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Technicium99m : Some Useful Information

RADIOACTIVE DECAY PROPERTIES

Technicium 99m (99mTc) is a decay product of molybdenum-99 (half-life 67 hours) and is obtained in solution form by eluting it from a molybdenum-99 “cow”.


99mTc is a metastable state of technicium-99 (99Tc).  This metastable state has a half-life of 6.02 hours and in decaying to the ground state of 99Tc we find that 90% of the transitions give rise to the emission of gamma photons of 0.140 MeV and the remaining 10% of the transitions produce energetic internal conversion electrons of 0.120 MeV 


ie,   100 disintegrations of 99mTc produce
90 gamma photons of 0.140 MeV







    + 10 energetic electrons of 0.120 MeV



The ground state 99Tc is not stable but decays by beta emission to ruthenium-99.  The half-life of the 99Tc is 212,000 years so the resulting activity (ie, number of disintegrations per second) from the 99Tc is virtually undetectable.  When 1GBq (109Bq) of 99mTc has wholly decayed, the resulting activity of the 99Tc produced is 3.2 Bq.


99mTc is a very useful radioisotope because of the ideal energy of the photons which combine penetrability in tissue with easy detection.  Also, the very short half-life greatly reduces the internal radiation hazard and any difficulties which may arise from inadvertent 99mTc contamination.


THE EXTERNAL RADIATION HAZARD


When 99Tc is used in large animal diagnostic studies, rather large activities in the gigabecquerel range are required.  This gives rise to an appreciable external radiation hazard and accordingly appropriate protection measures should be employed.  Film badges should be worn by all persons present, and those administering the 99mTc should wear lead aprons.  The dispensing of the 99mTc should be carried out in a lead shielded box and the hypodermic syringe should have a lead shield.


An unshielded vial of 99mTc of activity 1GBq produces a dose rate of 23(Svh-1 at a distance of 1m, so the dose rate at 0.1m from a vial containing 5GBq will be 11,500(Svh-1 ie, >1000 times the adequate shielding level of 7.5(Svh-1 .  Finger dosimeters are available to monitor the actual dose received by the hands in a dispensing operation.


The standard issue end window Geiger Muller Minimonitor may be used to estimate the gamma dose rate in any particular situation if one assumes that a count  rate of 5cps represents a dose rate of 1(Svh-1 .

THE INTERNAL RADIATION HAZARD


Considering now the internal radiation hazard, we find that the short half-life of 99mTc means that the Annual Limit of Intake (ALI) for 99mTc is very much larger than that for the other radioisotopes in common use in the laboratory.  You will recall that the ALI is that intake which results in a dose commitment of 20mSv - the recommended annual dose limit for a radiation worker.




The ALI (ingestion) 

99mTc = 1 x 109 Bq




The ALI (inhalation)

99mTc = 2 x 109 Bq

CONTAMINATION MONITORING

Considering the question of contamination monitoring, we find that the fact that 10% of the 99Tc disintegrations produce an energetic internal conversion electron is most useful in that such electrons are readily detectable with the aforementioned standard issue end window Minimonitor.


The range of these internal conversation electrons is 0.2m in air and 0.25mm in tissue.  Contamination of the skin would therefore pose a hazard, but this is easily avoided by wearing disposable gloves.

RADIOACTIVE WASTE

After an animal such as a horse is injected with 99Tc, the horse and any contaminated litter it produces are effectively radioactive waste.


Measurements of the dose rate on a horse receiving a routine injection show that it poses negligible hazard to a member of the public after 36 hours.  Within this period the horse should be kept in its stall on a copious layer of wood shavings to absorb excreta.  The stall should be labelled as a Controlled Radiation Area and persons entering must either be classified radiation workers or enter under a written system of work.


Contaminated litter should be removed and stored in bins in another Controlled Radiation Area with suitable warning signs.  The waste litter should be kept in this way for three days before being emptied on to a waste heap which will subsequently be spread on the estate grounds.


The three day cooling off period represents 12 half-lives and in consequence a reduction in the activity by a factor of 4000.


The person removing the contaminated litter from the stall should of course wear rubber gloves and wellington boots which should be rinsed off afterwards.
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Further information on the use of 99Tc may be obtained from the University Radiation Protection Service:

Tel:  330-5878 or 330 4471
