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ÅŬïemission of a He nucleus 

Åɓ-ïelectron emission

Åɓ+ïpositron emission

Åɔïgamma emission 

Therapy 

Imaging 



Diagnostic medicine: 

Look into the body to see what is happening

Rembrandt - anatomy lesion





SPECT: Single Photon Emission

Computed Tomography

PET: Positron Emission Tomography



In planar imaging, the 

camera records an image 

from one perspective

In SPECT imaging, the camera rotates 

around the patient, recording multiple 

images that are then reconstructed into 

a three-dimensional data set by a 

computer



ÅTc discovered in 1937 by Perrier and Segré, who 

separated it from a Mo deflector plate after years of 

deuteron irradiation in the Berkeley cyclotron

Å17 known isotopes of Tc - all radioactive

ï99mTc (T1/2 = 6.03 h) is most widely used in Nuclear Medicine 

- discovered in 1938 by Seaborg and Segré

ï99Tc (T1/2 = 2.1 x 105 y) is produced by U fission; used to 

establish chemistry of the element under conventional 

chemical concentrations

ï92Tc, 93Tc and 94mTc have shorter T1/2ôs (4-165 min), and 

have potential use as PET radionuclides



A device that separates a daughter radionuclide from a 

parent radionuclide

ÅTypically a chromatographic separation based on 

the different chemical properties of the parent and 

daughter radionuclides  

ÅThe daughter radionuclide is the desired 

radionuclide used for nuclear medicine applications
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A1 = activity of parent

A2 = activity of daughter

As e-l2t becomes negligible and l2 > l1 (T1/2(2) < T1/2 (1)),

Transient equilibrium is simplified to:
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Background, II
ÅComments on patent application of Green, Richards and Tucker in 1958 

for 99Mo/99mTc generator:

ïñWhile this method is probably novel, it appears the product will probably be 

used mostly for experimental purposes in the laboratory. On this basis no 

further patent action is believed warrantedéò Atomic Energy Commission

ïñWe are not aware of a potential market for 99mTcé We would recommend 

against filingéò  Research Corporation for Associated Universities, Inc.

ÅFirst injection of 99mTcO4
- into a human was made in 1961, following 

development of the BNL generator

ÅBy 1970, it was estimated that more than 2000 daily diagnostic 

procedures were carried out in the U.S.

ÅBy 1985 market for 99mTc was >$30 million

ÅDiagnostic radiopharmaceutical market was $1.69 billion in 2005 ($259 

million for FDG)



ÅUsed to detect osseous metastases, 
fractures and infection

ÅOften called a bone scan

ÅCommon radiopharmaceuticals:
ï99mTc-MDP  binds to calcium matrix

ï18F-fluoride can be used for PET skeletal 
imaging

ÅNon-specific marker of increased bone 
matrix turnover



Images acquired about 3 hours after injection



11-year old boy with a one 

month history of right knee

pain

Increase activity in the right

tibia

Diagnosis: Osteosarcoma



RF



RF



ÅTc-99m is most widely used radionuclide for nuclear medicine 
procedures in the world and accounts for >80% of all procedures

ÅMajor efforts in connecting to biological molecules to assess

ïCardiac function

ïBlood flow

ïBone metastases

ÅHalf life & chemical properties of Mo-99 and Tc-99m are exploited 
to separate them in generator 

ïMo-99/Tc-99m generator invented at Brookhaven National 
Laboratory

ïMo-99 half life is 66 hours, Tc-99m has a half life of 6 hours

Å Generators sent around the world



Developed at BNL in 1958 it was never patented.





Reactor In-service date Target uranium 

enrichment type

NRU

(Canada)

1957 HEU

BR2

(Belgium)

1961 HEU

HFR 

(Netherlands)

1963 HEU

SAFARI

(South Africa)

1965 HEU

Notes:

ÅOther smaller suppliers: RA-3 (Argentina) is a domestic supplier and OSIRIS 

(France) provides some back-up to BR2 and HFR.

ÅOPAL (Australia): commissioned in 2008, in early stages of operation.



ÅCurrently AECL/MDS Nordion supply 40% of worldôs 

demand and able to handle 80%

ÅAECL runs the (130 MW) NRU reactor with LEU fuel and 

HEU targets (HEU is highly enriched uranium & is weapons 

grade uranium)

ïSubstantial radioactive waste is generated in processing

ïHEU (> 19.7% U-235) comes from the US and waste is 

also HEU

ïFission of U-235 induced by thermal neutrons

ïNatural uranium is 99.284% U-238 and 0.711% U-235 



25

ÅChemistry is performed on targets by AECL 
resulting in a Mo-99 solution 

ÅSolution shipped to MDS Nordionfor purification 
and placement into column

ÅMo-99 is eluted (extracted with a solvent)  from 
the column

ÅProduced eluateis conditioned and 99Mo re-
extracted

ÅMeeting US demand requires about 34,000ï
46,000 Curies/week at the reactor



ÅUS production was halted in 1989

ïForeign subsidies were claimed to be the cause 

for lower costs abroad

ïDeemed ñnot worth itò to continue in US

ÅLow market price, risk of reactor business, 

and high cost of production facilities

ÅUS demand shared by Canada + The 

Netherlands

ÅHEU has significant security issues; future will 

likely require use of something else



ÅPET imaging is capable of providing 

quantitative information about biochemical 

and physiological processes, in vivo.


