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Aim of EURADQOS
Intercomparisons program

To provide individual monitoring services (IMS) for external
dosimetry in Europe with the opportunity to:

« test their performance on a regular time intervals,
e to compare their results with other IMS,

« show compliance with standards/regulations

e improve and harmonize their dosimetry systems

And In addition:

e generate overviews of the present status of external dosimetry
across Europe and analyse them
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List of European intercomparisons

Organiser radiation comment

IAEA 1988 20 photon wB Phase |

IAEA 1990 24 photon wWB Phase Il

IAEA 1997 ?? photon wB “Type test”

IAEA 1998 23 photon WB "Simulated Workplace Field"

EURADOS 1998 26 photon WB "Simulated Workplace Fields"

EURADOS 1998 16 beta WB "Simulated Workplace Fields"

EURADOS 1998 8 beta EXT ["Simulated Workplace Fields"

EURADOS 1998 17 neutron WB "Simulated Workplace Fields"

IAEA 1999 35 photon WB "Simulated Workplace Fields"

IAEA 2003 34 photon/ neutron WB Phase |

IAEA 2004 ? photon/ neutron WB Phase Il (Simulated Workplace Fields

EURADOS/IAEA 2005 13 photon WB/APD

EURADOS/CONRAD 2007 6 photon WB/APD |Interventional Radiology Fields

EURADOS/CONRAD 2007 24 photon/ beta EXT [Reference And Workplace Fields

EURADOS 2008 52/62 photon WB Reference And Workplace Fields

EURADOS 2009 44/59 photon/beta EXT Reference And Workplace Fields

EURADOS 2010 70/85 photon WB Reference And Workplace Fields
2012 31/34 Neutrons WB Reference And Workplace Fields
2012 75/88 photon WB Reference And Workplace Fields
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Early intercomparisons

Radiation Protection Dosimetry
Wol. 96, Nos 1-3, pp. 143150 (2001)
Muclear Technology Publishing

TIAEA INTERCOMPARISONS FOR INDIVIDUAL MONITORING
OF PHOTON RADIATION 1987-1998

J. Bohmy and R. Cruz Suarezi
tPhysikalisch-Technische Bundesanstalt
D-38116 Braunschweig, Germany
tInternational Atomic Energy Agency
A-1400 Vienna, Austria

INVITED PAPER

Abstract — In 1985 a technical committes set up by the JAEA formulated tasks to be performed in individual monitoring and
recommended ‘some type of personnel dosimetry activity”. Since 1987 several coordinated research projects have been performed
within the Agency’s Research Contract Programme concerning intercomparisons for individual monitoring. While the first inter-
comparison focused on the impact of the possible adoption of the new set of operational quantities introduced in ICRU Report
39 n 1985, later intercomparisons concentrated on the performance of personnel dosimetry services. In the last intercomparison,
dosimetry services for nuclear power plants in JAEA Member States in Eastern Europe were given an opportunity to gain
experience with the recommendations of the IAEA to use the operational quantity H(10). This paper analyses whether the
important tasks formulated in 1985 were actually solved. It summarises the various intercomparisons carried out between 1987
and 1998 and highlights some results.
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Figure 1. TAEA intercomparisons for individual monitoring and dosimetric milestones related to ICRLU, ICRP and ISO between

1985 and 20040,
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Figure 5. Conversion coefficient H(dWK, as a function of

photon energy E, for different phantoms"®. The depth d is

0.07 mm for the ICRU tissue slab phantom (O), the IAEA

water phantom (+) and the ICRU sphere (®). For the PMMA
slab phantom (- - -y d is 0.1 mm.
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1ISO 4037-3

INTERNATIONAL ISO
STANDARD 4037-3

X and gamma reference radiation for
calibrating dosemeters and doserate
meters and for determining their response
as a function of photon energy —

Part 3:

Calibration of area and personal dosemeters
and the measurement of their response as a
function of energy and angle of incidence
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Point of test

S

4.1.5 Point of test and reference point

Measurements shall be carried out by positioning the reference point of the dosemeter at the point of test. The
reference point and the reference direction of the dosemeter to be tested should be stated by the manufacturer. The
reference point should be marked on the outside of a dosemeter. If this proves impossible, the reference point
should be indicated in the accompanying documents supplied with the instrument. All distances between the
radiation source and the dosemeter shall be taken as the distance between the radiation source and the
dosemeter's reference point.

In the absence of information on the reference point or on the reference direction of the dosemeter to be tested,
these parameters shall be fixed by the testing laboratory. They shall be stated in the test certificate.

NOTE In the case of point sources and in the absence of scattered radiation and photon absorption, the dose rate changes
with the inverse square of the distance /. A misplacement of the dosemeter's reference point in the beam by the amount of Al in
the direction of the beam will lead to a relative error in the calibration factor of 2All at the distance /. Misalignment
perpendicular to the beam axis by AJ causes a relative error of (A4/!)2. In the presence of scattered radiation and for sources
of finite dimensions, the above approximations are limited to values of Al or A that are small in comparison to /.
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6.3.1 Use of phantoms

Measurements of the response as a function of radiation energy and direction of radiation incidence and calibrations
of personal dosemeters should be carried out on a phantom that is suitable in view of the depth of measurement
and of the type of dosemeter. As a rule, the depth of 0,07 mm will be applicable only for extremity dosemeters (see
note below). For dosemeters worn on the fingers, the ISO rod phantom should be used and, for those worn on the
wrist or the ankle, the 1SO pillar phantom should be used. The 1SO rod phantom is a PMMA cylinder of 19 mm
diameter and a length of 300 mm. The ISO pillar phantom is a water-filled hollow cylinder with PMMA walls and an
outer diameter of 73 mm and a length of 300 mm. The cylinder walls have a thickness of 2,5 mm and the end faces
have a thickness of 10 mm. For dosemeters worn on the body to measure HPHG}. a phantom of outer dimensions
30 em x 30 cm x 15 cm with PMMA walls (front wall 2,5 mm thick, other walls 10 mm thick) filled with water and
termed the |ISO water slab phantom, should be used. When using reference radiations with a mean energy equal to
or above that of the radionuclide 137Cs, a solid PMMA slab of the same outer dimensions may be used.

When these phantoms are employed as described above, no correction factors shall be applied to the reading of the
instrument under test, due to possible differences in back-scatter properties between these phantoms and those of
ICRU tissue.

Routine calibrations (see note in 3.2.11) need not always be performed on a phantom but may sometimes be done
more simply, free in air, or with another type of radiation than that which the dosemeter is intended to measure.
Such simplifications, if they are to be applied, shall be justified prior to their adoption by demonstrating that they lead
to results identical to those from procedures described in this part of 1SO 4037, or that any differences can be
corrected for reliably. This may be done on the basis of the results of a type test.
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List of European intercomparisons

Organiser radiation comment

IAEA 1988 20 photon wB Phase |

IAEA 1990 24 photon wWB Phase Il

IAEA 1997 ?? photon wB “Type test”

IAEA 1998 23 photon WB "Simulated Workplace Field"

EURADOS 1998 26 photon WB "Simulated Workplace Fields"

EURADOS 1998 16 beta WB "Simulated Workplace Fields"

EURADOS 1998 8 beta EXT ["Simulated Workplace Fields"

EURADOS 1998 17 neutron WB "Simulated Workplace Fields"

IAEA 1999 35 photon WB "Simulated Workplace Fields"

IAEA 2003 34 photon/ neutron WB Phase |

IAEA 2004 ? photon/ neutron WB Phase Il (Simulated Workplace Fields

EURADOS/IAEA 2005 13 photon WB/APD

EURADOS/CONRAD 2007 6 photon WB/APD |Interventional Radiology Fields

EURADOS/CONRAD 2007 24 photon/ beta EXT [Reference And Workplace Fields

EURADOS 2008 52/62 photon WB Reference And Workplace Fields

EURADOS 2009 44/59 photon/beta EXT Reference And Workplace Fields

EURADOS 2010 70/85 photon WB Reference And Workplace Fields
2012 31/34 Neutrons WB Reference And Workplace Fields
2012 75/88 photon WB Reference And Workplace Fields
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Radiation Protection Dosumetry
Vol 89, Nos 1-2, pp. 107-154 (2000)
Nuelear Technology Publishing

PERFORMANCE TEST OF DOSIMETRIC SERVICES IN THE EU
MEMBER STATES AND SWITZERLAND FOR THE ROUTINE
ASSESSMENT OF INDIVIDUAL DOSES (PHOTON, BETA AND
NEUTRON)

I. M. Bordy®, H. Stadtmann®, P. Ambrosi®®, D. T. Bartlett™®, P. Christensen®, T. Colgan® and H. Hyvonen®
@IPSN-DPEA-SEC, BP No 6, F-92265, CE Fontenay-aux Roses. France
® Austrian Research Centre Seibersdorf. A-2444 Seibersdorf, Austria
©Physikalisch-Technische Bundesanstalt

PO Box 3345, D-38023 Braunschweig. Germany

@National Radiological Protection Board, Chilton, Oxon OX11 0RQ, UK
®Rise National Labomtm} PO Box 49. DK-4000 Roskilde. Denmark
(ORadiological Protection Institute of Ireland

3 Clonskeagh Square, Dublin 14, ITreland

®STUK. Radiation and Nuclear Safety Authority

PO Box 14, FIN 00881 Helsinki, Finland

INVITED PAPER
Received and accepted March 1 2000
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Table 1. Number of services taking part in the tests by country and by radiation type.

EU code Country Photon Beta Beta Neutron Total/ Services/
whole-body  extremity country country

A Austria 2 1 1 1 5 2

B Belgium 1 1 1 — 3 1

CH Switzerland 2 2 1 2 7 3

D Germany 2 — 2 1 5 4

DK Denmark 1 1 1 1 4 2

E Spain 2 1 — 1 4 2

EL Greece 1 — — 2 3 2

F France -+ 2 1 -+ 11 5

FIN Finland 2 1 — 1 4 2

I Italy 1 1 — 1 3 1

IRL Ireland 1 1 — — 2 1

L Luxembourg 1 — — — 1 1

NL Netherland 1 1 — — 2 1

P Portugal 1 — — — 1 1

S Sweden 1 1 — — 2 1

UK United Kingdom 3 2 1 3 9 5
Total 26 15 8 17 66 34
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Detailed Information about used
Dosemeters

Table 10. Continued.

(c) Extremity dosemeters (all of TLD type)

Code No Doszemeter Detector Detector thickness Cover thickness Calibr. reference
category (mg.cm™) (mg.cm™) raciation
1 Finger LiF:Mg. Ti; TLD-100 100 40 Cs-137
2 Finger LiF-7 Teflon 28 32 Co-60
4 Wrist LiF-Mg Ti; TLD-700 100 45 Co-60
5 Finger LiF:Mg.Cu.P (MCP-Ns) 10 0.5 Co-60
6 Finger LiF:Mg.Cu.P (MCP-Ns) 8 2 Cs-137
7 Finger LiF Mg CuP (MCP-7s) 8 10 Cs-137
8 Finger LiF-grains (75-106 pm) 5 35 Sr/Y-90
9 Wrist LiF:Mg.CuP
(1): MCP-Ns (1): 8 (1): 15 Cs-137 (a)
(2): MCP-7 (2): 240 (2): 86
Slide: 14
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Radiation Protection Dosimetry
Vol 96, Nos 1-3, pp. 139-165 (2001)
Muclear Technology Publishing

EURADOS TRIAL PERFORMANCE TEST FOR PHOTON
DOSIMETRY

H. Stadtmann', J. M. Bordy®, P. Ambrosi®, D. T. Bartlett*, P. Christensen®, T. Colgan® and H. Hyvonen”
! Austrian Research Centre Seibersdorf, A—2444 Seibersdorf, Austria

“Institut de Protection et de Siireté Nucléaire, BP 6

F-92265. Fontenay-aux-Roses CEDEX, France

*Physikalisch-Technische Bundesanstalt, P.O. Box 3345, D-38023 Braunschweig, Germany

“National Radiological Protection Board, Chilton, Oxon, OX11 ORQ, UK

"RIS@ National Laboratory, P.O. Box 49, DK-4000 Roskilde, Denmark

“Radiological Protection Institute of Ireland, 3 Clonskeagh Square, Dublin 14, Ireland

'STUK, Radiation and Nuclear Safety Authority, P.O. Box 14, FIN 00881 Helsinki, Finland

INVITED PAPER

Abstract — Within the framework of the EURADOS Action entitled Harmonisation and Desimetric Quality Assurance in Individ-
ual Monitoring for External Radiation, trial performance tests for whole-body and extremity personal dosemeters were carried
out. Photon, beta and neutron dosemeters were considered. This paper summarises the results of the whole-body photon dosemeter
test. Twenty-six dosimetry services from all EU Member States and Switzerland participated. Twelve different radiation fields
were used to simulate various workplace irradiation fields. Dose values from 0.4 mSv to 80 mSv were chosen. From 312 single
results, 26 fell outside the limits of the trumpet curve and 32 were outside the range 1/1.5 to 1.5. Most outliers resulted from
high energy R-F irradiations without electronic equilibrium. These fields are not routinely encountered by many of the participating
dosimetry services. If the results for this field are excluded, most participating services satisfied the evaluation criteria.
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Conversion
Radiation quality coefficient hy (10) | Standard ) Mean Energy
uncertainty keV
Sv /Gy
S-Ir (0°) 1,317 * 0,03 396
S-Ir (WA + 80°) 1,262 * 0,035 396
W-80 (WA = 80°) 1,523 * 0,025 57
S-Co (0°) 1,15 0,02 1250
R-F (0°) 1,12 0,029 6610
W-300 (WA + 80°) 1,355 * 0,025 208
R-F (0%) without 1,41 * 0,086 6610
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EURADOS Performance test
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Results
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Trumpet curve
type datapoints | outliers | outside limits| inside limits
TLD (PT) 204 10 4,9% 95,1%
Film (PF) 96 15 15,6% 84,4%
Glass (PV) 12 1 8,3% 91,7%

1/1,5to 1,5 range
type datapoints | outliers | outside limits| inside limits
TLD (PT) 204 10 4,9% 95,1%
Film (PF) 96 21 21,9% 78,1%
Glass (PV) 12 1 8,3% 91,7%
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Radiation Protection Dosimetry
Vol. 96, Nos 1-3, pp. 175-182 (2001)
Muclear Technology Publishing

EURADOS TRIAL PERFORMANCE TEST FOR PERSONAL
DOSEMETERS FOR EXTERNAL BETA RADIATION

P. Christensen”, J. M. Bordy®, P. Ambrosi*”, D. T. Bartlett",
T. Colgan™, H. Hyvénen™ and H. Stadtmann‘”
‘URisg National Laboratory

P.O. Box 49, DK-4000 Roskilde, Denmark

nstitut de Protection et de Siireté Nucléaire

BP 6, F-92265, Fontenay-aux-Roses CEDEX, France
“*'Physikalisch-Technische Bundesanstalt

P.O. Box 3345, D-38023 Braunschweig, Germany
“National Radiological Protection Board

Chilton, Oxon, OX11 ORQ, UK

“'Radiological Protection Institute of Ireland

3 Clonskeagh Square, Dublin 14, Ireland

®ISTUK, Radiation and Nuclear Safety Authority
P.O. Box 14, FIN 00881 Helsinki, Finland

D Austrian Research Centre Seibersdorf

A-2444 Seibersdort, Austria

INVITED PAPER
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Results (Beta irradiation)
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Radiation Protection Dosimetry
Vol. 96, Nos 1-3, pp. 167173 (2001)
Nuclear Technology Publishing

EURADOS TRIAL PERFORMANCE TEST FOR NEUTRON
PERSONAL DOSIMETRY

J. M. Bordy', H. Stadtmann?, P. Ambrosi®, D. T. Bartlett*, P. Christensen’, T. Colgan® and H. Hyvénen’
"nstitut de Protection et de Streté Nucléaire, BP 6

F-92265, Fontenay-aux-Roses CEDEX, France

*Austria Research Centre Seibersdorf, A—2444 Seibersdorf, Austria

*Physikalisch-Technische Bundesanstalt, P.O. Box 3345, D-38023 Braunschweig, Germany

*National Radiological Protection Board, Chilton, Oxon, OX11 ORQ, UK

Rise National Laboratory, P.O. Box 49, DK—4000 Roskilde, Denmark

®Radiological Protection Institute of Ireland, 3 Clonskeagh Square, Dublin 14, Ireland

’STUK, Radiation and Nuclear Safety Authority, P.O. Box 14, FIN 00881 Helsinki, Finland

INVITED PAPER

Abstract — This paper reports on the results of a neutron trial performance test sponsored by the European Commission and
organised by EURADOS. As anticipated, neutron dosimetry results were very dependent on the dosemeter type and the dose
calculation algorithm. Fast neutron fields were generally well measured, but particular problems were noted in the determination
of intermediate energy fields and large incident angles, demonstrating the difficulties of neutron personal dosimetry. Of particular
concern from a radiological protection point of view was the large number of results underestimating personal dose equivalent.
A considerable over-response was noted in a few cases.
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Results (neutron irradiation)
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Figure 4. Trumpet curves for corrected results.
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List of European intercomparisons

Organiser radiation comment

IAEA 1988 20 photon wB Phase |

IAEA 1990 24 photon wWB Phase Il

IAEA 1997 ?? photon wB “Type test”

IAEA 1998 23 photon WB "Simulated Workplace Field"

EURADOS 1998 26 photon WB "Simulated Workplace Fields"

EURADOS 1998 16 beta WB "Simulated Workplace Fields"

EURADOS 1998 8 beta EXT ["Simulated Workplace Fields"

EURADOS 1998 17 neutron WB "Simulated Workplace Fields"

IAEA 1999 35 photon WB "Simulated Workplace Fields"

IAEA 2003 34 photon/ neutron WB Phase |

IAEA 2004 ? photon/ neutron WB Phase Il (Simulated Workplace Fields

EURADOS/IAEA 2005 13 photon WB/APD

EURADOS/CONRAD 2007 6 photon WB/APD |Interventional Radiology Fields

EURADOS/CONRAD 2007 24 photon/ beta EXT [Reference And Workplace Fields

EURADOS 2008 52/62 photon WB Reference And Workplace Fields

EURADOS 2009 44/59 photon/beta EXT Reference And Workplace Fields

EURADOS 2010 70/85 photon WB Reference And Workplace Fields
2012 31/34 Neutrons WB Reference And Workplace Fields
2012 75/88 photon WB Reference And Workplace Fields
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IAEA -
E U RA DOS IAEA-TECDOC-1564

Intercomparison of Personal Dose
Equivalent Measurements by
Active Personal Dosimeters

Final Report of a joint IAEA-EURADOS Project

@ €EURADOS

IAEA

Movember 2007
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APD Intercomparison

The IAEA in cooperation with EURADOS organized such an intercomparison in which most
of the testing criteria as described in two internationally accepted standards (IEC61526 and
[EC61283) were used. Additionally, simulated workplace fields were used for testing the
APD reactions to pulsed X ray fields and mixed gamma/X ray fields. This is the first time that
results of comparisons of such types are published, which i1s of great importance for APD end
users in medical diagnostic and surgery X ray applications.

Nine suppliers from six countries in Europe and the USA participated in the intercomparison
with 13 different models. One of the models was a special design for extremity dose
measurements.
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List of European intercomparisons

Organiser radiation comment

IAEA 1988 20 photon wB Phase |

IAEA 1990 24 photon wWB Phase Il

IAEA 1997 ?? photon wB “Type test”

IAEA 1998 23 photon WB "Simulated Workplace Field"

EURADOS 1998 26 photon WB "Simulated Workplace Fields"

EURADOS 1998 16 beta WB "Simulated Workplace Fields"

EURADOS 1998 8 beta EXT ["Simulated Workplace Fields"

EURADOS 1998 17 neutron WB "Simulated Workplace Fields"

IAEA 1999 35 photon WB "Simulated Workplace Fields"

IAEA 2003 34 photon/ neutron WB Phase |

IAEA 2004 ? photon/ neutron WB Phase Il (Simulated Workplace Fields

EURADOS/IAEA 2005 13 photon WB/APD

EURADOS/CONRAD 2007 6 photon WB/APD |Interventional Radiology Fields

EURADOS/CONRAD 2007 24 photon/ beta EXT [Reference And Workplace Fields

EURADOS 2008 52/62 photon WB Reference And Workplace Fields

EURADOS 2009 44/59 photon/beta EXT Reference And Workplace Fields

EURADOS 2010 70/85 photon WB Reference And Workplace Fields
2012 31/34 Neutrons WB Reference And Workplace Fields
2012 75/88 photon WB Reference And Workplace Fields
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Radiation Protection Dosimetry (2008), Vol 129, No. 1-3, pp. 340-345 doi: 10,1093 /rpd /mcn08 3
Advance Access publication 24 May 2008

INTERCOMPARISON OF ACTIVE PERSONAL DOSEMETERS IN
INTERVENTIONAL RADIOLOGY

Isabelle Clairand!-*, Lara Struelens?, Jean-Marc Bordy?, Josiane Daures?, Jacques Debroas!,

MdI'L Denozieres®, Laurent Donadille!, Jean Gouriou®, Christian Itie!, Pedro Vaz* and Francesco d’Errico?
[nqmut de Radioprotection et de Surete Nucleaire (IRSN), BP17, 92262 Fontenay-aux-Roses, France
Bngmn Nuclear Research Centre (SCK-CEN), Boeretang 200, 2400 Mol, Bngmm

f_EﬂL LIST Laboratoire National Henri Becquerel, CEA ‘lem 91191 Gif sur Yvette Cedex, France
*Instituto Tecnologico e Nuclear (ITN), Estrada Nacional 10, 2686-953 Sacavém, Portugal

"Universita di Pisa (UNIPI), Facolta® di Ingegneria, 2 via Diotisalvi, 56126 Pisa, Italy and Yale University,
POy BOX 208040, New Haven, CT 06520-8040, USA

The use of active personal dosemeters (APD) in interventional radiology was evaluated by Working Group 9 (Radiation pro-
tection dosimetry of medical staff) of the CONRAD project, which is a Coordination Action supported by the European
Commission within its sixth Framework Programme. Interventional radiology procedures can be very complex and they can
lead to relatively high doses to personnel who stand close to the primary radiation field and are mostly exposed to radiation
scattered by the patient. For the adequate dosimetry of the scattered photons, APDs must be able to respond to low-energy
[T0-100 keV] and pulsed radiation with relatively high instantaneous dose rates. An intercomparson of five APD models
deemed suitable for application in interventional mdiology was organised in March 2007, The intercomparison used pulsed
and continwous radiation beams, at CEA-LIST (Saclay, France) and TRSN (Fontenay-aux-Roses, France), respectively. A
specific configuration, close to the clinical practice, was considered. The reference dose, in terms of H(10), was derived from
air kerma measurements and from the measured and calculated energy distributions of the scattered radiation field.
Additional Monte Carlo calculations were performed to investigate the energy spectra for different experimental conditions of
the intercomparison. The resulis of this intercomparison are presented in this work and indicate which APDs are able to
provide a correct response when used in the specific low-energy spectra and dose rates of pulsed X-rays encountered in inter-
ventional radiology.
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Radiation Protection Dosimetry (2008), Vol. 131, No. 1, pp. 67-72 doi: 10,1093 /rpd/ ncn230
Advance Access publication 30 August 2008

EXTREMITY RING DOSIMETRY INTERCOMPARISON
IN REFERENCE AND WORKPLACE FIELDS

M. Ginjaume'-*, E. Carinou?, L. Donadille?, J. Jankowski®, A. Rimpler’, M. Sans Merce®, F. Vanhavere’,
M. Denoziere®, . Daures®, J. M. Bordy®, C. Itie* and P Covens®

Tnstitut de Tecniques Energetiques, Universitat Politecnica de Catalunya, Diagonal 647,

(8028 Barcelona, Spain

*Greek Atomic Energy Commussion, Ag. Paraskevi 15310, Greece

nstitut de Fadioprotection et de Streté Nucléaire, BP 17, 92262 Fontenay-aux-Roses Cedex, France
*Nofer Institute of Occupational Medicine, St. Teresa Street 8, 90-950 Lodz, Poland

*Bundesamt fiir Strahlenschutz. (BIS), Kdpenicker Allee 120-130, 10312 Berlin, Germany

“Institut Universitaire de Fadiophysique Appliquée, rue du Grand Pré 1, 1007 Lausanne, Switzerland
?Bc]gian MNuclear Research Centre, Boeretang 200, 2400 Mol, Belgium

SCEA LIST Laboratoire National Henri Becquerel, CEA Saclay 91191 Gif sur Yvette Cedex, France
“Radiation Protection Department, University of Brussels and Academic Hospital AZ-VUB,
Brussels, Belgium

An intercomparison of ring dosemeters has been organised with the aim of assessing the technical capabilities of available
extremity dosemeters and focusing on their performance at clinical workplaces with potentially high extremity doses. Twenty-
four services from 16 countries participated in the intercomparison. The dosemeters were exposed to reference photon (*7Cs)
and beta (" Pm, *Kr and *Sr/*Y) fields together with fields representing realistic exposure situations in interventional
radiology (direct and scattered radiation) and nuclear medicine t”‘“T{.‘ and '“]-’]. It has been found that most dosemeters
provided satisfactory measurements of H(0.07) for photon radiation, both in reference and realistic fields. However, only four
dosemeters fulfilled the established requirements for all radiation gqualities. The main difficulties were found for the measure-
ment of low-energy beta radiation. Finally, the results also showed a general under-response of detectors to '*F which was
attributed to the difficulties of the dosimeiric systems to measure the positron contribution to the dose.
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Results

N° services
outside the
trumpet curve

82 Psry,0° 1.00 0.38-1.42 1/20
9.0 *sr®,60° 0.63 0.03-1.30 10/20
10.3 ®Kr, 0° 0.45 0-1.31 12/20
11.0  ®Kr, 60° 0.29 0-0.95 15/20
5.8 “Pm, 0° 0.25 0-1.34 15/20
83 Pm, 60° 0.16 0-0.95 16/20
10.1 B 055 0.02-1.08 13/20
4.2 %¥MTC 1.08 0.48-2.36 1/20
4.5 BCs, 0° 092 0.35-2.35 1/24
48  “'Cs, 60° 091 0.38-2.37 2124
52 'Cs,180°  0.96 0.37-252 2/24

2.6 IR in beam 1.86 0.27-12.5 3/24

IR outside
0.7 beam 1.86 0.21-11.7 3/24

H,(0.07) Radiation Mean Response
[mSv] quality response range
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List of European intercomparisons

Organiser radiation comment

IAEA 1988 20 photon wB Phase |

IAEA 1990 24 photon wWB Phase Il

IAEA 1997 ?? photon wB “Type test”

IAEA 1998 23 photon WB "Simulated Workplace Field"

EURADOS 1998 26 photon WB "Simulated Workplace Fields"

EURADOS 1998 16 beta WB "Simulated Workplace Fields"

EURADOS 1998 8 beta EXT ["Simulated Workplace Fields"

EURADOS 1998 17 neutron WB "Simulated Workplace Fields"

IAEA 1999 35 photon WB "Simulated Workplace Fields"

IAEA 2003 34 photon/ neutron WB Phase |

IAEA 2004 ? photon/ neutron WB Phase Il (Simulated Workplace Fields

EURADOS/IAEA 2005 13 photon WB/APD

EURADOS/CONRAD 2007 6 photon WB/APD |Interventional Radiology Fields

EURADOS/CONRAD 2007 24 photon/ beta EXT [Reference And Workplace Fields

EURADOS 2008 52/62 photon WB Reference And Workplace Fields

EURADOS 2009 44/59 photon/beta EXT Reference And Workplace Fields

EURADOS 2010 70/85 photon WB Reference And Workplace Fields
2012 31/34 Neutrons WB Reference And Workplace Fields
2012 75/88 photon WB Reference And Workplace Fields
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European Radiation Dosimetry Group (EURADOQOS )

EURADOS (European radiation Dosimetry Group)

chaired by Helmut Schuhmacher , PTB (Werner Rihm, HMGU)

Working Group (WG) 2

Harmonisation of Individual Monitoring in Europe
chaired by Vasiliki Kamenopoulou, GAEC (Joao Garcia Alves, IST)

-

coordinated by Joao Garcia Alves - ITN

o

Subgroup (SG) 1

Technical Recommendations
for Monitoring Individuals
Occupationally Exposed to

External Radiation

\_

€uropean Radiation Dosimetry Group

%

Ciemal

-

(¥

o

Subgroup (SG) 2

coordinated by Tom Grimbergen - NRG
(Andrew McWhan — BNL)
(Hannes Stadtmann — Seiberdor Lab)

Programme for
self-supporting

Intercomparisons
in Europe

¥

€URADOS
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EURADOS WG2/SG1

Radiation
Protection

curcrescomsson Subgroup (SG) 1

RADIATION PROTECTION NO 160

= 1 Technical Recommendations
- for Monitoring Individuals
Technicn Recormandetionsfr erikering Occupationally Exposed to
Extarnal Radiation External Radiation

DinacioraiseBanaral for Enargy and Transpart
Dirasiorate H = Nushear Enargy
Uit H.4 = Radiafion Protecion
2008
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RP - 160

Radiation
Protection

8.6 Participation in national/international intercomparisons

An intercomparison exercise _among dosimetry services can be seen as an
announced performance test. Generally the results of such intercomparisons are
published but anonimized. In many Member States participation in national and
international intercomparisons, though not mandatory is strongly recommended as
results can be used to support an application for approval or accreditation. Periodic
intercomparison exercises within the EU would be a first step towards awareness of
performance of dosimetry services. This would stimulate services to investigate and
improvetheir dosimetry systems in order to achieve successful results in the tests.
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EURADOS WG2/SG2

EURADOS SELF SUSTAINED PROGRAMME OF INTERCOMPARISONS FOR
INDIVIDUAL MONITORING SERVICES

T.W.M. Grimbergen ", M. Figel’, A. M. Romero®, H. Stadtmann® and A.F. McWhan®

Subgroup (SG) 2

" Presenting author: grimbergen{@nrg.eu
! NRG, Radiation and Environment, the Netherlands
? Helmholtz-Zentrum Muenchen, Germany

B e

Clemat, §
*Seibersdc  Radiation Protection Dosimetry (2010), Vol. 0, Nao. 0, pp. SECTION TITLE HERE
ERY, =0

VT Growg

Abarcad] Programme for
WwithmEU  RESULTS OF THE EURADOS EXTREMITY DOSEMETER self-supporting

ke ©  INTERCOMPARISON 2009 . .
developpli 1. Stadtmann"* T.W.M. Grimbergen’, M. Figel’, A. M. Romero®, and A.F. McWhan® Intercom P arisons
this progra o
pan_ici_paﬁr ! Seibersdorf Labor GmbH, Dosimetry, Austria (* hannes.stadtmann(@seibersdorf-laboratories.at) |n EU I'O pe
deviations,  ? NRG, Radiation and Environment, the Netherlands
system wit  ? Helmholtz-Zentrum Muenchen, Germany
dosemeters 4 Ciemat, Spain

VT Group, United Kingdom
KEYWOF
performan

Received X 2010, amended X 2010, accepted X 2010

This paper presents the results of an intercomparison for extremity dosemeters organized by EURADOS in 2009, In total
59 systems were tested during this exercise including ring, stall and wrist dosemeters. 1652 dosemeters were irradiated in
the selected fields of photons and beta radiation qualities on appropriate phantoms (ISO finger and pillar phantom) in
the dose quantity H,(0.07). All irradiations were carried out in selected accredited reference dosimetry laboratories

(Seibersdorf Laboratories - Austria and IRSN - France). The results show that, especially at low energy beta radiations TW M . G“ m berg en 1
(**Kr) and for beta irradiations with large angles of incidence (607), many tested systems show pronounced under . !
responses. On the other hand, for photon irradiations down to energies of 16 keV most systems showed good results. A M F|ge|2,
participants meeting was held at IM2010 with discussion on both general aspects of this intercomparison and specific 3
problems. A.M. Romero3,

H. Stadtmann#,
KEYWORDS: extremity dosemeter, personal dosemeter, intercomparison, photon radiation, beta radiation, A MCWhan5

performance, trumpet curve, EURADOS

E. Fantuzzi®
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Radiation Protection Dosimetry (2011), pp. 1-4 dor10.1093 /rpd/negd 89

H.(0.07) PHOTON IRRADIATIONS AT SEIBERSDORF FOR THE
EURADOS EXTREMITY DOSEMETER INTERCOMPARISON 2009

H. Stadtmann* and C. Hranitzky
Seibersdorf Labor GmbH, Radiation Safety and Applications, Dosimetry, 2444 Seibersdorf, Austria

*Corresponding author: hannes.stadtmann(@seibersdorf-laboratories. at

In August 2009, almost 1000 passive extremity dosemeters were irradiated at the Dosimetry Laboratory Seibersdorf as part
of the EURADOS intercomparison 1C2009. Forty-four European individual monitoring services participated, with a total of
59 dosimy T T T 7T 777 Radiation Measurements 46 (2011) 1829-1834

from the
pillar pha
equivalen
monitor i
mated be
ing in the

Contents lists available at ScienceDirect -I-;r.h_d_himlimrmm

Radiation Measurements

FI.SEVIER journal homepage: www.elsevier.com/locate/radmeas

EURADOS intercomparisons on whole body and extremity dosemeters
(2008—2009) — Results and comparison of different dosemeter designs

H. Stadtmann**, TW.M. Grimbergen ®, M. Figel ¢, AM. Romero 9, A.F. Mcwhan®

* Dosimetry, Sebersdorf Labor GmbH, Seibersdof, Austria
® NRG, Rediotion and Environment, Individual Monitoring Arnhem, The Netherlands
* Helmholtz-Zentrum Muenchen, Germanmy

A CIEMAT, Individual Moritoring Service, Rodiation Dosimetry Unit, Madrid, Spain
® Berkeley Approved Dosimetry Service, Baboock International Group, Berkeley, UK
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Laboratory Nr. 43 (TLD) for dose quantity

values reported by the meported by
iradiating laboratory participant
Dase Do
Radiation Quality Dosimeter ID Irradiation Date
L, L -
1 EFE y 4
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12 31/07./08 310 242 1.43 [
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EURADOS Working group2 / Subgroup 2:
Self-supporting intercomparisons

o Self-supporting regular intercomparison programm
= Self-supporting: all costs covered by participants fees

= Paid service to individual monitoring services

= Periodic: one intercomparison per year

Special

extremity
IC2009

2011

A
v

1 year

A
v

2 year

» Alternate whole body and specials
- Specials: extremity, neutron, ...?
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IC2008- Whole body dosemeters

= 52 Institutes / 62 systems
= 24 European countries

= Dosemeter type

* Film (10)

« TLD (46)

» Others (6) Other
= Dose quantity

« H,(10) 62 systems

« H,(0.07): 48 systems
= 1620 Dosemeters Film

o 26 (20 irradiated) / sys

TLD

detector type

0 10 20 30 40 50
number of systems
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IC2009 - Extremity dosemeters

= 44 Institutes / 59 systems

= 18 European countries

= Radiation type
* Photon dosemeter (Ph)

* Photon and beta dosemeter (PhB)
» Beta dosemeter (B)

= Hanqger type

Finger Tip

Wrist

Ring

®mPh ®mPhB ®B

* Ring dosemeter (46)
» Wrist dosemeter (9)

20 30 40 50

number of systems

« Finger tip dosemeter (4)
= Dose quantity Ring

. Hp(0.07) Wrist

Finger Tip
= 1652 Dosemeters Al
o 28 (22 irradiated) / sys
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IC2010 - Whole body dosemeters

= 70 Institutes / 85 systems

= 30 countries

=  Dosemeter type

Film (13)
TLD (59)
OSL(8)
Others (5)

= Dose quantity

* H,(0.07): 67 systems

H,(10) 85 systems

= 2210 Dosemeters

26 (20 irradiated) / sys

LE
|

e
=3

\

L6
[
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Enar

riies

Hp(10) / Hp(0.07) Hp(10) All

TLD 49 10 59

Film 6 7 13
OSL 8 8

other 4 1 5

Type/detector -+|systems |% of all |% of type
TLD 59 69%
LiF:Mg,Ti 37 44% 63%
LiF:Mg,Cu,P 10 12% 17%
Li2B407:Cu/CaS04:TM 8 9% 14%
LiF:Mg,Cu,P/CaF:Mn 1 1% 2%
LiF:Mg,Ti/CaF2:Dy 1 1% 2%
LiF:Mg,Ti/Li2B407:Mn.Si 1 1% 2%
LiF:Mg, Ti/LiF:Mg,Cu,P 1 1% 2%
Film 13 15%
Agfa 8 9% 62%
Kodak 4 5% 31%
FOMA 1 1% 8%
OSL 8 9%
Al203:C 7 8% 88%
BeO 1 1% 13%
other 5 6%
glas 2 2% 40%
DIS 2 2% 40%
APD 1 1% 20%
All 85 100% 100%




1C2012 - Whole body dosemeters

= 75 institutes / 88 systems (one withdrawal)

= 30 countries

=  Dosemeter type

Film (12)
TLD (59)
OSL(11)
Others (5)

= Dose quantity

¢ H,(10) 87 systems
* H,(0.07): 69 systems

= 2288 Dosemeters

e 26 (20 irradiated) / sys

:ﬁ; s eu
- Yy ) Carcro de investigecones
a & t PETITIVIDAG Enstrigit s

Hp(10) / Hp(0.07) (Hp(10) |All
TLD 50 9 59
Film 5 7 12
OSL 9 2 11
other 5 5

Type/detector - [systems |% of all (% of type
TLD 59 68%
LiF:Mg,Ti 26 30% 44%
LiF:Mg,Cu,P 14 16% 24%
Li2B407:Cu/CaS0O4 9 10% 15%
? 5 6% 8%
LiF 2 2% 3%
LiF/Li2B407 2 2% 3%
Al203:C 1 1% 2%
Film 12 14%
Agfa 6 7% 50%
? 3 3% 25%
FOMA 2 2% 17%
Kodak 1 1% 8%
OSL 11 13%
Al203:C 8 9% 73%
BeO 2 2% 18%
? 1 1% 9%
other 5 6%
EPD 2 2% 40%
RPL 2 2% 40%
DIS 1 1% 20%
A\l 87 0[0)7 0[0)7

ing course 2015, TISDO
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1C2014 - Whole body dosemeters

BIERMO MINISTE N-IO
q.,r DE ESPARA  DE ECONOMI

06 institutes / 112 systems

35 countries

Dosemeter type

Film (12)

TLD (79)

OSL(11)

Others (10)

Dose quantity
H,(10): 112 systems
H,(0.07): 79 systems

2912 Dosemeters

o 26 (20 irradiated) / sys

Typl - Hp(10) Hp(10)/Hp(0.07)| Al
TLD 19 60 79
Film 8 4 12
OSL 4 7 11

Other 2 8 10

33 79 112

mme-n-rmmu Enenphuicas, Hodoanbienles

Type/detector -1 |systems |% of all | % of type
TLD 79 71%
LiF:Mg,Ti 44 39% 56%
Li2B407/CaS0O4 15 13% 19%
LiF:Mg,Cu,P 14 13% 18%
LiF 2 2% 3%
CaS04:Dy 2 2% 3%
CaSO4: Dy/PTFE. 1 1% 1%
LiF / Li2B40O7: Mn, Si 1 1% 1%
Film 12 11%
Agfa 9 8% 75%
FOMA 3 3% 25%
OSL 11 10%
Al203:C 8 7% 73%
BeO 3 3% 27%
Other 10 9%
DIS 5 4% 50%
APD 3 3% 30%
RPL 2 2% 20%
All 112 100% 100%
Seite 46
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Summary: 2008 - 2014

Caancro die Investigcanes

Tacackbgicss

RPD EURADOS Training course 2015, Lisbon

2008 ?gfg 2010 | 2012 2(0n1)2 2014
Institutes 52 44 70 75 31 96
systems 62 59 85 88 34 112
countries 24 18 30 30 18 35
dosemeters| 1612 1652 2210 2288 1224 2912
Side: 47




Organization Structure
IC 2014

SSDLfPSDL SSDLfPSDL }

irradiation data

R l dosemeters
:  alldata

dosemeter Organization Group [ Web site }

data EURADOS Working group

. final results

certifi cat
dosemeters and results
dosemeter data
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EU RH DOS €uropean Radiation Dosimetry Group

Whole body dosemeter intercomparison IC2014ph

Start page ¢ Documents ¢ Feedback ¢ Logout (hannes.stadtmann@s-l.at)
Status ¢ Individual Monitoring Service ¢ Contact Person ¢ Dosimetry Systems ¢ Change password ¢ Tools

¢ Welcome! ¢

Welcome to the Eurados Whole body dosemeter intercomparison 1C2014ph!

On this homepage, you can register for participation in the Whole body dosemeter
intercomparison IC2014ph, log in and enter details about your Dosimetry System(s),
check the current status of the intercomparison, receive information about the
irridiation process, enter your dose values and much more.

For the documentation please have a look at the file '1C2014ph Online Platform
Documentation.pdf which is available via the 'Documents’ link!

For registration, please click on the link 'Registration’ in the menu bar! The
registration is available from Monday, 2014-03-03, 00:00 (CET) to Tuesday,
2014-04-01, 23:59 (CEST).

By the way: you can change the language of this homepage in the bottom left
corner.
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Timetable (1C2008)

applications

invoices

payments

dosemeters to NRG
dosemeters to GAEC
irradiations

dosemeters returned to NRG
dosemeters to returned to participants
results to NRG

draft results to participants
results confirmed

certificates

01/01/2008 01/04/2008 01/07/2008 30/09/2008 30/12/2008

Slide: 50
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Information collected (EXT)

Just for the final scientific report, please indicate:

Number of del*:ec:tors 1
Filter material’ * Black PVC
Filter thickness” 10 mg.cm?

Reference energy/quality Cs-137
Any algorithm used? NO [X

®o0ow

YES [  Specify:[] Linear
Non Linear
[ ] Branching

Please mark the results that you want to appear | Only photon fields
in the Certificate of Participation Only beta fields
Both photon and beta fields

XL

Seite 51

Eyg RPD EURADOS Training course 2015, Lisbon
u GOBIEP. MINSSTERIO
DE ECQ SOl Crcro de Invemtigacanes

Enerpiticas, Medoanbarles
¥ Teumaidpicas



€uropean Rodiation Dasimetry Group

Eatopean Fadiation Desimetry Grugpe V@ Bundewadice |00 « (1351 16 Bramschwey

Certificate number:
Mumber of pages:
Date of Issue:
Fariicipating institute:
Dosimetry system:

Reporting ID numbar used
in publications:

Intercomparison
procedure:

Humber of participants
Irradiation data:
Farticipant results:

Intercomparison results:

On behalf of the intercomparison

Organization Group:

qw\c‘ﬁl’m m( MLIGF\

Andrew McWhan
Coordinatar

- Result of the intercomparison:
The EURADOS Intercomparisen 2010 for wht Hp(10) Hp{0.07)
ordinated on behalf of EURADOS by the W& [~ Fogamater | Dosemeter Quality Participants | Refersnce | Rafio | Participants | Referenc | Ratio
Trne OG established the rradiation plan and a
range limits of the doses and radiation gualite id id value value value e value
cocrdinator | participant (mSw) (m3v) {mSw) {mSv)
Participants were asked t2 indicate defails of Fl 255387 W25D) 5-Cs 0° 2520 [ 20 105 2500 236 1.10
gpp"ﬁm‘g" mfﬂmgwm o | 12 265475 5.Cs 0 0 EE3 | a5 100 0 55F EL 1.00
oSEm rs. ing IonE O 5
b 2Dt Tr ool b 11 255719 §Cs O 9714 a8 101 10.085 ET 1.05
on page 2. and sent all dosemeters, along wit L] 255762 5-Co 0 155,867 200 078 165 66T 200 078
The laboratory iradiated the desemeters acoe 23 255815 IR
the dosematers back to the coordinator (Octol 7 2558759 W10 45 y-axis 3605 4.00 060 3605 383 084
1 355853 WIS 5-C= 0 2 R4 | 2 40 108 2 RTR 298 108
e CODN ihen FetimecIie dossTaits 8 755383 5.Cs O 1586 | 200 100 1568 200 100
normal routine procedures as far as possible. 20 255508 5-Co O° 155.586 200 0.78 155.586 200 078
dosemeter readngs o the coordenator {Decen 22 255547 NIR
[RBUE, the coOrmnator sent the iradiation aa) 3 256016 MaD o 0760 0 B0 085 0578 088 in
5 258303 HaD O 0762 0 &0 0.85 0,387 0.88 112
T msbitutes partcipated in IE2010 with a tota 26 258311 “"_,!,R
} - 3 256315 M40/ 5-Cs 07 2381 240 0.98 2724 247 110
See the cenificate of the imadiation laboratory 18 256316 S-Cs 07 0354 0.400 0.85 0.394 0400 0839
21 258325 WIR
Sea th f the
ekl b o 4 35626 NaOl 5-Cs O 5354 740 GIT PREL 747 710
See the table on page 2 of this certificate 17 256327 5-Cs 07 0357 0.400 089 0.415 0,400 104
14 256331 8Ls O 1583 200 099 1883 2.00 098
16 256332 S5Cs OF 1576 200 D89 1976 2.00 09
On beha off ] 756333 W10 45" xaxm 4.138 4.00 1.03 %138 3.82 1.08
25 256334 NIR
| 8 256335 W10 - 45° y-ais 3757 400 084 4176 383 108
13 256436 5Cs O° 1683 2.00 088 FRE 200 1.08
Heimut Schul 0 256337 W10 45" x-axis ENLT 400 064 3920 382 | 103
Chairperson 24 256341 NIR
Miotes:

€URARDOS »

Certificate of Participation

for the EURADOS Intercomparison 2010
EURADOS- 2010-540

2

10 February 2011

Berkeley Approved Dosimetry Service
Therma Fisher Mark 2 5 EPD

ADE 120
Curment UK cerificate of approval | DO24200

| Cerificate of FParticipalion EURADOS- 2010-540

European Aodiotion Dosimetny Group

Eirnpean Hadursm Doseneny Groay e Voo Bardesallee 100 & D038 1 bb Brastacbivery

€URADOS ~

Certificale of Participation EURADOS- 2010-540

MIR: Mat IRadiated
WIR: Wrong IRadiated




Physikalisch-
technischer Prifdienst

A-THOT Wi, Arkigaann 39 = Tl G421 = Fan 34011307 106000 = E-Mni: plpid— — =

‘Bundesamt fir Eiche und Vermessungswesen

Priifu ﬂgSSChEi N Prifungsschein Nr T1011° PTP] weae BEV - Bundesamt fiir Eich- und Vermessungswesen
Measurement Certificate ~ Measursment Cartificate e

Prafungsschain Nr T10-1118:14

Mo THO-1 178474
Gegenstand EURADOS veses #
Dbfect Intercomparison 2010 und Mess Kenndaten:
(IC2010/01) gEpensal el e valios: X
Komitees wiiren; PTPI wrse BEV - Bundesamt fir Eich- und Vermeassungswesen
Rah
I:g"’ BE”E"N ::';‘_:;‘:;m;‘;m Protnal  Personal dosemelers delivered by the participant with dosemeler identif
m:lclh:lswns r. 3 i Ta e By th sbasnsie] Anhang € of the 1 numbers oy the EURADOS Prifungsschein Nr. T10-1118/14
i Messunsi :Cnnrdlnarnr Andrew McWhan) Measumment cemficate No. T10-7 11874
Hersteser - nfoimelt
J T —— . | Reference point and reference direction of dosimeter: As defined by th Ergebnisse der Priifung:
This ““"": received, the reference point will be considered as the centre of the | Resuits:
Auftraggeber EURADOS m“‘ :rsw:f refergncs dinection will be considered perpandicular fo the frontplane of |
e itorcompermon 201 vty of Resulting doss equivalant valuss and related uncertainties for the dosematers of the participant's dosematar
Organisation Group conncar  Profverfahren; system are given in the Tollowing table.
ancertain Test procedure;
Aullregsnummes des  1IC2010/01 from 2010-08-15 ittt
Auftraggebars The dosemelers were imadisted in the dosimetry laboratory of the BEV, s personal
Order numbar af D Privfu values have been obtained using the primary standards of the BEV for X angle of air dose
Custamer 60 ured 51 qualities. The standard of air kerma of the BEV for the X-ray radiation gu body |irradiation | radiation radiation | herma | equivalent
1521950 free air parallel plale waisation eharmber and far gamma radiation from 1 | 9086- | date | quality |G| ey par
Auftraganummer T10-1118 from 2010-00-01 DwasarPr jhe Graphite - cylndrical cavity ionisation chamber. For dose equivalent | MEtEr irradiation
Ordar numibar ::?‘“"‘ are created according to IS0 4037 standards set. Suitable o
Anzahlder Seiten 4 oty o DRINEY BrG EXlouiated from wasirec ekl iy Speckd. 150 % K, | H0)
Number of pages Das BEV FI gl GyE | eV
instibu flr
Eingangsdatum 2010-08-30 Fir die Ei Quantity to be measured: personal dose equrvalent Jf (10} and I (| 514.01 06.10.2010 | W250 0 0.0085 150
fisbeielrieein Wisderha 21.10.2010] 5Cs 0,012 50
Varantwo Phantom; slab water phantom according to IS0 4037 $14.02 08 10| W250 0,007 50
Datum der Prifung  2010-10-06 to 2010-10-27 The festi 21102090 S-Cs 0012 )
Dalp of tost actmeq \2diation corditions; 07.102010 | N4D 0.0021 50
Thiames  L3i-CeirBdiation faciity. Reference beam facility S19-03 S 0 2010] 5Cs 012 50
ppistrier | Focus to phantom distance is 2000 mm respectively 2000 mm, Field dia 07102010 N4D 0021 150
respoctively 78 om. 51408 - -
""“*r”s‘:;‘ 21.10.2010[ SCs 0 0,012 1,50
mainiaing  BO-Co imadiation faciity. Picker Type CEMI BO, S14-05 [07.10.2010 |  N4D 30 0,0021 1,00
The wser Facus o phantom distance is 2000 mm. Fietd size at the phaniom surfal | 514-08 07.10.2010 [ N40 30 0.0021 1.00
approprs L B - 1407 [ 13.10.2010 [ W10 | 45 y-axis | 0,02 00
X-ray tacidy; Philips type inherant fltra -ray ful ™| 514-08 | 13102010 W110 |45 y-axis | 0,02 .00
Fogus o phantom distance is 2500 mm, Field dameter at p surfi 1409 | 14 10.2010| W10 | 45 x-axis | 0,02 .00
ElopN Datum Der Leiter des Prifdiens  Envirnnmental conditions during iradiations: S18:10 [16,50.90101. WILE, | 87 3-8 | Ol o0
Dale Heated of testing senie Ajr temperature. 18,5°C - 20.5°C 514-11 | 16.10.2010 | S-Cs 0 0012 [ 120
Atmospherie pressure: 97,0 kPa - 101,0 kPa 51412 | 18102010 | S-Cs 0 0,012 1z0
. < e Refative air hamidity: 40% — 50% 514-13115.10.2010| S-Cs 0 ooz 250
X % Ry i §14-14 [19.10.2010| SCs 1] 0,012 2,50
5 -; I L IALS F 14-151910.2010| S5-Cs 0 omz2 250
Lo Mag. Robert Edelmaie 14-16 | 19.10.2010 -Cs ooz 250
14-17 |25 10.2010 5-C8 00052 | 0,500
14-18 | 2510 2010 -Cs 00052 0,500
514-16 | 27.10.2010 | S-Co 072 250
DWR: 0037028 T T
FLEADGTIN — 07 3007 ’1."29‘ 27102010 SCo | 0 | 072 250
51421 £ 2 £ =
514-22 - - - i |0 -
E—— ESC] N N S S S
514-24 - - - s =
DVE 0037038 514-25 - - v 2 2
FLS&01 0707 — 07 2007 e e
s1a28| - " 4 = 3
;} Expanded uncertainty for the total persenal dose equivalent U=32% (k=2)
b unradiated
BVR: (037028 Saka 3 von 4 Seltan
FLEADON - OF 2007 page 3ol 4 pages
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Irradiation plan (IC2008-WB)

. : Hp(10) max min
Radiation Quality Irrad Sy MSy Sy
X-ray N60; 0° X1 2,9 3,4 2,1
NGO, 45° X2 2,8 3,6 2,1

N150; 45° X3 3,0 3,6 2,1

Gamma S-Cs; 0° Gl 0,5 0,9 0,4
G2 2,8 3,6 2,2

G3 9,7 12,5 7,0

S-Co; 0° G4 146 190 105

Mixed N60; 0° + S-Cs; 0° | XG1 4,0 4,4 3,4
S-Cs; 0° + N60; 0° | XG2 4,0 4,8 2,9

All radiation qualities according to 1ISO 4037

Ciematlt

MNESTERID
E ECOMOMIA Clatro
COMPETITIVIDAD | =

RPD EURADOS Training course 2015, Lisbon
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Irradiation plan (1C2009-EX)

L : Hp(0.07) Min Max
Radiation Quality Nr Sy Sy Sy
Beta Kr-85; 0° Bl 24.8 22.0 28.2
Sr-90/Y-90; 0° B2 0.8 8.2 11.5

Sr-90/Y-90; 60° B3 0.8 8.5 11.7

Photon N-20; 0° P1 39.4 32.1 48.0
W-80; 0° P2 4.9 4.0 6.0

P3 49.3 39.9 60.3

P5 394.1 320.0 480.0

W-80; 60° P4 49.3 40.0 60.2

N-150; 0° P6 24.6 20.0 30.1

S-Cs; 0° P7 29.8 24.0 36.0

All radiation qualities according to 1ISO 4037 and ISO 6970

RPD EURADOS Training course 2015, Lisbon
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Irradiation plan (1C2010-WB)

Hp(10) Dose (mSv)

Min Mean | Max | dosemeters
N40/30° 0.8 1.0 1.2 170
N40/S-Cs 2.4 3.0 3.6 170
W110/45°/x 4.0 50| 6.0 170
W110/45°/y 4.0 50| 6.0 170
W250/S-Cs 2.4 3.0 3.6 170
S-Cs-L 0.4 0.5( 0.6 170
S-Cs-M 2.0 25| 3.0 340
S-Cs-H 9.6 12.0| 144 170
S-Co 200 250 | 300 170
All 0.4 28 | 300 1700

All radiation qualities according to 1ISO 4037 and ISO 6970

Seite 56
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Irradiation plan (IC2012-WB)

Hp(10) Dose (mSv)

Min Mean | Max |dosemeters
N40 5,3 5,7 6,0 174
S-Cs/N150/45° 5,6 6,3 7,0 174
NGO 5,3 5,6 6,0 174
N60/60° 5,3 5,6 6,0 174
S-Cs 5,8 6,5 7,0 348
S-Co-L 4,4 4,8 5,1 174
S-Co-S 5,8 6,6 7,0 174
S-Co-M 44,1 47,8 52,2 174
S-Co-H 420 466 507 174
All 4,4 56 507 1740

All radiation qualities according to 1ISO 4037

RPD EURADOS Training course 2015, Lisbon
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Irradiation plan (IC2014-WB)

Hp(10) Dose (ImSv)
Radiation Quality Mean Min | Max
ROQR7 8.7 7.8 9.9
xRay W80 86| 76| 97
W-80/60° 8.3 7.3 9.4
W-150 8.4 7.4 9.5
S-Cs-L 1.0 0.9 1.1
S-Cs-M 8.1 7.1 9.2
Gamma |[S-Co-L 8.9 7.9 | 10.0
S-Co-M 80.8| 71.0| 92.0
S-Co-H 449 413 499
All radiation qualities according to 1ISO 4037 and IEC 61267

RPD EURADOS Training course 2015, Lisbon
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Reference radiation fields

¥ GOBIER

INTERNATIONAL ISO
STANDARD 40371

X and gamma reference radiation for
calibrating dosemeters and doserate
meters and for determining their response
as a function of photon energy —

Part 1:
Radiation characteristics and production
methods

c - ‘
DE ECONOMIA
COMPETITIVIDAD Carcro de investigecones
¥ PET Enerpiticas, Medoanbarles
¥ Tocooldpicay

INTERNATIONAL ISO
STANDARD 4037-3

1999-06-15

X and gamma reference radiation for
calibrating dosemeters and doserate
meters and for determining their response
as a function of photon energy —

Part 3:

Calibration of area and personal dosemeters
and the measurement of their response as a
function of energy and angle of incidence

ISO 4037

RPD EURADOS Training course 2015, Lisbon

59



Reference radiation fields

NORME CEl
INTERNATIONALE IEC

INTERNATIONAL 61267
STAN DARD Deuxiéme édition

Second edition
2005-11

Equipement de diagnostic médical

a rayonnement X -

Conditions de rayonnement pour utilisation dans
la détermination des caractéristiques

Medical diagnostic X-ray equipment —
Radiation conditions for use in the
determination of characteristics

Ei- e Ciremalt RPD EURADQOS Training course 2015, Lisbon
ohl = oF DE ECONOMIA i de b
a8 L]

¥ COHPET DAC Enerpiticas, Medoanbarles

¥ Tocooldpicay
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1SO 4037:

Different spectra series

Table 2 — Specifications of filtered X radiation

Resolution, Rp

Homogeneity

Typical air-kerma

Name of series coefficient, rates! 2
A (approximate values) Gy-h-1
Low air-kerma rate 1810 22 1,0 3x 1043
Narrow spectrum 27 to 37 0,75t0 1,0 103 t0 1023 B
Wide spectrum 48 t0 57 0,67 t0 0,98 10210 1013
High air-kerma rate Not specified 0,64 to 0,86 1021005

1) At a distance of 1 m from the X-ray focal spot, with the tube operating at 1 mA.
2) Under conditions of charged-particle equilibrium, the value of air kerma is approximately equal to the absorbed dose to air.
3} At mean energies of less than 30 keV, cther values may apply.

-
SOBIERNO MINSTERIO Clﬂl’llﬂ't
DE ESPANA  DE ECOMOMIA Ciraro e bnvetigacknes
 COMPETITIVIDAD x A
Enerpiticas, Medoanbarles
¥ Tocooldpicay
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Filtration of x-ray beams

Slide: 62
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Narrow spectrum series (N)

Table 4 — Characteristics of narrow-spectrum series

Mean energy,| Resolution, Tube Additional filtration? 1st 2nd
E Rp potential! mm HvVL# HVL2
keV % kv Ph Sn Cu Al mm mm
8 28 10 0,12 0,047 Al 0,052 Al
12 33 15 0,53 0,14 Al 0,16 Al
16 34 20 1,03 0,32 Al 0,37 Al
20 33 25 2,039 0,66 Al 0,73 Al
24 32 30 4,03 1,15 Al 1,30 Al
33 30 40 0,21 0,084 Cu 0,091 Cu
48 36 60 0.6 0,24 Cu 0.26 Cu
B85 32 80 20 0,68 Cu 0,62 Cu
83 28 100 5,0 1,11 Cu 1,17 Cu
100 27 120 1.0 5.0 1.71 Cu 1,77 Cu
118 37 160 2,6 2,36 Cu 2,47 Cu
164 30 200 1,0 3,0 2,0 3,99 Cu 4,05 Cu
208 28 250 3.0 2,0 5,19 Cu 5,23 Cu
250 27 300 5,0 3,0 6,12 Cu 6,15 Cu
1} The tube potential is measured under load.
2) Except for the five lowest energies, where recommended inherent filtration is 1 mm Be, the total filtration consists of the additional
filtration plus the inherent filtration, adjusted to 4 mm of aluminium (see 4.2.3).
3} The recommanded inherent filtration is 1 mm Be, but other values may be used provided that the mean energy is within =5 % and the
resolution is within £ 15 % of the values given in the table.
4) The HVLs are measured at 1 m from the focal spot.

ISO 4037
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Wide spectrum series (W)

Table 5 — Characteristics of wide-spectrum series

Viean energy. Resolution, Tube Additional filtration? 1st HVL 2nd HVL
F Rp potential "’ Cu? Cu?®
o, mm m
keV % kY Sn cu m mm
45 48 60 0.3 0,18 0,21
57 55 80 0,5 0,35 0,44
79 51 110 2,0 0,96 1,11
104 56 160 1.0 1,86 210
137 57 200 2,0 3,08 3,31
173 56 250 4.0 4,22 4.40
208 57 300 6,5 5,20 5,34
1) The tube potential is measured under load.
7] The total filtration consists, in each case, of the additional filtration plus inherent filtration, adjusted W 4 room of alurminium {see 4.2.3).
3) The HVLs are measured at 1 m from the focal spot.

ISO 4037
o o _ slide 64
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Counts

E ’z. RPD EURADOS Training course 2015, Lisbon
GOBIER HIr*ISTE!.ID
Corcro de I vEiEInes.
Enerpiticas, Medoanbarles

N-250 vs. W-250

| 250 kV w |
10 000 | £ 250 kv
G 10 000
5000 5000 |
0 ——— * : 1 0 ‘ ' '
E, E, keV
N-250 (208 keV) W-250 (173 keV)

ISO 4037
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N-80, W-80 and RQR7

14,0 e 1,1
pSv-em? pGy-cm?] | —— @, 2, ., -
0,81
0,74
0,6
0,5-
0,4

k¢' (DE "er.rnax

ISO 4037
PTB-Bericht Dos-34
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Irradiation conditions:
Calibration phantoms /irradiation set up

All irradiations were carried out
in accredited calibration Labs
and according to ISO 4037,
ISO 6970 and IEC 61267

Eﬁ Ciemal RPD EURADOS Training course 2015, Lisbon
%m&m musrmo
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All response values (IC2008-WB)

5
A
e Trumpet
4 4 —
e Trumpet
O TLD
A
3 a a4 Film ||
4 aa
A ¢ Other
@
c
o
o
o
o 1.5
0.67
1000

Hp(10) (MSv)
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All response values (IC2009-Ext)

Kr-85; 0°
A Sr-90/Y-90; 0°
A Sr-90/Y-90; 60°

o N-20;0°
@ \W-80;0°
* W-80;60°
® N-150;0°
® SCs; 0

e

response R

w— Trumpet

& K850

& Sr00Y-00,0°
& Sr-00VY-00; 60°
o N-20.0

o W80, 0

*  W-80, 607

® NS0 O°

® SCs 0

—

— Trumpet

response R

1 10 100 100
reference dose Hp(0.07) mSv tai T o o 1000

reference dose Hp(0.07) mSv
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All response values (1C2010-WB)

4.0
© = Upper Limit
3.5 Lower Limit
TLD
3.0 A Fim —
OSsL
23 o) A B other B
[+]
(/2]
5
8 2.0
w
£ O
1.5 ﬁg@=
S @]
0.5 ‘
0-0 T T T
0.1 1.0 10.0 100.0 1000.0

Hp(10) (MSv)
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Trumpet curve for H;(0.07) results
(1C2010-WB)

3.0

= Upper Limit

= | ower Limit

TLD
Film

20 OSL —

® other

response
-
[3)]

1.0 -

0.5

0-0 T T T
0.1 1.0 10.0 100.0 1000.0

Hp(0.07) (mSv)
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All response values (IC2012-WB)

2,0

1,8

1,6

Hp(10) (mSv)

1,4

1,2

1,0

response

0,8

0,6

= «Upper Limit = «| ower Limit
O  TLD A Film
]

0,4

0,2 other -

0,0

Some datapoints (2 specific qualities)
were not used for the following
analysis and statistics due to
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Trumpet curve for H;(0.07) results
(1C2012-WB)
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All response values (1C2014-WB)
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Trumpet curve for H;(0.07) results
(1C2014-WB)
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Outliers: trumpet curve

INTERNATIONAL ISO
STANDARD 14146

1l 2H0 )R <p[14Ho S
F HO-I_Hc 2HO+HC

Where:

° F= 15 (1/F - 0667) Radiation prot_ec_tion— Cl'itel'i:‘:l apd
» Whole body Dosemeters: H, = 0.085 MSV  £7aiiation of processors of personal
« Extremity Dosemeters: Hy = 1.00 mSv

dosemeters for X and gamma radiation
Note: 20
According to 1SO 14146 H, is the \&

“lower limit of the dose range for o é
which the system has been approved”. 5

Acceptance criteria: 10% outliers are accepted > /

0.1 1 10 100 1000
Eﬁq _— R Cremal RPD EURADOS Training course 2015, Lisbon dose Hp(10) (mSv)
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Outliers 1C2008-WB (Trumpet)

Oul_tllri)é::SZTr Quality Fim TLD Other| Al
X-ray NGO; 0° 35% 2% 0% 7%
N60; 45° 50% 8% 8% 15%
N150; 45° 20% 4% 0% 6%
Gamma |S-Cs; 0° 15% 3% 0% 5%
S-Co; 0° 20% 7% 0% 8%
Mixed N60; 0° + S-Cs; 0° 45% 0% 0% 7%
S-Cs; 0° + N60; 0° 20% 5% 0% 7%
All 25% 4% 1% 7%

OZ'ES'&% Quality Fim TLD Other| Al

X-ray N60; 0° 60% 13% 0% 16%

N60; 45° 60% 16% 10% 20%

N150; 45° 30% 6% 0% 8%

Gamma |S-Cs; 0° 5% 12% 0% 10%

S-Co; 0° 0% 11% 0% 9%

Mixed NG6O; 0° + S-Cs; 0° 50% 10% 0% 13%

S-Cs; 0° + N60; 0° 20% 14% 0% 13%

All 24% 12% 1% 12%

¥ GOBIERND MIMISTERIC

Ciematlt




Outliers 1C2009-Ext (Trumpet)

Outliers  [ETEIRN, Ph PhB B | Al
Beta Kr-85: 0° . 64% 100% | 65%
Sr-90/Y-90:0° | - 3% - | 3%
Sr-90/Y-90: 60°| - 41%  50% | 41%
Beta all - 36% 50% | 36%
Photon  |N-20; O 15%  12% - | 13%
W-80; 0° 10% 1% - | 1%
W-80; 60° 13% 9% - | 11%
N-150: 0° 10%  14% - | 12%
S-Cs: O° 8% 7% - | 7%
Photon all 1M1% 11% - 1%
Al 1% 18% 50% | 16%

Seite 78
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Outliers 1C2010-WB (Trumpet)

GOBIERNO MIN;S ERICH
"‘1 DE ESPANA  DE ECON QHI.&
COMPE

Qutliers / Trumpet

Quantity TLD Film OSL other All

Hp(10) |N40/30° 10% 4% 0% 0% 8%
N40/S-Cs 7% 8% 19% 0% 8%
W110/45° 2% 17% 0% 0% 4%
W250/S-Cs 2% 15% 0% 0% 4%
S-Cs 4% 1% 0% 0% 3%
S-Co 8% 19% 0% 0% 8%

Hp(10) All 5% 8% 2% 0% 5%

Quantity TLD Film OSL other TLD

Hp(0.07) [N40/30° 16% 17% 0% 0% 13%
N40/S-Cs 9% 17% 25% 0% 11%
W110/45° 5% 21% 0% 0% 6%
W250/S-Cs 7% 17% 0% 0% 7%
S-Cs 10% 2% 0% 0% 8%
S-Co 16% 25% 0% 0% 14%

Hp(0.07) All 10% 13% 3% 0% 9%

RPD EURADOS Training course 2015, Lisbon

Ciremal
e el
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Systems with outliers (IC2010-WB)

H,(10): 22 of 85 systems

outlier Hp10
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Number of outliers (1 out of 10)
1C2010-WB

Hp(10) Hp(10)
# outliers (sys) 0 1 2 3 4 5 6 7 9 12 | 0-2

TLD 76% | 5% | 3% | 3% | 3% | 3% | 2% | 2% - 2% | 85%
Film 54% - 23% | 8% | 8% - - - 8% - 77%
OSL 75% | 13% | 13% - - - - - - - 1100%

other

67%

B T GOBIERNC MINISTERID
T DE ESPANA  DE ECONOMIA s B b
2 & ¥ COMPETITIVIDAD Enarplic —

7%

RPD EURADOS Training course 2015, Lisbon

Hp(0.07) Hp(0.07)
# outliers (sys) 0 1 2 3 5 6 7 9 11 | 12 | 13 | 20 | 0-2

TLD 65% | 8% | 8% | 2% | 2% | 2% | 2% | 2% | 2% | 2% | 2% | 2% | 82%
Film 50% | 17% - 17% - - - - 17% - - - 67%

OSL 75% | - [ 25% | - - - - - - - - - | 100%
other 100%| - - - - - - - - - - - 1100%

1% 1% 54
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Outliers 1C2012-WB (Trumpet)

QOutliers / Trumpet

Quantity |Quality TLD Film OSL other All
Hp(10) |S-Cs 4% 0% 0% 0% 3%
S-Co 8% 0% 2% 5% 6%
N60 8% 4% 5% 0% 6%
N60/60° 14% 25% 0% 0% 13%
All 8% 4% 2% 3% 6%

Qutliers / Trumpet

"‘1 DE ESPANA ECD QHI.-!.

l'eunol;
GOBIERNO MINSTE
Pl aThbvabraie s

Quantity |Quality TLD Film OSL other All
Hp(0.07) |S-Cs 12% 0% 0% 0% 9%
S-Co 15% 0% 0% 5% 12%
N60 5% 30% 6% 0% 6%
N60/60° 5% 0% 0% 0% 4%
All 12% 4% 1% 3% 9%
RPD EURADOS Training course 2015, Lisbon
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Systems with outliers (IC2012-WB)

H,(10): 27 of 87 systems

52 79 60 30 80 58 46 84 55 34 65 15 77 6 2 56 11 44 81 62 12 24 78 43 50 51
S-Cs 4({4101]12)]0]0|J0O0Of(Of2f0Oj0O]0O]0O]O]JOfO[O[O]O0O]0O]J]0O]O]JO[O[O|O]O
S-Co 88|21 1(12(0|j0f0|J0Of0O]2(2]|0|0|2|1|2|0f(0O]J1(0]|O]|O
NGO 210f2f2|0j2]J]0)JO0O|OfOfOfO|JOjJO]JO]JO|O|JOfOfO|O]2]2])]O0|0O|1(O
N60/60° 110(2]1({0|0f(0}|2(0|2|2|2]|2|2]0(0|2(2]|]0]J0|0|0f(0O]0O|2]0(1
All 1512|6514 (4143 |3|2|2|2|2|2(2|2|2|2|2|1]1|1]1|1]1|1]1

H,(0.07): 18 of 69 systems

S-Cs 4141414(4|3|]1]0|0|JO0[O0OfO]O]J0O]0]JO0O(fO]fO
S-Co 88| /718188414 |]2|0(2]2]2|1[0l1]0]0O0
N60 21210]10]0lO0O)JOfO]21[2]l0}J0(0O0O]102]10]12]0O0
N60/60° 2(0(2]1]0]0|0OfO]JO|JO]J]OfO|lO]O]J]O]OfO|O0]12
All 16(14(13(12|12|11| 514 (32|22 |2|1|1|1|1]1
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Number of outliers (1 out of 10)
1C2012-WB

Hp(10)
# outliers (sys)] O 1 2 3 4 5 6 12 15
TLD 66% | 10% | 8% 3% 5% 2% 2% 2% 2%
Film 67% | 8% | 25% - - - - - -
OSL 73% | 18% | 9% - - - - - -
other 80% - 20% - - - - - -

All 68% 10% 11% 2% 3% 1% 1% 1% 1%
90%

Hp(0.07)
#outliers (sys)] O 1 2 3 4 5 11 12 13 14 16
TLD 74% | 6% | 4% 2% 2% 2% 2% 2% 2% 2% 2%
Film 60% | 20% | 20% - - - - - - - -
OSL 89% | 11% - - - - - - - - -
other 80% - 20% - - - - - - - -

7% 7% 6% 1% 1% 1% 1% 1%
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Outliers 1C2014-WB (Trumpet)
. outiers/Trumpet

Outliers / Trumpet

Ciematlt

4
* k. o
"o DE ESPANA  DE ECOMOMIA P e ot
“ I ¥ COMPETITIVIDAD | -°rorD e investipoanes
aels s Enstrgdt =

Quantity [Quality TLD Film OSL Other All
Hp(10) |RQR7 5% 8% 0% 10% 5%
W-80 6% 8% 0% 0% 5%
W-80/60° 8% 25% 0% 5% 9%
W-150 5% 17% 0% 0% 5%
S-Cs 1% 14% 0% 2% 3%
S-Co 5% 24% 0% 0% 6%
All 4% 17% 0% 2% 5%
Quantity [Quality TLD Film OSL Other All
Hp(007) |RQR7 9% 25% 0% 0% 8%
W-80 7% 0% 0% 0% 6%
W-80/60° 7% 25% 0% 0% 6%
W-150 0% 0% 0% 0% 0%
S-Cs 1% 17% 0% 0% 1%
S-Co 2% 25% 0% 0% 3%
All 3% 18% 0% 0% 3%
RPD EURADOS Training course 2015, Lisbon
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Systems with outliers (IC2014-WB)

Mean response R/

Quality 3 4 5 6 7 8 9 10 11 12 92 93 94 95 96 97 98 99 100 106 107 108 109 110

RQR7 0.80{1.04]0.99(0.86(0.93(0.92(1.09/0.67|0.47|0.99|1.12]|0.94]1.14]0.94]0.92|0.95(0.84{1.01{0.79(0.94(0.79(0.77(0.89]0.75/0.77| 1.06/ 0.99|0.82| 1.05|0.97]0.69| 1.00
W-80 1.04(1.04(1.06/0.93|1.12|1.01|1.13]0.52|0.71]1.02|1.02|1.09]1.17(1.01{0.95{1.03(0.96(1.10{0.76]/0.92|0.73|0.97|0.88]0.77|0.79| 1.14| 1.04|0.83]0.94|0.97(0.70{0.93(0.73
W-80/60° 0.99|1.14]1.75(1.23(1.07(0.99(1.24/1.50/0.55|1.11|1.03|0.81}1.16]1.13]0.89|1.04|1.08|1.26(0.84(0.74(0.80(1.14(0.86]0.89(0.92|1.16/|1.22|0.93|0.74|0.74]0.79]0.87|0.69
W-150 0.62|0.81]1.27(1.36(1.22(0.85(1.00{0.59|0.75|0.87|0.99|0.89]1.07|1.07|0.97|1.03]0.99(1.09{0.79}1.35/0.81(1.04(0.97]0.91/0.97|0.93|0.92|0.93| 1.05]0.98/0.88]0.98| 1.02
S-Cs-L 1.06{0.91(1.12(1.26/1.03|0.55|1.41]1.09|0.79]1.09|1.16{0.99]1.00{1.00{1.15{0.94(0.91(0.961.08|0.97|1.07|0.94|0.97]0.97|1.04|1.06|0.97|0.97|1.00{0.97(1.09(0.98(1.02
S-Cs-M 1.06]0.97(0.95(1.11]|0.99]0.36/1.20{0.78/0.59(1.06]1.15|1.13]1.02| 1.08(1.06]0.92(0.95]0.98(1.07|0.98| 1.04{0.95/0.96]0.99| 1.03{1.04/0.97(1.00{1.00(0.97|1.11]| 1.03{1.02
S-Co-L 1.09(1.13(1.05/1.12|0.73]0.35|1.18]0.89|0.54|1.24|1.14|0.89]0.97(0.97(0.95{0.83(0.92(0.961.08| 1.00| 1.12|0.91|0.981.00| 1.04|0.95|0.88]0.98|0.91(0.86{1.10{1.07{0.91
S-Co-M 0.92(0.97(0.85(1.09 1.04F0.87 0.17]0.49(1.06{1.21[0.67]0.94(0.85(0.84(0.80/0.89|0.95|1.09/0.93|1.14]0.94]|0.98]0.99|1.00{0.94|0.86|1.00{0.81(0.83(1.10{1.13(0.95
S-Co-H 0.86]0.94(0.86(0.92(1.07 0.78]0.27(0.57(1.01{1.18(0.79]0.94(0.84|0.84]|0.73|0.79|0.80|1.07]0.98]1.13|0.77|0.97]0.98|1.04|0.93{0.85(0.96{0.81(0.83| 1.16| 1.06/| 0.93
All 1.02{0.64(1.11(0.72|0.60/1.05|1.11]0.93]1.04/0.99]0.96]0.92|0.93(1.01{0.96{0.98(0.97(0.94(0.94]0.92(0.96/1.02|0.97|0.94|0.93/0.91]0.97|1.01|0.89
Outliers n

Mean response R/

Quiality 13 14 15 16 17 18 19 20 21 22 23 24 25 26

RQR7 1.18{0.74{1.17{1.33 1.24{1.36(1.26{1.22(1.16{0.80(0.86(0.90{0.65(1.38|1.00{1.02|1.29{1.32 0.89(1.04]1.12|1.13|1.24|1.38|1.32
W-80 1.06{1.12{1.19{1.24{0.91{1.04{1.23|1.19{1.11{1.27{0.77{0.90|0.80{0.56{ 1.25|0.92|0.92|1.25|1.29]0.45| 0.74|1.30{ 1.05|0.61| 1.14|1.33|1.23
W-80/60° 1.18{1.39{1.27{1.52(0.99{1.15{1.50{1.41(1.36{1.36{0.86(1.18(1.20{0.63(1.40(0.93(0.94(1.30(1.37(1.41(0.86{1.49(1.17|1.22|1.30|1.56|1.44
W-150 1.10{0.94/0.97{1.03]0.75/1.03{1.08|1.01{0.97{0.98]0.68|0.96|0.96]0.64|1.10{1.00{0.90{0.95|0.80|0.42|0.77|1.13]0.92|0.92| 1.10| 1.14|1.10
S-Cs-L 1.00/0.96{0.82|1.04/0.95|0.79/0.99|0.94|0.97(1.00]0.67(0.94/0.93{0.93]0.90(1.02|1.01{0.95|0.890.66{0.93| 1.12(0.90|0.80{0.93| 1.04{1.07
S-Cs-M 1.01]0.91{0.81]1.00{0.95|0.86/1.01|0.98]|0.88{0.90]0.66(0.93]0.93{0.79]0.97(0.86]0.97|1.00{0.89|0.60{0.86] 1.13[0.88|0.81|1.03|1.07{1.03
S-Co-L 0.96{0.93|0.89{1.00{0.99|0.81|1.00{0.95|0.89|0.90|0.62|0.98]1.31|0.86|0.89|0.82|0.99|0.96]0.97]0.60{0.87]1.07]0.84|0.81|1.00|1.02| 1.00
S-Co-M 0.94/0.92|0.86{1.02|1.00{0.83]0.98/0.93]0.85|0.86]0.61|0.98]1.26]0.82|1.02|0.88]0.93]0.97|1.07]0.58] 0.91]1.06]0.83|0.80|0.90| 1.02| 1.02
S-Co-H 0.94]0.93]0.77]1.03]0.98]0.86]0.98]0.99]0.91]0.89]0.62|1.00|1.61]0.73]0.95]0.89]0.93]|1.012.04]0.58]0.91]1.06]0.79]0.82]0.89] 1.04| 1.04
All 1.04/0.97{0.96{1.12{0.94]0.95[1.11{1.06{1.00{1.02|0.69{0.96|1.08|0.74{1.08|0.92|0.96|1.07|1.15]0.62|0.86|1.15|0.94|0.87|1.05|1.16|1.13
Outlers o lll 2
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Number of outliers (1 out of 10)
1C2014-WB

Hp(10)
# outliers (sys)| O 1 2 3 4 6 7 9 (10 ( 11 | 14 | 18 | 0-2
TLD 77% | 6% | 6% | 1% | 4% | 1% | 1% | 1% | - - - | 1% | 90%
Film 42% | 17% | 17% | - - - - - | 8% | 8% | 8% | - | 75%
OSL 100%| - - - - - - - - - - - 1100%
Other

77% 6% 6% 1% 4% 1% 1% 1% 1% 1% 89% 11%

# outliers (sys)] 0 1 2 3 4 6 7 | 14 ] 0-2

TLD 82% | 5% | 2% | 2% | 5% | 2% | 3% | - | 88%
Film 75% - - - - - - | 25%]) 75%
OSL 100%| - - - - - - - 1100%

Other

8% 4% 1% 1% 4% 1% 3% 1% 100% -
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Frequency distribution of R
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Results 1C2008-WB
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Comparison TLD vs. Film (1)

Hp(10) TLD (46 systems/WB) Hp(10) Film (10 systems/WB)
50 50
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Comparison TLD vs. Film detall (2)

Hp(10) TLD (46 systems/WB) Hp(10) Film (10 systems/WB)
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Dosemeter types (IC2008-WB)

detector material
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Comparison for diff. detector materials

CaSO4:Dy/PTFE
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Hp(10) Li2B407/CaS04 (6 systems/WB)

20
15 9 o]
% 0
& o
(=8
£ 10
4
0.5 [
e e
0.0
S O T
R T R
3 S
egga" cjo"‘ Radiation quality
Hp(10) LiF:Mg,Cu,P (6 systems/WB)
20
15
o]
h]
w
c
8 o
g 10 *—4
) i
- °
e
0.5 ° s ]
0.0
S 08 S s s g g
ST S _
3 S Seite 93
5 Traini & & Radiation quality

|C2008-WB



Dose quantity: H,(10) vs. H,(0.07)
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Results: 1C2009-Ext

All (57 systems/EX)
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Results extremity dosemeters

LiIFMgTi (22 systems/EX)
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Measured energy resonse (K,):
LiF:Mg,Ti and LiF:Mg,Cu,P
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4]
-
&

Mean response (IC2009-Ext)

Response: A BISRISSHS I 83 RS SBIAIFIIFIA % S < &S K A 3 3 ST E8XSITBISIBSIAIRS =
Kr-85; 0° Bl 0.2 0.2(0.3(0.4 0.3 0.2 0.210.210.8 0.3(0.2]0.6/1.0 0.2/0.310.6(0.6]0.3]1.0(1.0 0.4(1.011.0{0:240.2 0.210.710.9{0:2 0.8(1.110:2{1.0]0.3 0.5]1.1]1.3} 0.4
Sr—QO/Y—QO; 0° B2 0.8{0.5]0.6(0.8 0.6(0.7]0.410.4{0.8)0.8(1.1]0.8/0.7({0.9]0.7/1.1{1.1|1.0{1.0]0.9]1.0{1.1]1.0]0.8]0.9|0.9|1.2|1.0{0.9{1.4]1.2|1.3]1.3|1.1{1.2|1.3|1.0{1.2|1.3(1.2|1.0{1.1{0.9]1.0{1.5{1.2|1.0{1.0]1.3|1.3(1.1|1.4(1.2]0.7| 1.1|1.3] 1.2} 1.0
Sr-90/Y-90; 60° | B3 0.410.3)0.5/0.3 0.310.3 0.210.50.5/0.9]0.3{0.3{0.4/0.6{0.7{0.5/0.6]0.5]0.3]0.90.5{1.0{0.5 0.4/0.510.9{0.4]0.8/0.6{0.610.7(0.5{0.9/0.8{0.4]0.8/1.1]1.0/0.6/0.5]0.4]0.5{0.6]1.1{0.3{0.5|1.0(1.3]0.4{1.2|0.70.2{0.7|1.1]0.9] 0.6
N-ZO; 0° P1 0.5{0.7]0.5{0.6{0.4/0.9(1.0/0.9/1.0{0.9]1.0{0.8]1.1|1.1{1.2|1.1]0.8]0.9]0.9]1.0]1.3/0.9{0.9]0.9{1.2|1.3|1.3|1.0]0.9]0.9{1.01.0{1.0]1.1|0.9{1.01.0{1.5{0.9]1.0(1.1]|1.4]1.2{1.5]1.5(1.1{1.0|1.5(1.5]|0.9]1.1]1.6|1.1{1.5]0.8|1.5(1.1]|1.2] 1.0
W-SO; 0° P2 0.5]0.6/0.7]0.7{1.2{0.9{0.9(1.1}1.1/1.0|1.2|0.8]1.0]|1.2|1.0{1.1|1.2|1.1{1.1]1.1]1.2|1.2|1.2{1.0{1.3|1.2(1.2|1.1|1.1|1.4|1.0]1.3]|1.0{1.1{1.3|1.0{1.1|1.3]1.1]1.1]1.2]|1.4|1.3[1.4[1.5(1.2|1.3|1.4|1.5|1.3]|1.1|1.5|1.2|1.5|2.0] 1.5| 1.4 | 2.0§ 1.2

P3 0.5]0.6/0.7]0.7{1.0{0.9{0.9(1.1}1.1/1.0|1.0/0.9]1.01.1|1.0f1.1|1.1|1.1{1.1]1.1]1.1]1.2|1.2{1.0{1.1|1.3(1.2|1.1|1.1|1.4|1.1]1.2|1.2{1.1{1.3|1.0{1.0|1.3]1.3|1.1|1.1]|1.4|1.4(1.4[1.4(1.3|1.3|1.4|1.4|1.3]|1.2|1.5|1.2|1.4|1.9]1.5|1.3]3.4] 1.2

P5 0.5]0.60.6/0.7{1.3{0.9{0.9{1.1}1.1/1.0|1.0/0.91.1]1.0{1.1|1.1}0.6{1.1{1.2|1.1]1.2]0.6]1.2{1.0{1.2|1.3(1.2|1.1{1.0|1.2|0.9]1.2|1.2{1.0{1.3| 1.0{1.1|1.3]1.7|1.1] 1.1 1.4|1.3[1.4[1.4(1.4]1.2|1.6|1.5| 1.4 1.2|1.6|1.2|1.4|1.7|1.5| 1.3]3.8] 1.2

W-SO; 60° P4 0.6/0.60.6/0.7{0.7{0.9{0.9(1.0/1.0/1.0/0.5/0.9]1.0|1.0|1.0{1.0{1.1{1.0{1.0{1.1]1.0{1.1]1.1|1.0{1.2|1.2{1.1]1.0{1.0|1.3|1.1|1.1|1.0{1.0{1.2|1.0{1.0|1.2|1.4] 1.0|1.1]1.3[1.3[1.4[1.3(1.2|1.3|1.4|1.4|1.3]|1.2|1.4|1.1|1.5|1.7|1.4| 1.4)3.1] 1.1
N-150; 0° P6 0.6{0.5]0.5(0.6{0.9/0.8{0.7]0.9/0.9{0.8]0.8{0.7]0.8/0.9{0.7]0.9/0.9|0.8]| 0.8/ 0.8]0.9/0.8{0.8]0.8{1.0]0.8|1.0{0.9]0.8/0.9{1.0]0.9/0.9]0.9/0.8(0.8]0.8(1.0{0.9]0.8(0.9]1.1|1.21.2|11.1{0.9{0.9|1.2(1.2|1.0{0.9{1.1|1.11.1]|1.5|1.21.1}2.0§ 0.9
S-Cs; 0° P7 0.6]0.50.6/0.7{1.0{0.7{0.7(0.80.8/0.7]0.70.8]0.7]0.8{0.8{0.8{1.1{1.0{1.1]1.0]0.8]1.1]1.0{0.9{0.9{0.8{0.8/1.0{1.0/ 0.9 1.3]1.0{0.9{1.1{0.9]1.0{1.0{1.0]0.6]1.0|1.1]1.0{1.1{1.0{1.0{1.0{1.0{1.1| 1.0/ 1.0|1.1]0.9{1.2{1.0{0.9{1.0{1.1] 1.3§ 0.9

A 0.5{0.5]0.6(0.6{0.7/0.7(0.7]0.8/0.8{0.8/0.8(0.8]0.80.8(0.9]0.9/0.9]0.90.9/0.9]0.9/0.9{0.9]0.9{0.9]0.9|1.0{1.0/1.0{1.0{1.0/1.0{1.0{1.0{1.0{1.0]1.0({1.0{1.0{1.1 {1.1]1.1|1.21.1|1.1 {1.1]1.1|1.1 {1.1|1.1|1.1|1.2|1.2(1.2|1.2|1.2|1.2|]2.1f 1.0

Seite 98
Ciemal RPD EURADOS Training course 2015, Lisbon
DEESPANA. DEECOMOMA oo .
¥ COMPETITIVIDAD :

Ensrpitices, Medoanbasrnles
¥ Teumaidpicas




Outliers OK values — IC2009-Ext (trumpet)

26 services : 0 outliers
32 services < 2 outliers

Outlier: OK / Trumpet

Kr-85; 0°
Sr-90/Y-90; 0°
Sr-90/Y-90; 60°
N-20; 0°
W-80; 0°

W-80; 60°
N-150; 0°
S-Cs; 0°

2114
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Reproducibility IC2009-Ext
(Coefficient of variation %)

CV (%) B1

B2

B3

All

4
ol Ea
2 oW DE ESPANA ?F ECOMNOMIA
2 s

COMPETITIVIDRAD E

Mean 13% 4% 12% 4% 4% 4.2% 4% 6% 5% 6% 6%
Std. Dev. 0.23 0.04 0.16 0.04 0.05 0.05 0.05 0.15 0.08 0.13 0.12
Median 5% 3% 7% 2% 2% 3.0% 1% 3% 2% 2% 3%
Minimum 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Maximum 141% | 18% | 100% | 20% | 25% | 29% | 28% | 113% | 40% | 88% | 141%
Count 59 59 59 59 59 59 59 59 59 59 590
CV (%): All TR BRLSEF GBI YRR IIIAISBERICRIETNRLICIIBIUIISIISNSBIIINLILRSEISR =
Kr-85; 0° B1j4f0|5|1|1]1 41318 6 [19]13(12 0[4]1(0]18 112|413]2|2]0(18]6|11|15|6 |7 [12]1|38]1 2| 1]123(11|5|39| 4|4 |66)38|68|5 )2 [14340|5( 7 | 13
Sr-QO/Y-QO; 0° B2jof1f1|4]1]2 110(4 3(1]0f0 11j0(7|3(|1 8443|184 2[9]|5|1|3|7|5]1]15]|11 5106518139 |19 |2 |14|6|1|0]|3|1]|12] 4
Sr-90/Y-90; 60°|B3j1|3]|2|1]11]3 3113]7 1012(0]2 11)1(4]22|13 412]5|12|117) 3 |25]116| 5|11 4 [21]11]14| 5|3 |15 710(|27|14130|17)22|45] 4 |10( 5|6 |2 | 5 |200 17| 60| 12
N-20; 0° P1jif1fo|4]2]1 2(11]0 0321 41713[(0]0 4(4]5|6[6]1|1]0|3|1]|4]|4])2|5]|15]1]|6 2510921 |6]|3|1]|16/13|4|1|0|10]20(15]) 4
W-80; 0° P2J1f1|1fjo|1]1 0[2]0 21031 0(6|4[2]0 818|267 |5]6[5[1]0|5]1|1]0]9]|0]6 81212241 |18]5|3|8|5|3|17|1]|2]|25( 3] 4
P3J1f1f1f1]1]1 311]1 112(0]2 4161423 212|9|3]2|5]|8|2[4]|3|5]4|4]4]8|0]9 2412|682 |3|4|5]|7|3|5]1|2|3]|25(29] 4
P5j0|1|1|1|0]4 of1]1 110(3]|1 0[5]0([2]0 110(73|3|0)1f1|8|1|14|5[4|1]|8|1]|6 3|5(5|8|1|1)10{6|2|11(5]|4|0|1]|4(|28]17] 4
W-80; 60° P4ajif1f1]|2]0]3 2(11]0 3(0)1(3 0[3]|6[2]1 311|511 )|6|5]|3|2|5]|7|5]4|2|6]|5|1]1 10{5|5]|11| 5] 4 (10(/10| 1 |12) 4 |5 |224 0 |15/18|31] 6
N-150; 0° P6jofojof1|0]1 212])1 0[0]|5(|1 of1]1(2]0 719|151 |7]1f2]8]9|0]2|6|3]|7|0]4 91401 1(6|2]1|10|34|24|18|4|2]|2|1]|5]2(29] 5
S-Cs;O" P710(1(3]|2]0]3 612]2 11105 411]5(1]0 4101313 ]12|0|4|2|4]21]|4)24({7 2|23 6]1|2|2|4|2)1|3]|1|10/4|88[3|2|2|50]28] 6
All 111(1]12]2]|2 2133 313]3(3 33444 41414|4]5]5|5]|5|5|5]|5|5]|6|6]|6]6]|6 677 |7]|8]|8|9]12(12]112]|12|13])14[15|18]19|23 | 44
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Reference radiation quality
(1C2009-Ext)

Sr-90
Co-60
Cs-137
Am-241
W300
N250
N150
N120
N100
N60

reference quality

0 5 10 15 20 25 30 35
number ofsystems
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Response for Cs-137

1.50

1.25 +

1.00 llll.
0.75

0.50

response for Cs-137

0.25 +

0.00

26/06/34|14/09|16|57|54|23/29|24|2033|43|27|47|45|31|13|22|36|37|05/12|11|39/10|44|28|56|42 01

Cs-137
system #

Only systems with Cs-137 reference radiation quality were considered!
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Results: 1C2010-WB H,(10)

All (85 systems) - Hp(10)

Response

Radiation quality
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IC2010-WB H,(10) - TLD vs.

TLD (59 systems) - Hp(10)
2,0 2.0
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IC2010-WB H,(10) TLD/Film/OSL

other
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IC2010-WB H,(10)

TLD/LiF:Mg,Ti (37 systems) - Hp(10)

2,0
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All (85 systems) - Hp(10)

Dose quantity: H,(10) vs. H,(0.07)

All (66 systems) - Hp(0.07)
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Reproducibility (1C2010-WB)
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Results: 1C2012-WB H,(10)

All (87 systems) - Hp(10)
2,0

Response

Radiation quality
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IC2012-WB H,(10) - TLD vs. Film

TLD (59 systems) - Hp(10)
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IC2012-WB H,(10) TLD/Film/OSL
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|C2012-WB Hp(lO)
Different TLD materials

TLD/LiF:Mg,Cu,P (14 systems) - Hp(10) TLD/LiF:Mg,Ti (26 systems) - Hp(10)
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Dose quantity: H,(10) vs. H,(0.07)
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Results: 1C2014-WB H,(10)

All (112 systems) - Hp(10)
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IC2014-WB H,(10) TLD/Film/OSL/Others
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1IC2008-WB
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1C2010-WB
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1C2012-WB
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1C2014-WB
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Frequency distribution WB 2008-2014 H,(10)
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Frequency distribution WB 2008-2014 H,(0,07)
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IC2009-Ext
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Outliers

|C 2008 IC 2012
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Whole body dosemeters (IC2008)
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Ring dosemeters (1C2009)
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Wrist dosemeters (1C2009)
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Finger tip dosemeters (1C2009)
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Whole body dosemeters (IC2014)
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|C2012- Neutrons
organisation group

€URARDOS

1IC2012n results
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|C2012- Neutrons
iIrradiated neutron fields
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|C2012- Neutrons
dosemeter systems
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A. Etched track + TLD (4 systems)

etched track sensor for fast and TLD for albedo

B. Etched track + converter (9 systems)
etched track for fast and etched track with
converter for albedo

C. Etched track fast only (4 systems)
no evidence of a thermal sensor -

D. Albedo TLD + Cd shield (3 systems)
E. Albedo TLD + B loaded shield (6 systems)

F. Albedo ! (3 systems)
no information about shielding of direct neutrons

only a limited no. of results provided by one system _

G. Fission track (1 system)

H. Electronic (2 systems) Other
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|C2012- neutron: Results
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Eurados Reports on IC

EURADOS Report 2014-02
Braunschweig, November 2014
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Next intercomparison 2015ext

€uropean Radiation Dosimetry Group G U R H D O S
Announcement of the
€URADOS Intercomparison 2015 for extremity dosemeters

Scope

The 2015ext intercomparison concerns to extremity dosemeters intended to estimate H,(0,07). The

dosemeters may be of type ring, stall or wrist, designed to be worn on fingers, wrist or ankle, and are used
routinelyin individual monitoring of exposed workers.

Irradiations, restricted to photons and betas, will be performed in European irradiation facilities in terms of
Hp(0,07) in the following ranges:

> Photon energy: 16 to 662 keV

> Beta mean energy: 250 to 935 keV
> Dose:0,5mSvto15Sv

> Angle of incidence: + 60°
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Enerpiticas, Medoanbarles
¥ Tocooldpicay

Slide: 135
- 2 comeno 1 cw RPD EURADOS Training course 2015, Lisbon
: ":""DE ESPA 9%&:}#&



Registration for IC2015ext

Contact: coordinator@ic2015ext.org
Registration: http://www.ic2015ext.org

Registration available until Sunday, 31/05/2015

The participation fee is 1250 Euro per dosimetry system. EURADOS sponsors will pay 1125 Euro for one
system and 1250 Euro for any additional systems. Fees must be transferred in advance to the EURADOS
bank account (free of bank transfer costs) after receiving the invoice from EURADOS. Refunding will only be
possible in the unlikely event that the intercomparison is cancelled by EURADOS.
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Thank you very much
for your attention!
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