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Bingham et al. (2000) provided a review of the problem of Auger emitters for radiological protection. This note summarises some of the main points. 

Auger electrons have energies ranging from about 10 eV to 10 keV, that are most commonly emitted by radionuclides that decay by electron capture (EC), internal conversion (IC) or isomeric transition (IT). The yield of electrons is dependent on the radionuclide, with, for example, 5 and 25 electrons released on average per decay of 55Fe and 125I, respectively. The proportion of the total decay energy due to Auger electrons varies between radionuclides; for example, Auger emissions account for 72%, 12% and less than 1% of the total decay energy of 55Fe, 125I and 99mTc respectively. Because of the extremely short ranges of Auger electrons in tissues, of the order of 1 nm to 1 µm, their location within cells is important in determining the extent of DNA damage. Table 1 compares dose to the cell nucleus for Auger-emitting nuclides for different assumptions regarding their cellular location. If the radionuclide is confined to the cytoplasm, conventional dosimetry will overestimate dose to the nucleus. However, if the radionuclide concentrates in the nuclei of cells, there is the potential for significant underestimation of dose using conventional dosimetry.  

Table 1. Calculated ratio of dose to the nucleus assuming concentration of all activity in the specified region compared with the assumption of uniform distribution. Cells are assumed to have a nuclear radius of 4 µm and a cell radius of 12 µm (from Faraggi et al. (1998)

	Nuclide
	Cell membrane
	Cytoplasm
	Nucleus

	99mTc
	0.82
	0.85
	6.8

	125I
	0.74
	0.86
	7.4

	111In
	0.80
	0.89
	5.8

	67Ga
	0.81
	0.86
	7.3

	201Th
	0.61
	0.73
	11.7


The biological effects of Auger emitters have been extensively studied in a variety of in vitro and in vivo experimental systems. In vivo, rodent spermatogenesis has been utilised as a model system to evaluate the cytotoxicity of a range of Auger emitters including 55Fe, 99mTc, 111In, 114mIn, 123I , 125I and 210Tl. In vitro, the cytotoxic effects of 35S, 75Se, 51Cr, 67Ga, 77Br, and a range of compounds labelled with 123I and 125I, have been studied in a variety of human and rodent cell lines and model culture systems. Representative of results obtained are observations using 125I of high RBE values of 7 – 9 for cell killing when the nuclide is incorporated into DNA, in the form of 125I-iododeoyuridine (125IUdR), values of around 4 for 125I localised in the nucleus but not directly bound to DNA and values of around 1 when 125I is localised in the cytosol. 

A number of Auger-emitters, both natural and man-made, are present in the environment. However, exposure to these radionuclides appears to be at very low levels. Of more consequence is the use of Auger-emitting radionuclides in nuclear medicine, where activities administered can be relatively high. Bingham et al. (2000) conclude that the development of new radiopharmaceuticals should include consideration of the possiblity of heterogeneity of dose delivery within tissues and cells. 
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