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ABSTRACT 
 

The worldwide supply of 99Mo relies on a limited number of research reactors and 
processing facilities. Its production is essential for the nuclear medicine as 99mTc, 
obtained from 99Mo/99mTc generators, is used in about 80% of the diagnostic 
nuclear imaging procedures. These applications represent yearly approximately 30 
million examinations worldwide. The short half-life's of 99Mo (66 hours) and its 
daughter 99mTc (6 hours) require a regular supply of 99Mo/99mTc generators to 
hospitals or central radiopharmacies. Currently, there are only five nuclear reactors 
involved in the production of 99Mo on industrial scale: NRU (Canada), HFR 
(Netherlands), BR2 (Belgium), OSIRIS (France) and SAFARI (South Africa). They 
irradiate highly enriched uranium targets for the production of about 95% of the 
available 99Mo by four processing facilities: AECL/MDS NORDION (Canada), 
COVIDIEN (Netherlands), IRE (Belgium) and NTP (South Africa). However, these 
ageing reactors are subject to unscheduled shutdowns and longer maintenance 
periods making the 99Mo supply chain vulnerable and unreliable. Several severe 
disruptions have been experienced since the fall 2005 due to the occurrence of 
problems at different stages of the supply chain: reactor outages, release of activity 
from processing facilities, recall of 99Mo/99mTc generators by the manufacturers, … 
It is not expected that the situation will improve significantly in the near future. 
Therefore, several workshops have been organized in 2009 by the OECD Nuclear 
Energy Agency (NEA), the International Atomic Energy Agency (IAEA) and the 
Association of Imaging Producers and Equipment Suppliers (AIPES) to define 
measures that should be taken to secure the 99Mo supply in the short, medium and 
long term. This paper summarizes the current status of the 99Mo supply, discusses 
the ongoing plans for additional 99Mo production capacity and outlines the issues 
for a reliable global supply chain.  

 
 

1. Introduction 
 
Radioisotopes are playing a key role in 'in vivo' nuclear medicine procedures for diagnosis 
(90%) and therapy (10%). The radioisotopes used for 'in vivo' diagnostic purposes are linked 
to specific chemical compounds to produce radiopharmaceuticals which allow the desired 
specific physiological processes to be examined (heart, thyroid, liver, kidney, blood flow, …), 
the detection of tumours (breast cancer, prostate cancer, …), bone scintigraphy, … They 
must emit gamma rays of sufficient energy to escape from the body so that they can be 
detected by a camera that will produce an image. Moreover, their half-life must be long 
enough to allow for logistic and preparations before imaging can occur, and short enough for 
it to decay during the imaging procedure and disappear soon after it is completed.     
 
Technetium-99m, the daughter of Molybdenum-99, is the most suitable radionuclide for 
SPECT (Single Photon Emission Computed Tomography) imaging technique with a single 
140 keV gamma-ray emission and a very convenient half-life of 6 hours. It is used in about 
80% of all diagnostic nuclear imaging procedures, representing yearly approximately 30 
million examinations worldwide: 16 million in North America, 7 million in Europe, 6 million in 
Asia (Japan mainly) and 1 million in the rest of the world [1]. This percentage is expected to 
continue to grow due to its availability from the very convenient and cost-effective 99Mo/99mTc 
generator. Other radioisotopes used in radiodiagnostic procedures are 201Tl, 123I, 131I, 111I, 
81mKr, 18F and 68Ga. In situation of 99Mo shortages, the use of alternative isotopes is boosted 
and present some disadvantages: for example, 201Tl (73 hours half-life) gives lesser quality 
images than 99mTc and the patients are exposed to higher radiation doses. 



2. Mo-99 global supply chain 
 

99Mo is characterized by a half-life of 66 hours and is currently mainly produced in research 
reactors by fission of 235U from high enriched uranium (HEU) targets. There are only five 
nuclear reactors involved in this production on industrial scale: NRU (Canada, start operation 
1957), HFR (Netherlands, start operation 1961), BR2 (Belgium, start operation 1961), 
OSIRIS (France, start operation 1966) and SAFARI (South Africa, start operation 1965). All 
these reactors are thus more than 40 years old and are not dedicated to the production of 
99Mo. A few additional research reactors meet regional requirements as OPAL (Australia, 
start operation 2007) and can act as backups on a case by case basis. Unscheduled 
stoppages of producing reactors are becoming more frequent and last for longer. As a result, 
supply problems have become more common and more acute since a few years [2]. 
 

After an irradiation 
time of about 168 
hours and a cooling 
period of 12 hours, 
the irradiated targets 
are loaded into 
shipment containers 
and sent to four 
processing facilities 
supplying about 95% 
of the 99Mo global 
needs: AECL/MDS 
NORDION (Canada), 
COVIDIEN (Nether-
lands), IRE (Belgium) 
and NTP (South 
Africa). The bulk 99Mo 
is then sent to other 
companies for the 
manufacture of the 
99Mo/99mTc generators: COVIDIEN (Netherlands and US), LANTHEUS MEDICAL IMAGING 
(US), GE-HEALTHCARE (UK) and IBA-MOLECULAR (France). Fig. 1 illustrates the 
geographical location of the main infrastructures involved today in the 99Mo production.  
 

Finally, the 99Mo/99mTc generators are supplied to hospitals or central radiopharmacies as 
shown in Fig. 2 and can be used for only 1 week because of the loss of 1% of activity per 
hour. In normal circumstances, this strategy of supply allows the availability of 99mTc every 
day, 365 days per year, on the basis of a weekly delivery of generators all around the world. 
Each partner in the supply chain must thus work very efficiently to avoid losing time so that 
the product can be delivered as quickly as possible, taking shipment constraints into account 
(by road, by air, …). Nevertheless, the recent supply shortages have highlighted the 
vulnerability of centering production around a limited number of ageing reactors. 
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Fig. 1:  Mo-99 global supply chain 

Fig. 2:  Mo-99 supply chain 



3. Mo-99 global needs 
 
The weekly requirement of 
99Mo worldwide is reported to 
be approximately 12.000 Ci 
'6-day' calibrated for North 
America (53%), Europe 
(23%), Asia (20%) and the 
rest of the world (4%). The 
“6-day curie” is a unit of 
measure that takes the 99Mo 
decay rate into account, 
including the losses during 
shipments,  and represents an average amount of 99Mo that would be available for use 6 
days after processing, as illustrated in Fig. 3. The global needs are expected to increase by 3 
% per year in the near future. In average, the NRU reactor produces about 35% of the 
required 99Mo, the HFR reactor about 25%, the BR2 reactor about 15%, the OSIRIS reactor 
about 5% and the SAFARI reactor about 10% [2]. The remaining 99Mo is produced by 
reactors for their domestic market. 
 
4. Previous medical radioisotopes shortages 
 
The access to the reactors and processing facilities for the 99Mo has been a matter of 
concern for the nuclear medicine community for more than ten years. However, new sources 
of global supply have not been developed because of the expected impact of Canada’s 
MAPLE project involving the construction of two 10 MW reactors dedicated to the production 
of medical isotopes and of a new processing facility for the supply of 99Mo. Once completed, 
the reactors could have supplied from 2000 twice the entire global demand for 99Mo but 
commissioning tests encountered major technical problems and AECL decided to stop the 
project in May 2008. The limited number of producers worldwide and the limited planning for 
new capacity can also be attributed to the economic realities of a market in which product 
pricing reflects subsidized costs due to shared use of government facilities [3]. The risks of 
global 99Mo supply disruptions increased significantly since 1995 and have been experienced 
for different reasons as indicated below: 
 

● 1995 : Problems in the shipping of 99Mo due to a strike of Canadian air-flight personnel; 
 

● 1995 - 1997 : Shutdown of the BR2 reactor (21 months) for major refurbishment; 
 

● 1997 : Shutdown of the NRU reactor (5 days) because of a strike; 
 

● 1997 : Definitive shutdown of the SILOE reactor (Grenoble, France) which produced 99Mo; 
 

● 2002 : Shutdown of the HFR reactor (42 days) for reactor operation safety concerns; 
 

● 2005 - 2006 : Recall of 99Mo/99mTc generators by COVIDIEN (5 months); 
 

● 2006 : Shutdown of the NRU reactor (6 days) for reactor operation safety concerns; 
 

● 2006 : Definitive shutdown of the FRJ-2 reactor (Jülich, Germany) which produced 99Mo; 
 

● 2007 : Recall of 99Mo/99mTc generators by COVIDIEN (1month); 
 

● 2007 : Shutdown of the HFR reactor (1 month) for reactor operation safety concerns; 
 

● 2008 : Shutdown of the NRU reactor (11 days) for reactor operation safety concerns; 
 

● 2008 : Shutdown of the IRE processing plant (3 months) for 131I release; 
 

● 2008 - 2009 : Shutdown of the HFR reactor (6 months) for operation safety concerns; 
 

● 2009 - 2010 : Shutdown of the NRU reactor (11 months) for reactor vessel welding repairs; 
 

● 2010 : Shutdown of the HFR reactor (6 months) for repair of a primary cooling pipework. 
 
The supply of 99Mo in the year 2010 will again be very challenging because of the extended 
maintenance periods currently scheduled for 3 of the 5 main reactors involved in the field: 
NRU, HFR and OSIRIS.   

Fig. 3:  Mo-99 global needs per week 



5. Current Mo-99 crisis and status of the main reactors 
 
The NRU reactor (Chalk River, Canada) has been placed in safe shutdown conditions in May 
2009 following the detection of a small heavy water leak in the vessel. The Atomic Energy of 
Canada Limited's (AECL) decided to defuel the reactor to complete vessel inspection and 
repair activities. Additional work is being conducted to improve the overall reliability of the 
reactor. According to AECL, NRU will remain offline until April 2010 and the first medical 
isotopes would be distributed within 10 days after restart. The current NRU license will expire 
in 2011 and AECL is currently working on license extension issues.  
 
The HFR reactor (Petten, Netherlands) is shutdown since 19th February 2010 for an 
expected period of 6 months to perform the repair plan of a primary cooling water pipework. 
Meanwhile, the Nuclear Research and consultancy Group (NRG) plans to build a new 
reactor, PALLAS, to replace the HFR reactor in 2016. This project will contribute to the 
production of medical isotopes and ensure the continuation of nuclear research. 
 
The OSIRIS reactor (Saclay, France) will be shutdown 
for an extended period of about 5 months from June 
2010 to undergo major maintenance work for a safe 
operation until 2015. By that time, the JHR reactor 
should be able to start its operation in Cadarache to 
avoid any discontinuity in irradiation facilities in France. 
 
The BR2 reactor (Mol, Belgium) - Fig. 4 - will operate 
an extra period dedicated to the 99Mo production (6 
operating cycles instead of 5 as initially scheduled) in 
2010. This has been made possible by extra financial 
contributions from the industry. In addition, BR2 will be 
able to offer an increase of its irradiation capacity for 
the 99Mo production by 50% from April 2010 through 
the installation of additional new equipments. The 
reactor is scheduled to operate at least until 2016 and 
SCK•CEN is already looking at the technical and safety 
aspects to extend its potential operation until 2026. 
Another new multipurpose irradiation facility, 
MYRRHA, a multifunctional accelerator driven 
subcritical system (ADS) should be able to replace the 
BR2 reactor in 2022 to perform research programmes 
and commercial activities including the 99Mo production.  
 
The SAFARI reactor (Pelindaba, South Africa) has no major maintenance work scheduled in 
2010 and will be able to continue its supply of 99Mo.  
 
The representatives of the 'Reactor and Isotopes' Working Group of the Association of 
Imaging Producers and Equipment Suppliers (AIPES) made once again their best efforts to 
achieve an optimal coordination of the available reactor operating periods in 2010 taking the 
information above into account. They defined a suitable reactor operating calendar which 
should minimize the impact of the 99mTc shortage for the patients, assuming that the NRU 
reactor would come back on power in April 2010 as announced by AECL and that HFR 
reactor's shutdown will not be longer than six months as announced by NRG. The operating 
schedule for 2010 includes a supplementary cycle from the BR2 reactor (Belgium) and two 
rescheduled cycles from the OSIRIS reactor (France) in the first semester. As a result of 
coordination efforts, the expected periods of 99Mo production capacity limitations have been 
reduced from 14 weeks initially to 4 weeks in 2010 (in May, June and July). It is also 
expected that extra backup supply will be provided from March 2010 through a collaboration 
between COVIDIEN and the MARIA reactor (Świerk, Poland). Nevertheless, 2010 will be a 
difficult year where, on average, only 70 - 80% of the 99Mo global demand will be met. 

Fig. 4:  BR2 reactor 



6. Lessons learned 
 
Several organizations under which the OECD Nuclear Energy Agency (NEA), the 
International Atomic Energy Agency (IAEA) and the Association of Imaging Producers and 
Equipment Suppliers (AIPES) have been working together to define measures that should be 
taken to secure the 99Mo supply in the short, medium and long term. A workshop on 'Security 
of Supply of Medical Isotopes' has been hosted by the NEA in Paris (January 2009). 
Workshop participants identified measures to enhance the short-term supply security: 
 
● Reactor owners and operators should continue to share information and to enhance 

coordination of reactor maintenance schedules, with a view to ensuring an uninterrupted 
global supply of medical isotopes; 

 

●  Options for increasing production from existing reactors in times of global shortage should 
be further explored and encouraged; 

 

●  Current economic conditions for irradiation services should be reviewed to provide better 
incentives to reactor operators, including where the main mission is research in support of 
national nuclear energy or scientific programmes; 

 

●  Unnecessary impediments to the distribution of medical isotopes, such as restrictions in 
transport capabilities and denial of shipment by airline companies, should be removed; 

 

●  Anticipative actions to avoid the dilemma between meeting nuclear safety requirements 
and meeting health care needs should be encouraged; 

 

●  Radiopharmacies, hospitals, health product regulators and the medical community should 
explore options for more efficient patient scheduling and utilization of 99Mo/99mTc 
generators to make best use of currently available supplies of 99Mo and/or other potential 
alternatives. 

 
The need for a 'High Level Group' on the Security of Supply of Medical Isotopes (HLG-MR) 
was also recommended to coordinate the efforts [4]. 
 
6.1. High Level Group on the Security of Supply of Medical Isotopes 
 
The HLG-MR was created in April 2009 to oversee and assist, where necessary, efforts of 
the international community to address the challenges of medical isotope supply reliability. 
The HLG-MR is comprised of 20 experts who are representatives from the governments of 
Australia, Belgium, Canada, France, Germany, Italy, Japan, Republic of Korea, Netherlands, 
South Africa and the US, as well as from the European Commission and the International 
Atomic Energy Agency (IAEA). A first meeting was held in Toronto (June 2009) and a second 
one in Paris (December 2009). Regulators and delegates from the medical isotope industry 
and the nuclear medicine community (SNM, EANM) also took part at the discussions. 
 
6.2. Warsaw meeting organized by the IAEA and IAE POLATOM 
 
The IAEA and the Institute of Atomic Energy IAE POLATOM organized a meeting in Warsaw 
(Poland, September 2009) on 'Assessment of Options for Enhancing 99Mo Production and 
Availability' [5]. Some 35 international experts, representatives of several companies in the 
99Mo supply chain, and concerned government officials participated. The meeting highlighted 
that several projects in the world could increase the availability of 99Mo on the market at 
short, mid and long term: 
 
● The new OPAL reactor (Lucas Heights, Australia) currently only supplies domestic 99Mo 

needs by the irradiation of low enriched uranium (LEU) targets. ANSTO is actively working 
on a project to supply the US with 99Mo in the near future. 

 



●  The US is looking at the possibility to irradiate NRU targets in existing reactors such as 
MURR (University of Missouri, US) or HFIR (Oak Ridge, US), and to reprocess them in 
Chalk River (Canada) for 99Mo recovery. Transport issues are to be investigated. 

 

●  The research reactor MURR (US) has also another project to irradiate and process LEU 
targets for the production of 99Mo from 2013. The goal of the project is to supply 30% to 
50% of the US domestic 99Mo needs. 

 

●  POLATOM (Świerk, Poland) is already manufacturing 99Mo/99mTc generators with bulk 
99Mo supplied by NTP (South Africa) but is also considering a project to irradiate and 
process LEU targets for the production of 99Mo on its site. 

 

●  According to feasibility studies, the FRM-II (Munich, Germany) and the LVR-15 (Rez, 
Czech Republic) reactors should be able to irradiate HEU targets for the production of 
99Mo from 2013 and 2010 respectively. The irradiated targets would be shipped to IRE 
(Belgium) for reprocessing and 99Mo recovery. Transport issues are to be investigated. 

 

●  COVIDIEN is working together with Babcock & Wilcox on a long term project to develop a 
200 kW Aqueous Homogeneous Reactor fueled with LEU in solution for 99Mo production. 

 

● The IAEA initiated in 2005 a Coordinated Research Project (CRP) on Developing 
Techniques for Small-Scale Indigenous Production of 99Mo using LEU or Neutron 
Activation. The countries involved in the project are Chile, Egypt, Kazakhstan, Libya, 
Pakistan, Romania, Argentina, Republic of Korea, India, Poland and the US. 

 

●  The IAEA initiated also two projects to identify new potential 99Mo producers in the supply 
chain. Two coalitions have been established: the EARRC (EURASIA Research Reactor 
Coalition) and the EERRI (East European Research Reactor Initiative).  

 

- The EARRC Isotopes Coalition is a consortium of existing research reactors, 
isotope production facilities and market specialists that can make an important 
contribution to the shortage of 99Mo; the coalition will use the activation route 
98Mo(n,()99Mo with natural and/or enriched 98Mo as target material. The countries 
involved in the project are Kazakhstan, Uzbekistan, Ukraine, Czech Republic, 
Hungary, Canada and the US. 

 
 

- The EERRI initiative has been established in 2008 in line with IAEA efforts to 
improve research reactors utilization through coalitions and networks. The 
production of 99Mo in existing facilities is under consideration. The countries 
involved in the project are Czech Republic, Hungary, Poland and Romania. 

 
6.3. Alternative 99Mo production methods 
 
Several institutions are investigating the possibility of new alternative reactor and accelerator 
sources to produce 99Mo without the use of HEU or LEU targets in the long term [6]. 
 
● The neutron capture process in nuclear reactors by neutron irradiation of natural or 

enriched 98Mo (24.1% natural abundance) targets by the reaction 98Mo(n,()99Mo. 
 

●  The photoneutron process uses a high-powered electron accelerator to irradiate a high-Z 
converter target such as mercury or tungsten. High-energy photons known as 
"bremsstrahlung radiation" are produced by the electron beam as it interacts and loses 
energy in the converter target. The photons can then be used to irradiate another target 
material placed just behind the convertor, in this case 100Mo (9.6% natural abundance) to 
produce 99Mo by the reaction 100Mo((,n)99Mo. 

 

●  The photofission process is similar to the photoneutron process but involves the fission of 
natural uranium which produces fission products as 99Mo by the reaction 238U(n,f)99Mo. 

 
The technical feasibility and the commercial viability of these projects should be 
demonstrated. It is already known that the neutron capture process 98Mo(n,()99Mo is 
characterized by low production yields and is only appropriate for local needs. The other two 
processes need to be evaluated theoretically and experimentally. 



7. Conclusions 
 
From the different 99Mo shortages which occurred over recent years, several lessons were 
learned as: 
 
●  Need for an optimal communication between the main actors in the 99Mo supply chain and 

the final users to foresee the difficult periods and try to minimize the impact of a shortage; 
 

●  Need for an optimal use of the existing reactor irradiation capacities worldwide through a 
coordination by the 'Reactor and Isotopes' Working Group of the Association of Imaging 
Producers and Equipment Suppliers (AIPES);  

 

●  Need for the development of short and mid term backup production capacity, including 
irradiation services and targets processing; security of supply requires overcapacity; 

 

●  Need for the development of new long term diversified production capacity, including new 
technologies if technically and economically appropriate; 

 

●  Need for more efficient scheduling and ordering 99mTc procedures to maximize the number 
of doses available to the greatest number of patients; 

 

●  Need for an optimal coordination of the international efforts by the 'High Level Group' on 
the Security of Supply of Medical Isotopes (HLG-MR) and especially in the establishment 
of a financial support policy for existing and new facilities involved in the supply chain. 

 
For the short term, a positive sign came already with the announcement on 17th February 
2010 of a collaboration between COVIDIEN and IAE POLATOM to bring the MARIA reactor 
in the global 99Mo supply chain: irradiation of HEU targets in the MARIA reactor and 
shipment of the irradiated targets to Petten (Netherlands) for processing and 99Mo 
separation. This limited contribution could represent about 3% of the global 99Mo needs (to 
be confirmed) and will help the supply chain. Two similar projects are under consideration: 
HEU targets irradiations in the LVR-15 (Czech Republic) and FRM-II (Germany) reactors for 
processing by IRE (Belgium) from 2010 and 2013 respectively. Nevertheless, important 
structural changes to the 99Mo world supply still need to happen to secure the 99Mo 
availability in the mid and long term. 
 
8. References 
 
[1]  Report on Molybdenum-99 Production for Nuclear Medicine 2010 – 2020, Association of 

Imaging Producers and Equipment Suppliers (AIPES), November 2008. 
 
[2]  F.Deconinck, B.Ponsard. Position Paper of the High Scientific Council of the European 

Nuclear Society, "The medical isotope crisis calls for political action". Published by the 
European Nuclear Society on the ENS website, www.euronuclear.org, September 24, 
2009. 

 
[3]  F.Deconinck, B.Ponsard. "The isotope supply crisis: causes and required long term 

actions". EANM-2009, Barcelona, Spain, October 10-14, 2009. 'European Journal of 
Nuclear Medicine and Molecular Imaging', Volume 36, Supplement 2, S464, P795, 
October, 2009. 

 
[4]  OECD / Nuclear Energy Agency (NEA) workshop on 'Security of Supply of Medical 

Radioisotopes', OECD, Paris, 29-30 January 2009 and 118th Nuclear Energy Agency 
(NEA) Steering Committee for Nuclear Energy – Policy debate on the production of 
radioisotopes for medical use, Paris, 28-29 April 2009. 

 
[5]  IAEA and IAE POLATOM meeting on 'Assessment of Options for Enhancing 99Mo 

Production and Availability', Warsaw, 2-4 September 2009. 
 
[6] TRIUMF Report, 'Making Medical Isotopes: Report of the Task Force on Alternatives for 

Medical-Isotope Production', 2008. 


