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• The alpha-emitters considered

• Radioactive concentration/amount

• Radiochemical yield and purity

• Stability of radiopharmaceuticals

• Waste management

• Health physics and safety 
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Measurement in the Radiopharmacy
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Property & opinion of presenter – do not use information elsewhere.

Theory in progress…
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Clinical trials

Trials registered at clinicaltrials.gov as of October 2023

Excluding radium-223.
Laboratory for Radiopharmaceutical Research
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The alpha-radiopharmacy

• Superior radiation detectors and health monitoring of staff

• Superior ventilation protection – isolators/closed systems 

• Dedicated workspaces and QC equipment (presence of other emissions disrupt detection)

• Unique detections systems for QC 

• Safer production equipment and closed systems 

• Specialist staff
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Measurement of low activities/indirect measurements 

Information courtesy of E de Blois, Erasmus MC. 

Figure courtesy of J. Kleynhans, created with Biorender.com

Misadministration

– dose different from prescribed dose by 20%

– e.g. 6 MBq Ac-225 (4.8 – 7.2 MBq) 
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Cold standards for analytical method validation
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Lutetium-177

ESI-MS: 

1674.337 [M/Z]1+

ESI-MS: 1498.37 [M/Z]1+
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Lack of useful gamma-emissions
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LOQ & LOD

EANM Guidelines: Validation of LOQ should determine the amount of 

radioactivity (kBq/volume) tested assure the quantification of small 

amounts of radioactive impurities (0.5%).

Information courtesy of E de Blois, Erasmus MC. 

Figure courtesy of J. Kleynhans, created with Biorender.com
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HPLC method recovery

Radiochemical species can be 

retained on the column.

Tested 

• Total activity injected – vs activity measured/activity eluted 

• Injecting spiked known mixtures of radiochemical species – identify compounds that is retained.

For alpha-emitters the LOD & LOQ or lack of useful gamma emissions results in complications. 
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Radiopharmaceutical stability Radionuclide Physical half-life

Thorium-227 18.7 days

Radium-223 11.4 days

Actinium-225 9.9 days

Lead-212 10.64 hours

Astatine-211 7.21 hours

Terbium-149 4.1 hours

Bismuth-213 46 minutes

Guérard et al., 2021. DOI: 10.1021/acs.accounts.1c00327
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Chemistry of the daughters
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Detection of radiolytic products

Only radioHPLC anslysis is suitable for  identification of radiolysis. 

Hooijman et al. 2022. EJNMMI Radiopharmacy and Chemistry, 7:29 

DOI: 10,1186/s41181-022-00181-0.
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Shipment and shelf-life

Radionuclide Physical half-

life

Thorium-227 18.7 days

Radium-223 11.4 days

Actinium-225 9.9 days

Lead-212 10.64 hours

Astatine-211 7.21 hours

Terbium-149 4.1 hours

Bismuth-213 46 minutes
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Waste management

Information courtesy of Radchenko, V. TRIUMF, figure courtesy of 

J. Kleynhans, created with Biorender.com



Laboratory for Radiopharmaceutical Research19

Lutetium-177 example

Information courtesy of O Knoesen, Necsa, figure courtesy of J. 

Kleynhans, created with Biorender.com
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Waste management problems:

• Long lived impurities from production methods

• Parent radionuclides from generator systems

Velikyan. DOI: 2015. 10.3390/molecules200712913.
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Health physics and safety 

In experimental setup no radiation concerns –

Upscaling to Hospital Radiopharmacy: 

Potential safety concerns is radion-220 exposure 

when the generator is opened. 

With a 7cm lead shield dose rate 0.7 µSv per MBq. 

Personal experience with manual gallium-68 

generator-based labelling 0.02 µSv per MBq. 

Isolators!



Laboratory for Radiopharmaceutical Research22

Useful reads
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Useful reads
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Useful reads
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