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Introduction
Radiopharmaceuticals labelled with 68Ga (half-life 68.0 minutes) and 89Zr (half-life 78.4 hours) are of considerable interest in positron emission tomography.  The radionuclides are cyclotron-produced but unwanted nuclear reactions create longer-lived impurities, which may impact adversely on labelling efficiency, image quality and patient radiation dose.

The purpose of this study was to identify and quantify impurity radionuclides in the trial production of 68Ga and 89Zr. 
Material and Methods
An IBA Cyclone 18/9 cyclotron was used for radionuclide production and 4 mL liquid samples were prepared before and after chemical purification of the target material.  Activities were measured in a Capintec CRC 25R calibrator and corrected to the end-of-beam (EOB) time.

After decay of the primary radionuclide, multiple gamma spectra were acquired with a shielded and energy-calibrated Ortec LoAx hyper-pure germanium (HPGe) detector.  Detector efficiency was measured in the range 35-1115 keV using a variety of radionuclides of known activity.

Spectra were analysed using Canberra Genie 2000 multi-channel analyser software to give energy and net count-rate for visible photopeaks.  For identified impurities, count-rate was converted to activity, corrected to EOB and expressed as a percentage of the primary radionuclide activity.
Results and Conclusion
Text For 68Ga, 67Ga (gamma energy 93, 184, 209 and 887 keV) and 66Ga (1039 keV) were identified as the impurity radionuclides.  For the first production, the activity of 67Ga was 0.7-0.8% pre-purification and 0.4-0.5% post-purification.  Following target improvement, subsequent productions gave corresponding values of 0.17-0.23% and 0.20-0.25%.  The activities of 66Ga were about two orders of magnitude smaller.

In the case of 89Zr, 88Zr (392 keV), 88Y (898 and 1836 keV) and 56Co (846 keV) were the impurities identified.  Over two productions, the activity of 88Zr was 0.0007-0.0012% pre-purification and 0.0005-0.0010% post-purification.  Smaller values were obtained for the other two radionuclides.
The Lo-Ax HPGe detector may be used to identify and quantify radionuclides with low activity and gamma photon energies greater than 1000 keV in practical spectral acquisition times.  Production of 68Ga and 89Zr with the Cyclone 18/9 cyclotron is accompanied by low activities of impurity radionuclides, whose quantification may be used to optimise the production process.
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