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ARTICLE INFO ABSTRACT

Available online 3 March 2012 The paper treats the application of the 4n(PC)B-y coincidence method for the standardization of
Keywords: the radionuclides ®'Cu and ®%Ga. The general coincidence equ_aliuns are wr_iuen. Two types of
PET radionuclides *4Cu extrapolation were described and used in measurement: the positron-annihilation coinddence, and
68Ga the counting of all emitted radiations; both methods are compared with respect to results, advantages
Efficiency extrapolation and drawbacks. The impurities’ content correction was applied. The standardized solutions were used
lonization chamber calibration to calibrate the ionization chamber CENTRONIC IG12/20A and to determine the gamma-rays emission

intensities.
© 2012 Elsevier Ltd. All rights reserved.
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Standardization, decay data measurements and evaluation of ®*Cu
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ARTICLE INFO ABSTRACT

Available online 28 February 2012 The purposes of this study were to create national activity standards of ®*Cu, to make possible the
Ke ds: definition of an intemational key comparison reference value and to determine the decay data in order

ywords; A . PR 5

640, standardization to improve the decay scheme. Four laboratories measured the activity of a **Cu solution; these results
54Cy decay scheme were compared through the International Reference System. Moreover, the laboratories carried out new
Half-life measurements of the photon emission intensities and of the half-life. A new decay scheme was derived
y-Ray intensities from these new values and the previously published ones.

X-Ray intensities @ 2012 Elsevier Ltd. All rights reserved.
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Measurements of ®*Cu and ®3Ga half-lives and y-ray emission intensities

Aurelian Luca®, Maria Sahagia, Andrei Antohe
Horia Hulubei National Institute for R&D in Physics and Nuclear Engineering (IFIN-HH), 30 Reactorului Street, PO Box MG-6, 077125 Magurele, Romania

ARTICLE INFO ABSTRACT

Available online 25 February 2012 The %'Cu and ®%Ga hali-lives and y-ray intensities were measured at IFIN-HH. The determination of
Keywords: absolute phou_m emission inlensi_ties' was based on absolute acli.vity standardizations carried out in this
G40y laboratory using the 4nPC-y coincidence method. The half-lives were measured with a well-type
63Ca ionization chamber. The photon emission intensities (relative and absolute values) were measured with
Half-life a calibrated high-resolution y-ray spectrometer. The results obtained and their uncertainties are
Gamma-ray emission intensities discussed and compared with values of other authors.

Gamma-ray spectrometry @ 2012 Elsevier Ltd. All rights reserved.
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4. M. Sahagia, A. Antohe, A. Luca, A. C. Witjen, C. Ivan ,, The Support Offered by the
Romanian  Primary  Activity Standard Laboratory to the Nuclear Medicine
Field”,abstractnumber.doc2353248, Congress IRPA13, Glasgow, 2012, Proc., published in Rom.
J.Phys.vol.58,n0s.1-2(2013)106-116

NUCLEAR MEDICINE

THE SUPPORT OFFERED BY THE ROMANIAN PRIMARY ACTIVITY
STANDARD LABORATORY TO THE NUCLEAR MEDICINE FIELD"

M. SAHAGIA. A. ANTOHE. A I1UCA. A C. WATJEN. C. IVAN

Horia Hulube: National Institute for R&D in Physics and Nuclear Engineening. IFIN-HEH. Bucharest.
30 Reactorulus str. Magurele. Iifov County. code 077125, Romania
E-mail: msahagia@nipne.ro

Received May 23, 2012

The paper presents the involvement of the Radionuclide Metrology Laboratory from
IFIN-HH. Romania. i the assurance of the correct measurement of radiopharma-
ceuticals activity in nuclear medicine. Development and intemational validation of
primary standards. development of secondary standards and direct support offered to
the domain. consisting from calibration services and orgamization of comparisons/
proficiency tests. are presented. Analysis of the results obtained in the calibration of
several types of radionuclide calibrators dunng a six vears peniod is done. It mcludes
the following actions: check of the measurement uncertainty. recalibration when
necessary. control of the calibrators’ behavior m time. A companson betwween calibration
check and the results of the participation of the staff at proficiency tests 1s done.

Key words: radiopharmaceutical. primary activity standard. International System of
Unaits (SI). radionuclide calibrator. metrology services.

* Paper presented at the 13™ Interational Congress of the International Radiation Protection
Association. IRPA13. Glasgow. Scotland. 13-18 NMay 2012.

Rom. Journ. Phys.. Vol. 58. Nos. 1-2. P. 106-116. Bucharest. 2013
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Applied Radiation and Isotopes, 87(2014)14-18
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Standardization of 'F and its use for the Romanian PET metrological @wm
traceability chain assurance

M. Sahagia®* R. loan®, A. Luca® A. Antohe®, C, lvan®, B. Neacsu®, C. Ghioca "

*Horla Hulubei National Institute for R&D in Physics and Nuclear Engineering, [FIN-HH, 30 Reactorului St, Magurele, jud. lijov,
FOB MG-6, RO 0-77125, Bucharest, Romania
" Monral Europe srl., Fantelimon, Romania

HIGHLIGHTS

* Presents establishment of the ®F FDG Romanian PET traceability chain.

* Shows work at IFIN-HH and at the users’ site.

* An "F solution was standardized by the 4xf){PC)-y coincidence method,

* Includes measurement of half-life for detection of positron emitting impurities,
* CENTRONIC IG12[20A ionization chamber and radionuclide calibrators calibrated.

ARTICLEINFO ABSTRACT

Available online 27 November 2013 This paper presents the work performed at IFIN-HH and at the users’ sites, aimed to establish the DG
Keywords: Romanian PET traceability chain, It summarizes the operations: (i) Absolute standardization of a '8F
®p solution, by the 4ap{PChy coinddence method; (ii) Control of gamma-ray impurity content and
45(PC -y coincidence method measurement of the activity by gamma ray spectrometry; (iii) Measurement of the half life, for detection
Gamma-ray spectrometry of some short/long life positron emitter impurities; (iv) Calibration of the CENTRONIC IG1220A
Half life ionization chamber; (v) Calibration of commerdal radionuclide calibrators,

bonization chamber © 2013 Hsevier Ltd. All rights reserved.
Radionuclide calibrator
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M. Sahagia*, A. Antohe, R. loan, A. Luca, C. Ivan

Horia Hulubei National Institute for R&D in Physics and Nuc lear Engineering IFIN-HH, Bucharest. 30 Reactorului Str. Magurele RO 0-77125,

Jud. llfov, POB MG-6, Romania

HIGHLIGHTS

* Standardization of Tc-99 by two methods: TDCR and 4a{ PC -y efficiency tracing.

* Combined uncertainty of the final result is lower with the TDCR method.

* Both methods give results in rather good agreement within the stated uncertainties.

* Using both methods gives a more robust result for the activity of Tc-99.

* New code version TDCR-07¢ of LNHB provides TDCR results in better agreement with the CCRI(II-K2.T¢-99 comparison.

ARTICLEINFO

ABSTRACT

Available online 12 November 2013

Keywords:

CCRI(IT-K2.Tc-99 comparison
[SC-TDCR

4= PC)p-y efficiency tracer method

The work accomplished within the participation at the 2012 key comparison of Tc-99 is presented.
The solution was standardized for the first time in IFIN-HH by two methods: LSC-TDCR and 4a{PC)p-y
effidency tracer, The methods are described and the results are compared. For the LSC-TDCR method, the
program TDCRO7¢, written and provided by P. Cassette, was used for processing the measurement data.
The results are 21% higher than when applying the TDCRO6b program; the higher value, calculated with
the sofltware TDCRO7¢, was used for reporting the final resultin the comparison. The tracer used for the
4x{PC)p-y efficiency tracer method was a standard ®Co solution. The sources were prepared from the
mixture 5%Co+9Mc solution and a general extrapolation curve, type: Ner._aal/(Myrc_aa=f [1—tca_ea)
was drawn. This value was not used for the final result of the comparison. The difference between the
values of activity concentration obtained by the two methods was within the limit of the combined
standard uncertainty of the difference of these two results.

© 2013 Elsevier Lid. All rights reserved.




7. M. Sahagia**, A. Luca, R. loan, A. Antohe, C. Ivan, B. Neacsu. Metrological traceability
assurance in production and use of radiopharmaceuticals for pet imaging and targeted
radiotherapy. Published in Rom. Journ. Phys., VVol. 59, Nos. 1-2, P. 119-130, Bucharest, 2014.

MEDICAL PHTSICS

METROLOGICAL TRACEABILITY ASSURANCE IN PRODUCTION
AND USE OF RADIOPHARMACEUTICALS FOR PET IMAGING
AND TARGETED RADIOTHERAPY *

M. SAHAGIA** A LUCA R.IOAN, A ANTOHE, C.IVAN, B. NEACSU

Hona Hulubei National Institate for R&D 1n Physics and Nuclear Engineering, IFIN-HH
Bucharest, 30 Reactorului Str. Magurele, jud. Ilifov, POB MG-6, RO 0-77125, ROMANIA
*) Paper presented at the TRACE Workshop on Development of New Radiotracers for PET Imagzing
and Targeted Radiotherapy, 03-05 April 2013, Magurele, Romania
**) Comresponding author address: msahagia@nipne ro

Recenved April 11, 2013

The paper presents the mplication of the Radionuclide Metrology Laboratory (RML)
from IFIN-HH i solving the problems coanected with the quality assurance of
radiopharmaceutcals in production and use, by assuring the metrological traceability in
the control of the radiometrological parameters. measurement of acuvity and
radioactive concentration, radionuclide punty as well as measurement of the decay
scheme parameters. The following problems are treated: (i) Absolute standardization of
PET radionuclides: **Cu and **Ga and study of their decay scheme parameters; absolute
standardization of radionuclides used in targeted - molecular radiotherapy (MRT):
i5m, ) 2 Ritiay ®Re and ¥Sr; calibration of the secondary standard jonization
chamber and of some commercial radionuclide calibrators. (i) Radionuclide purity
analysis and its influence on the acavity calculadon. The aspects presented are an
overview of published papers.

K¢y words: radionuclide metology, absolute standardization, positron emitters, stroag
beta-weak gamma emitters

Rom. Journ. Phys., Vol. 59, Nos. 1-2, P. 119-130, Bucharest, 2014
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PS5-4: MEASUREMENTS & DOSIMETRY
PS5-4/36 - Measurement of positron emitting
radionuclides’ activity and their use for the
calibration of the PET calibrators.

M. Sahagia, R. loan, A. Antohe, A. Luca, C. Ivan
Horia Hulubei National Institute for R&D in Physics
and Nuclear Engineering, IFIN-HH, Bucharest. 30
Reactorului str., Magurele, llIfov County, code 077125,
Romania

The paper presents the work deployed for the
establishment of the metrological traceability chain for
the calibrators used for the measurement of positron
emission radionuclide based radiopharmaceuticals.

It refers to the following aspects:

- Absolute standardization of PET radionuclides: 18F,
64Cu, 68Ga, 1241, by the 4np(PC) - y coincidence method,
using the detection of all emitted radiations and the
efficiency extrapolation method.

- Calibration of the CENTRONIC 1G12/20A ionization
chamber for various types of recipients, to be used for
the measurement of the radiopharmaceutical solution
and establishment of the IFIN-HH secondary standard
for PET radionuclides.

- Calibration of various types of PET radionuclide
calibrators used in the radiopharmaceutical and nuclear
medicine units.

Key words: positron emitting radionuclides, absolute
standardization, traceability chain, radionuclide
calibrators
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Measurement of %9 (!)
M. Sahagia®, M-R. loan, A. Antohe, A. Luca, C. Ivan

Horia Hulubei National Institute for RE¥D in Physics and Nuclear Engineering IFIN-HH Bucharest, 30 Reactorului Street, Magurele, jud. llfov, POB MG-6, RO
0-77125, Romania

HIGHLIGHTS

« Absolute standardization of '** solution by the 4={PC)-y coincidence method.
¢ Calibration of the CENTRONIC IG12/20A ionization chamber.

* y-ray spectrometry activity measurement and determination of impurities.

« Comparison of the results of the three methods.

ARTICLE INFO ABSTRACT

Article history: The paper describes the measurements performed at IFIN-HH regarding the creation of a Romanian "4
Received 4 March 2015 standard, consisting of: absolute standardization of the solution by the application of the 4xf{PC)-y
z‘;‘;ﬂgﬁ 3[3}:’;":"{’)‘;&£]‘&r 2015 coincidence method; Calibration of the CENTRONIC IG12/20A ionization chamber with a standardised

= solution and comparison with a calculated efficiency; y-ray spectrometry activity measurement and
Keywords: determination of the impurity levels; Comparison of the results of the three methods.

124 standardization @ 2015 Elsevier Ltd. All nights reserved.
4nf(PC)-y coincidence method

lonization chamber
¥-ray spedrometry
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some nuclear decay data in the decays of *’Lu, **Re and ***1” Appl.Radiat.lsot. 109(2016)146-150
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Experimental determination of some nuclear decay data in the decays @Cmm
of P14 1%Re and 2

Aurelian Luca®, Maria Sahagia, Mihail-Razvan loan, Andrei Antohe, Beatris Luminita Savu

Horia Hulubei National Institute for R&D in Physics and Nudear Engineering, IFIN-HH Bucharest. 30 Reactorului Street, Magurele, ilfov county, PO Box MG-6,
RO 077125, Romania

HIGHLIGHTS

o Ly, "Re and [ studies are necessary for nuclear medicine applications.
* Accurate nuclear decay data needed for these nuclides were measured.

» Half-life values were determined using a 41ty ionization chamber.

* Photon emission intensities were measured by gamma-ray spectrometry.

» These new results will be used for future nuclear decay data evaluations.

ARTICLE INFO ABSTRACT
Article history: A detailed experimental study of the radionuclides "’Lu, "™*Re and '** was conducted at [FIN-HH,
Received 24 March 2015 Radionuclide Metrology Laboratory. Absolute photon emission intensities in the decays of these radio-

Accepted 24 November 2015

c X nuclides were measured by high-resolution gamma-ray spectrometry. Half-life measurements using a
Mvailable online 2 December 2015

well-type ionization chamber were also performed. These new experimental results will be useful for the
Keywords: future updates of the existing nuclear decay data evaluations, offering reliable and accurate data for the
Photon emission intensity users.

Gamma-ray spectrometry © 2015 Elsevier Ltd. All rights reserved.
Half-life

I77Lu

1%Re and ">

11. M.Sahagia, A.Luca, A.Antohe, M-R.loan, C.loan. Recent work and results of the radionuclide
metrology laboratory from IFIN-HH.Rom. Rep. in Phys. 68 No.1,(2016)177-190
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Romanian Reports in Physics, Vol. 68, No. 1, P. 177-190, 2016

RECENT WORK AND RESULTS OF THE RADIONUCLIDE
METROLOGY LABORATORY FROM IFIN-HH’

MARIA SAHAGIA™ A LUCA. A. ANTOHE. M-R. IOAN. C. IVAN

“Horia Hulubei™ National Institute of Physics and Nuclear Engineering. IFIN-HH.
x Bucharest, Romania
Corresponding author: msahagia@nipne.ro

Received July 17, 2014

Abstract. This paper refers at the Radionuclide Metrology Laboratory (RML) work
accomplished since the last scientific event “2008 Workshop of the Decay Data
Evaluation Project” (DDEP-2008). consisting in training sessions for the nuclear
decay data evaluators, Bucharest (Romania). during the period 12-14 May. 2008,
when the main author presented the activities of the RML from IFIN-HH.

Key words: radionuclide metrology, absolute methods of standardization. international
comparisons.

(i) Lucrari prezentate la Conferinte internationale/workshopuri

- Conference ICRM 2013: 19-th International Conference on Radionuclide
Metrology and its Applications, ICRM 2013, Antwerp, Belgium, 17 — 21 June 2013,
hosted by the European Commission — Joint Research Centre. Institute for
Reference Materials and Measurements (IRMM).

http://irmm.jrc.ec.europa.eu/icrm2013

1. M. Sahagia®, R. loan, A. Luca, A. Antohe, C. Ivan, B. Neacsu, C.Ghioca. Standardization
of F and its use for the Romanian PET metrological traceability chain assurance” Poster

P#005. Paper published in Applied Radiations and Isotopes
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Standardization of 18F and its use for the Romanian PET

metrological traceability chain assurance

M. Sahagia*,R.loan, A. Luca, A. Antohe, C. Ivan,B.Neacsu, C.Ghioca
IFIN-HH, Monrol srl - Romania

* Establishment of the 18F - Romanian PET
traceability chain.

* Standardization of 8F by the 4n(PC)-y
coincidence and by y-ray spectrometry.

| Poster #005

* Control of impurities and measurement of the
half-life.

« Calibration of the CENTRONIC chamber and of
commercial calibrators

Ij_k-l'— Maria Sahagia

Session:Radionuclide metrology in life sciences
ICRM 2013

2. M.Sahagia*, A.Antohe, R.loan, A.Luca, C.lvan. Standardization of Tc-99 by two methods
and participation at the CCRI(I1)-K2.Tc-99 comparison. Poster P#004. Paper published in
Applied Radiations and Isotopes

Standardization of Tc-99 by two methods and participation

at the CCRI(I1)-K2 Tc-99 comparison

M. Sahagia*, A. Antohe, R.loan, A. Luca C. Ilvan
IFIN-HH - Romania

« Participation at the 2012 key comparison of
Tc-99 using LSC-TDCR and 4n(PC)B-y tracer

* LSC-TDCR method: program TDCRO7c, copyright

of P. Cassette; value used for reporting the result ‘ ‘
* 4rt(PC)B-y efficiency tracer method: tracer - ‘@:ﬁ‘r

standard ¢°Co solution; value not used for i
reporting the result.

* Difference between the two determined ‘g.

values was within the limit of uncertainty

| Poster #004 |

Aurelian Luca

Session: Intercomparisons

ICRM 2013
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-  TRACE 2013 - Development of New Radiotracers for PET Imaging and Targeted
Radiotherapy, IFIN-HH, Workshop, 3 -5 April 2013 .

1. M. Sahagia, A.Luca, R.loan, A.Antohe, C.lvan, B. Neacsu. Metrological traceability
assurance in production and use of radiopharmaceuticals for PET imaging and targeted
radiotherapy. Oral presentation. Paper published in Romanian Journal of Physics
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Metrological traceability assurance in production
and use of radiopharmaceuticals for PET imaging
and targeted radiotherapy

M. Sahagia, A. Luca, R.loan, A. Antohe, C. Ivan, B. Neacsu

Horia Hulubei National Institute of Physics and Nuclear
Engineering, IFIN-HH
30 Reactorului Str. Magurele, jud. lifov, POB MG-6, RO 0-77125,
ROMANIA

Workshop on Development of New Radiotracers for PET Imaging and Targeted
TRACE Radiotherapy

03-05 April 2013, Magurele Romania

- Fourth European IRPA Congress, Radiation protection Culture — a global challenge,
Geneva, Switzerland, June 23-27, 2014

1. M. Sahagia, M-R. loan, A. Antohe, A. Luca, C. lvan. Measurement of positron
emitting radionuclides’ activity and their use for the calibration of the PET
calibrators, a fost prezentata ca poster
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Measurement of positron emitting radionuclides’ activity and their use for 4
the calibration of the PET calibrators.
M. Sahagia*, R. loan, A Amono, A. Luca, C. Ivan

Honla Hulubei National Institute for R&D in Physics and Nuclear HH, 30 str. Magureie, /ifov County. code 077125, Romania
*Presenting -mhor- mmmmmm

Introduction

Yu PET/CT diagnosia procedures use basad on the decaying by posiiron emission. Their quaity is defined by: (i) chemical compound, (i) radiometrological and physico - chemical characteristics . European

armecoposia , 8" edition2014-2016 , determined by pr urement of their activity
e Remenan Ragencelds Metrology Laboratory (RML) is established within the IFIN-HH, Magurese — Bucharest primary national standard, (FIN-HH is a designated institute in the feid of lonizing radiations in the relation with the International
Committes of Weights ures - Mutual Recognition Arrangement (CIPM - MRA). it assures the entire metrological traceabilty chain for all the radiopharmaceuticals in Romania. At this moment, practically the problem of the most used SPECT
#nd *=Tc, was sotved. For'™'l we participated at the BIPM RI(I1)-K1,-131 key comparison G. Ratel, C. Michotte, M. Sahagis, T. S, Park, . Dryak, J. Sochorov 4 Motrologia Technical Supplement, 45, 06007 (2008)
and for ®=Tc we paricpeted at the key comparison 1 -TI in 2013 C. Michotte,M. Sahagis, M. R. ioan, A. Antohe, A. Luca BIPM.RI(H)-K4. Tc-39m Report, 2014. We callbrate currently all the radionuciide cailbrators belonging 1o the Romanian hospaals,
M.Sanagia, A. Antohe, A.Luca, A.C. Waetjen, C. Ivan. Rom. J. Phys. 8,1-2 (2013)106-118.The introduction of the PET radionuciides required us to standardize them absolulely and (o assure the national traceabiity chain The obtained results, some of
them akraady published and ofhers i the deployment, fegarding a s offout PET radionuciides, ™ “Ga, ', s presentad in th paper

Absolute dardization of the radi lides
The absolute standard@ation of these radionuciides was done by the ATB(PC )y coincidence method ulmg an instalistion composed from two detection blocks - proportional counter (PC) and scintillation detector, Nai(Tl). with the electronic chains and
a coincidence selector A set of several solid sources, prepared gravimetrically from the solution, ware the activity and activity concentration were determined
The general coincidence equations, connecting the counting rates, N, N,. N, activity N, decay un-m- param and detection efficiencies «, are

NN I-N AN
n n e e Y e (k)
Nﬂ =Ny Ea,[ep' +(I—tﬂ,k:’w,]:N,/ =Ny Za’:,’ When the variant of efficiency extrapolation is appli '\0”-“’-'\0"‘7)]' N '\01“” Ky NA )
r=1 r=1 l lh; oqt;(alwon are written in an equivalent form, ¢ ey
where Kand (7-K) are the extrapolation slopes CAIS 1 e
l{ N, =N, Saka =ik pons O RGN, A8 - =Ea ol iyt ’ﬂ)},)):“ i€ = i
¢ répréyr prrer Nucl. Instrum. and Methods Phys. R A 369(1996) C ) A
. r=l 414-420, Zae C (l-e t,.) g

The above mentioned radionucides are either aimost pure positron emitters, such as '*F (06,86% positron decay), or mixtures of beta and electron capture decays' “Ga (88.86% positrons), “Cu (6% beta plus/minus) and ' (22 7% positrons. M., B
ot al. Monographie BIPM.S. Table of Radionuciides, Ed. Bureau Intarnational des Poids et Mesures, Pavillon de Breteull, F-92310 Savres, France, ISBN 82-822.2206.3, J. Katahura, Z.D. Wu. Nuclesr Data Shoets 108, 7 (2008) 1656-1877.For
higher the atomic numbers the weight of positran decays diminishes and 4TB(PC -y coincidence method in standardization must be adapted accordingly.

The extrapolation variant of the colncidence method was applied, 8dapted to the charactarstics of the decay scheme

in the case of '*F, only postirons on the b annihilation quant ) on the gamma channel, were counted M. Sehagie, R. loan, A. Luce, A. Antohe, C. ivan, B. Nescsu, C.Ghioce.. Appl. Rediat, (8087 (2014)14-18. The radionuciidic
) was determined by the precise measurement of the half kfe and ts comparison with the reference vaiue

of radionuchides “Cu and %Ga, both variants were applied: positron- nnihilation Quanta cainoldence and counting of al amited radiatons on both detection channels The radionucidic purty wes determined in o different modes. for “Cu, the
Nigh resolution gamma-ray spectrometry was used for the impurities: 'Co, “Co, “Co, /Cu, for ®Ga, the suspected impurity was “Ge father radionuciide, resulting aiso in ®Ga , @ was measured by the coincidence method, M. Sas

Antohe, C. ivan.. Appl. Radiat. Isotopes 70, 9 (2012)2026-2030 The results allowed us to u.x.rmm their main decay scheme charactenstice in good agreement with other participants within the EURAMET project 1085, A.Luca, M.Sehegis, AAntohe.
Appl. Radiat. Isotopes 70(2012)1876-1880. M.-M. Bé, P. tte, M.C. Lépy, M-N. Amiot, K. Kossert, O.J. Néhle, O. Ott, C. Wanke, P. Drysk, G. Ratel, M. Sahagia, A. Luca, A. Antohe, L Johansson, J. Keightiey, A. Pearce... Appi. Radist.
Isotopes 70(2012)1894-1899

14 is & rolatively new positron emitter in use and fakes the advariage of replcing the SPET 1181 raciopharmacetoss with 8 PET varant i the dagnows o the Ainaimer o due to ts longer half ife, as compared with F, 1C, {t allows

deeper investigations of the biochemical proces: Chang, C.C. Chen, S.Y. Lee, LH. Shen, H.E. Wang.. Appl. Radiat. Isot. 67(2009)1397-1400. Only Iwo papers ware pubi: up 1o Now D.H. Woods ods, M.J Woods, Make

C.A.Downey, D.Smith, A Munster, S.E.M.Lucas, ﬂshlrma Appl. Radit Isot 43,4 (1992)561-560; S.M.Qaim, 7. Bisinger, K Hilgers, D.Nayak, H.H.Coenen.. Radiochim. Acta 95 (2007) 67-73 An analysis On New positron emitt
atus was done in' 8.E Zimmerman. Appl. Ry It Isot 76(2013)31-37

In our work, under deployment, we propase to use of the 4TB(PC) ~ v coincidence method with the counting of all positrons, Auger electrons and x-rays, in the flow proportional counter, working at the atmospheric pressure and the

setting of several counting windows on the gamma channel The final results will be presentsd in the paper: M. Sahagia, R. loan, A. Luca, A. Antohe, C. Ivan. Standerdization of '**| by the 4mA(PC) - y coincidence method and study of the

decay scheme parameters. internal report IFIN-HH, 2014

L Makepeace.
standardization

Calibration of the dary dard, i h
'h- RML disposes of a CENTRONIC 1G12/20A lonization chambaer, which serve basis for the transmission of the activity unit value to the commercisl radionuclide calibrators. The calibration factor £ of the chamber, expr
determined experimentaily umg recipients with standard solutions An evaluation of the chamber eficiency, £, expressed siso in units pA/MBg, was done based on data obtained for other vertfied in
C. Wiitjen, A Luc Ivan. Appl. Radist. Isot. 68(2010) 1266-1269 . according to Schrader. lonization chambers. Metrologia 44(2007) 553566

PA/MBQ of solution,
.

[Radionuctide/ E, F (Eu- FIF
Vial volume (PA/MBq) (PA/MBq) (%) The uncertainty budget of the £ values
(1) standard solution activity uncertainty. 0 66% for '%F, 1 60% for *Cu and
0,68% for "Gy
st uncertainty,u, 0.5%, background and stabilfy 0 1%
BE/SmI 32.67 £ 1.06 (k=1) | 32.8020.33 (k=1) - 0.40 (W) decay correction 0 1 =0 3%,
(v) weighing of solutions 0 1%
The uncertainty budget of £,
() Individusl actnty uncertainties of radionuciides used for calbration
“Cu /8 ml 6.26 £0.21 (k=1) 6.302 £0.099 (k=1) (- 0.83 (W) uncertainty of the fitted Dlllm‘ltvl of the -isbmhon curve,
() decay schame parameters
(v)dependence of the annihilation quanta on the place of positron
“Ga /5 mi 32.06 £1.02 (k=1) |31.812 0.29 (k=1) +0.79 raluation was more difficult, due 10 the big number of
g Gurne-y: ey of tham Wit onecoles HoRer $an % onecey of
©C0,1260 keV. the maximum energy for which we disposed of
data
24 /6 ml 32.65 £1.33 (k=1) |Not yet determined .
Calibration of clal radi lide calibrators

Several types of commercial radionuclide calibrators, baionging 1o the IFIN-HH, Radioisotope and Radiation Metrology Department. 1o other r-dlopnumc:nuhu\ producers, of to huclear medicine units, were calibrated using the solutions standardized with
the callbrated lonization chamber, whose activities were taken as reference values. The producer's dial setting, for the respective radionuciide #Ga, ware used The measured values ware compared with the reference ones

D of the activity from reference value, %
Solution volume
~ lal setting of '*F:
ATOMLAB 500 CAPINTEC CURIE VEENSTRA Solution provider 's et ket of ety
BIODEX 16R MENTOR 4 VDC - 406 certification
E/0.5 mi (2012) 17 +53 - .
8F/0.6 mi (2013) +28 +45 -78 +33
WF/S mi (2013) -0.6 +35 -8.8 B a
%Ga/s ml (2012) -6.8 - . .
24/ 1.3 mi (2013)** - +0.56 - -8.3 -0.26
Conclusions
= A number of four PET were by the 4(PC) — y coincidence method; the positron- annihilation and all emitted radiations coincidences were counted; the obtained
uncertainties are satisfactory.
- The secondary standard, CENTRONIC IG 12/20A was calibrated nxporlmoﬂully with standard solutions and between the two rows of values is very good.
- Several types of medical with standard solutions, finding deviations less than 10% from the Mluncn values.

ch, CNCS - UEFISCDI, project number PN-II-ID-

Acknowledgements. This work was supported by a grant of the Romanian National Authority for Scientific Res
PCE-2011-3-0070
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5% Workshop of the Decay Data Evaluation Project (DDEP-2014), October 6-8,
2014 - Bucharest-Magurele, Romania.

1. Lucrarea M. Sahagia, A.Luca, A. Antohe, M-R. loan, C.lvan. Recent work and
results of the radionuclide metrology laboratory from IFIN-HH , a fost prezentata ca
Lectie Invitata la workshop si a inclus si principalele rezultate obtinute in proiect. Ea a
fost acceptata pentru publicare la revista Romanian Reports in Physics, Articles in
press, Nov.2015

'AV 5th Workshop of the Decay Data Evaluation Project
“ A’ (DDEP-2014)

October 6-8, 2014 - Bucharest-Magurele, Romania

RECENT WORK AND RESULTS OF
THE RADIONUCLIDE METROLOGY
LABORATORY FROM IFIN-HH

Maria Sahagia, A.Luca, A. Antohe, M-R. loan, C.lvan

Horia Hulubei National Institute of Physics and Nuclear
Engineering, IFIN-HH, Bucharest,

077125 Magurele, Romania

- Conference ICRM2015 ,,20-th International Conference on Radionuclide Metrology and
its Applications”, ICRM2015, Vienna, Austria, 8-11 June, 2015, hosted by the Technical
University Vienna, www.tuwien.ac.at

1. M. Sahagia*, M-R. loan, A. Antohe, A. Luca ,,Measurement of'*1,”
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Measurement of 24|
M. Sahagia, M-R. loan, A. Antohe, A. Luca, C.
lvan. IFIN-HH

Creation of a Romanian 124| standard.
» Absolute standardization of the solution
by the 41B(PC)-y coincidence method;

+ Calibration of the CENTRONIC 1G12/20A
lonization chamber and comparison with
a calculated efficiency;

* y-ray spectrometry activity measurement
and determination of the impurity level,

» Comparison of the results of the three
methods.

Maria Sahagia

Session. Radionuclide Metrology Techniques

2. A. Luca”, M. Sahagia, M.-R. loan, A. Antohe, B. L. Neacsu ,Experimental
determination of some nuclear decay data in the decays of 1’’Lu, 18Re and 1217,
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Experimental determination of some nuclear e Tra
% b4

decay data in the decays of 177Lu, 186Re and 1241/,~_)

A. Luca, M. Sahagia, M.-R. loan, A. Antohe, B.L. Neacsu,
Horia Hulubei National Institute for R&D in Physics and Nuclear
Engineering, Romania

® 177_u, 18Re and 1?| studies are necessary | Poster 039 |
for nuclear medicine applications. T

® Accurate needed nuclear decay data for
these nuclides were measured.

® Half-life values were determined by using a
well-type ionization chamber.

® Photon emission intensities were measured
by gamma-ray spectrometry.

® These new results will be used for future
nuclear decay data evaluations.

Mihail-Razvan loan

Session: Nuclear Decay Data

Conference ICRM2017 ,,21-st International Conference on Radionuclide Metrology
and its Applications”, ICRM2017, Buenos Aires, Argentina, 15-19 May, 2017

Titlu Rezumat. » Standardisation of %Cu and calibration of the ionization chamber.

Impurities and decay scheme problems”, autori: M. Sahagia*, A. Luca, M-R. loan, A. Antohe,
C.lvan
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PUBLICATION LIST OF THE PROJECT: PN-I11-1D-PCE-2011-3-0070,
Ctr. 23/05.10.2011. Absolute standardization and study of the decay data of the positron
emitters used for PET systems. Assurance of the metrological traceability.
Project leader,
Dr. Maria Sahagia

0] Published papers

1. M. Sahagia, A. Luca, A. Antohe, C. Ivan. Standardization of ®*Cu and %8Ga by the
4n(PC)S-y coincidence method and calibration of the ionization chamber. Applied Radiations
and Isotopes, 70, 9(2012)2025-2030

Applied Radiation and Isotopes 70 (2012) 2025-2030

Contents lists available at SciVerse ScienceDirect o e T

Applied Radiation and I[sotopes

journal homepage: www.elsevier.com/locate/apradiso

Standardization of ®*Cu and ®®Ga by the 4n(PC)B-y coincidence method
and calibration of the ionization chamber

M. Sahagia*, A. Luca, A. Antohe, C. Ivan

Horia Hulibei National Institute for R&D in Physics and Nuclear Engineering, IFIN-HH Bucharest, 30 Reactorului Str. Magurele, jud. 1ifov, POB MG-6, RO 0-77125, Romania

ARTICLE INFO ABSTRACT

Available online 3 March 2012 The paper treats the application of the 4r(PC)B-y coincidence method for the standardization of
Keywords: the radionuclides ®'Cu and ®%Ga. The general coincidence equations are written. Two types of
PET radionuclides $4Cu extrapolation were described and used in measurement: the positron-annihilation coincdence, and
6864 the counting of all emitted radiations; both methods are compared with respect to results, advantages
Efficiency extrapolation and drawbacks. The impurities’ content correction was applied. The standardized solutions were used
lonization chamber calibration to calibrate the ionization chamber CENTRONIC IG12/20A and to determine the gamma-rays emission

intensities.
© 2012 Elsevier Ltd. All rights reserved.
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2. M-M.B¢, P.Cassette, M-N. Amiot, M.C.Lépy, C.Bobin, K.Kossert, O.J.Nahle, O.Ott,
C.Wanke, P.Dryak, G.Ratel, M. Sahagia, A. Luca, A. Antohe, L.Johansson, J.Keightley,
A .Pearce.Standardization, decay data measurements and evaluation of ®Cu . Applied
Radiations and Isotopes, 70, 9(2012)1894-189

Applied Radiation and Isotopes 70 (2012) 1894-1899

Contents lists available at SciVerse ScienceDirect -~ e

Applied Radiation and Isotopes

journal homepage: www.elsevier.com/locate/apradiso =

Standardization, decay data measurements and evaluation of **Cu

M.-M. Bé*, P. Cassette?, M.C. Lépy ?, M.-N. Amiot?, K. Kossert®, 0J. Nihle®, 0. Ott®, C. Wanke?,
P. Dryak ¢, G. Ratel, M. Sahagia ®, A. Luca®, A. Antohe®, L. Johansson', . Keightley', A. Pearce’

* CEA-LIST/LNE-LNHB, CE Saclay, 91191 Gif-sur-Yvette, France

® PTB, Bundesallee 100, 38116 Braunschweig, Germany

© ML, Radiova 1, CZ-102 00, Prague 10, Czech Republic

4 BIPM, Pavillon de Breteuil, 12 bis Grande Rue, 92312 Sévres Cedex, France
© IFIN-HH, Magurele, lifov county, RO-077125, Bucharest, Romania

! NPL, Hampton Road, Teddington, TW11 OLW, UK

ARTICLE INFO ABSTRACT

Available online 28 February 2012 The purposes of this study were to create national activity standards of *“Cu, to make possible the
Keywords: definition of an intemational key comparison reference value and to determine the decay data in order
640y, standardization to improve the decay scheme. Four laboratories measured the activity of a **Cu solution; these results
54Cu decay scheme were compared through the International Reference System. Moreover, the laboratories carried out new
Half-life measurements of the photon emission intensities and of the half-life. A new decay scheme was derived
y-Ray intensities from these new values and the previously published ones.

x-Ray intensities @ 2012 Elsevier Ltd. All rights reserved.
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3. A. Luca, M. Sahagia, A. Antohe.Measurements of ®Cu and %®Ga half-lives and gamma-ray
emission intensities. Applied Radiations and Isotopes, 70, 9(2012)1876-1880

Applied Radiation and Isotopes 70 (2012) 1876-1880

Contents lists available at SciVerse ScienceDirect " Voo

Applied Radiation and Isotopes

journal homepage: www.elsevier.com/locate/apradiso = |

Measurements of ®*Cu and ®®Ga half-lives and y-ray emission intensities

Aurelian Luca®, Maria Sahagia, Andrei Antohe
Horia Hulubei National Institute for R&D in Physics and Nuclear Engineering (IFIN-HH), 30 Reactorului Street, PO Box MG-6, 077125 Magurele, Romania

ARTICLE INFO ABSTRACT

Available online 25 February 2012 The ®Cu and *Ga half-lives and y-ray intensities were measured at IFIN-HH. The determination of
Keywords: absolute photon emission intensities was based on absolute activity standardizations carried out in this
40y, laboratory using the 4nPC-y coincidence method. The half-lives were measured with a well-type
58Ga ionization chamber. The photon emission intensities (relative and absolute values) were measured with
Half-life a calibrated high-resolution y-ray spectrometer. The results obtained and their uncertainties are
Gamma-ray emission intensities discussed and compared with values of other authors.

Gamma-ray spectrometry © 2012 Elsevier Ltd. All rights reserved.

Well-type ionization chamber
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4. M. Sahagia, A. Antohe, A. Luca, A. C. Witjen, C. Ivan ,, The Support Offered by the
Romanian  Primary  Activity Standard Laboratory to the Nuclear Medicine
Field”,abstractnumber.doc2353248, Congress IRPA13, Glasgow, 2012, Proc., published in Rom.
J.Phys.vol.58,n0s.1-2(2013)106-116

NUCLEAR MEDICINE

THE SUPPORT OFFERED BY THE ROMANIAN PRIMARY ACTIVITY
STANDARD LABORATORY TO THE NUCLEAR MEDICINE FIELD"

M. SAHAGIA. A. ANTOHE. A. LUCA. A C. WATJEN. C. IVAN

Horia Hulube: National Institute for R&D in Physics and Nuclear Engineening. IFIN-HEH. Bucharest.
30 Reactorulus str. Magurele. Ilfov County. code 077125, Romania
E-mail: msahagia@nipne.ro

Received May 23, 2012

The paper presents the involvement of the Radionuclide Metrology Laboratory from
IFIN-HH. Romania. in the assurance of the correct measurement of radiopharma-
ceuticals activity in nuclear medicine. Development and intemational validation of
primary standards. development of secondary standards and direct support offered to
the domain. consisting from calibration services and orgamization of comparisons/
proficiency tests. are presented. Analvsis of the results obtained in the calibration of
several types of radionuclide calibrators dunng a six vears peniod is done. It mcludes
the following actions: check of the measurement uncertamnty. recalibration when
necessary, control of the calibrators’ behavior in time. A companson between calibration
check and the results of the participation of the staff at proficiency tests 1s done.

Key words: radiopharmaceutical. primary activity standard. International System of
Unats (SI). radionuclide calibrator. metrology services.

* Paper presented at the 13™ International Congress of the International Radiation Protection
Association. IRPA13. Glasgow. Scotland. 13-18 May 2012.

Rom. Journ. Phys.. Vol. 58. Nos. 1-2. P. 106-116. Bucharest. 2013
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5. M. Sahagia®, R. loan, A. Luca, A. Antohe, C. lvan, B. Neacsu, C.Ghioca. Standardization
of 18F and its use for the Romanian PET metrological traceability chain assurance” published in
Applied Radiation and Isotopes, 87(2014)14-18

Applied Radiation and Isotopes 87 (2014 ) 14-18

Contents lists available at ScienceDirect -~ ~rors

Applied Radiation and Isotopes

journal homepage: www.elsevier.com/locate/apradiso

Standardization of 'F and its use for the Romanian PET metrological @wm
traceability chain assurance

M. Sahagia®* R. loan®, A. Luca® A. Antohe®, C, lvan®, B. Neacsu®, C. Ghioca "

*Horla Hulubei National Institute for R&D in Physics and Nuclear Engineering, [FIN-HH, 30 Reactorului St, Magurele, jud. lijov,
FOB MG-6, RO 0-77125, Bucharest, Romania
" Monral Europe srl., Fantelimon, Romania

HIGHLIGHTS

* Presents establishment of the ®F FDG Romanian PET traceability chain.

* Shows work at IFIN-HH and at the users’ site.

* An "F solution was standardized by the 4xf){PC)-y coincidence method,

* Includes measurement of half-life for detection of positron emitting impurities,
* CENTRONIC IG12[20A ionization chamber and radionuclide calibrators calibrated.

ARTICLEINFO ABSTRACT

Available online 27 November 2013 This paper presents the work performed at IFIN-HH and at the users’ sites, aimed to establish the DG
Keywords: Romanian PET traceability chain, It summarizes the operations: (i) Absolute standardization of a '8F
®p solution, by the 4ap{PChy coinddence method; (ii) Control of gamma-ray impurity content and
45(PC -y coincidence method measurement of the activity by gamma ray spectrometry; (iii) Measurement of the half life, for detection
Gamma-ray spectrometry of some short/long life positron emitter impurities; (iv) Calibration of the CENTRONIC IG1220A
Half life ionization chamber; (v) Calibration of commerdal radionuclide calibrators,

bonization chamber © 2013 Hsevier Ltd. All rights reserved.
Radionuclide calibrator
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6. M.Sahagia*, A.Antohe, R.loan, A.Luca, C.lvan. Standardization of Tc-99 by two methods
and participation at the CCRI(I1)-K2.Tc-99 comparison. Published in Applied Radiations and

Isotopes 87(2014)410-413

Applied Radiation and Isotopes 87 (2014) 410-413

journal homepage: www.elsevier.com/locate/apradiso

Contents lists available at ScienceDirect o

Applied Radiation and Isotopes

Standardization of Tc-99 by two methods and participation
at the CCRI(I1)-K2. Tc-99 comparison

CrossMark

(=

M. Sahagia*, A. Antohe, R. loan, A. Luca, C. Ivan

Horia Hulubei National Institute for R&D in Physics and Nuc lear Engineering IFIN-HH, Bucharest. 30 Reactorului Str. Magurele RO 0-77125,

Jud. llfov, POB MG-6, Romania

HIGHLIGHTS

* Standardization of Tc-99 by two methods: TDCR and 4a{ PC -y efficiency tracing.

* Combined uncertainty of the final result is lower with the TDCR method.

* Both methods give results in rather good agreement within the stated uncertainties.

* Using both methods gives a more robust result for the activity of Tc-99.

* New code version TDCR-07¢ of LNHB provides TDCR results in better agreement with the CCRI(II-K2.T¢-99 comparison.

ARTICLEINFO

ABSTRACT

Available online 12 November 2013

Keywords:

CCRI(IT-K2.Tc-99 comparison
[SC-TDCR

4= PC)p-y efficiency tracer method

The work accomplished within the participation at the 2012 key comparison of Tc-99 is presented.
The solution was standardized for the first time in IFIN-HH by two methods: LSC-TDCR and 4a{PC)p-y
effidency tracer, The methods are described and the results are compared. For the LSC-TDCR method, the
program TDCRO7¢, written and provided by P. Cassette, was used for processing the measurement data.
The results are 21% higher than when applying the TDCRO6b program; the higher value, calculated with
the sofltware TDCRO7¢, was used for reporting the final resultin the comparison. The tracer used for the
4x{PC)p-y efficiency tracer method was a standard ®Co solution. The sources were prepared from the
mixture 5%Co+9Mc solution and a general extrapolation curve, type: Ner._aal/(Myrc_aa=f [1—tca_ea)
was drawn. This value was not used for the final result of the comparison. The difference between the
values of activity concentration obtained by the two methods was within the limit of the combined
standard uncertainty of the difference of these two results.

© 2013 Elsevier Lid. All rights reserved.
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7. M. Sahagia**, A. Luca, R. loan, A. Antohe, C. Ivan, B. Neacsu. Metrological traceability
assurance in production and use of radiopharmaceuticals for pet imaging and targeted
radiotherapy. Published in Rom. Journ. Phys., VVol. 59, Nos. 1-2, P. 119-130, Bucharest, 2014.

~ MEDICAL PHTSICS

METROLOGICAL TRACEABILITY ASSURANCE IN PRODUCTION
AND USE OF RADIOPHARMACEUTICALS FOR PET IMAGING
AND TARGETED RADIOTHERAPY *

M. SAHAGIA** A. LUCA, R.IOAN, A ANTOHE, C. IVAN, B. NEACSU

Hona Hulubei National Institate for R&D 1n Physics and Nuclear Engineering, IFIN-HH
Bucharest. 30 Reactorului Str. Magurele, jud. Ilifov, POB MG-6. RO 0-77125, ROMANIA
*) Paper presented at the TRACE Workshop on Development of New Radiotracers for PET Imagzing
and Targeted Radiotherapy. 03-05 April 2013, Magurele, Romania
**) Comresponding author address: msahagia@nipne ro

Recerved April 11, 2013

The paper presents the implication of the Radionuclide Metrology Laboratory (RML)
from IFIN-HH in solving the problems coanected with the quality assurance of
radiopharmaceuncals in production and use, by assuring the metrological traceability in
the control of the radiometrological parameters. measurement of acuvity and
radioactive concentration, radionuclide punty as well as measurement of the decay
scheme parameters. The iollowmg problems are treated: (i) Absolute standardization of
PET radionuclides: *Cu and **Ga and smdy of their decay scheme parameters; absolute
sundardxzanon of radxonnchdes used in targetad - molecular radiotherapy (MRT):
s ¥ Lu. 1%1%pe and "Sr; calibration of the secondary standard jonization
chamber and of some commercial radionuclide calibrators. (i) Radionuclide purity
analysis and its influence on the acavity calculaton. The aspects presented are an
overview of published papers.

K¢y words: radionuclide metology, absolute standardization, positron emitters, stroag
betz-weak gamma emifters

Rom. Journ. Phys., Vol. 59, Nos. 1-2, P. 119-130, Bucharest, 2014
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PS5-4: MEASUREMENTS & DOSIMETRY
PS5-4/36 - Measurement of positron emitting
radionuclides’ activity and their use for the
calibration of the PET calibrators.

M. Sahagia, R. loan, A. Antohe, A. Luca, C. Ivan
Horia Hulubei National Institute for R&D in Physics
and Nuclear Engineering, IFIN-HH, Bucharest. 30
Reactorului str., Magurele, IlIfov County, code 077125,
Romania

The paper presents the work deployed for the
establishment of the metrological traceability chain for
the calibrators used for the measurement of positron
emission radionuclide based radiopharmaceuticals.

It refers to the following aspects:

- Absolute standardization of PET radionuclides: 18F,
64Cu, 68Ga, 1241, by the 4nB(PC) - y coincidence method,
using the detection of all emitted radiations and the
efficiency extrapolation method.

- Calibration of the CENTRONIC IG12/20A ionization
chamber for various types of recipients, to be used for
the measurement of the radiopharmaceutical solution
and establishment of the IFIN-HH secondary standard
for PET radionuclides.

- Calibration of various types of PET radionuclide
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calibrators used in the radiopharmaceutical and nuclear
medicine units.

Key words: positron emitting radionuclides, absolute
standardization, traceability chain, radionuclide
calibrators

9. M. Sahagia*, M-R. Ioan, A. Antohe, A. Luca ,,Measurement of 1I” Appl. Radiat Isot
109(2016)349-353

Applied Radiation and Isotopes 109 (2016) 349-353
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Measurement of "<l (!) A—
M. Sahagia®, M-R. loan, A. Antohe, A. Luca, C. Ivan
Horia Hulubei National Institute for RE¥D in Physics and Nuclear Engineering IFIN-HH Bucharest, 30 Reactorului Street, Magurele, jud. llfov, POB MG-6, RO
0-77125, Romania
HIGHLITGHTS
« Absolute standardization of '** solution by the 4=f{PC)-y coincidence method.
¢ Calibration of the CENTRONIC IG12/20A ionization chamber.

* y-ray spectrometry activity measurement and determination of impurities.

* Comparison of the results of the three methods.

ARTICLE INFO ABSTRACT

Article history: The paper describes the measurements performed at IFIN-HH regarding the creation of a Romanian %]
Received 4 March 2015 standard, consisting of: absolute standardization of the solution by the application of the 4xf{(PC)-y

Accepted 3 December 2015

- ¥ coincidence method; Calibration of the CENTRONIC IG12/20A ionization chamber with a standardised
Available online 4 December 2015

solution and comparison with a calculated efficiency; y-ray spectrometry activity measurement and
Keywords: determination of the impurity levels; Comparison of the results of the three methods.

124 standardization @ 2015 Elsevier Ltd. All nghts reserved.
4nf(PC)-y coincidence method

lonization chamber

Y-ray spedrometry
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Experimental determination of some nuclear decay data in the decays @Cm,m
of 77Lu, 1%Re and 24

Aurelian Luca*, Maria Sahagia, Mihail-Razvan loan, Andrei Antohe, Beatris Luminita Savu

Horia Hulubei National Institute for R&D in Physics and Nudear Engineering, IFIN-HH Bucharest. 30 Reactorului Street, Magurele, ilfov county, PO Box MG-6,
RO 077125, Romania

HIGHLIGHTS

o "Ly, "Re and "I studies are necessary for nuclear medicine applications.
» Accurate nuclear decay data needed for these nuclides were measured.

» Half-life values were determined using a 41ty ionization chamber.

* Photon emission intensities were measured by gamma-ray spectrometry.

» These new results will be used for future nuclear decay data evaluations.

ARTICLE INFO ABSTRACT
Article history: A detailed experimental study of the radionuclides "’Lu, "™*Re and '** was conducted at [FIN-HH,
Received 24 March 2015 Radionuclide Metrology Laboratory. Absolute photon emission intensities in the decays of these radio-

Accepted 24 November 2015

© X nuclides were measured by high-resolution gamma-ray spectrometry. Half-life measurements using a
AMwvailable online 2 December 2015

well-type ionization chamber were also performed. These new experimental results will be useful for the
Keywords: future updates of the existing nuclear decay data evaluations, offering reliable and accurate data for the
Photon emission intensity users.

Gamma-ray spectrometry & 2015 Elsevier Ltd. All rights reserved.
Half-life
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RECENT WORK AND RESULTS OF THE RADIONUCLIDE
METROLOGY LABORATORY FROM IFIN-HH’

MARIA SAHAGIA™, A. LUCA. A. ANTOHE. M-R. IOAN. C. IVAN

“Horia Hulubei™ National Institute of Physics and Nuclear Engineering. IFIN-HH.
Bucharest, Romania
Corresponding author: msahagia@nipne.ro

Received July 17, 2014

Abstract. This paper refers at the Radionuclide Metrology Laboratory (RML) work
accomplished since the last scientific event “2008 Workshop of the Decay Data
Evaluation Project” (DDEP-2008). consisting in training sessions for the nuclear
decay data evaluators, Bucharest (Romania). during the period 12-14 May. 2008,
when the main author presented the activities of the RML from IFIN-HH.

Key words: radionuclide metrology. absolute methods of standardization. international
comparisons.

(ili)  Papers presented at international Conferences/Workshops

- Conference ICRM 2013: 19-th International Conference on Radionuclide
Metrology and its Applications, ICRM 2013, Antwerp, Belgium, 17 — 21 June 2013,
hosted by the European Commission — Joint Research Centre. Institute for
Reference Materials and Measurements (IRMM).
http://irmm.jrc.ec.europa.eu/icrm2013

1. M. Sahagia®, R. loan, A. Luca, A. Antohe, C. Ivan, B. Neacsu, C.Ghioca. Standardization
of BF and its use for the Romanian PET metrological traceability chain assurance” Poster
P#005. Paper published in Applied Radiations and Isotopes
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Standardization of 18F and its use for the Romanian PET

metrological traceability chain assurance

M. Sahagia*,R.loan, A. Luca, A. Antohe, C. Ivan,B.Neacsu, C.Ghioca
IFIN-HH, Monrol srl - Romania

* Establishment of the 18F - Romanian PET
traceability chain.

* Standardization of ®F by the 4nB(PC)-y
coincidence and by y-ray spectrometry.

| Poster #005

* Control of impurities and measurement of the k
half-life.

« Calibration of the CENTRONIC chamber and of
commercial calibrators

Ij_k-l'— Maria Sahagia

Session:Radionuclide metrology in life sciences
ICRM 2013

2. M.Sahagia*, A.Antohe, R.loan, A.Luca, C.lvan. Standardization of Tc-99 by two methods
and participation at the CCRI(I1)-K2.Tc-99 comparison. Poster P#004. Paper published in
Applied Radiations and Isotopes
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Standardization of Tc-99 by two methods and participation

at the CCRI(II)-K2 Tc-99 comparison

M. Sahagia*, A. Antohe, R.loan, A. Luca C. Ivan
IFIN-HH - Romania

+ Participation at the 2012 key comparison of
Tc-99 using LSC-TDCR and 4n(PC)B-y tracer

* LSC-TDCR method: program TDCRO7c, copyright

of P. Cassette; value used for reporting the result ( ‘
* 41t(PC)B-y efficiency tracer method: tracer - g vl
standard ¢°Co solution; value not used for P

reporting the result. : .
* Difference between the two determined ?

values was within the limit of uncertainty

| Poster #004 |

Aurelian Luca

Session: Intercomparisons

ICRM 2013

-  TRACE 2013 - Development of New Radiotracers for PET Imaging and Targeted
Radiotherapy, IFIN-HH, Workshop, 3 -5 April 2013 .

2. M. Sahagia, A.Luca, R.loan, A.Antohe, C.lvan, B. Neacsu. Metrological traceability

assurance in production and use of radiopharmaceuticals for PET imaging and targeted
radiotherapy. Oral presentation. Paper published in Romanian Journal of Physics
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Metrological traceability assurance in production
and use of radiopharmaceuticals for PET imaging
and targeted radiotherapy

M. Sahagia, A. Luca, R. loan, A.Antohe, C. Ivan, B. Neacsu

Horia Hulubei National Institute of Physics and Nuclear
Engineering, IFIN-HH
30 Reactorului Str. Magurele, jud. lifov, POB MG-6, RO 0-77125,
ROMANIA

Workshop on Development of New Radiotracers for PET Imaging and Targeted
TRACE Radiotherapy
03-05 April 2013, Magurele Romania

Fourth European IRPA Congress, Radiation protection Culture — a global challenge,
Geneva, Switzerland, June 23-27, 2014

2. M. Sahagia, M-R. loan, A. Antohe, A. Luca, C. Ivan. Measurement of positron

emitting radionuclides’ activity and their use for the calibration of the PET
calibrators, was presented as poster.
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FS ENGINEERING, IFIN-HH, BUCHAREST, ROMANIA S (TBEHE

ARRAD ‘ .
Measurement of positron emitting radionuclides’ activity and their use for . .'
the calibration of the PET calibrators.
Sah-gla R. loan, A Amono. A. Luca, C. Ivan

Honla Hulubei National Institute for R&D in Physics and Nucleas HH, 30 str. Magureie, /ifov County. code 077125, Romania
Pmcnn ng -mhor- mmmnlnm

Introduction
Yu PETICT diagnosis procedures use basad on the decaying by positron emsion. Their quaity is defined by: (i) chemical compound; (i) radiometrological and physico - chemical charactenstics , European
armacopoeis , 8 edition2014-2016 . determined by pr urament of thei activity,
Tn. Romanian Redionuclide Metrology Laboratory (RML) is established within the IFIN-HH, Magureie ~ Bucharest, primary national standard. (FIN-HH is a designated institute n the field of loNZing radiations in the relation with the International
of Weights Measures - Mutual Recognition Arrangement (CIPM - MRA), it the entire metrological traceabilty chain for all the radiopharmaceuticals in Romania At this moment, practically the problem of the most used SPECT
Motrologie Technical Supplement, 45, 06007 (2008)

¥ and ®=Tc, was sotved. For'™| we participated et the BIPM RI(11)-K1,1-131 key comparison G. Ratel, C. Michotte, M. Sahagia, T. S. Park, P. Dryak, J. Sochorov

#nd for *=~Tc we paricpated at the key comparison 81 -Tl in 2013 . Mhotia . Sahagle, M. R. loan, A. Antohe, A Luce BIRM RIN)-Ké.To-80m Repors, 2014, We cellsis curently ailtha radionucide calibrators belonging 1o the Romanian hosptais.
M.Sanagia, A. Antohe, A.Luca, A.C. Waetjen, C. Ivan. Rom. .. Phys. 8,1-2 (2013)106-116.The introduction of the PET radionuciides required us to standardize them absolulely and (o assure the national traceabiity chain The obtained results, some of
them aiready published and others in the deployment, egarding a nr o fou PET fadiomulien F. G, 4, . 3 presentad in tha paper

Absolute standardization of the radi lides
The absolute standard@ation of these radionuciides was done by the ATR(PC ).y coincidence method, using an instalistion composed from two detection blocks - proportional counter (PC) and scintillation detector. Nai(Tl). with the electronic chains and
a coincidence selector A set of several solid sources, prepared gravimetrically from the solution, wara my [t and activity concentration were determine
The general coincidence equations, connecting the counting rates. N, N, N,. activity N,, decay scheme parami and detection efficiencies «, are

NN I-N AN
n n e e Y e (k)
Nﬂ =N0 Ea,[ep' +(I—tﬂ,k:’_”];N‘/ = N0 Xa’:,’ When the variant of efficiency extrapolation is appli '\0”-“’-'\0"‘7)]' N E '\01“” Kx NA )
r=1 r=1 l m; oqt;(alwon are written in an equivalent form, ¢ ey
where Kand (7-K) are the extrapolation slopes CHls 1 e
N.=N, Ea Epenn+(1=2p. ] EL M. Sahagia, A.R C. ivan. _Ea WA=l *:m)/l o)) 06 :C = .
c =0 29 LEprtyyr prrer Nucl. Instrum. and Methods Phys. Res.A 369(1996) "~ C(l rE‘,r' [
r=1 414-420. Lae, Cyll=e by ) ]

The above mentioned radionuclides are either aimost pure positron emitters, such as '*F (08.86% positron decay), or mixtures of beta and electron capture decays' “Ga (86.86% positrons), “Cu (56% beta plus/minus) and ' (22 7% posirons. M.-M. 86
ot al. of Radionuclides, Ed. Bureau International des Poids et Mesures, Pavillon de Breteull, F-92310 Savres, France, ISBN $2-822.2206-3, J. Katakura, Z.D. Wu. Nuclear Data Sheets 109, 7 (2008) 1655-1877.For

nographie Te
higher the atomic numbers the wllphl of positron decays diminishes and 4WB(PCy coincidence method in standardization must be adapted accordingly.

The extrapolation varant of the colncidence method we

ppiied, adapted to the charactanstics of the decay scheme.
in the case of "%, only posirons on the b annihilation quanta (511 keV) on the gamma channel. were counted M. Sahagis, R. loan, A. Luce, A. Antohe, C. van, B. Neacsu, C.Ghioca.. Appl. Radiat. 180t.87 (2014)14-18. The radionucikic
purity level was determined by the precise maasuremert of the half life and s comparison with the reference vaiue.

in the case of radionuclides *“Cu and #Ga, both variants were applied: positron- snnihilation quanta coincidence and counting of il smitted radiabons on both datection channels The radionucidic purity wes determined in two different modes. for “Cu, the
high resolution gamma-ray spectrometry was used for the impurities: “'Co, “Co, *Co, /Cu; for ®Ga, the suspected impurity was “Ge father radionuciide, resulting aiso in ®Ga , & was measured by the coincidence method. M. Sahagis

Antohe, C. Ivan.. Appl. Radiat. Isotopes 70, 9 (2012)2026-2030 Tha results allowed us o determine their main decay scheme characteristica in Good agreemaent with other participants within the EURAMET project 1085, A,Luca, M.Sahegis, A Antohe
Appl. Radiat. Isotopes 70(2012)1876-1800. M.-M. Bé, P. Cassette, M.C. Lépy, M.-N. Amiot, K. Kossert, O.J. Niihle, O. Ott, C. Wanke, P. Drysk, G. Ratel, M. Sahagia, A. Luca, A. Antohe, L Johansson, J. Keightiey, A. Pearce.. Appi. Radiat.
Isolopes 70(2012)1894-1899

1M is & rolatively new positron emitter In use and mn the advantage of replacing the SPET 13 1241¥| radiopharmaceutcals with  PET variant in the diagnosis of the Alzheimer di due to its longer haif e, as ecmpnr.q with %, 1C, it allows

deeper investigations of the biochemical proces: Chang, C.C. Chen, S.Y. Lee, LH, Shen, H.E. . Appl. Radiat. Isot. 67(2009)1397-1400, Only Iwo papers ware published up 1o now.0.H, Woods 0ds, M./ Woods, /.. Mak

C.A.Downey, D.Smith, AMunster, S.E.M.Lucas, NSIurma Appl. Radit, Isot. 43,4 (1992)881-560; S.M.Qaim, T. Blsinger, K.Hilgers, O.Noyak, H.H Cosnen.. Radiochim, Acta 95 (2007) 6773 An analysis on new positron emi
alus was done in B.E.Zimmerman, Appl. Radiat. Isot 76(2013)31-37

In our work, under deployment, we propase o use of the 4mB(PC) - y coincidence method with the counting of all positrons, Auger electrons and x-rays, In the flow proportional counter, working at the atmospheric pressure and the

setting of several counting windows on the gamma channel The final results will be presentad in the paper: M. Sahagia, R. loan, A. Luca, A. Antohe, C. Ivan. Standardization of ™% by the 4mB(PC) - y coincidence method and study of the

ducay scheme parameters. internal report IFIN-HH, 2014

L Makepeace.
standardzation

Calibration of the dary dard, i h
'ht RML disposes of a CENTRONIC IG12/20A lonization chamber, which serv basis for the transmission of the activity unit value to the commercisl radionuclide calibrators. The calibration factor F of the chamber, expr
determined experimentally using recipients with standard solutions An evaluation of the chamber eficiency, £, expressed siso in units pA/MBg, was done based on data obtained for other verfiad in
C. Wiitjen, A.Luca, C. Ivan. Appl. Radist. Isot. 68(2010) 1266-1269 . according to  Schrader. lonization chambers. Metrologia 44(2007) 553566

PA/MBQ of solution,
.

[Radionuciide/ E. F (Eu- FIF
Vial volume (PA/MBq) (PA/MBq) (%) The uncertainty budget of the F values
(1) standard solution activity uncertainty. 0 66% for 'F, 1 60% for *Cu and
0,68% for "Gy
st uncertainty,u, 0.5%, background and stabilfy 0 1%
"E/SmI 32.67 £ 1.06 (k=1) | 32.8020.33 (k=1) -0.40 (W) decay correction 0 1 =0 3%,
(v) weighing of solutions 0 1%
The uncertainty budget of £,
(i) individusl sctwity unce of radionuciides used for callbraton
“Cu /8 mi 6.26 £0.21 (k=1) 6.302 £0.099 (k=1) |-0.83 (W) uncertainty of the fitted Dlllm‘ltvl of the calibration curve
() decay schema parameters
(v)dependence of the annihilation guanta on the place of positron
pne
“Ga /5 mi 32.06 £1.02 (k=1) |31.812% 0.29 (k=1) +0.79 raluation was more difficult, due 10 the big number of
emittad gamma-rays, many of them with energies higher than the energy of
©C0,1260 keV. the maximum energy for which we disposed of
dta
24 /6 ml 32.65 £1.33 (k=1) |Not yet determined .
Calibration of clal radi lide calibrators

Several types of commercial radionuchide calibrators, belonging 1o the IFIN-HH, Radioisotope and Radiation Metrology Department. 1o other radiopharmaceutical producers, of to nuclear medicine units, were calibrated using the solutions standardzed with
the calibrated lonization chamber, whose actvities were taken as reference values. The producer's dial setting, fof the respective radionuciides, except #Ga, were Used The measured values wers compared with the reference ones

D of the activity from reference value, %
Solution volume
> lal setting of '*F:
ATOMLAB 500 CAPINTEC CURIE VEENSTRA Solution provider 's ot aiialea of bty
BIODEX 16R MENTOR 4 VDC - 406 certification
BF/0.5 mi (2012) +17 +53 . .
8F10.6 mi (2013) +28 +45 -78 +33
WIS mi (2013) -0.8 +35 -8.8 . -
%Ga/s ml (2012) -6.6 - . .
24/ 1.3 mi (2013)** - +0.56 - -8.3 -0.26
Conclusions
= A number of four PET were lutely by the 4mR(PC) — y coincidence method; the positron- annihilation and all emitted radiations coincidences were counted. the obtained
uncertainties are satisfactory.
- The secondary standard, CENTRONIC IG 12/20A was calibrated nxporlmoﬂully with standard solutions and , the between the two rows of values is very good.
- Several types of medical with standard solutions, finding deviations less than 10% "om the reference values.

ch, CNCS ~ UEFISCDI, project number PN-II-ID-

Acknowledgements. This work was supported by a grant of the Romanian National Authority for Scientific Res
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5t Workshop of the Decay Data Evaluation Project (DDEP-2014), October 6-8, 2014 -
Bucharest-Magurele, Romania.

- The paper. M. Sahagia, A.Luca, A. Antohe, M-R. loan, C.lvan. Recent work and
results of the radionuclide metrology laboratory from IFIN-HH , was presented as
Invited Lecture at the workshop and included the main results obtained within the project.
It was accepted for publication in the journal Romanian Reports in Physics , articles in
press, November 2015

’ AV’ 5th Workshop of the Decay Data Evaluation Project
‘ A (DDEP-2014)

" October 6-8, 2014 - Bucharest-Magurele, Romania

RECENT WORK AND RESULTS OF
THE RADIONUCLIDE METROLOGY
LABORATORY FROM IFIN-HH

Maria Sahagia, A.Luca, A. Antohe, M-R. loan, C.lvan

Horia Hulubei National Institute of Physics and Nuclear
Engineering, IFIN-HH, Bucharest,

077125 Magurele, Romania

- Conference ICRM2015 ,20-th International Conference on Radionuclide

Metrology and its Applications”, ICRM2015, Vienna, Austria, 8-11 June, 2015,
hosted by the Technical University Vienna, www.tuwien.ac.at

1. M. Sahagia*, M-R. loan, A. Antohe, A. Luca ,,Measurement of'*1,”
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Measurement of 124|

M. Sahagia, M-R. loan, A. Antohe, A. Luca, C.

Ivan. IFIN-HH

Creation of a Romanian 124| standard.

» Absolute standardization of the solution
by the 41B(PC)-y coincidence method;

» Calibration of the CENTRONIC IG12/20A
lonization chamber and comparison with
a calculated efficiency;

« y-ray spectrometry activity measurement
and determination of the impurity level,

» Comparison of the results of the three
methods.

Maria Sahagia

Session. Radionuclide Metrology Techniques

2. A. Luca”, M. Sahagia, M.-R. loan, A. Antohe, B. L. Neacsu ,Experimental
determination of some nuclear decay data in the decays of 1’’Lu, 18Re and 1217,

Experimental determination of some nuclear

e

CIFIN-HH

decay data in the decays of 177Lu, 186Re and 1241/~

A. Luca, M. Sahagia, M.-R. loan, A. Antohe, B.L. Neacsu,
Horia Hulubei National Institute for R&D in Physics and Nuclear

Engineering, Romania

® 177y, 186Re and 124 studies are necessary
for nuclear medicine applications.

® Accurate needed nuclear decay data for
these nuclides were measured.

® Half-life values were determined by using a
well-type ionization chamber.

® Photon emission intensities were measured
by gamma-ray spectrometry.

® These new results will be used for future
nuclear decay data evaluations.

| Poster 039 |

Mihail-Razvan loan

Session: Nuclear Decay Data
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Conference ICRM2017 ,,21-st International Conference on Radionuclide Metrology
and its Applications”, ICRM2017, Buenos Aires, Argentina, 15-19 May, 2017

Abstract Title. ” Standardisation of ®Cu and calibration of the ionization chamber.
Impurities and decay scheme problems”, authors: M. Sahagia*, A. Luca, M-R. loan, A.
Antohe, C.lvan
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