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Overview
Source Activity Time Form site

A 95.8 kBq in 500 µl of 4M HNO3 19.06.2023 @ 15h Liquid JRC

B 10 MBq 19.06.2023 @ 15h Dry JRC

C 9.26 MBq Ac-225 with 24.2 MBq Ra-225 producing Ac-225 20.06.2023 @ 9am Liquid MEDICIS

Molecubes γ/X-CUBE SPECT/CT system (preclinical)

Siemens Intevo Bold T16 SPECT/CT system (clinical)

Collimator MEGP & HEGP

Crystal thickness 3/8”

Collimator LEGP

Crystal thickness 3/8”



Only limited gamma-emissions in de decay chain

• 225Ac – No

• 221Fr – Yes => γ = 218 keV (11.4%)

• 217At – No

• 213Bi – Yes => γ = 440 keV (26.1%)

• 213Po – No

Source Activity Time Form site
A 95.8 kBq in 500 µl of 4M HNO3 19.06.2023 @ 15h Liquid JRC



Source Activity Time Form site
A 95.8 kBq in 500 µl of 4M HNO3 19.06.2023 @ 15h Liquid JRC



Source Activity Time Form site
A 95.8 kBq in 500 µl of 4M HNO3 19.06.2023 @ 15h Liquid JRC



Source Activity Time Form site
B 10 MBq 19.06.2023 @ 15h Dry JRC

Final Product 10 MBq Ac-225 (dry) @ 19.062023(AcShKuLo2.spc)
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Source Activity Time Form site
C 9.26 MBq Ac-225 with 24.2 MBq Ra-225 producing Ac-225 20.06.2023 @ 9am Liquid MEDICIS

Chapter 6 
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Fig.6.3 Schematic representation of a hypothetical multiple decay curve, analogous to the decay 
curves of the U and Th decay series (Sect.12.14-12.16). 

 

In this context we can restrict ourselves to one element from the multiple decay chain: the 
relation between a parent and a daughter activity. The relations in a second and higher degree 
have been treated elsewhere (see textbooks by Friedlander et al. and by Faure).  

The parent nucleus decays according to the equations of radioactive decay which we have 
treated in this section: 
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The amount of daughter nuclei is determined by two processes: (i) radioactive decay and (ii) 
radioactive growth by decay of the parent nuclei, respectively: 
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The solution of this differential equation is: 
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Equations of Radioactive Decay 

6.2 HALF-LIFE AND MEAN LIFE 

It is a common practice to use the half-life (T1/2) instead of the decay constant (!) for 
indicating the degree of instability or the decay rate of a radioactive nuclide. This is defined as 
the period of time in which half of the radioactivity has disappeared (half of the nuclei have 
disintegrated, Fig.6.1): 

 T1/2 = ("1/!)ln(1/2)  (6.8) 

from which: 
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The mean life of a nuclide is the sum of the life times of a certain number of nuclei (before 
they have all disintegrated) divided by the number of nuclei. During the time interval dt a 
number of dN nuclei disintegrate. These "lived" during a period t, which amounts to a total 
life time for dN nuclei of (cf. Eq.6.3): 

  t#dN = t#!N#dt 

Integrating over all nuclei (N) gives the mean life (time): 
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As an example, the mean life of a 14C nucleus with T1/2 = 5730 a is 8267 years. Then ! = 
1/8267, which means that a sample activity decreases by 1‰ in about 8 years; a 3H sample 
activity (T1/2 = 12.43 a) decreases by 5.6% per year. 

6.3 ACTIVITY, SPECIFIC ACTIVITY AND RADIONUCLIDE 
CONCENTRATION 

The activity of a certain sample is the number of a radioactive disintegrations per sec for the 
sample as a whole. The specific activity, on the other hand, is defined as the number of 
disintegrations per unit weight or volume of sample (see spec.act. of 14C and 3H, Chapter 8). 
The unit of radioactivity is the Becquerel (Bq), which is defined as a decay rate of one 
disintegration per second (dps) or the now obsolete Curie (Ci) which was defined as a decay 
rate of 3.7$1010 dps. 
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SPECT imaging
Source B: 7.5% residual activity

Source C: 24% residual activity

22.06.2023 @ 17h
Source B: 7.33 MBq
Source C: 7.68 MBq

15 MBq in 250 ml volume

=> 60 kBq/ml

Ac-225 settings for Capintec CRC-55t

Cal # 775 with a multiplication factor of 5
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SPECT imaging
Hole diameter 

(mm)
Septal 

Thickness (mm)
Hole Length 

(mm)

ME 2.94 1.14 40.64

HE 3.4 3 50.8

Acquisition and reconstruction parameters

Orbit Body contour

Matrix 256 x 256

Pixel size 2.4 x 2.4

# projections 60/32

Time per projection 40 sec

Reconstruction OSEM

Iterations/subsets 50/2

Attenuation map CT based

Scatter correction scatter windows

Filter No filter

2 Materials & Methods
Di�erent reconstructions of identical data

Phantom
I NEMA IEC PET body phantom
I 6 spheres (� 13 - 60 mm, 1.15 - 113 ml)
I Uniform sphere activity (2 MBq/ml), no

background

Acquisitions
I Clinical SPECT/CT system (Siemens Intevo Bold)
I 208 keV peak, medium energy collimators
I Scatter correction (TEW), attenuation correction, ...

NEMA IEC PET body phantom

6 spheres (⌀ 13 mm, 17 mm, 22 
mm, 28 mm, 37 mm and 60 mm)

Total volume 160 ml
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SPECT imaging

collimator
time per 

projection
# projections 

per head
26/06/2023 calibration measurements
28/06/2023 HE 40 60
28/06/2023 HE 40 32
14/07/2023 HE 40 60
14/07/2023 HE 40 32
15/07/2023 ME 40 60
15/07/2023 ME 40 32
15/08/2023 HE 40 60
15/08/2023 HE 40 32
19/09/2023 ME 40 60
19/09/2023 HE 40 60
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SPECT imaging
HE 60 projections per 

detector head
HE 32 projections per 

detector head
ME 60 projections per 

detector head
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To be solved?

1. Correction maps optimized for Tc-99m 
(specific maps not available for Bi-213 / 

Fr-221 / Pb X-rays)

2. Dedicated reconstructions of data acquired with the 
different photopeak windows

(energy dependent attenuation map – scatter correction)

3. Confirm appropriate decay correction 



µSPECT imaging

20ml syringe filled with 19.73 ml Ac-225 solution and 
scanned on the Molecubes γ-cube
Data were reconstructed with a voxel size of 500µm 
using MLEM/30 iterations with an energy window 
centred on 460keV ± 10%

Molecubes γ/X-CUBE SPECT/CT system



5 min ‘test’ scan 
(short FOV of 1cm)

1 hour scan 
(3cm FOV)

4 hour scan 
(3cm FOV)

16 hour scan
(3cm FOV)

µSPECT imaging



µSPECT imaging
Cerenkov Imaging as alternative

Eppendorf with 5 min exp

Perkin Elmer IVIS Spectrum



• Radionuclide calibrator settings for Ac-225 confirmed

• Series of image quality measurements with the clinical SPECT system
with some reconstruction issues still open (under discussion with Siemens) 

• Preclinical SPECT system in current configuration not suitable for Ac-225 imaging
<> Cerenkov imaging feasible

<> No protocol yet for gamma counter measurements with Ac-225

<> Hospital environment not very flexible for planning measurements

MEDICIS more flexible to provide Ac-225 <> clinical use of Ac-225 provided by JRC

Ac-225/Ra-225 source manageable but relying on activity measurements MEDICIS
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To conclude



AlphaMet
A European project on metrology for emerging 
targeted alpha therapies

Ana Denis-Bacelar, PhD

ana.denisbacelar@npl.co.uk

National Physical Laboratory, UK

EFOMP Symposium on Molecular Radiotherapy Dosimetry 2023

mailto:ana.denisbacelar@npl.co.uk


AlphaMet aims to address the unique and unmet 
metrological challenges of alpha emitters and support the 

implementation of end-to-end traceability for alpha therapies 
before wide routine adoption

Eight metrology institutes (NMI/DI)

Eight clinical and research partners, and one affiliated entity

Consortium

2.3M€, Sep 2023 – Aug 2026



WP1: Radioactivity standards 

BEYOND STATE OF THE ARTCURRENT STATE OF THE ART
Revision of  223Ra standards found that 
patients were being injected with 9% 
more activity than intended 

No fully validated standards available 
for other α-emitters

Recommended administered activity 
accuracies <±5%, however, how well 
can user measure alpha emitters?

Development and dissemination of 
standards for 225Ac, 212Pb and 211At at 
multiple institutes

Intercomparison of activity measurement 
capabilities in preclinical centres and 
hospitals to assess user needs (225Ac)

Potential 
improvements in 
activity measurement 
capabilities (e.g. 123I)

Participants within 10% of true value
Participants within 5% of true value

62
%

94
%

28
%

85
%

1996 2015Ferreira et al, ARI (2016)



WP2: In-vivo activity quantification 

CURRENT STATE OF THE ART

68Ga-DOTATATE 225Ac-DOTATATE

3D quantitative SPECT (QSPECT) imaging is
not well established for α-emitters, but is 
essential for post-treatment verification (BSS)
Progeny in-growth, low activities è low 
counts, poor resolution
Unknown accuracy, reproducibility 
and uncertainties 

SPECT

BEYOND STATE OF THE ART

Assess feasibility/practicality of 
QSPECT for α-emitters (calibration, 
limits of detectability, quality control)
Improve QSPECT with advanced 

processing techniques: 
• In-silico models for optimisation
and generation of ground truth 
reference data
• Reconstruction algorithms

Harmonisation of α-QSPECT imaging
è international multi-centre 
comparison exercise


