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Abstract:   
The development and improvement of target technology for reliable and higher production yields is 
described with respect to fluorine-18 and krypton-81. This report includes specific studies on: 1) beam 
degradation, distribution and diagnostic tools for monitoring the beam during irradiation; 2) targets that are 
capable of withstanding high current beam and consequently high specific activity radiopharmaceuticals; 3) 
greater understanding of in-target chemical and physical phenomena for the preparation of new 
radiolabeled species; and 4) recovery and characterization very expensive enriched material. 
 
1. Introduction 
 
Radiopharmaceuticals in general and cyclotron produced radiopharmaceuticals in specific are 
being increasingly utilized in nuclear medicine for both research and routine clinical diagnosis 
and therapy of an extensive variety of diseases. After the introduction of Positron Emission 
Tomography (PET) in clinical practice, numbers of cyclotron facilities world-wide have rapidly 
increased and this number is expected to grow more in the near future [1,2]. Iodine-123 (I-123) 
and Krypton-81 (Kr-81m) are Single Photon Emission Computerized Tomography (SPECT) 
radioisotopes produced by cyclotron using gas target technology and they are extensively used in 
a wide range of diagnostic nuclear medicine application [1,2]. In addition, PET radioisotopes 
including Fluorine-18 (F-18), Nitrogen-13 (N-13), Carbon-11 (C-11) and Oxygene-15 (O-15) are 
enjoying spectacular use as routinely diagnostic radiopharmaceuticals using the most 
contemporary imaging modality namely PET [3-8]. 
 
In Member States, numbers of PET centers that are housing cyclotron facilities have rapidly 
increased and these numbers are expected to grow more in the near future. Most centers utilize 
commercial targetry systems for the production of those radioisotopes and modest improvements 
were contributed to increase final yields to meet the accelerating nuclear medicine demands. In 
addition, target behaviors in terms of yield, maximum beam current tolerable and specific activity 
are still vague to several institutes.  
   
Lately, inadequate supply of F-18 and Kr-81m due to the limited capability of liquid and gas 
targets of handling high beam current for the former and old target design for latter in addition to 
the impurity of N-13 due to in-target chemical reaction becomes a major obstacle in meeting the 
required quantities and purities of local nuclear medicine demands. This has necessitated 
development and improvement of target technology for reliable and higher production yield 
which include: a- beam degradation, distribution and diagnostic tool for target monitoring during 
irradiation; b- targets that are capable of withstanding high current beam and consequently high 
specific activity radiopharmaceuticals; c- more understanding of in-target chemical and physical 
phenomena for the preparation of new radiolabeled species; and d- recovery and characterization 
very expensive enriched material. As member of the International Atomic Energy Agency’s co-
ordinated meeting entitled “Improved High Current Liquid and Gas Targets for Cyclotron 
Produced Radioisotopes” we report here our contribution in this project.   
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2. Materials and Methods 
 
The chemical used in this study were all purchased from Aldrich, ABX, and were used without 
further purification unless stated. Enriched O-18 water and Kr-83 gas were purchased from 
ISOTECH (USA) and Matheson (USA) respectively. The chemical used in this study were all 
purchased from Aldrich, ABX, and were used without further purification unless stated. AG50 
Wx8 (100-200 mesh) cation exchange resin was obtained from Bio-Rad. Aluminum, graphite 
degraders and different target bodies (Sliver, Niobium, Aluminum and Titanium) were all 
fabricated at the precision machine shop attached to our cyclotron. Each newly fabricated item 
was inspected and conditioned taking in consideration many critical steps. 
 
2.1 Fluorine-18 Targets 
 
In this study, two different F-18 targets systems were used. The first one is the small volume (0.3 
mL) silver target system that has been irradiated using 26.5 MeV CS30 cyclotron with optimize 
beam profile and irradiation monitoring. The second is the large volume (2.3 mL) silver, niobium 
target systems that have been irradiated using 11 MeV RDS cyclotron. 
 
2.1.1 Small Volume Target 
 
In this target system, the original thickness of the aluminum degrader obtained from the 
manufacturer was 0.115 of an inch. This thickness has degraded the beam energy from 26.5 MeV 
to around 10.5 MeV (Fig. 1). Therefore, several thickness of aluminum degraders (0.110, 0.105, 
0.100, 0.955, and 0.095 In.) were utilized and tested using beam current ranging from 12-16 µA 
at beam energy of 26.5 MeV (Fig. 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Fig. 1: Diagram of fluorine-18 target. 
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Fig. 2: Diagram of fluorine-18 target with different aluminum degraders. 
Further more, utilizing proper calculation based on the stopping power of aluminum, two graphite 
degraders of a thickness of 0.061 In. each were fabricated and tested using beam current ranging 
from 22-38 µA, O-18 water volume of 0.3 mL and for a duration of 1.75 hour. This has degraded 
the beam energy from 26.5 to 12.7 MeV (Fig. 3). 
 
 

 

 

 

 

 

 

 

 

Fig. 3: Diagram of fluorine-18 target with graphite degraders. 
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2.1.2 Beam Profile and Irradiation Monitoring, 
For optimization of beam profile and irradiation monitoring, a system for beam integrator and 
beam position monitoring and control were developed. The general set-up of the system is consist 
of PC control to Multiplexer (Mux) which switches the voltages one by one through the analog to 
digital converter (ADC) (Fig. 4). The 12 data bits supplied by ADC are then read by PC. These 
leads to a resolution of 4096 steps over ten volts range (2.5 mV/step). 
 
 

 
Fig. 4: Beam integrator and positioning set-up. 

For positioning the beam on the centre if the F-18 target, a segmented collimator made of graphite 
(Fig. 5) was fabricated and employed. Beam passes through the centre of the collimator and any 
stray beam will strike one or more of the four segments which will be displayed as bar graphs on 
the PC monitor. The basic circuit diagram used for current to voltage conversion is shown in Fig. 
6. 
 

 
Fig. 5: Segmented graphite Collimator. 

 
Fig. 6: Basic circuit diagram for current/voltage conversion. 
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Where U is an operational amplifier with preset gains of 1,10 and 100, depending on the input 
signal. R is resistor determined as R = V/I (V = 1 volt to be amplified to 10 volt and I as the 
maximum current to be measured for the desired range) and for maximum current of 1µA: R = 1 
meg ohm. 
 

2.1.3 Large Volume Target 
 

After optimizing all F-18 irradiation parameters on the small volume (0.3 mL) silver target, we 
have utilized larger volume silver target (2.3 mL). This target was irradiated using 11 MeV beam 
energy and as high as 60 µA beam current (Fig.7).  
 

 

                                   

Fig. 7: Picture and diagram of large volume fluorine-18 silver target. 
 

Due to the less resistance silver body we have developed and machined several niobium target 
designs using advanced CNC machine, and then built them in-house. These targets have different 
cavity designs and target volumes 1.0, 1.5 and 2.3 mL (Fig. 8). Targets were irradiated using RDS 
cyclotron with 11 MeV beam energy and as high as 55 µA beam current. 
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Fig. 8: Several fluorine-18 niobium target designs. 
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2.1.4 Fluorine-18 Irradiation 
 
F-18 was produced by the bombardment of enriched O-18 water with 10.5-12.7 MeV protons 
from the CS-30 Cyclotron external beam using the 18O(p,n) 18F nuclear process. The proton beam 
current was ranging between 16-27 µA and the irradiation time was between 40-135 minutes. 
Similar procedure was followed using the 11 MeV beam energy from RDS cyclotron.  However, 
beam current was ranging between 40-60 µA.  
 
2.2. Nitrogen-13 Target 
The original nitrogen target body that has been supplied by the manufacturer is made of 
aluminum and it has similar size and shape to the original fluorine target 2.3 mL (Fig 9). As a 
result of impurity (turbidity) arising from the aluminum target, we have machined similar design 
using titanium body. In addition a simple design and larger volume (4.5 mL) was developed, 
machined and built in-house using aluminum body (Fig. 10). Targets were irradiated using CS30 
cyclotron with 12 MeV beam energy and between15-20 µA proton beam current. Moreover, two 
machined aluminum body were electroplated by nickel and gold as a collaboration between our 
institute and Zyclotron. Irradiation of these targets using the 11 MeV beam energy RDS cyclotron 
is still in progress.    
                                    
 

       H2O 
 

Fig. 9: Diagram of nitrogen-13 aluminum and titanium targets. 
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Fig. 10: Diagrams of the new large volume nitrogen-13 aluminum target. 
 

2.2.1  Nitrgen-13 Irradiation 
Ammonia-13 was produced by the bombardment of 5.0 mM ethanol in water for injection with 12 
MeV protons from the CS-30 Cyclotron external beam using the 16O(p,4n) 13N nuclear process. 
The proton beam current was between 15-20 µA and the irradiation time was between 10-15 
minutes. After delivery of irradiated material, ammonia-13 was adjusted for osmolality and pH 
with sodium chloride (1.0 mL, 14.6%) and sodium bicarbonate (0.2 mL, 8.4%) respectively. Final 
solution was filtered through Millipore filter (0.22 µm, 25 mm), activity measured and finally 
sample send to quality control for analysis.  The same procedure was followed using the 11 
MeV beam energy RDS cyclotron.   
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2.3 Krypton-81 Target 
The original krypton target body that has been used for almost two decades is made of aluminum. 
It consists of target window made of aluminum foil with thickness of 0.5 mm and target 
cylindrical holder cooled by circulating water. Target volume is 75 cc, the pressure prior and 
during irradiation are 75 and 140 psi respectively. In the new design, we have replaced the 
aluminum target body by nickel and the aluminum window by Havaar foil of 0.025 mm 
thickness. In addition, the Rb-81 washing solution (HCl, 0.01 mol dm-3) was replaced by water 
diluted KCl (0.001 mol dm-3). Moreover, target body was connected to nitrogen trap (cold finger) 
to recover the natural krypton for re-use (Fig. 11). 
 

 

 
Fig. 11: Diagram of Krypton-81m target system. 

2.3.1 Krypton-81 Irradiation 
Krypton-81 was produced by the bombardment of natural krypton-83 gas with 26.5 MeV protons 
from the CS-30 Cyclotron external beam using the natKr(p,3n) 81Rb(E.C.) 81mKr nuclear process. 
The proton current was 30 µA and the irradiation time was between 30-45 minutes. The irradiated 
target was washed with water diluted HCl (120.0 mL, 0.01 mol dm-3) divided in three portion 50, 
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50 and 20 mL respectively, to recover most of the produced Rb-81 radioisotopes. From this stock 
solution, 0.2 mL was withdrawn and given to quality control for radionuclidic purity and 
identification, specific concentration and pH. Then the required amounts of Rb-81 were pumped 
into several generators and air blowing of each generator until no visible liquid seen coming out 
followed by connecting the inlet and outlet together with Millex GS filter (0.22 µm, 25 mm 
Diameter) to close the system.  
3. Results and Discussion 
3.1 Fluorine-18 Targets 
 
In the old F-18 target system provided by the manufacturer, the cyclotron energy 26.5 MeV was 
degraded to around 10.5 MeV using aluminum degrader of a 0.115 In. thickness. A series of 
aluminum degraders with various thicknesses were designed, fabricated and tested for optimized 
beam irradiation. As indicated in Table 1, the new thicknesses of aluminum degraders have 
produced fluorine-18 target with maximum beam current and energy. Yet, yield obtained (35 
mCi/uA/h, 900-1000 mCi) using aluminum degrader of a thickness of 0.0955 In. was found to be 
the optimum among other thicknesses. This modification has increased specific activity and final 
yield of F-18 by 90%. In addition, consumption of enriched material and radiation exposure were 
minimized.  
TABLE 1: IRRADIATION PARAMETERS AND RESULTS FOR SMALL VOLUME F-18 
SILVER TARGET.     

Thickness 
(Inch) 

Energy 
(MeV) 

Yield 
(mCi/µA/h ±5%) 

Current 
(µA) 

0.115 10.5 18 16-18 
 

0.110 11.5 22 16-18 
 

0.105 12.0 27 16-18 
 

0.100 12.5 31 16-18 
 

0.0955 12.7 35 
(900-1000 mCi) 

16-18 
 

0.0950 13.0 32 16-18 
 

However, when proton beam current exceeded 20 µA, aluminum degrader tends to blow off more 
frequently which necessitates target rebuilt, production delay and consequently unnecessary 
radiation exposure. 
Taking the above disadvantages in consideration with special attention to the frequent blow off of 
aluminum degrader, graphite degrader was suggested due to its resistance to high temperatures 
and corrosion and it exhibits working temperatures of -200 to +650°C in air and -200 to +3,000°C 
in non-oxidizing media. The fabricated graphite degrader was tested and beam current was 
elevated to 38 µA without blowing off the degrader, though, enriched water evaporates when 
higher current used for long time.  
Although, Table 2 illustrates similar results of F-18 yield to that obtained in Table 1. However, 
advantages of using graphite degrader lies under the following: a- beam current increased by 
70%, b- short run time for the production of fluorine-18 in relatively large quantities, c- reliability 
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of [18]fluorodeoxyglucose ([18F]FDG) production, and more importantly d- no operator radiation 
exposure as a result of opening and rebuilding F-18 target. 
TABLE 2: IRRADIATION PARAMETERS AND RESULTS FOR SMALL VOLUME F-18 
SILVER TARGET WITH GRAPHITE DEGRADER.     

Time 
(minutes) 

Energy 
(MeV) 

Current 
(µA) 

 
Yield 

(mCi ± 5%) 
40 12.7 

 
27 600 

60 12.7 
 

24 700 
75 12.7 

 
22 750 

90 12.7 
 

21 800 
102 12.7 

 
20 850 

120 12.7 
 

19 900 
135 

 
12.7 18 1000 

35 mCi/µA/h 
 

The developed beam integrator and beam position monitoring and control system is an 
ideal for constant, non-destructive monitoring of the beam position on the target. Using 
signals as feedback to the steering magnet power supplies, the beam can be kept on centre 
of the target during the run. 
 
Centring and focusing of the beam will lead to no strike on graphite collimator and 
consequently no bars display on the PC monitor (Fig. 12). However, when beam drifted 
off the centre, stray beam will strike on graphite collimator and translated to bars display 
representing beam position and beam lost on the degrader (Fig. 13). 

 

 
Fig. 12: Display during the run with centred and focused beam and no beam loss on the 

degrader. 



73 
 

 
Fig. 13: Display during the run with beam off centre to the top, left and 40% beam lost on the 

degrader. 
 
The full scale range of the segments can be chosen from 100 nA to 10 µA. In the 100 nA range, 
the segments are so sensitive that the slightest movement in beam direction or focus can be 
sensed. Fig. 14, shows a very well focused beam. In the 100 nA scale, only stray beam is detected 
in this case. 

 Fig. 14: Well focused beam. 
For a deliberately defocused beam, as shown in Fig. 15, the 1 µA scale will be used as actual 
beam is being intercepted by the segments. This focus condition is more desirable than that 
portrayed in Fig. 14.  
 

 
Fig. 15: Defocused beam 

 
The beam current signal is now also available for instant interruption of the beam in case of 
sudden increase in intensity. This occurs often and by not interrupting the beam, the target is 
exposed to over current leading to burnt targets and in the case of internal targets, the release of 
radioactive materials into the cyclotron. 
 
This system has been very helpful and reliable since installation. The proto-type is running at the 
moment on Windows 98 and is driven from the PC’s parallel port.  
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Proven advantages 
 

• Better focusing of the beam means better transmission through the beam lines and hence 
lower currents through the extraction system. This means longer extraction life. 

 
• Constant monitoring and plotting of current on target makes it possible to examine plots 

at any time when yields are very low or exceptionally good. 
 

• With this system, quadrupoles and steering magnets can easily be lined up which again 
gives more control over beam position and focusing. 

 
• By positioning the collimator close to the target, defocusing of the beam is simple 

without to much beam loss on the segments. 
  
On other hand, the larger volume silver target (2.3 mL) enabled us to irradiate 18O-water as high 
as 60 µA beam current for longer time. Although, yield in mCi/µA/h (30-35) was similar to the 
small volume silver target (0.3 mL), however, the amounts of F-18 produced were trebled and 
found to be ranging between 2000-3000 mCi as observed in Table 3.   
TABLE 3: IRRADIATION PARAMETERS AND RESULTS FOR LARGE VOLUME 
F-18 SILVER TARGET.  

Time 
(minute) 

Energy 
(MeV) 

 
Current 
(µA) 

 
mCi/µA/h 

Yield± 5% 
 

 
mCi 

75 11 60 35 
20 

2600 
1460 

60 11 50 34 
20 

1670 
1000 

100 11 45 32 
21 

2300 
1600 

135 11 40 30 
12 

2780 
1300 

 
The main problem of the larger volume silver target was the unexpected drop of the F-18 yield to 
unacceptable levels. Even though beam current was reduced to 40 µA, more than 15 runs before a 
rebuilt were seldom reached. This trend was mainly attributed to the build-up of contamination at 
the beam spot on the water side of Havaar foil that might be arising from the less resistant silver 
target material as shown in Fig 16. This build-up degraded the energy to such an extent that 
production yield was seriously affected (numbers in italic) (Fig. 17), which necessitate target 
rebuilt after every ten runs and consequently higher radiation exposure.   
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Fig 16. Water side Havaar foil of silver target after 15 irradiations. 

 
Fig. 17: F-18 production yield using larger volume silver target. 

 
Therefore, new niobium target designs were developed and built in-house. These targets that have 
different volume and cavity shapes (1.0, 1.5 and 2.3 mL, Fig. 9) were irradiated using RDS 
cyclotron with 11 MeV proton beam energy and different beam current (Table 4). 
 
TABLE 4: DATA GENERATED FROM USING THE LARGE VOLUME (2.3 ML) NIOBIUM 
TARGET.  

Time 
(minute) 

Energy 
(MeV) 

Current 
(µA) 

 
mCi/µA/h 

Yield ± 5%  
mCi 

150 11 55 31 
 

4200 
 

150 11 50 29 
 

3600 
 

150 11 40 26 
 

2600 
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As indicated in Table 4, the final yield of F-18 was 4200 mCi. This yield was not attainable when 
silver target with similar volume was used. Not only that and in contrast with silver target that 
needed rebuild after every 10 runs, niobium target still delivered enough activity after as much as 
40 runs with 50 µA average beam current (Fig. 18) and  without any build-up of contamination on 
the Havaar foil (Fig. 19). In addition, the quality of F-18 was enough to perform sensitive 
nucleophilic reactions such as radiofluorination of benzene and pyridine precursors. 

 Fig. 18: Yield data curve of niobium target. 
 

 
Fig. 19: Havaar foil shown from the water side after 40 irradiations. 

 
In an attempt to reduce F-18 target volume and consequently reduces enriched materials 
consumption, two niobium target were developed. First target is 1.0 mL volume with a wider 
diameter than the original design and the second target was 1.5 mL volume with much wider 
diameter that faces Havar foil for better helium cooling. Tables 5 and 6 illustrate data generated 
from both niobium targets.    
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TABLE 5: DATA GENERATED FROM USING SMALLER VOLUME (1.0 ML) NIOBIUM 
TARGET.  

Time 
(minute) 

Energy 
(MeV) 

Current 
(µA) 

 
     mCi/µA/h 

Yield ± 5%  
     mCi 

150 11 50 13 
 

1660 
150 11 50 12.6 

 
1570 

150 11 50 11.9 
 

1493 
 
TABLE 6: DATA GENERATED FROM USING MEDIUM VOLUME (1.5 ML) NIOBIUM 
TARGET.  

Time 
(minute) 

Energy 
(MeV) 

Current 
(µA) 

 
mCi/µA/h 

Yield ± 5%  
mCi 

120 11 50 25 
 

2523 

150 11 50 24 
 

2970 

150 11 50 23 
 

2860 
 
Although 50 µA beam current and 150 minutes bombardment time were used for the small (1.0 
mL) niobium target. However, data in Table 5 show very low yield of F-18. This might attributed 
to low helium cooling capacity at the front of the target. In contrary, data in Table 6 from larger 
niobium target (1.5 mL) indicate a dramatic increase of F-18 final yield which is comparable to 
yields obtained using larger niobium targets (Table 4). From these data, we can deduce that the 
new design with wider diameter facing havar foil (1.5 mL) has an advantage of more cooling to 
irradiate enriched 18O-water. 
 
Since silver posses a better heat transfer in comparison to niobium, the optimized niobium design 
(2.3 mL) were used to produce a new silver target with aim of improving F-18 yield. However, 
the dramatic decrease of F-18 yield (Table 7) proved that silver target is not a good option for the 
production of F-18.  
 
TABLE 7: DATA GENERATED FROM USING OPTIMIZED DESIGN (2.3 ML) SILVER 
TARGET.  
Time 
(minute) 

Energy 
(MeV) 

Current 
(µA) 

 
mCi/µA/h 

Yield ± 5%  
mCi 

180 11 60 17 
 

2038 
180 11 55 22 

 
2277 

180 11 50 20 
 

2022 
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3.2 Nitrogen-13 Target 
 
Turbidity is a general problem facing ammonia-13 producers. Therefore, careful handling of N-13 
target in terms of washing and cleaning is of necessary. Several ammonia-13 producers 
recommended washing the target for two hours with ethanol and water before any production. To 
overcome turbidity problem occurring in the current N-13 target illustrated in Fig. 9, we have 
decided after careful observation to wash the target every two production runs with ethanol and 
water for injection for 15 and 30 minutes respectively. This has eliminated turbidity that’s 
contributed to false positive pyrogen test. We believe that the target design may have played a 
role in this phenomenon. Therefore, as an attempt to produce a reliable production of N-13 free of 
turbidity and to meet nuclear medicine demands we have designed and fabricated N-13 targets 
using aluminum and titanium material as target bodies.  
 
The titanium target has similar design as the current target, however, very concentrated turbid as 
well as pasty materials were produced when irradiated using similar parameters. This could be 
attributed to many factors among them lower thermal conductivity of titanium compared to 
aluminum which may lead to polymerization of ethanol by-products and chemical reactions with 
target body in the present of ammonia and ethanol.  
 
The second development was a simple and larger (4.5 mL) aluminum target as illustrated in Fig. 
10. Using this target with similar irradiation parameters, we were be able to produce ammonia-13 
free or turbidity and suitable for patients as quality control measurements demonstrated (Table 8). 
In this target, the cavity was changed to a cylindrical shape and cooling efficiency was also 
improved. As a result washing of the target is performed only once a month and target cleaning 
every six months. Advantages of this compare to company design lie under the following: a) 
reliable and consistent N-13 production, b) lower operator exposure to radiation and c) simple and 
inexpensive target. For further optimization of this target, the newly designed aluminum target 
was electroplated by nickel as well as gold and their irradiation operation is still in progress.    
 
TABLE 8: QUALITY CONTROL OF AMMONIA-13 RADIOPHARMACEUTICALS FOR 
INJECTION. 
Sterility Pyrogenicity pH Radionuclidic 

purity 
Radiochemical 

purity 
Osmolality Turbi-

dity 
Pass Pass 7.0 Pass 99.30% 307 Pass 

 
3.3 Krypton-81 Target 
 
The inadequate and unreliable supply of Kr-81m generators resulted from old target design has 
necessitated development and improvement of Kr-81m target technology for reliable and higher 
production yield. In the old design, aluminum target body, low thermal conductivity aluminum 
window foil and water diluted HCl were used for the production of Rb-81/Kr-81m generator. In 
This design, frequent leaks through drain valve were experienced due to some dirt that sets 
between the solenoid valve and the plunger. This phenomenon more likely attributed to the less 
resistance aluminum toward acidic solution (HCl, 0.01 mol dm-3) used for the recovery of Rb-81. 
More challenging, the aluminum target gave good yield; however, the yield starts declining after 
several runs which necessitate frequent cleaning of the target to remove the formed oxide layers. 
Another factor contributing to the lower Rb-81 yield was originated from the aluminum window 
foil that has degraded the 26.5 MeV incident beam energy to around 22 MeV, resulting in losing 
an important 4.5 MeV.  
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In the newly designed target, we substituted the less resistant aluminum target body by the more 
resistant nickel metal with similar target volume. It was found that nickel target gave not only 
higher yield but more importantly consistent yield. Also, the thick aluminum window foil (0.5 
mm) that decreased incident beam energy was exchanged by the thin Havar window foil (0.025 
mm). This has increased incident beam energy to 24.5 MeV and consequently the final yield as 
indicated in Table 9. In addition, the Rb-81 washing solution was replaced by water diluted KCl 
(0.001 mol dm-3) to assure lower metal chemical reaction and maintaining Rb-81 recovery 
efficiency. Moreover, target body was connected to nitrogen trap (cold finger) for natural krypton 
recovery to be used in next production run. Finally, advantages of the new over the old system lie 
under the following: a) higher yield, b) reliable and consistent Kr-81m production, c) lower 
operator exposure to radiation, d) reduced consumption of spare parts, e) recovery of natural 
Krypton gas and f) inexpensive system. Yet, quality control tests regarding radionuclidic purity, 
identity and pH were found to be the same (Table 10). 
 
TABLE 9: DATA GENERATED FROM USING THE OLD AND NEW KR-81M TARGET.  

New Old 
Yield 

mCi/ µA/h 
Current Window foil Yield 

mCi/ µA/h 
Current Window 

foil 
 

4.4 
 

30 µA 
Havar 

0.025 mm 
 

2.0 
 

30 µA 
Aluminum 
0.5  mm 

4.5 --  2.5 --  
4.5 --  2.1 --  
4.3 --  3.1 --  
4.4 --  2.6 --  
4.9   1.3 --  

4.5 ± 0.2 Mean 2.35 ± 0.6 Mean 
  
TABLE 10: QUALITY CONTROL OF 81RUBIDIUM/81MKRYPTON GENERATOR. 

Radionuclide (%) KFSHRC Result 
Krypton-81m ≥99.0 99.89 
Krypton-79m ≤0.5 0.09 
Krypton-79 ≤0.5 0.02 

pH ≥3.0 4.9 
KFSHRC, King Faisal Specialist Hospital and Research Centre.  

 
4. Looking ahead 
 
Due to the high demand and increasing growth on the clinical study for [18F]FDG in Saudi Arabia 
to the extent that we have to supply PET centres that are 400 km away. Needs for an effective 18F 
target that can fulfil the high demanding production yields of this radioisotope is of importance.  
 
Since the price of the 18O-enrich water dropped dramatically, new 18F target systems tend to use 
larger volume for producing higher fluorine-18 yield. Such systems will become increasingly 
common in the future. These systems are being used to operate under beam intensity higher than 
60 µA.  
 
However, the optimization between target reliability and high yield production is relatively 
undeveloped in comparison to the other standardised systems available. Our plan is primarily to 
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develop a new large volume niobium target (~6 mL) capable of producing ~8 curies of 18F using 
our new 30 MeV cyclotron. In addition, this target system will be remotely controlled using 
Programmable Logic Controller (PLC) for controlling loading, delivery and cooling system, 
Analogue Module for converting the analogue input data into digital data and Control PC for 
visualization the process of different controls.  
 

 
Fig. 20: Simplified diagram of the new 18F target system. 

 
5. Conclusion 
 
The results obtained from this Coordinated Research Project have been reflected in the consistent 
and dramatic increase of Fluorine-18, Nitrogen-13 and Krypton-81m radionuclides yields, 
specific activities, chemical purities as well as ensuring reliability of the production of [18F]FDG, 
[13N]ammonia and [81mKr]krypton radiopharmaceuticals. On other hand and more importantly, 
these results have minimized the unnecessarily operator's exposure to radiation.  
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