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Abstract 
As positron emitting radiopharmaceuticals gain interest in nuclear medicine, more and more baby 
cyclotrons are installed. The number of cyclotrons in Turkey went up to nine whereas the number of PET 
or PET/CT cameras increased more than 50% within a year. At the moment there are 65 positron imaging 
cameras serving a population of around 70 million. Eczacıbaşı - Monrol Nuclear Products Industry and 
Trade Inc. has five cyclotrons three of them being of different brands. In this report production data 
collected with these cyclotrons using high current liquid targets of silver, tantalum and niobium will be 
presented. The data presented here covers the whole duration of the project. 
Another topic which will be discussed here is the work carried out about purification and analysis of used 
O-18 water for re-use purposes. 
 
TARGET STUDIES 
 
There are two IBA Cyclone 18/9 cyclotrons in our Gebze production plant using niobium targets. 
In the two RDS - Eclipse (Siemens) cyclotrons located in the Izmir and Ankara Plants silver 
targets were used at the beginning and due to the troubles which will be mentioned in the 
following sections they were changed with tantalum targets The GE-PET Trace cyclotron located 
in Adana plant is equipped with silver targets and is working without any problems. Only F-18 
FDG is commercially produced in all these centers at the moment. Research work and studies 
related to marketing authorization for other F-18 radiopharmaceuticals like NaF, FLT and FMISO 
are carried out. 
 
A.  SILVER TARGETS  
RDS-ECLIPSE 
The routine production of FDG usually involved 3 hour proton bombardment with 50 µA current. 
In addition to the regular maintenance the target cleaning periods were determined according to 
the F-18 yield of the target.(When the yield went down to 85% it was cleaned) The  silver target 
cleaning periods changed with time and usage from 1400 µA-hrs to1000 µA-hrs within 18 
months. 
While cleaning the silver target, we observed high amount of soft metallic species, placing a filter 
on the F-18 transfer line helped.  
It was decided to rinse the silver targets with O-16 after the bombardmentwhich increased the 
target life. 
GE-PET TRACE 
In our ADANA plant, silver targets are used in GE-PET Trace Cyclotron. According to the 
producer’s recommendation, irradiation of O-16 water for 10-15 minutes was performed before 
each production run to have cleaner products. These targets worked well for months without any 
decrease in the F-18 yields therefore target cleaning was not performed as frequent as the 
Siemens silver targets. 
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B. TANTALUM TARGETS 
 
Due to the problems we went through with silver targets (low yields, line plugging, silver colored 
QMA columns etc.), they were given up and tantalum targets were used for Siemens cyclotrons. 
Both commercial and home-made targets were acquired.  
 
C. NIOBIUM TARGETS 

 
The two Ion Beam Applications (IBA) cyclotrons in the Gebze Plant were both equipped with 
niobium targets. These targets were comparable to tantalum targets in terms of cleaning periods. 
 
O-18 WATER STUDIES 

 
In the FDG production plants of Eczacıbaşı-Monrol F-18 always fresh O-18 water obtained from 
different producers was bombarded. No recycling of irradiated water was tried. As a result of this, 
kilograms of used O-18 Water are collected in our cyclotron facilities. Under this coordination 
project studies on purification of used O-18 water for further use, were carried out. This work was 
conducted in cooperation with Ankara University Faculty of Engineering, Dept of Chemical 
Engineering. 
 
When unpurified water is used impurities in it may cause: pressure build up in the target, lower F-
18 activities and lower FDG yields. Therefore used O-18 water needs to be purified before being 
bombarded for the second time.  
 
The impurities in irradiated O-18 water may come from the target (Chamber or window), transfer 
lines or from the synthesis module (solvents, columns, valves, lines etc.). The main impurities 
expected are:  
Organic Impurities 
Solvents (acetonitrile, ethanol, acetone)  
Microorganisms 
Inorganic Impurities 
Anions (Br-,Cl-,F-,NO3-,SO4-2,PO4-3) 
Cations (K+,Na+,Fe+2,Cu+2,Zn+2,Mg+2,Ca+2,NH4+) 
The pathway of the study involved: 
- Analysis of fresh O-18 H2O  
- Analysis of irradiated O-18 H2O  
- Purification of irradiated O-18 H2O 
- Analysis of purified O-18 H2O 
- Production of F-18 FDG using purified O-18 H2O  
Analysis of the fresh O-18 water was first performed to see if the producer’s specifications were 
met. This was thought to also confirm that the suitability and sensitivity of the analysis methods 
to be used in the rest of the study were appropriate. For the quantification of organic solvents gas 
chromatography was used. For the ionic impurities the methods used by the producers were 
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preferred. The tests which can’t be run in Eczacıbaşı-Monrol laboratories were performed in 
Ankara University or other local laboratories. 

ION METHOD SPECIFICATION 
      
Ca2+ ICP – AES ≤ 0.1 mg/L 
Mg2+ AA ≤ 0.5 mg/L 
Na+ AA ≤ 0.1 mg/L 
K+ ICP – AES ≤ 0.1 mg/L 
Fe2+ Spectroph. ≤ 1 mg/L 
NH4+ ICP – AES ≤ 0.1 mg/L 
Zn2+ ICP – AES ≤ 0.1 mg/L 
Cu2+ IC ≤ 0.1 mg/L 
F- IC ≤ 0.5 mg/L 
Cl- IC ≤ 0.5 mg/L 
Br- IC ≤ 0.5 mg/L 
NO3- IC ≤ 0.5 mg/L 
PO43- IC ≤ 1 mg/L 
SO42- IC ≤ 0.5 mg/L 

 
For the removal of inorganic impurities Solid Phase Extraction (SPE) was tried. Ameripure SAX 
SPE cartridges were used for the anions and SCX SPE cartridges for the cations. The results 
turned out that these cartridges introduced Cl- and Na+ to the water. Since the amount of 
inorganic ions were within specifications for almost all of them further removal of inorganic 
impurities were not continued. 
For an efficient removal of the organic impurities the combinations of following methods were 
tried. 
- Distillation 
- UV 
- Ozonolysis 
-Ultrasonication 
-Combined processes (ozone+distillation, ozone+sonication) 
All of these methods were performed on irradiated samples from different synthesis modules. 
They were performed first on reference solutions carrying organic impurities with similar 
concentrations to that of irradiated water.  
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By distillation, organic impurities were removed completely. But material loss occured therefore 
serial distillations were carried out to have minimum material loss.  
Ozonation was found to be effective for removing organic compounds.Applying ozonation for 
four hours removed 30% of ethanol, 90% of acetonitrile and 100% of acetonitrile. 
However a drawback of this method was formation of O-16 water during ozonolysis thereby 
reducing the percentage of O-18 in water. Therefore for the determination of optimum ozon 
application period samples were taken from the product, GC analyses of organic solvents were 
done and O-18 percentage was measured by the gravimetric method. 
 

 
Ten minutes ozonation was found to be good in terms of O-18 percentage but combination 
methods were to be tried for better organics removal. 
Ultrasonication method by itself was able to remove % 60 of acetone, % 10 of ethanol and % 40 
of acetonitrile within one hour. Since formation of O-16 was reported to be a problem for this 
method too, gravimetric analysis was performed at different times. It was decided that one hour 
sonication was acceptable in terms of both O-18 percentage and organics removal. 
By applying ozone+ultrasonication for one hour, 30 % of ethanol, 100% acetone and 100% 
acetonitrile could be removed. Gravimetric analysis showed that only 2-3 % decrease in the O-18 
enrichment was observed 
As the last step of the study FDG production was carried out using purified irradiated water. The 
production yield was within the fluctuation limits of that specific synthesis module. Quality 
control results came out to be within specifications.  
DISCUSSION 
Our experience with GE and Siemens silver targets show that they certainly have different 
periods of use before they need any cleaning. Since both of them are said to be made of pure 
silver metal and not alloys of it, there must be other explanations for their different behavior. 
Target shape, beam angle and current may be factors to be considered. 
Rinsingafter the last production of the day is a procedure being performed in all three brands of 
cyclotron for higher yield and better quality of F-18. But due to the structural differences in the 
injection part of the three cyclotrons, different ways are followed: 
According to the producer’s instructions, the target of the GE cyclotron is filled with O-16 water 
and bombarded for five minutes. After transfer, the target and lines were completely dried by an 
inert gas. There are separate vials and lines for O-16 water and O-18 water transfer to the target 
The Siemens cyclotron doesn’t have a design which allows such an O-16 transfer to the target. 
Therefore the target is filled with 2.5 ml O-18 water, bombarded for a few minutes and 
transferred which is by followed a thorough drying with inert gas. 
The lines of the IBA cyclotron is always full which O-18 water. 500µL more of it was withdrawn 
and irradiated. Then it is transferred and dried.  
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Cleaning of the silver cyclotron targets used to be done by toxic chemicals like chloroform 
according to the producer’s instructions. The same method was being followed for niobium and 
tantalum targets,too. After a literature survey and consulting the material specialists, both 
niobium targets were started to be cleaned with dry swabs and/or ethanol. This avoided carrying 
the target from the cyclotron room to another laboratory equipped with a fume hood or 
installation of a new fume hood near the cyclotron room. 
One interesting finding to be pointed out was related to the pyrogenicity: FDG was found to be 
apyrogenic although the pyrogen test was positive on purified O-18 water used for the 
bombardment. 

 
 


