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Introduction

Radiotherapeutic beta emitter 67Cu (mean Eβ-=141 keV) with a half-life of 61.83 hours has received considerable attention due to its nuclear properties and biocompatibility. Its decay to stable 67Zn is accompanied by the emission of a “soft” gamma ray (E=184.6 keV, 48.7%), suitable for SPECT imaging. The half-life is long enough to allow centralized production and distribution, leaving enough time for delivery to users and radiolabeling. 
Production of 67Cu can be accomplished by various pathways, each with its own advantages and limitations1. Brookhaven National Laboratory operates a proton Linac and has traditionally focused on 68Zn(p,2p)67Cu production route using either natural or enriched targets2,3. 
Production of 67Cu with high specific activity is challenging as one has to ensure minimal adulteration with stable Cu, while maximizing irradiation yield. With widespread presence of copper in the environment, this task has been particularly daunting.
We have previously developed a process of 67Cu production from 68Zn to include recycling and reuse of the target material by electroplating, but SA was still inconsistent3. Step by step elimination of sources of suspected Cu contamination led us to hypothesize that the contamination was coming from the cladding. Stable Cu is a component of 6061 Aluminum alloy which the capsules for 68Zn isolation are made of. In this work we implemented additional measures to prevent the contamination from the cladding by Ni-coating the inner surfaces of the capsules. In addition the following steps were mandated: purification of 68Zn solution from Cu before electroplating, the use of Chelex-100 resin treated water, and hot cell specific use of equipment. Here we report the results of the experiments carried out under these conditions.

Material and Methods

For target preparation 68Zn solution was purified from any stable Cu by passing the solution through a 3-4 ml bed volume Cu-resin (Triskem, France) column. The 68Zn disks (d=25 mm) for irradiation were prepared by electroplating using a procedure described previously3. For irradiation the zinc disks were placed in in bolted capsule. The surfaces in contact with 68Zn disk were coated (Figure 1) with 0.0254 mm thick Ni layer (Anoplate Corp, Syracuse, NY, USA). 
	

	Figure 1. A photograph of Ni-coated (dark) Al capsule halves


Irradiations were carried out with FWHM=10 mm Gaussian beam rastered on a 5 mm diameter with proton energy on target 105 MeV (Table 1). Beam current was determined by in-line beam current integrator.
	Target ID
	Zn-68, g
	I, μA
	Time in beam, h

	CBZ
	1.80
	79.2
	16.83

	CCA
	1.78
	82.0
	18.71


TABLE 1. Experimental irradiation parameters 

After irradiation the target was opened, and the disk dissolved in a few mL of 10.4 N HCl (Optima).
The resulting solution was then passed through a cation exchange column to remove Ga isotopes. Selective Cu separation was carried out using Cu-resin. The final product was assayed by gamma spectroscopy using HPGe detector (ORTEC-AMETEK, Oak Ridge, TN, USA). Stable element content was determined using ICP-OES spectrometer (Perkin Elmer).
Radiolabeling QC with DOTA for each reaction (80-100 µCi; 3-4 MBq) of 67Cu was incubated with DOTA in 0.1 M citrate buffer solution at pH 5 for 1 h at 370C. The DOTA quantities varied from 0.6, 6, 60 µg. The labeling yield at different time points was asessed using instant thin layer chromatography. The TLC plate (silica gel) was developed using 0.50 mM EDTA (pH 5), and analyzed on a bioscanner.
Results 

The saturation yield of 67Cu was consistent in the irradiations (Table 2). The saturation yield of 67Cu is 28 % lower than obtained previously under similar conditions3. This can be attributed to the difference in the density between irradiated plated disks or to partial beam spillover outside of the disk during irradiation. The only other nuclide present in the final product was 67Cu. All other impurities were not detected after 10 half-lives of 67Cu elapsed. 

	Target ID
	67Cu saturation yield, mCi/µA
	SA EOB mCi/g
	Stable Cu, µg

	CBZ
	3.72
	10.9
	4.6

	CCA
	3.71
	16.1
	3.5


TABLE 2. Results of experimental irradiations

The total quantity of stable Cu was below 5 µg, which is comparable to the lowest numbers obtained previously by this group under the same irradiation conditions. Stable Zn which may compete with Cu for labeling was below the limit of detection.
In the labeling experiments of 67Cu with 60 μg and 6 μg of DOTA ligand , yields reached 98% at 1 hour. Labeling with 0.6 μg of ligand the yields reached 76% at one hour and increased to 89% in 2 hours.

Conclusion
Specific activity of 67Cu depends both on total irradiation yield and the amount of stable Cu in the final product. The sources of Cu contamination can come from environment, process chemicals and cladding material during irradiation. In this work we implemented process improvements that consistently resulted in low stable Cu amounts and high labeling yields.
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