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Wales Research and Diagnostic PET Imaging Centre
• Based at the University Hospital of Wales

• Provide a routine clinical service for most of Wales using a GE 690 PET-CT Scanner

• Equipped with a Mediso pre clinical PET-CT scanner

• Have a GMP licensed production facility producing

• FDG

• FDOPA

• Fallypride

• Tau

• Equipped with an IBA 18/9 COSTIS solid target station for production of radiometals

• 89Zr

• 48V

• 86Y
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IBA
Based in Belgium

Based on longstanding expertise, IBA RadioPharma Solutions supports hospitals and 

radiopharmaceutical distribution centers with their in-house radioisotopes production by 

providing them global solutions, from project design to the operation of their facility.

In addition to high-quality technology production equipment (cyclotron solutions, targetry

systems, synthesizers, control systems, ...), IBA has developed in-depth experience in 

setting up (c)GMP radiopharmaceuticals production centers.
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TRIUMF
Based in Vancouver

TRIUMF is one of the world’s leading subatomic physics laboratories. It brings together 

dedicated physicists and interdisciplinary talent, sophisticated technical resources, and 

commercial partners in a way that has established the laboratory as a global model of 

success. Its large user community is composed of international teams of scientists, post-

doctoral fellows, and graduate and undergraduate students.The University exists to create 

and share knowledge and to educate for the benefit of all.

Canada's national laboratory for particle and nuclear physics and accelerator-based 

science
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AIM
To determine whether it was possible to produce sufficient quantities of 99mTc using the 
100Mo(p,2n)99mTc reaction on an 18/9 IBA cyclotron equipped with a COSTIS solid target system 

using the targets developed by TRIUMF
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PROJECT SET UP
Initial Meeting

First meeting in September 2016 at World Target and Target Chemistry conference at Los 

Alamos

Environmental Permitting Regulations

Needed to modify permit granted by Natural Resources Wales to enable work to proceed

Ionising Radiation Regulations

Needed to update Risk Assessments in areas where work was to be undertaken

Cyclotron Modification

Need to upgrade cyclotron
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Enviromental Permitting Regulations
Initial Meeting

Target material is Enriched molybdenum
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Enviromental

Permitting

Regulations

Needed to determine product 

radionuclides, daughter 

radionuclides and likely yields 

from nuclear reaction

Nuclear reactions modelled in 

silica

Main channel - 100Mo(p,2n)99mTc

Also - 100Mo(p,pn)99Mo  99mTc

Also need to account for other 

reactions on 100Mo and other Mo 

isotopes

Celler et al, Phys Med Biol 56 (2011); 5469-5484
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Enviromental

Permitting

Regulations

There will be some (p,n) reactions 

produced during irradiation

Celler et al, Phys Med Biol 56 (2011); 5469-5484
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Enviromental

Permitting

Regulations

Also will see (p,2n) reactions as 

well

Celler et al, Phys Med Biol 56 (2011); 5469-5484
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Enviromental

Permitting

Regulations
Wide range of radionuclidic impurities 

generated

Needed to determine product 

radionuclides daughter radionuclides 

and likely yields from

nuclear reaction
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Enviromental

Permitting

Regulations
99mTc dominates

Significant quantities of 99Mo 

produced

Trace amounts of other 

impurities produced

97mTc has 91 day half life. 

Decays by isomeric transition 

and emits a gamma ray at 97 

keV
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Enviromental

Permitting

Regulations
Open source 99mTc 

increased from 2.1 GBq to 

500 GBq on permit

Other radionuclides, 

excluding alpha emitters 

increased from 0.3 GBq to 

100 GBq

NRW did not approve the 

irradiation of a natural 

Molybdenum target
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Ionising Radiation Regulations
Risk assessments did not show any significant additional risk

Each irradiation expected to produce between 50-100 GBq of 99mTc

Shielding in all areas designed for 200 GBq of 18F

Cyclotron Modification
Needed to upgrade target water cooling to allow current to increase from 40 μA to 55 μA

Needed to remove Helium cooling from front of target and replace with vacuum.  Achieved with a 

simple click and connect fitting.
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Test of Target Loading and Unloading
In November 2016, we received a natural Mo target to ensure the system could load and unload 

the target disks

Original target slightly too big to maintain vacuum on target. Diameter reduced from 12.5 mm to 

12 mm.  Target loading and unloading repeated with new target successfully.
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Photographs of the Mo target on a copper backing
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Target Irradiations
In February 2017, we undertook 6 target irradiations with representatives with TRIUMF and IBA

3 x 1 hour at 50 μA

3 x 6 hour at 50 μA

Targets were unloaded, transferred to a research hot cell and measured in a Capintec CRC 

25R dose calibrator

Repeated measurements were taken using data logging software

Activities were decay corrected to End of Beam assuming a 6 hour half life

No attempts were made to measure gamma spectrum

Targets were visually assessed for damage post irradiation
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Log of a 6 hour irradiation demonstrating stable cyclotron performance
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Results

The 1 hour irradiations produced

13.5 ± 1.4 GBq of 99mTc

The 6 hour irradiations produced

63±6 GBq of 99mTc

Activity measurements 4 days 

later on 6 hour irradiation 

targets showed < 500 MBq

present

No visual evidence of significant 

target degradation post 

irradiation



Conclusion

It is possible to produce 60 GBq of 99mTc on an IBA 18/9 cyclotron equipped with a COSTIS 

solid target system using the targets designed and produced by TRIUMF without large amounts 

of long lived impurities

With a modified cooling system, it is possible to use up to 50 μA without target degradation or 

melting
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