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Don’t forget the fuel!



Take home messages

1. Radioisotopes are the “fuel” for nuclear medicine



Cumulative use of diagnostic isotopes in Europe
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http://www.nupecc.org/npmed/npmed2014.pdf

Good SPECT imaging
99Mo/99mTc generator:

• Simpler logistics

• Easy-to-use

• Reliable

• Cheap



2011 breakdown:

69% SPECT/scintigraphy - 21% PET - 10% Cr-51 EDTA (kidney)

PET: 93% FDG - 4% other F-18 tracers - 3% other isotopes

Production: 76% reactor – 24% cyclotron
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Diagnostic procedures in Denmark

Total Tc-99m I-123 I-131 In-111 Kr-81m F-18 O-15 C-11 Cr-51

The State Institute of Radiation Protection Denmark.



Take home messages

1. Radioisotopes are the “fuel” for nuclear medicine

2. 99mTc and 18F are the main fuels, alternative fuels catching up 



2014: 99Mo production capacity and demand

Circle diameter proportional to annual reactor capacity (blue) and demand (red).
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End 2016: 99Mo production capacity and demand
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Circle diameter proportional to annual production capacity (blue: reactor; 

green: cyclotron; orange: LINAC) and demand (red).



L'OCDE s'inquiète des risques de pénurie d'isotopes médicaux



(Argonne)



the mission is a nuclide.

isotope Tc-99m



2022: 99Mo production capacity and demand
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Circle diameter proportional to annual production capacity (blue: reactor; 

green: cyclotron; orange: LINAC) and demand (red).



Take home messages

1. Radioisotopes are the “fuel” for nuclear medicine

2. 99mTc and 18F are the main fuel, alternative fuels catching up

3. 99mTc is an industrial/economic challenge, not a scientific one
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Take home messages

1. Radioisotopes are the “fuel” for nuclear medicine

2. 99mTc and 18F are the main fuel, alternative fuels catching up

3. 99mTc is an industrial/economic challenge, not a scientific one

4. Opportunity to switch to alternative fuels (PET)



Facilities producing 82Sr

LANL, USA – 100 MeV, 200 µA

BNL, USA – 200 MeV, 100 µA

INR, Russia – 160 MeV, 120 µA

TRIUMF, Canada – 110 MeV, 70 µA

iThemba, South Africa – 66 MeV, 250 µA

ARRONAX, France – 70 MeV, < 750 µA

SPES, Italy – 70 MeV, < 1000 µA

Zevacor, USA – 70 MeV, < 750 µA

BLIP



Take home messages

1. Radioisotopes are the “fuel” for nuclear medicine

2. 99mTc and 18F are the main fuel, alternative fuels catching up

3. 99mTc is an industrial/economic challenge, not a scientific one

4. Opportunity to switch to alternative fuels (PET)

5. Compact (<10 MeV) or high energy (>100 MeV) accelerators



The rising star 

for therapy



Production of non-carrier-added 177Lu

1. Enrichment of stable isotope (> 99.8% 176Yb)

2. Irradiation in high flux reactor

3. Radiochemical separation of n.c.a. 177Lu

http://en.wikipedia.org/wiki/File:Galissard_de_Marignac.jpg
http://en.wikipedia.org/wiki/File:Galissard_de_Marignac.jpg


Resonant Laser Ionization for Isotope Separation





Take home messages

1. Radioisotopes are the “fuel” for nuclear medicine

2. 99mTc and 18F are the main fuel, alternative fuels catching up

3. 99mTc is an industrial/economic challenge, not a scientific one

4. Opportunity to switch to alternative fuels (PET)

5. Compact (<10 MeV) or high energy (>100 MeV) accelerators

6. Efficient enrichment of rare isotopes (also stable)
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The Nuclear Medicine Alphabet



Radio-

nuclide

Half-

life

Daugh-

ters

Half-

life

Cumulative

/decay

E mean

(MeV)

Range

(m)

Tb-149 4.1 h 0.17 3.97 25

Pb-212 10.6 h
Bi-212

Po-212

1.01 h

0.3 s
1 7.74 65

Bi-212 1.01 h Po-212 0.3 s 1 7.74 65

Bi-213 0.76 h Po-213 4 s 1 8.34 75

At-211 7.2 h Po-211 0.5 s 1 6.78 55

Ra-223 11.4 d

Rn-219

Po-215

Pb-211

Bi-211

4 s

1.8 ms

0.6 h

130 s

4 6.59 >50

Ra-224 3.66 d

Rn-220

Po-216

Pb-212

Bi-212

56 s

0.15 s

10.6 h

1.01 h

4 6.62 >50

Ac-225 10.0 d

Fr-221

At-217

Bi-213

Po-213

294 s

32 ms

0.76 h

4 s

4 6.88 >50



(1.4 GeV)

Production of 149Tb, 152Tb and 155Tb at ISOLDE



Astatine: a chemical hybrid – halogen/metalloid



IP(At) = 9.317510(8) eV

Challenges of Astatine

Dag Hanstorp et al.  

INTC-I-148



Take home messages

1. Radioisotopes are the “fuel” for nuclear medicine

2. 99mTc and 18F are the main fuel, alternative fuels catching up

3. 99mTc is an industrial/economic challenge, not a scientific one

4. Opportunity to switch to alternative fuels (PET)

5. Compact (<10 MeV) or high energy (>100 MeV) accelerators

6. Efficient enrichment of rare isotopes

7. Provide high quality alpha emitters (149Tb, 211At, 225Ac): 

mass sep. at ISOLDE/MEDICIS & radiochemically purified



211At production
209Bi(,2n)211At 209Bi(,3n)210At > 210Po



J. Jastrzębski. ICTR-PHE2016

0

200

400

600

800

1000

1200

1400

1600

15.0 20.0 25.0 30.0 35.0 40.0 45.0

S
ig

m
a

 (
m

b
)

Energy (MeV)

Cd-116(,3n)Sn-117m

N. Stevenson. ICTR-PHE2016

7.2-11 MeV/u light ion LINAC A/q=2
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8. Great potential for linear accelerator A/q=2, 7.2-11 MeV/nucl.



Which medical isotopes will we need in 2030 ?



...

Today >30 million clinical 

applications per year !
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Radioisotope production is outside of ILL’s normal sphere of 

activity, but we have a moral imperative to do this work. 

It’s a great example of how a publicly funded facility can have     

a totally unexpected and unpredictable payoff for society.

Prof. Andrew Harrison (former ILL Director)
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