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Introduction

For many years, EURADOS has
been organising
intercomparison exercises
dedicated to individual
monitoring services (IMS).

= for whole-body,

= extremity,

= environmental dosemeters.

These exercises
give IMS the
opportunity to
compare their
results with other
participants and
develop plans for
improving their
dosimetry systems.

In the context of the new eye lens dose limit for occupational exposure of
20 mSv per year stated by the revision of the European Basic Safety Standards
Directive 2013/59/EURATOM, EURADOS organized two intercomparisons
dedicated to eye lens dosemeters.

First intercomparison in 2014 Second intercomparison in 2016
1IC2014,,, 1IC2016,,
Photon radiation fields Photon and beta radiation fields
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4

Organisation Group

Each exercise was managed and coordinated by an Organisation Group
composed of members of EURADOS.

IC201 4eye 1IC201 6eye
Photon radiation fields Photon and beta radiation fields

» Eleftheria Carinou, EEAE, Greece * Rolf Behrens, PTB, Germany

» Isabelle Clairand, IRSN, France * Marcin Brodecki, NIOM, Poland

» Josiane Daures, CEA, France » Eleftheria Carinou, EEAE, Greece

* Marc Denoziéere!, CEA, France « Isabelle Clairand, IRSN, France

* Merce Ginjaume, UPC, Spain « Joanna Domienik, NIOM, Poland

» Filip Vanhavere, SCK-CEN, Belgium * Merce Ginjaume, UPC, Spain

* Oliver Hupe, PTB, Germany
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Project phases and time schedule for IC2016

eye

. Phase | Dae

Preparation
Selection of participants
Execution
Reception of dosemeters by coordinating laboratory
Irradiations
Irradiated dosemeters sent to the participants

Results reported by the participants

First draft individual result datasheets
sent to participants

Interpretation of results and reporting
FINAL individual result datasheets

+ certificates of attendance

5 EURADOS Winter School © IRSN

Dec. 2015 - February 2016
March 2016

April 2016 - February 2017
June 2016

July-August 2016

September 2016

November 2016

February 2017

February 2017 - May 2017

June 2017
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Preparation phase (1C2016

eye)

= Decision about the irradiation plan

= |[dentification of the irradiation facilities

= Definition of general modalities (maximum number of
participants, identification codes, etc.)

= Provisional budget

= Time schedule

EURADOS Winter School © IRSN I RS “ gﬁ‘;ﬁ;‘gn



Participant application (IC2016

eye)

I The announcement was made during the EURADOS AM 2016 in Milan (Feb.
2016) and a direct emailing was made to EURADOS members and additional
IMS

I Candidate participants were invited to complete and return an application
form

I 24 participants were selected, 2 cancelled before the beginning of IC.

I A letter of confirmation was sent to each participant with a set of
instructions + a questionnaire (administrative and technical)

I A financial participation of 900 euros was asked to each participant to
cover a part of the costs induced by the intercomparison
(800 euros for EURADQOS sponsor Institutes)

EURADOS Winter School © IRSN | R S “ ,“Effl‘ifggn



Participant questionnaire (IC2016

eye)

E U R ﬂ DOS Europenn Rodiation Dosimety Group

Questionnaire for participating individual monitoring services to the

EURADOS intercomparison exercise of eye lens dosemeters
(1C2016eye).

GENERAL INFORMATION
Name of the laboratory

Name of the head of the laboratory

Contact person for the

intercomparison
Mailing address

Fax number
Phone number

E-mail address

EURADOS Winter School © IRSN I RS “ gfliggn
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Participant questionnaire (IC2016

eye)

#
DOSEMETER INFORMATION

Manufacturer

Type of detector (for example, if TLD:
please specify the TLD type )

Filters (material and thickness)

Calibration source

Calibration quantity
(He(3), H:(0.07), Ka, Hx(10), other)

Type of calibration phantom

Photon energy range

Any special protocol for eye lens
dosimetry? (correction factors, energy
correction, lead glasses correction, etc.)

[m]

EURADOS Winter School © IRSN
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Participant questionnaire (IC2016

eye)

SERVICE INFORMATION

Mumber of people monitored per year
Number of eye lens dosemeters issued per year
(photon fields)

Number of eye lens dosemeters issued per year
(beta fields or mixed photon-beta fields)

Mumber of people monitored per year
in the medical field

Number of eye lens dosemeters issued per year
in the medical field

Do you have an accreditation (e.g. SO 17025) for your
eye lens dosimetry service? Please specify

Is your passive system in agreement with |[EC 62387
standard? If others, please specify

10 EURADOS Winter School © IRSN | R S “ gf;fg‘gn



Execution phase (1C2016

eye)

I Instructions given to participants:
= Preparation of dosemeters according to their normal procedures
= |dentify the dosemeters with a specific codification provided by OG
= Send the dosemeters to a contact person from the OG

I The contact person dispatched the dosemeters to irradiating laboratories

I The dosemeters were sent back to participants with instructions to report
their results (Excel sheet). Participants were asked to report the doses in
terms of H,(3) using their routine measurement protocol.

I The doses provided by each participant were compared with the reference
delivered doses. All the results were analysed anonymously.

I First draft results were individually reported back to each participant for
comments.
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Excel sheet to report the results (1/2) - (IC2016,,,)

EURADOS WG12 intercomparison exercise of eyve lens dosemeters for medical applications, 1IC2016eyve

Warksheet dedicated ta partisipants ta report the results © the response will be evaluated in terms of 5 131

Date
PARTICIPANT ID XXx
#(21F (mSv) _
(fnalfrosnfs - affer — Ezpanded c_umhme-d
substraction of Background uncertainty s
Backgreund « ang substracted [mSw] [k:z]*'-*
ofAer eorreeiion |
HEE 1 irradiated
xxN 2 irradiated
ixx 3 irradiated
=EN 4 irradiated
HiEx B irradiated
HEE B irradiated
AER_ T irradiated
HEE B irradiated
HxEN_ 9 irradiated
HxE 10 irradiated
nxEE N irradiated
nxEx 12 irradiated
ARE_13 irradiated
=xEx 14 irradiated
XK 15 irradiated
=HxEx 16 irradiated
XN 1T irradiated
=nxEx 18 irradiated
XX 13 irradiated
HEx 20 irradiated
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I €URADOS

Excel sheet to report the results (2/2) - (IC2016,,,)

xE 19 | iradiated
HEd 20 irradiated
HeE oM irradiated
HEE 22 irradiaked
HxM 23 irradiated
ek 24 irradiated
HEd 25 spare
HEX_26 Spare
HeM 27 spare
HxM 28 spare
e 29 spare
HEE_30 Spare
Hed 3 spare
ek 32 spare
N T s
HH T _2 e
HH T _3 e
HX T 4 [l

*it Yol repart your results in another quantity, please specify

pleaze indicate the dose due tothe background [usually used in your routine protocol | that was substracted to obtain the final result,
Th itd it e by th =

Please indicate if some components [reading, calibration Factor, energy and angle correction, ambient conditions or others) were taken into account in the calculation of the uncertainky

Ezpanded combined
Ambient conditions [, uncertainty

Feference
calibration factor|  Energylangle [, k=2]
[M. k=2]

Feading [,
k=2] k=2] associated to the

Final result [ k=2]
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Final results (1C2016,,,)

Final individual result datasheets
are completed
+ certificates of participation

EURADOS Winter School © IRSN

EURADOS ' cuopeon rotoson vosimary v

Eye Jons dogemeter iercomparizon |C2076,,..

CERTIFICATE OF PARTICIPATION

EURADOS Intarcomparison 2016 for eye lens dosemeters (IC2016,,.)

Certificate number
Number of pages
Date of issue
Participating inatitute
Dosimatry system

EURADOS: IC2018,,,-001-rovi
g

Fabruary 2018

AAA

Eye lens dosemater

Intercomparison  The ELURADOS Infercomparison 2016 for eye lens dosemeters was managed
procedure and coordinated on behalf of EURADOS by the WG12 Intarcomparison
Crganization Group (OG), Tis intercomparisan was designed to be a blind test

for all participants who reported their resultes without knowing the beam gualities

and the reference dose values, The only Inl-ormauonherhed vaa hat the

iradiations wene performed in photon radiation fields represantative of medical

workpiaces and 5.Ce, as well as bela radiafion fields (“Kr, """s:.a“\f and
“au""Rh).

The GG ished the iradiation plan and d the intercomparison in
February 2016. After compéeding the agpbcation procedures the paricipants
sant thair dosematers, in acocordance with the instructions, to the OG i Juna
2018, The s |irad d the do sceonding to the irmadiation
plan in July and August 2016 The dosarmaters were sent back io the
paricipants in September 2018. Each panicipant was instructed to follow
nesmal rouline procedures as far as possible. The participants sent the resulls
of the dossmeter readings to the OG coordinator in October 2018, The final
indvidual resulls were sent to each participant in May 2017,

This cedificate is a revision of the first one, EURADDS- 1G20768,-001, In the
first version the parformance limits {i.e. trumpst cunses) were calcufatad and
Tepresented in (he panicpants graphs wsing ¢ = 0.085 mSy, a2 stated in |50
14'148"' wharazs in the present version the value of H, = 0.3 mSv has baan
used as ﬂal%w in e current diall revisson of 150 14148 valid for &ye lens
dosemeters ™. This change does not imply any modificabon in the numencal
resulls shown in the Tables and the Graphs. Only for few data mainly for the
lower doses a result that did not comply with the praliminary criteria might now
fulfil the IS0 requirement VWhen applicable this is specifically indicated In the
rasults' tabla. The global results in page 5/ were comectly reprasentad in tha
original certificate.

HNumber of

participantsisystems:
Irradiation conditions

Participant results

22 (1 system per parficipart)
See delads in page 2.
See tables and figures in pages 3 and 4.

Global results  See figures in page 5,

On behalf of the Intarcomparison ‘On behalf of EURADOS
Drganization Group
Isabells Claimnd Warner Ruhm
Coordirator Chairperson
Ewopean Radiation Dosimetry Group e V., Postfach 1128, D-85758 Neuherberg Page 1/5

EURADOS - IC3016,.-001-row1 = Participant AAA = Fabruary 2018
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and IC2016

Scope and organization of 1C2014

eye eye

» Both intercomparisons were designed to be a blind test for all
participants who reported their results without knowing the reference dose

values.
Information » For photon radiation fields (both): S-Cs + photon fields
given to representative of medical workplaces (without knowing
participants » the exact beam qualities),
« For beta radiation fields (IC2016eye): 8Kr, 2°Sr+0Y and
106Ry+106R .
» The participants did not know which dosemeter would
be irradiated to which type of radiation.

« All participants were requested to prepare their dosemeters according to
their usual procedures and to report the doses in terms of H,(3) using
their routine protocol.

« All the data were treated confidentially using an identification code
assigned to each participant.

15 EURADOS Winter School © IRSN | R S [ ] ,“Efi‘l‘ifggn



Participants (1/2)
1C2014,,,

1IC2016

N = o x

eye

= ’
. om ) 1ARO T

o
z 3
= S
e ()
o v}
° 2
g g
f [a
Participants: 20 European IMS from 15 different Participants: 22 IMS from 12 different countries
countries participated (Austria, Belgium, Czech Rep., (Bulgaria, Czech Republic, France, Germany, Israel, Italy,
France, Greece, Italy, Lithuania, Poland, Rumania, Serbia, Slovakia, Spain, Switzerland, Turkey, United Kingdom and
Slovakia, Spain, Switzerland, UK and Ukraine). USA).
IC2014,,, Dosemeter type IC2016,

9 Eye-D™ system (ORAMED' European project) 6

3 dosemeters with a specific holder 3

8 dosemeters placed in a plastic bag 11

0 whole body dosemeters 2

Vanhavere, F. et al. ORAMED: optimization of radiation protection of medical staff. EURADOS report 2012-02, ISSN 2226-8057, ISBN 978-3-943701-01-2. Braunschweig (2012).
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Participants (2/2)

In addition, most of the participants indicated,
via a questionnaire, some technical information
such as:

» the type of the included detector,

« the filter used if any,

» the phantom and energy quality used for

calibration.
IC2014,,, Calibration conditions 1IC2016,,
9 participants use pure S-Cs or pure S-Co or both 13
8 participants use various X-ray spectra 8
3 participant use mixed S-Cs and X-ray

17 EURADOS Winter School © IRSN I RS “ gfliEggn



I €URADOS |C2014e e

Radiation qualities and doses imparted - photons

Radiation quality and
angle of incidence

Dose range H,(3)

Mean E. (keV) (MSV)

I1SO 4037-1

I1SO 4037-1

I1SO 4037-1

I1SO 4037-1

I1SO 4037-1

I1SO 4037-1

IEC 61267

IEC 61267

IEC 61267

Realistic field CONRAD/ ORAMED
European projects

(scattered field in int rad.) (PCRD 7)

Conversion coefficients to relate air kerma to H,(3) were taken from Behrens (2012) for I1SO 4037 qualities and from Principi et. Al
(2015) for IEC 61267 qualities. For the “realistic field” the conversion coefficient was calculated with PENELOPE Monte Carlo code as
described in EURADOS 2012-02 report (2012).

Behrens, R. Air kerma to Hp(3) conversion coefficients for a new cylinder phantom for photon reference radiation qualities. Radiat. Prot. Dosim. 151(3), 450-455 (2012).

Principi S., et al. Air kerma to H,(3) conversion coefficients for IEC 61267 RQR X-ray radiation qualities. Application to dose monitoring of the lens of the eye in medical diagnostics.
International Conference on Individual Monitoring of lonizing Radiation, Bruges 2015.

Vanhavere, F., et al. ORAMED: Optimization of Radiation Protection of Medical Staff. EURADOS Report 2012-02, ISSN 2226-8057, ISBN 978-3-943701-01-2. Braunschweig (2012)
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| curApos IC2016,,,

Radiation qualities and doses imparted - photons

Radiation quality and Mean E. (keV) Dose range H,(3)
angle of incidence (mSv)

RQR6; 0° IEC 61267 44 2.0-3.0
RQR6; 45° IEC 61267
RQR6; 75°

IEC 61267

I1SO 4037-1

I1SO 4037-1

I1SO 4037-1

Conversion coefficients to relate air kerma to H,(3) were taken from Behrens (2012) for ISO 4037 qualities and from
Principi et al. (2016) for IEC 61267 qualities.

* Behrens, R. Air kerma to Hp(3) conversion coefficients for a new cylinder phantom for photon reference radiation qualities. Radiat. Prot. Dosim.
151(3), 450-455 (2012).

» Principi S., Guardiola C., Duch MA., Ginjaume M. Air kerma to Hp(3) conversion coefficients for IEC 61267 RQR X-ray radiation qualities:
application to dose monitoring of the lens of the eye in medical diagnostics. Radiat Prot Dosimetry. 170(1-4), 45-8 (2016).
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| curApos IC2016,,,

Radiation qualities and doses imparted - betas

Radiation quality and Ref. Mean energy Dose range H,(3)

angle of incidence (MeV) (mSv)

85Kr; 0° IS0 6980-1 0.24 0.03 - 0.04
20Sr+90Y 5 0°
905r+90Y + 60° ISO 6980-1 0.8 2.0-3.0
106Ry+106Rh; Q° ISO 6980-1 1.2 1.0-1.5

ISO 6980-1

»

The low energy beta quality (8°Kr, 0.24 MeV) was chosen to test the design of the

m) dosemeters, in particular to check if the filter in front of the detector is
sufficient. Even if this quality is not used in practice, such energies are produced by
partially shielded high energy beta sources and are therefore of relevance.

Conversion coefficients to relate absorbed to tissue at 0.07 mm depth, D;, to H,(3) were taken from Behrens (2012,
2015) for beta radiation qualities

» Behrens R. and Buchholz G. Extensions to the Beta Secondary Standard BSS 2. J. Instrum. 6, P11007 (2011) and Erratum: J. Instrum. 7,
E04001 (2012) and Addendum: J. Instrum. 7, A0O5001 (2012).

* Behrens R. Correction factors for the ISO rod phantom, a cylinder phantom, and the ICRU sphere for reference beta radiation fields of the
BSS 2. J. Instrum. 10, P03014 (2015).
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Irradiation conditions

| Irradiations were performed in terms
of personal dose equivalent H,(3)

| The head phantom (20 cm * 20 cm)
was used (ORAMED project' and ISO
4037-3)

| Two dosemeters of each participant
were irradiated for each setup.

'Gualdrini, G., Mariotti, F., Wach, S., Bilski, P., Denoziere, M., Daures, J., Bordy, J.-M., Ferrari, P., Monteventi, F., Fantuzzi, E., Vanhavere,
F. A new cylindrical phantom for eye lens dosimetry development. Rad. Meas. 46, 1231-1234 (2011)"
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Results evaluation

The numerical results in the intercomparisons are reported as the
dosemeter response R, where R is defined as:

R = H,(3)participant corrected for transit dose / Hy,(3) eference

The performance limits according to the ISO 14146 standard, commonly known as
“trumpet curves”, were adopted to analyze the results :

2H H
L) L T (Y Py [ T T
F\" H,+H. 2H,+H,

* Ris the response, the ratio between the participant measured value and the conventional true value
« F=1.5(ICRP75)

* Hcis the conventional true value, in this case, H,(3)eference

* H,: was chosen equal to:

2014: was chosen equal to 0.085 mSv for all participants, assuming a “lower limit of the
dose range for which the system has been approved” of 1 mSv in a year, and an issuing
frequency of 12 per year, consistent with the EURADOS report “EURADOS Intercomparison
2008 for Whole Body Dosemeters in Photon Fields” EURADOS Report 2012-01.

1SO14146-2000

« Draft version » 2016: 0.3 mSyv
ISO14146 -2018 E—

22 EURADOS Winter School © IRSN | R S “ ,“Efi‘l‘ifggn



23

I €URADOS

Individual result datasheet (1/3) 1C2016,,,

Certificate number
Number of pages
Date of ssue
Participating institute
Dosimatry system

intercomparison
procedure

Number of
participantsisystems

Irradiation conditions
Participant results

Global results

Isavedle Clairand
Coordinator

On bahalf of the Intercomparisan
Organization Group

EURADOS  cuoseon tactoton osimem cro

Eye lens dosemeter intercompanson 1C2016, .

CERTIFICATE OF PARTICIPATION

EURADOS Intercomparison 2016 for eye lens dosemeters (IC2016,,.)

EURADOS: IC2016,,-001-rovi
5

February 2018

Ads

Eye lens dosemster

The EURADOS Infercomparison 2018 for eye lens dosemeters was managed
and coordinated on behalf of EURADOS by the WGIZ Intarcomparison
Crganization Group (OG), This intercamparisan was designed 1o be a blind fest
for all participants who reported their results without knowing the beam qualities
and the reference dose values. The only Inromauonmerned was fhat the
iradiations were parformed in photon radiation felds represantative of medical
workplacas and 5-Cs, as well a5 bela radiation fields (PKr, ”shﬂv and
"R+ "Rh).

The OG i the iradiaton plan and the i pari in
February 2016, After g e i e i
sant thair n with the i fions, to the OG i June
2016, The iradiated the sccording to the irmadiation
plan in July and August 2016, The dosemeters were sent back io the
participante in Seplernber 2018, Each paricipent was Instructed to follow
normal rouline procedures as far as possible. The participants sent the resulls
of the dosemeter readings to the OG coordinator in October 2016, The final
individual results were sent to each parficipant in May 2017,

This certificate it a revision of the first one, EURADDS. 1C2016,,--001. In the
first varsion the performance limits (i.e. trumpet curves) were calcufated and

urwoﬂm in the panicipant's graphs using H, = 0.085 mSv, as stated in 150
14148"", whereas in the presant version the valus of H, = 0.3 mSv has been
used as sa%u in the cutrenl drafl revison of 150 14148 valid for gye lens
dosematers”. This change does nod imply any modificabon in the numercal
results shown in the Tables and the Graphs, Only for few data mainly for the
lower doses a result that did not comply with the |:n'\9l1m|mar)I critaria might now
fulfil the IS0 When Ihis s indicated in the
results' fable. The global results in page 5/ wera comectly reprasented in the

rificate.

original ce

22 (1 system per participant)

Ses delads in page 2.
See tables and figures in pages 3 and 4.

See figures in page 5,
On behalf of EURADOS

At Tid—=

Wermer Rihm
haiperson

Euwropean Radiation Dosimetry Group & V., Postfach 1128, D-85758 Neuherberg Pags 15
EURADOS - IC2018,,-001-rev1 - Parficipant AAA — Fabruary 2018

EURADOS Winter School © IRSN
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Eye fens dosemeter intarcompanison IC2016.,.

Irradiation conditions

Table 1 summarizes the Fradiation conditions chosen  Taple 1, Imadision plan of the intercomparisen:
for this intercompariscn. S-Cs and M-100 series  radiation qualiies and angles of incidence, mesn
defined in (SO 4037-1 standard™, ROR & diagrostic  energy (keV) and rango of imparted doses in tarms of
felds defined m IEC G187 standard” and bata  personal dose squivalant H,(3) in mSv.

radiation fleld series defined in SO 6280-1 standard”™'

were used Radiation quality  Mean Dose cange
and angle of mnergy
The i i Incidence [LE1] :.usvj
phantom i20 nm x zocm; i mmopeo mnnq the
K0t 280 0.03-0.04

ORANED Hidopamprject” :;le:"“’ﬁh. a 11EQ 10-15

orversion cosfficients fa relsta Y0 10 20-30
o 4 - ", 60° 810 20-30

] .
weste: taken from Behrens™ for S0 4037 qualities, fram P

[ 20-30

Principi et al ™ for |EC 81257 qualities and from R i
Behrens etal ™" for beta radiation quaties. et 303
ROR G, 45 44 20-30

The kracialions were camed out at PTB (Germany) ROR 8, 75" 44 2.0-30
and NIOM (Poland) calibration laboratories N-100, 0 a4 20-20

Criteria for the evaluation of the results

The numarical results in this intercomparison are reported as the dosemeter response R, where / is defined as
tha value of the dose reported by the participant and corrected for transit dose, Hs, divided by the reference value,
Hy{3), given by the imadiation lsboratory {see tables pages 3 and 4.

For the analysis of the global results, the performance imits aceording to the IS0 14146 standard !, commaonty
known a8 “rumpet curves” were adopied:

1 2H, Hy

- H+H)5R5F(l+2Hn+H)
where Hg is the convenfional quaniity value, R is the response, F = 15 foliowing the recommendations of
ICRP 75 rupoﬂm' and H, the “lower limit of the dose range for which the system has been app | was

chosen equal to 0.3 mSv as it is recommended in the current revision draft of the 150 14148 standal

References

1 tarasanal arganizaton o sndarEalon Fagation protecton - Crtena and periormance limits for S perodt evaluston of processors
Tor X and ga distion 150 1 150} (2000

2 Inlerestions crganzston for - Grigra and forth aldk ¥

senvioss. SOAS u|¢e{sem-u 150 (23161
Interratianal organizaton for standardzaion. X and gamma refeance mdion for caliaing dosamates and doserate maters and for
dntermining Tysir iespanse a5 0 fnction of photon nsrgy - e | raciston charsclensics s producion melhods 150 40371 (Genevs.
150 {189

Intemalionat alastrosechnical commissicn (IEC) Modical diagnast X-my equpmeni—-radision condions for use in (he detemination of
craractanisfos. §1267 Fd 20 IEC (2005}

e

-

Rauciase anangy -~ Mfarerca Bata-panicis radiaiion — part 1: Muthads of production. 150 60831

B Guakin, G etal A A8(11), 1231-1234 {2011),
. F. o % GRAMED: Cpmanioe of Aatimcn Profecion of Meticat Sis¥. EURADOS Repor 2012-02. (SN 2228-0057. ISON
72.3.843701-01-2. Braunschweig (2012}
& Bahrans, R, Air kesma 10 {3} conversion cosfliciants for @ now crlndar phankom for phatan efererce mdinbon gualties. Fadat Pt
Diectin, 151(3),450-458 (2032}
Princpi 5., Guardels C.. Duch MA, Ginljsume M. Ar kamia 16 Hi3) convieson cosficants for EC 61267 ROR Yray mdiatos qualies
of the gy= in 170¢1-£145-3 (2016)

40 Behrens R and Buchholz G. Extersions 1o the Seta Secondary Standard BSS 2 J mstrum. 8 P11007 (2011) aad Ematum: | insirem, 7.
ED4001 {2012} and Addercum: . Insinam 7, ADSDO1 {2013)

Bahrans R Conastion fasiers for e 150 rad phaniam, 3 gyinder phantom, and the ICRU sphare for rference bets radation fiskds of the
HSEZ J iminam. 10, PO014 (2015
Imemationgt Ganeral priraipies.
2F(1) Pergamon (1987
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Summary of all reported response values as a function of
reference dose for all the participants — photon qualities
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Results - photons (1/3)

1C2014,,, ‘- i 1IC2016,,, —

20 : 51 2 §82 2; Zéi 5;2 23‘; i IC2016,, - photons ‘*_
A 4 /A RQR6,0° 2.6 mSv e 1 o
'8 A i O | < N-100, 0°; 2.7 mSv -
16 A s ° 4 3 2] A S-Cs, 60°; 2.8 mSv & | ]
' . = ‘.i i O S-Cs,0°;2.9mSv
14 " A: : ! L @ i
kg ] (0]
? 12 E it %& | ‘l g 20 ‘\\
O R |
|3 it
I LN
0o e . Globally, 90% of
) : the results are  —
0 / R within the 0.8 10 12 14 16 1.8 20 22 24 26 mSv 3.0
00 02 04 06 08 10 12 14 16 18 20 22 24 26 28 Dose Hp(3)
trumpet curves . »
Summary of all reported response values [ the participants for photon qualities.
* S-Cs: 100% * S-Cs: 98%
* N-80: 100% * N-100: 95%

Consistent with the fact that these qualities are very often used for calibration purposes by the participants.

* Realistic field: 95%
* RQR6; 0°: 89%

* N-40, N-60, RQR6; 0° and 45°: 86% * RQR6; 45°: 84%
/°—TRQR6; 75°: 77% (low energy and large angle * RQR6; 75°: 77% (low energy and large angle
irradiation setup) irradiation setup)
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Results - photons (2/3)
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XAA XAB XAC XAD XAE XAF XAG XAH XAl XAJ XAK XAL XAM XAN XAO XAP XAQ XAR XAS XAT AAA‘AAB‘AACIAAD‘AAE‘AAFIAAGIAAH‘ AAJ ‘AAKIAAL‘AAM‘AANIAAO‘AAP‘AAQIAARIAAS‘AAT‘AAUIAAV‘AAX
Participant Participant

Box plots showing the minimum, 15t quartile, median, 3 quartile and maximum responses for each
participant for photon qualities.

A relatively large variability is observed among participants, the median of
responses ranges from:

« 0.7to1.71in 2014,
« 0.7to 1.6in 2016.
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Results - photons (3/3)

« The difficulties noticed for large angle irradiation setups are more
frequently observed for dosemeters placed in plastic bags, but this is

not systematic and the difficulties also occur for other types of
dosemeters.

* These results do not show any obvious link with the beam quality
used by participants for the calibration.

» A deeper analysis cannot be carried out due the relatively low
number of participants and dosemeter types considering the
organizers’ commitment to maintain the anonymity of results.
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Results - betas (1/5)
‘

10000
In total, 56% of 1000
the results are 100
within the 10
trumpet curves. o
Q20
=
2
2 15
o 106RuU+1%Rh: 91% o
e 90Sr+90Y : 47% 10
o BKr:41%
0.5
0.0
Remark: the conventional quantity

value for 8Kr was low (0.03 mSv):
below the usual reporting level and the
lower detection limit (LLD) of most IMS.
For the 85Kr irradiations, the response is
considered correct for the participants
who provided a measurement equal or
below their LLD (5 participants).
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s e e e i
O *Kr, 0°0.031 mSv : j
e 1DSRU+1DERh, 0°: 1.1 mSv | . IC20169ye - betas
7 *Sr+*°Y, 60°; 2.2 mSv |
A 98r+%Py, 0°: 2.3 mSv | e =
5 % . I =
& _ =
-5 o & A |
— —_— :;:;z;..{;:{&; 4 —
v A
E ¥a
5 %4’5
= : : =
// | | | | |
00 02 04 06 08 10 12 14 16 18 20 22 24 26 mSv 3.0

Dose Hp(3)

Summary of all reported response values R as a function of
reference dose for all the participants for beta qualities.
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Results - betas (2/5)

10000 == , T ,
1000 |02016we - betas .
wlib— —— == The median of
% = T responses ranges
« 3= : | ; i - 2 from 0.96 to 1.9 for
Q20 all betas setups
S : except for 85Kr for
g 157 7 which large

m' ' overresponses are
1. ] observed with a

05 4 1 - - median equal to 154.
OO T T | 1
4 A 2 A
.o e e g
s Q- k@‘( ) © Rt=\00
ke ‘(\ i} 906‘ 905‘*' \Qﬁ?\ﬁ*

Box plots showing the minimum, 15t quartile, median, 39 quartile
and maximum responses per irradiation setup for beta qualities.
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Results - betas (3/5)

18
o 106Ry+196RK: 20 v IC2016,, - betas | |
participants are within the N
trumpet curves 1
e 90Sr+%Y; 0°: 10 1
participants within the . i
trumpet curves @ 1 i
- 905r+90Y; 60°: 8 g
participants within the g,
trumpet curves 6
« 85Kr: 4 participants within e
the limits + 5 with data ] { FLI 1 . x I
below the LLD. i&iéé,él?*; i $H¢.T TéIéTé—
° AAA* AAB AAC AAD AAE* AAF* AAG*AAH* AAJ AAK* AAL AAM AAN* AAO AAP* AAQ* AAR* AAS AAT* AAU* AAV* AAX
« Only 1 participant has 100% Participant
of results within the limits Box plots showing the minimum, 15t quartile, median, 3 quartile
for all setups with beta and maximum responses for each participant for beta qualities
qualities excluding results for &Kr. Participants marked with * gave results

outside of the trumpet curves for 83Kr.

» A relatively large variability is observed among participants, the median of
responses ranges from 0.6 to 9.8 (to 13.5 if 8Kr included).
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Results - betas (4/5)

» Regarding the participants with responses outside the trumpet curves
for beta beam qualities - except 8Kr: no obvious link was found with
the type of dosemeter, according to the information given by the
participants.

» A deeper analysis cannot be carried out because of the
obligation to maintain the anonymity of results.

« For 8Kr radiation large overresponses are observed.

« All dosemeters (except for one participant) with an overresponse to 85Kr
are designed for the measurement of H,(0.07), this can be explained by
an insufficient filter in front of the detector.

= 8Kr has a beta maximum energy of about 0.69 MeV, which
does not contribute to the delivered H,(3) dose.

m) For 2Sr+%0Y and '%Ru+'%Rh, the overresponses are lower, because
betas contribute significantly to H,(3) compared to Kr.
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Results - betas (5/5)

Depth dose curves of beta nuclides
1.2
H (0 '07)' betas of %°Sr+°°Y and
p\™* R
1 " T\ 106Ru+106Rh contribute

e .
< \ \\\ partially to H,(3)
o
T 0.8 \
g —Pm-147 \ \ N /
o
2 0.6 | —Kr-85 \ \\Hp(3) =
2 \ Ru:76%
® —Sr-90/Y-90 \ Sr: 43%
®oa |
e %4 1| —Ru-106/Rh-106 \ \ Kr: 0.025%
£ \
- \ \
= \ \ \ Behrens, JINST 6,

. N K \ P11007 (2011)
1 10 100 1000 10000 Behrens, JINST 6,
Tissue depth in pm P0O9006 (2011)

betas of 8°Kr do not
contribute to H,(3)
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Conclusion

These two intercomparisons gave an overview of the different dosimetry
systems currently available for eye lens dose monitoring

Results are globally satisfactory for photon qualities, whatever the type of
dosemeters, since 90% of the results are in accordance to the ISO 14146 standard
requirements.

For a minority of participants, some discrepancies between the results and reference
doses were observed in the case of the irradiation setups characterized by large angles
and/or low energies.

Results for betas are less satisfactory and illustrate the difficulties in measuring beta
radiation. The main observed problem was an over-estimate of H,(3) for low beta
energy.

This intercomparison demonstrates that dosemeters designed for H,(0.07) are, in
general, not suitable to monitor the dose to the eye lens in case of betas because the
filter placed in front of the detector is too thin.

An intercomparison for eye lens dosemeters (and extremity dosemeters)
organised by EURADOS is currently in progress: the final results will be
presented during the IM conference in Budapest in April 2020.
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