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Introduction 
The GENtrace cyclotron is a single particle, negative ion 7.8 MeV self-shielded cyclotron recently introduced by General Electric. The machine is primarily intended for point-of-demand production of F-18 for routine clinical use with FDG and other clinical F-18 tracers.
Tracing of flow and perfusion is however still in demand, and the possibility of getting reliable and cost effective O-15 water production from the GENtrace has been investigated. The historically preferred production route has been via deuteron beams on gas targets of natural nitrogen (99.6 % N-14). The GENtrace cyclotron has no deuteron beam available (incompatible with the acceleration and RF structure). This forces us to reconsider the less used proton route on enriched N-14 gas (natural abundance only 0.4 %). The cross sections and theoretical thick target yields have been known for many years (ref.1). Table 1 uses these yields to give some primitive comparisons of the deuteron versus proton route. At a given beam energy, the steady state yields are within a factor of 2, but the activity concentration out of the target is much higher with deuterons.  This is why the deuterons have been preferred for the many continuous production water targets over the years: cheap target gas, high activity concentration. The problem to be solved with a proton-only platform is, if the proton route could be made affordable in a future clinical practice. 
	Reac-
tion
	Energy
MeV
	Steady State Thick target yield(MBq)       

	
	
	15O/uA
	15O/Watt
	15O/cc gas 

	p,n
	7.5
	1400
	187
	1.7

	p,n
	5.5
	300
	55
	0.6

	d,n
	7.5
	2340
	312
	9.7

	d,n
	3.5
	420
	120
	33.4


Table 1. Steady State Activity in the target 
(Target assumed to be 4 cm diameter and stopping length) 

Material and Methods 
We constructed a shallow gas target to test obtainable yields and purities with low consumptions of N-15 gas. Both batch mode and continuous flow production were investigated. 
The proton beam of the GENtrace prototype at Hevesy Lab has 7.8 MeV incident on the target foil (confirmed with a double copper foil sandwich method). The gridded target foil is 10 micrometer thick Havar© foil, leaving 7.5 MeV when beam enters the nitrogen target gas. The target is made of aluminum, cylindrical with i.d. 18 mm and 40 mm deep. The target body and grid is water-cooled. The calculated gas volume is 10 cm3 .
This target is loaded with various pressures of a gas mixture of 99% nitrogen-15, 1% oxygen. The N-15 enrichment was 98% (Sigma-Aldrich). 
For the batch mode experiments, the target output is piped into a constant flowing stream of 20 ml/min Helium+5% H2 via 4 meter 1/16” TEFZEL tubing. Small ascarite and chromium trioxide traps were inserted before a Ø 6mm , 
l =80 mm quartz tube/tube furnace at 750 degrees C (no catalyst). The effluent gas was bubbling by 0.8 mm o.d hypodermic needle (”green”) into 16 ml vials filled with 10 ml isotonic saline to trap the H2O15 water. After release of the target gas, the target volume was flushed additional 20 ml He+5%H2. Transfer and trapping time was about 1 minute.
For continuous mode operation, the flow of the N-15 gas mixture was set to 5 ml / min, giving a target pressure around 1.1 bar. The target output was mixed and transferred as above with 20 ml/min hydrogen in helium to the furnace and water bubbler. 
Results and Conclusion (Calibri 10-bold)
The target pressures and target depth is deliberately set far below thick target conditions. Still, significant amounts of O-15 trapped as water could be obtained in both batch mode (table 2) and continuous mode (table 3) operation.
[image: image1.png]Run # P (bar) | (uA) Water vial | A gas bag A vial + 20’ N-15 used
Aeob+ 1’ EOB + 10’ (MBq) cm3 STP
(GBa) (MBaq)

23 1.2 33 1.45 2.0 0.2 12

24 1.2 33 1.93 3.2 <10 kBq 12

25 1.2 33 1.38 1.6 <10 kBq 12

26 1.2 33 2.10 1.9 < 10kBq 12

27 1.2 30 1.90 ? <10 kBq 12

28 1.2 30 1.95 ? 0.1 12

29 1.2 30 0.50 (leak) | 1.1 <10 kBq 12





Table 2     Batch Mode Production results
[image: image2.png]Run # P (bar) | (uA) Reservoir | Time A delivered
Target (Calibrated) in vial remarks
+grid (MBq) SS (MBq)

Flow on 1.05 0 “0” 14:21 N.A.

Beam on 1.05 33 22 14:30 N.A.

35 online 1.05 33 540 14:40 N.A.

36 online 1.05 33 620 14:41 507

37 online 1.05 33 699 14:51 510

38 online 1.05 33 590 14:56 464 pH=7.5

39 online 1.05 33 620 15:02 460 pH=7.6





Table 3     Continuous Mode Production results
Discussion

These initial experiments confirm that it is possible to produce enough O-15 water even with low consumption of precious N-15 gas. At a price of less than 2 USD/ml, the batch mode price for one shot is 24 USD, and in continuous mode the price will 600 USD / hour. At this price level, we cannot see any justification for additional systems to capture and reuse the N-15 gas component. 

It is our intention to further optimize this target system and test the interface to both existing commercial water systems (Hidex) and systems under development (Medtrace).  With this possibility, we hope to see a revival of the O-15 water PET scans, now in a widespread and affordable clinical setting. 
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