORWAY steras Mr Per Otto Hetland Per.Otto.Hetland@dsa.no

PAKISTAN Islamabad Mr Muhammad Mahmood = mmasood@pinstech.org.pk

PERU Lima Mr Enrique Rojas erojas@ipen.gob.pe

PHILIPPINES Quezon City Ms Kristine M. Dean kmdromallosa@pnri.dost.gov.ph

PHILIPPINES Manila Ms Jean Gillian C. Valberde jgcvalberde@fda.gov.ph

POLAND Warsaw Ms Wioletta Slusarczyk- Wioletta.Slusarczyk-Kacprzyk@pib-nio.pl
Kacprzyk

PORTUGAL Bobadela LRS Mr Jodo Alves jgalves@ctn.tecnico.ulisboa.pt

ROMANIA Bucharest Mr Mihail-Razvan loan razvan.ioan@nipne.ro

RUSSIA St. Petersburg Mr Sergey Trofimchuk s.g.trofimchuk@vniim.ru

RUSSIA St. Petersburg Ms Galina Lutina gallutina@mail.ru

SAUDI ARABIA Riyadh Mr Mehenna Arib marib@kfshrc.edu.sa

SERBIA Belgrade Mr Milos Zivanovic milosz@vinca.rs

SINGAPORE Singapore Mr Kiat Loo Howe loo_howe kiat@nea.gov.sg

SINGAPORE Singapore Mr James Lee trdjas@nccs.com.sg

SLOVAKIA Bratislava Ms Maria Fribertova maria.fribertova@ousa.sk

SLOVENIA Ljubljana Mr Bostjan Crnic bostjan.crnic@jijs.si

SOUTH AFRICA Pretoria Mr Sibusiso Jozela sjozela@nmisa.org

SRI LANKA Orugodawatta Mr Prasad Mahakumara prasad@aeb.gov.lk

SUDAN Khartoum Mr Ayman A. E. Beineen beineen2006(@yahoo.com

SWEDEN Stockholm Ms Linda Persson linda.persson@ssm.se

SYRIA Damascus Mr Anas Ismail aismail@aec.org.sy

NORTH MACEDONIA Skopje Mr Velko Velev velkovelev@yahoo.com

TANZANIA Arusha Mr Yohana Yesaya Sungita yesaya.sungita@taec.go.tz

THAILAND Nonthaburi Mr Sakchai Buppaungkul sakchai.b@dmsc.mail.go.th

THAILAND Bangkok Mr Vithit Pungkun vithit.p@oap.go.th

TUNISIA Tunis Ms Latifa Ben Omrane benomrane.latifa@planet.tn

TURKEY Istanbul Ms Tiilin Zengin tulin.zengin@tenmak.gov.tr

TURKEY Ankara Mr Erinc Reyhanioglu erinc.reyhanioglu@tenmak.gov.tr

UAE Abu Dhabi Ms Ameena AlAbdouli ameena.alabdouli@fanr.gov.ae

URUGUAY Montevideo Mr Guillermo Balay guillermo.balay@miem.gub.uy

VENEZUELA Caracas Mr José Alexander Duran  jduran@ivic.gob.ve

VIET NAM Hanoi Mr Ngoc-Thiem Le LeNgocThiem@vinatom.gov.vn
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Collaborating Organizations Associated with the IAEA/WHO Network of SSDLs

Bureau International des Poids et Mesures (BIPM)

International Commission on Radiation Units and Measurements (ICRU)

International Electrotechnical Commission (IEC)

Organisation Internationale de Métrologie Légale (OIML)
International Organization of Medical Physics (IOMP)

Affiliated Members of the IAEA/WHO Network of SSDLs

Australian Radiation Protection and Nuclear Safety Agency

(ARPANSA)

Bundesamt fiir Eich und Vermessungswesen (BEV)
National Research Council of Canada (NRC-CNRC)
National Institute of Metrology (NIM)

Laboratoire National Henri Becquerel Bureau (LNHB)
Physikalisch-Technische Bundesanstalt (PTB)
Hungarian Trade Licensing Office (MKEH)

Ente per le Nuove Tecnologie L’Energia e L’ Ambiente (ENEA)
National Metrology Institute of Japan, AIST (NMIJ/AIST)
Korea Research Institute of Standards and Science (KRISS)

Van Swinden Laboratorium (VSL)

All-Russian Scientific Research Institute for Physical-Engineering and

Radiotechnical Metrology (VNIIFTRI)
Slovak Institute of Metrology (SMU)

Centro de Investigaciones Energéticas, Medioambientales y

Tecnoldgicas (CIEMAT)
National Physical Laboratory (NPL)

National Institute of Standards and Technology (NIST)

Yallambie, AUSTRALIA

Vienna, AUSTRIA

Ottawa, CANADA

Beijing, CHINA
Gif-sur-Yvette, FRANCE
Braunschweig, GERMANY
Budapest, HUNGARY

Rome, ITALY

Ibaraki, JAPAN

Daejeon, Republic of KOREA
Delft, NETHERLANDS

Moscow, RUSSIAN FEDERATION
Bratislava, SLOVAKIA
Madrid, SPAIN

Teddington, UNITED KINGDOM
Gaithersburg, UNITED STATES
OF AMERICA
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