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R TRIUMF Beamlines and Production Sites at TRIUMF
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R TRIUMF PET isotopes
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R TRIUMF PET isotopes
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SPECT Isotope
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SPECT Isotope
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R TRIUMF Alternative %°™Tc Production

® Cyclotron
O Ground transport

(2 Air transport

» Decentralized Production " i
99mTc locally produced, locally used, competitively priced <&
— Redundant supply to avoid widespread shortages b M
— Complementary to: ® NSERC
« other medical isotopes produced by cyclotrons ('8F) CRSNG

e other sources of M7

I o I Natural Resources Ressources naturelles
' Canada Canada

J. Beaver, H. Hupf J Nucl Med 1971:12:739-741 Canada



o emitters
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R TRIUMF Spallation Reaction with 500 MeV Protons
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@TRIUMF Isotope Accelerator Program (ISAC): 50 kW ISOL Facility

Isotope production using TRIUMF's
500 MeV infrastructure

1) ISAC — ISOL (Research, Feasibility)
Low activity (kBg to MBQ), high purity
2) 500 MeV — IPF (BL1A)

Intermediate activity (MBQ), spallation \:l
* Routine, independent production

3) ARIEL/H*

High activity (GBQ), spallation

» Enable radiopharmaceutical development and
clinical trials

Experiments underway



R TRIUMF First 225Ac scan

High Energy
Collimator

£
221Fr - 218 keV 213Bj - 440 keV

High Sensitivity
Collimator

221Fr - 218 keV 213Bj - 440 keV
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,TRIUMF Isotope Accelerator Program: Isotope Production Facility

Isotope production using TRIUMF's
500 MeV infrastructure

1) ISAC - ISOL
Low activity (kBg to MBq), high purity
» Feasibility chemistry, radiolabeling

2) 500 MeV — IPF (BL1A)
Intermediate activity (MBg), spallation al
 Routine, independent production

3) ARIEL/H*

High activity (GBQ), spallation

» Enable radiopharmaceutical development and , I
clinical trials : [ e

___TARGET TRANSFER
=
TRANSFER

500 Mev
___ ISOTOPE PRODUCTION
. THIMBLE
Irradiation Location

500 MeV Isotope Production Facility



Q@ TRIUMF

« Extraction of 22°Ac product from Th metal has been

 Directly produced Ac fraction contains toxic 2%’Ac (t1/2 =

demonstrated

Chemical yield: > 85%

22 y)

227Ac/??°Ac = 0.1 - 0.2%

Isolation of 22°Ac from Ra fraction could reduce 22’Ac
impurities

V Radchenko et al. J. Chromatog. A., 2015,
1380, 55

225Ac Production via Thorium Irradiation

Th target
Dissc%ution L, RIG
HNOg#+HE [
Th, Ac, Pa, Ra, REE,
Tc, Mo, Ru, Te, Sb,
Ba, Cd, Ag, Zr, Nb etc. Th, Pa, Cd,
LLX ZI’, Nb
2xHDEHP ’

/e

DGA

Ra, Ru, Cs,Mo
Ba, Te, Ag, Nb, Sb Ac, La, Ce, Nd, Pm
‘_

TRU

l

225AC

Aliev et al., Solvent Extraction and lon Exchange (32), 2014.



Q2 TRIUMF

Primary vs Secondary ??°Ac

Process steps:
1) Th Irradiation

2) Ra/Ac separation 1 week EOB — gives primary Ac fraction

3) Recovered Ra allowed to sit for 17.5 days

4) Ra/Ac separation — gives secondary Ac fraction

First run with Th oxide 2016

First run with Th Dec 2017

Primary Ac Fraction

Secondary Ac Fraction

days from Ra/Ac

isolation g L
Ac-225 [MBq] 42.2 39.4
Ac-228/Ac-225 [%] 0.039 0.003
Ac-227/Ac-225 [%] 0.185 0.198

Ac-226/Ac-225 [%] 16.020 9.740

29.9
0.000
0.261

1.330

days from Ra/Ac

isolation 0
Ac-225 [MBq] 2.2
Ac-228/Ac-225 [%] 0.882
Ac-227/Ac-225 [%] 9.951E-09
Ac-226/Ac-225 [%)] 0.000

2

1.9
0.003
9.949E-09

0.000
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@,TRlUMF Isotope Accelerator Program: ARIEL Parasitic Target Station

Isotope production using TRIUMF's enclosed h target
500 MeV infrastructure bearm cump) \
1) ISAC - ISOL

Low activity (kBg to MBQq), high purity
« Actinide targets
« Feasibility chemistry, radiolabeling

2) 500 MeV — IPF (BL1A)
Intermediate activity (MBQ), spallation
» Routine, independent production

3) ARIEL/H*

High activity (GBq), spallation

 Enable radiopharmaceutical development and
clinical trials proton

beam line ™

beam line

rimary ISOL target in vacuum
enclosure



Proposed ARIEL Parasitic Target Station - CFl

« 400 mCi (15 GBq) ?*>Ac per target (FLUKA; A. Gottberg)
« Irradiation schedule decoupled from science target

* ARIEL Proton Station commissioning scheduled for 2021
«  $9.8M for infrastructure
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Summary
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R TRIUMF

Canada’s national laboratory for
particle and nuclear physics

Laboratoire national canadien

pour la recherche en physique I
nucléaire et en physique des a n yO u "
particules
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