Fine Tuning 68Ga Production with a Liquid Target: Effect of Solution Composition and Irradiation Parameters 
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Abstract: 
Aim: With the goal of optimizing 68Ga production yields using a liquid target, the relationship of 68Zn nitrate concentration, nitric acid concentration, and proton irradiation parameters (beam current and irradiation time) to 68Ga saturation yield were investigated.  
Methods: The Brigham-Mayo liquid target-2 (BMLT-2)1 was employed on a 16 MeV PETtrace cyclotron with beam energy degradation to ~14 MeV by a 0.2mm aluminum foil. Varying molar concentrations of 68Zn-nitrate (0.5 M and 1.0 M,) in 0.8 and 1.5N nitric acid were prepared and irradiated at 30, 40, 45 and 50 µA beam currents at 30 and 60 min time points. The unprocessed 68Ga production (EOB) and saturation yields were evaluated across the varied conditions. For select conditions, 68Ga- isotope was purified using the in-house developed hydroxamate resin as described previously by Pandey et al.2-4 and optimized for further application.
Results: For 30 min irradiations, saturation yields were found to be the same (202.1±9.3 - 216.4±2.3 MBq/µA) over 30, 40 and 50 µA beam currents for 0.5M 68Zn-nitrate in 0.8N HNO3.  As anticipated, the saturation yield of 68Ga production was doubled to 424.3±21.6 MBq/µA with a 2-fold increase in 68Zn-nitrate from 0.5 M to 1.0 M in 0.8N-HNO3 at 30 µA.  However, at higher beam currents (40-50 µA) the doubling of saturation yields was not maintained: saturation yields began to drop for 40-50 µA beam currents for 1M solution of 68Zn in 0.8N HNO3.
A similar but slightly different trend was observed when irradiations were carried out for 60 min. Saturation yields remained in the range 214.4±11.0 - 215.0±18.2 MBq/µA over 30 and 40 µA beam currents for 0.5M solution in 0.8N HNO3, but again began to drop at 45 µA current to 189.3±6.8 MBq/µA for the same solution. Interestingly, saturation yields remain similar 308.7±32.7 - 315.5±35.7 MBq/µA for 0.5M 68Zn-Nitrate in 0.8N-HNO3 for 30, 40 and 45 µA beam current for 60 min irradiation but did not double as expected due to increase in molarity to 1M. 
Comparing the 30 µA beam current data for 30 min (424.3±21.6 MBq/µA) versus 60 (308.7±32.7 MBq/µA) min irradiations of 1M 68Zn nitrate in 0.8N-HNO3, the estimated overall drop of 27% in saturation yield implies that over the last 30 minutes of the 60 minute irradiation, the 68Ga production within the target is falling ~54%.  However, saturation yield was significantly “rescued” to 375.5±8.7 MBq/µA for 1M 68Zn-nitrate by addition of higher concentration of nitric acid (1.5 N) at 30 µA and 60 minutes irradiation.  
Of the conditions tested, the maximum 68Ga production yield was 7037.4 MBq (EOB) obtained for irradiation of 1 M 68Zn nitrate in 0.8 N nitric acid at 45 A for 60 min.
Conclusions: The results show that 68Ga production yield is dependent on a complex interaction of irradiation parameters that include 68Zn nitrate concentration, normality of nitric acid, beam current and irradiation time.  Decreases in saturation yield were observed as irradiation times were increased, indicating dynamic changes in the target solution composition that counteract proton-68Zn interactions. These results will inform the choice of optimal irradiation parameters that include beam current, 68Zn nitrate and nitric acid concentrations, and irradiation time.
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