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Dpt de radiologie médicale

Dpt des laboratoires

Where is IRA?
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Institute of Radiation Physics
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- IRA: ~60 Collaborators
- GRM: 9-10 Collaborators
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Institute of Radiation Physics

CHUV, DRM \/ UNIL

Direction
GRT F. Bochud GRP
R. Moeckli J. Damet
IRA
GIM GRE
F. Verdun P. Froidevaux
GCR GRM
M. Straub C. Bailat

Frédéric Juget, Youcef Nedjadi, Teresa
Duran

Thierry  Buchillier,  Corinne  Moratal,
O Sandrine Zufferey, Patrik Jorge

Damien Buhlmann, Manuel Santos
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Units of measure for radioactivity

The number of faling The rumber of apples

apples can be compared  that hit the sleeper can

10 the Becquerel (rumber  be compared 1o the
Gray (absorbed dose),

of disintegrations per
Second).

The effect on the body,
Lased an the sixe or
weight of the apples,
can be compared 1o
the Sievert (offective
dose).




METROLOGY

Traceabillity refers to an unbroken chain of
comparisons relating an instrument's
measurements to a known standard.

Calibration to a traceable standard can be
used to determine an instrument's bias, or
accuracy.
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Intermational Prototype

of the Kilogram
BIFN
(Platinum-lricivim)

1

Primary National Standard
Mational Wetrology Institute

[Platinum-lridium or
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Secondary Standards
Mational Metralogy Institute
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Working Standards

Mational Metrology Institute
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[Stainless Steel)
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Calibrations
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level of
precision
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SIR: Systeme International de Référence

The gamma-ray emitters are sent to the BIPM where they are compared using
pressurized ionization chambers.




SIR: Systeme International de Référence

The gamma-ray emitters are sent to the BIPM where they are compared using
pressurized ionization chambers.

Political Map of the World, April 2006




SIR: Systeme International de Référence

The gamma-ray emitters are sent to the BIPM where they are compared using
pressurized ionization chambers.
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SIR: Systeme International de Référence

The gamma-ray emitters are sent to the BIPM where they are compared using
pressurized ionization chambers.
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Swiss Primary Bq Laboratory

Switzerland

Primary laboratory missions
- Realization of the physical quantity

- Conservation
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The measurement technigue depends on the
radionuclide (its decay scheme).

+ Emission intensities

of
oo s -
! 1427 1426833
T T sreas 50067 h
R : x
y 72T 140.5108 oo

o
B
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Standardization - activity concentration [Bg/g] and
associated uncertainty
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Realization of the physical quantity

Defined solid angle alpha counting
Rn-222

LSC
F-18, Y-90, H-3, C-14, Ni-63, Mn-54, Ra-223,
Fe-55

4my-counting
F-18, 1-123, Ho-166m, Tc-99m, Eu-152

Coincidence counting a
i3 F-18, Cs-134, Ba-133, Ho-166m, Co-57, I-123, I-125, 1-131 S

“8 =

o Tc-99m, Mn-54, Ho-166m, Cs-134, Eu-152 (N
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Primary
measurement

Primary
measurement
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Conservation

cA mes © Ae
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Realization

Radioactive
solution

Primary
measurement
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measurement
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Realization - Conservation

Radioactive
solution

Primary
measurement

Primary
measurement

5[ Cp o

Primary
measurement

radionuclides, of which 17 are now CCRI(ll) key
comparisons =2 CMC
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Realization - Conservation

A CMC is a calibration and measurement capability available to
customers under normal conditions:

(a) as published in the BIPM key comparison database
(KCDB) of the CIPM MRA; or

(b) as described in the laboratory’s scope of accreditation
granted by a signatory to the ILAC Arrangement. "

Up to now, 30 international comparisons of
radionuclides, of which 17 are now CCRI(Il) key
comparisons =2 CMC
\\\\\\ \
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Calibration and Measurement Capabilities

lonizing Radiation, Switzerland, IRA (Institut Universitaire de Radiophysique Appliquée), METAS (Federal Institute of Metrology) SI'KEDB
Measurement 2
Calibration or Measurement Service Measurand Level or Range Conditions/ndependent Expanded Uncertainty Refermc::oit;:::: used jn
Variable
Is the NMI
. |Instrument orf Instrument Type| Minimum | Maximum < . s . | Coverage| Level of expanded Reference Source of | Internal
Quantity Artifact or Method value value Units Parameter: | Specifications | Valus|Units factor | Confidence | uncertainty a| standard traceability | Service Comments
relative one? Identifier
RADIOACTIVITY
4ryNal counting,
R Secondary S
Activity ~ - LS counting 4
perunit |Singlenucide]  standard 200E+04 | 1.50E+07 | Bqg’ F-18 Hokither 08 | % 2 ~95% Yes (eficiency | IRAMETAs [EVRRAD]
solution ionization specifications 2 IRA-2001
mass tracing), standard
chamber, balance| i
weighting set
- Secondary L
Activity g : 43y coincidence
* | Single nuclide standard . no further o SR . BIPM/META |EUR-RAD;
per unit solution {ontatiorn 1.00E+04 7.00E+06 Bgg Na-22 specifications 0.8 % 2 95% Yes oountfng,_ standard| s IRA-2002
mass weighting set
chamber, balance|
4n(PCyy
- Secondary it
Activity ’ . coincidence
°. | Single nuclide standard 1 no further i ~OES, % EUR-RAD
per unit solution ionization 3.00E+04 | 2.00E+07 Bqg Mn-54 specifications 03 % 2 95% Yes counflng, 47y Nal | IRAMETAS IRA-2003
mass counting, standard|
chamber, balance| et
weighting set
Activity Secondary 4=(PC)
% | Single nuclide standard 1 no further P ChE coincidence EUR-RAD
p::;:;“ solution ionization HO0EHS G.00E£07 Bag Co57 specifications 0 % 2 0% es counting, standard| IRGMETAS IRA-2004
chamber, balance| weighting set
< Secondary s
Activity g s 4Py coincidence 54
per untt. | Sngle nuckde]  :standard 1.00E+04 | 7.00E+06 | Bqg Co-60 no further 03 | % 2 ~95% Yes counting, standare| IRAMETAS |EVR-RAD
mass solution ionization specifications weighting set IRA-2005
chamber, balance|
4n(PCyy
o Secondary o
Activity [ . : coincidence j
perunt |Single nuclide) - standard {4 04 | 3 00E407 | Bqg! Se75 no further 1| % 2 ~95% Yes | counting, 4xyNal | IRAMETAS [EVRRAD
(S solution ionization specifications fi tandard IRA-2006
chamber, balance| couniing, siancan
weighting set
Activity Secondary 47(PC)
° | Single nuclide standard 1 g no further P B coincidence EUR-RAD{
p:]rat;rsm solution ionization 1:005504; || “7.002%00 Bag ¥:88 specifications 0o % 2 9% e counting, standard IRAMETAS IRA-2007
chamber, balance| weighting set
The BIPM key comparison database, January 2013 1/4
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Calibration and Measurement Capabilities

lonizing Radiation, Switzerland, IRA (Institut Universitaire de Radiophysique Appliquée), METAS (Federal Institute of Metrology) :ﬂ&@DB
Measurement 2
Calibration or Measurement Service Measurand Level or Range Conditions/ndependent Expanded Uncertainty Refermc::oit;ra)::: used jn
Variable
Is the NMI
. |Instrument orf Instrument Type| Minimum | Maximum < . s . | Coverage| Level of expanded Reference Source of | Internal
Quantity Artifact or Method value value Units Parameter: | Specifications | Valus|Units factor | Confidence | uncertainty a| standard traceability | Service Comments
relative one? Identifier
Activity LS counting
" | Single nuclide| LS spectrometer, el N i no further & i (efficiency EUR-RAD;
p;ra:r;n soiution Gaiance 5.00E+02 | 5.00E+05 Bqg Sr-90/Y-90 specifications 1 % 2 95% Yes tracing), standard IRAMETAS IRA-2008
weighting set
4n(PCyy
- Secondary A
Activity 2 i coincidence
perunit |Singlenuclide| - standard | 4 goey05 | 7.00E407 | Bqg! | To-oom nofurther | oy | g 2 ~95% Yes | counting, 4xyNal | IRAMETAS [EVR-RAD
solution ionization specifications = IRA-2009
mass chamber: Baladies counting, standard|
. weighting set
Activity Secondary 4n(PCyy
2 | Single nuclide standard i no further coincidence EUR-RAD;
p;r Yk solution ionization S0 | 1:20E+08 Bag Cod0 specifications 12 % 2 9% Tes counting, standard IRAMETAS IRA-2010
s chamber, balance| weighting set
4n(PC)y
i Secondary R
Activity ) = coincidence
- | Single nuclide standard 1 3 no further 9 ~OE9, : ) EUR-RAD;
per unit e ionEation 1.00E+05 | 7.00E+07 Bag 1-123 specifications 11 % 2 95% Yes counting, 4z Nal | IRAMETAS IRA2011
maes chamber, balance| counting, standard|
. weighting set
ot Secondary g
Activity 3 i X~y coincidence
° | Single nuclide standard b no further 5 EUR-RAD
per unit soltion lonization 1.00E+07 | 8.00E+09 Bag 1-125 specifications 18 % 2 95% Yes oounn_ng,_standard IRAMETAS IRA2012
mase chamber, balance| weighting set
ey Secondary e
Activity 2 i 4nf3y coincidence
? | Single nuclide standard 4 no further " " EUR-RAD)]
per unit acialion {onization 6.00E+04 | 4.00E+07 Bag -131 specifications 1 % 2 95% Yes eounu.ng.Aslandard IRAMETAS IRA-2013
mass chamber, balance| Wwelghting set
Activity Secondary 4n(PC)yy
2 | Single nuclide standard " no further coincidence EUR-RAD;
p;"a‘;’;“ solution ionization | S00E+04 | 300E+07 [ Bqg Ba-133 | gecifications | 06 | % 2 93% Yes  counting, standard| "RAMETAS | ra 2014
chamber, balance| weighting set
=)
§(0
c
@
2 > The BIPM key comparison database, January 2013 2/4
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Calibration and Measurement Capabilities

lonizing Radiation, Switzerland, IRA (Institut Universitaire de Radiophysique Appliquée), METAS (Federal Institute of Metrology) SI'KEDB
Measurement 2
Calibration or Measurement Service Measurand Level or Range Conditions/ndependent Expanded Uncertainty Refermc::oit;:::: used jn
Variable
Is the NMI
.. |Instrument or} Instrument Type] Minimum | Maximum " . s .| Coverage| Level of expanded Reference Source of | Internal
Quantity Artifact or Method value value Units Parameter: | Specifications | Valus|Units factor | Confidence | uncertainty a| standard traceability | Service Comments
relative one? Identifier
o Secondary B
Activity : i 4nf3y coincidence N
per unit S’"g:u';‘;"de ::;g:g:‘ 150E+04 | 1.00E+07 | Bqg' Cs-134 ';tig”:a%i;s 1| % 2 ~95% Yes  |counting, standard| IRAMETAS ?::z%}:g
mass . weighting set
chamber, balance|
o Secondary E
Activity . : 4=py efficiency 2
per unit s'"g:u';‘;‘:'de :;’z‘::f): 4.00E+04 | 3.00E+07 | Bqg’ Cs137 sp’;;’g!‘i:s 04 | % 2 ~95% Yes tracing, standard | IRAMETAS f::g:eo
Ul chamber, balance| weighling set
Activity Secondary 4n(PCyy
2| Single nuclide standard 1 no further coincidence EUR-RAD
PSEUnk solution ionization TOEH03: | Z.00E407 Bag Cal® specifications %8 % 2 9% Tes counting, standard IRAMETAS IRA-2017
mass i
chamber, balance| weighting set
Activity Secondary 4n(PC)yy
- | Single nuclide standard ~ no further o — coincidence EUR-RAD,
perunit | ution ionization 2006804 | 1:30E07 | ‘Bqg Ea-192 specifications | %8 | * 2 A% Yes counting, standard "YMETAS | 1pa o018
mass " .
chamber, balance] weighting set
4n(PCyy
ot Secondary 3
Activity . . coincidence
°. | Single nuclide standard 4 ; no further & ~OE9, i EUR-RAD;
p:qra:r:t soiuion ionization 4.00E+04 | 2.50E+07 Bag Yb-169 specifications 05 % 2 95% Yes cour:mg, tmglald IRAMETAS IRA2019
chamber, balance| il s
weighting set
4n(PCy
i of Secondary g
Activity " . coincidence i
perung; |Singlenucide) . standard 250E+04 | 1.50E+07 | Bqg’ Ir-192 nonter |08 | 9% 2 ~95% Yes counting, 4z Nal | IRAMETAS | EUR RAD
ass solution ionization specifications liha: andan IRA-2020
chamber, balance| (MIRDg peahoal
weighting set
Activity LS counting
° | Single nuclide| LS spectrometer, 4 no further & B (CIEMAT-NIST), EUR-RAD;
p:]r unit solution balance 1.00E+03 1.00E+06 Bag TI-204 specifications 55 % 2 95% Yes standard IRAMETAS IRA-2021
aas weighting set
The BIPM key comparison database, January 2013 3/4
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Production of reference solutions dilution

|

ﬁ ,v.'f"t “ | 2 |

Gammaspectro

Radioactive solution
traceable to international
standards

(activity concentration + uncertainty +

impurities)
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Merci de votre attention

Danke fur lhre Aufmersamkeit

Thanks you......




Activity Measurement at Hospitals

Traceability brought to clinical site - Example of radionuclide calibrators

vald
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Activity Measurement at Hospitals

Traceability brought to clinical site - Example of radionuclide calibrators
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Building a chain of traceability

International prototype

Highest level
of accuracy

Primary national
standard

Secondary standards

Working standards

Calibrations = instruments

A4

Lowest level
of accuracy
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Building a chain of traceability

International prototype | | Highest level
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Primary national
standard
Secondary standards
Working S_‘»tandards v T Radionuclide
Calibrations - instruments calibrators
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Building a chain of traceability

Intenational prototype | | Highest level SIR
of accuracy
Pnn‘;zilargr(l :::(ljonal u~0.5% IRA
Secondary standards u~1% METAS
LTI v .~59 | | Radionuclide
Calibrations = instruments calibrators
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