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ABSTRACT 
 Nuclear Medicine relies on Mo99/Tc99m, for 80 % of the 25 million diagnoses made 

annually all over the world, for tracking diseases in cancerology, cardiology, neurology … 
Other isotopes such as I131, Y90, … are also used for therapy procedures which are currently 
promising significant developments. 
Mo99 together with I131, Xe133 and Sr90 are fission products generated by irradiating HEU 
targets in high flux test reactors and then purified by chemical process in a hot cell facility.  
This involves a complex process which is only mastered by four major producers in the 
world, two of them located in Europe are producing about 50 % of the world demand, 
making use of four reactors in four different European countries. 

 To ensure continuous and reliable supply of Mo99, isotope with a short half life precluding 
any significant storage, sufficient irradiation capacity has to be available 365 days per year 
and requests appropriate coordination of these reactors operating schedule as well as 
mastering many other obstacles related to procurement of material, transportation, waste 
management, … and licenses. 

 We will review all these aspects in the present situation and the perspectives of  
development of the production of fission isotopes in Europe and in the world, addressing in 
particular the possible approaches for securing tomorrow the necessary irradiation capacity. 

 
 
1. Introduction 
 
Radioisotopes used in Nuclear Medicine are produced either in test reactors (by activation of stable 
isotopes or by fission of uranium-235) or in particle accelerators facilities (by activation).  Reactors 
and accelerators are production tools complementary and not competing in most of the cases.  
Radioisotopes selected for production in reactors for medical application will have generally longer 
half-life than cyclotron isotopes because of production and logistics characteristics differences. 

 
Main applications are related to radiodiagnostic for tracking diseases in cancerology, cardiology, 
neurology … , to radiotherapy mainly in cancerology but also in cardiology, arthritisme… and for 
cancer palliative care. 
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Most of these radioisotopes having a short half life, it is mandatory for satisfying Nuclear Medicine 
requirements in particular for diagnostics in emergency, to ensure a security of supply for 365 days 
per year.  A reliable network of production facilities including appropriate distribution capabilities is 
a key strategical factor for the health of million of people in the world.   

 
 

Origin DIAGNOSTIC THERAPY 
 Isotope Half life Isotope Half life 

Cyclotron Krypton-81 
Fluor-18 
Iodine-123 
Thallium-
201 

13 
seconds 
2 minutes 
13 hours 
3 days 

Palladium-103 
 

17 days 

Reactor Molybdenum-99* 

Xenon-133 
Iodine-131 
Iodine-125 

66 hours 
5 days 
8 days 
60 days 

Rhenium-186 
Iodine-131 
Palladium-103 
Tungstene-
188* 

Strontium-90* 

4 days 
8 days 
17 days 
69 days 
28 years 

Note (*) Decay daughter [Tc-99m (6 hours); Rhenium-188 (17 hours) Yttrium-90 (2.7 days)] used 
in medicine 

 
Tab. 1 : Examples of radioisotopes for medical applications 

 
 

Today Nuclear Medicine is using Radiopharmaceuticals based on a few key radioisotopes for 
performing about 25 million diagnostic procedures and 2 million therapy procedures per year in more 
than 10.000 hospitals in the world.  For cancer therapy only, in industrialized countries 1/3 of the 
treatments are relying on radiotherapy and for developing countries, for economical reasons, the ratio 
reaches 50 %, whereas the number of cancer identified increases by 5 and 7.5 % per year 
respectively.  

 
Today, 80 % of the nuclear medicine diagnostic procedures are based on the Tc99m scintigraphy 
relying on the supply of Mo99 fission product.  Therefore, we will review the current status and the 
perspectives for future development of the production capacity of Mo99. 

 
2. Current production of fission radioisotopes in Europe and in the world 
 
Production of fission radioisotopes is the most critical for Nuclear Medicine, as today there is only 
four major producers in the world relying on 6 reactors for which location and technical 
characteristics are appropriate whereas the production of other isotopes is much more diversified 
(more than 30 reactors and a large number of cyclotrons) but supports only 20 % of the medical 
procedures.  This is illustrated in Tab.2. 

 
Production % Reactor Producer Operation 

d/year Mo99 I131 
Capacity Mo99 

production 
NRU 

CAN 
NORDION ± 315 40 - 80 

HFR 
NL 

TYCO-H 
IRE 

± 290 20 
10 

- 
30 

30 
20 

BR2 
B 

TYCO-H 
IRE 

± 115 5 
4 

- 
15 

15 
20 

OSIRIS  
F 

IRE ± 220 3 15 20 

FRJ-2 
D 

IRE ± 210 3 15 10 

SAFARI 
SA 

NTP ± 315 10 25 45 
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OTHERS 
W 

- - 5 - 10 

TOTAL (%) - - 100 100 250 
 

Tab. 2 : Tentative sharing of Mo99 and I131 fission radioisotope products by reactor and producer 
 
The other producers in the world are generally supplying only the local market in many countries 
(Australia, Russia, India, China, Indonesia, Korea, Argentina, …).  Europe is supplying about half of 
the world market and the USA and Japan are not producers although they are very important users of 
these products.   
 
Although the peak capacity of Mo99 production might exceed 2.5 time the World demand, the security 
of supply might be jeopardized during some period of time if any unexpected shutdown is occurring 
when different reactors are shutdown for refueling/maintenance.  For that reason, AIPES “Association 
of Imaging Producers & Equipment Suppliers” has set up a working group for having the Producers 
and Reactor Operators optimizing the different reactors operating schedules for limiting or eliminating 
the period of time at risk for a reliable isotope production.  In particular, the CEN.SCK is willing to 
propose a maximum flexibility for scheduling the BR2 cycles during the most critical periods and 
possibly to extend or move slightly the operating cycles. 
 
Although IRE has proven to be a reliable supplier of Mo99 for about 30 years, due to the risk of 
unexpected shutdown of aging multipurpose reactors, IRE signed mutual back-up agreements with the 
other producers.  Nevertheless, today Reactor availability in the world has to be reassessed for the 
future in particular because of recent decisions to shutdown FRJ-2 and Studsvik reactors in Europe 
and delay to start up Maple reactors in Canada. 
 
3. Optimum characteristics for a future reactor network for Mo99 production 
 
For securing the future supply of Mo99 and production of other radioisotopes required by the medical 
community, a future European reactor should meet the following criteria : 
 
- High availability : long cycle with minimum outages (3-4 days). 
- High reliability : high safety and low risk of SCRAM or operation perturbation. 
- Solutions based on diversity more than redundancy for reactor design and operations. 
- Large irradiation capacity for producing 50 % of world demand by 2015. 
- High n thermal flux (1-1.5 1014 n/cm².s) in most of irradiation positions, well predictable and 

stable. 
- Low investment cost and low operating cost (including fuel cycle). 
- Easy unloading of targets at full power and easy transportation from reactor to processing 

facility. 
 
Considering that all existing reactors are not expected to remain in operation much later than 2015, 
and that JHR might have started operation at that time, a leftover network of multipurpose reactors 
could still be expected to contribute to production of fission radioisotopes but mainly in a back-up 
role.  In particular, a minimum network of multipurpose reactors including new installations as FRM-
II and some aging but very performant reactors such as BR2 (flux > 1.1015 n/cm.s) or HFR with BNCT 
facility should be maintained for meeting specific needs such as radiotherapy or production of specific 
radioisotopes (e.g : W-188). 
 
Therefore, at least one new reactor should be made available by 2010-2020 and for satisfying the 
hereabove criteria it should be reactor fully dedicated to radioisotope production both for commercial 
supply and for supporting R&D for emerging radioisotopes applications.  Typical characteristics and 
design parameters for such reactor should include:  
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- A pool reactor dedicated to radioisotope production, without neutron beams tubes, test loops in 
core or fancy experimental features. 
A very simple design instead of complex multipurpose facility will significantly increase safety, 
reliability and availability of the reactor. 
Availability might reach 360 days/year, and no perturbation by experiments will guarantee 
predictable flux level and minimize risk of SCRAM. 
Fuel and Reflector elements layout might provide for a large number of RIGS dedicated to 
irradiation of targets properly cooled in order to meet the expected production capacity. 

 
- The design should be proven, not only for the fuel and the reactor core but also for all auxiliary 

systems. 
A prototype facility or a first of the kind advanced design will not provide any guaranty to be 
operational within a 5 years time period and will induce unacceptable financial risk. 
This is illustrated not only by the MAPLE project, but by many other projects, which were hardly 
realized. 

 
- By eliminating the complex testing facilities and in particular penetration if neutron beam tubes, 

safety might be unforced by simple safety features and investment costs might be reduced by a 
factor 2 to 3. 
Operating cost related to fuel cycle, waste management and maintenance might also be 
significantly reduced. 
In such case with an investment not exceeding 100 million € and operating cost not exceeding 10 
million € per year, the economy of irradiation for radioisotope production might be financially 
acceptable by itself. 
This could be improved by additional funding coming from irradiation of material (eg : Silicon 
doping) or by subsidies related to R&D programs asking for new radioisotopes or to education 
programs. 

 
- A network of multipurpose reactors designed for reactor research and advanced physics testing 

should be kept available for providing the minimum back-up possibly needed at some period of 
time.  Nevertheless, depending on the evolution of the world radioisotope market and production 
capabilities, a second dedicated reactor might be required in Europe by 2020.  For the sake of 
security of supply, diversity in the design and sitting should be considered as mandatory. The 
lessons learned from the MAPLE project are obvious with this respect. 

 
4. Conclusions 
 
For meeting the needs of Nuclear Medicine within the next 10 to 15 years, a new simple and cost 
effective Reactor fully dedicated to radioisotope production should be installed within the network of 
multipurpose reactors used for other nuclear applications.  For such important investments, although 
contribution of commercial suppliers might be foreseen, the support of national and international 
authorities is required for securing an appropriate funding. 
 
 
 
 
 
 
 
 

 
 


