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Abstract. Oxygenated target waters of cyclotron targets contain long-lived contaminants due to (p,n) reactions in the Havar 

target window that are spalled into the target water. These contaminants must be scrubbed out of the water as part of the drug 

synthesis process.  Currently the USP requires that the final drug product be 99.5% pure, so the total activity of the long-lived 

contaminants can be no more than 0.5% of the final radiopharmaceutical product.  A method of determining these long-lived 

contaminants with whole-spectrum non-linear shape fitting has been developed using high-resolution gamma spectroscopy. 

Results of whole-spectrum shape fitting are compared to results from standard software that uses results of an initial search 

of individual peaks. It is shown that the usual problems due to interference corrections of individually-fitted peaks are not 

encountered with whole-spectrum shape fitting, with improved overall analytic results. 

1 Introduction 

For positron-emission tomography (PET) short-lived 

radionuclides that emit no gamma-rays but only positrons 

are required. 
18

F is the most commonly-used for this 

purpose, and is commonly produced by the irradiation of 

oxygenated water with high-energy protons accelerated 

from a cyclotron through a Havar window that separates the 

vacuum of the cyclotron from the water target. Havar is a 

non-magnetic target window which must retain its strength 

while withstanding corrosion and the high heat loads from 

the transition of the proton beam.  Havar is nominally 

composed of cobalt, chromium, nickel, tungsten, 

molybdenum, manganese, carbon, and iron [1]. In this 

process long-lived radioactive contaminants are created 

primarily through (p,n) reactions and are sputtered into the 

target water. Long-lived contaminants are also created in 

this process by reaction with secondary neutrons. The 

contaminants and this process are well-known and have 

been widely reported [2, 3, 4, 5, 6, 7, 8].  

 To meet the requirements of the USP that the final drug 

product be 99.5% pure, the total radioactivity can be no 

more than 0.5% of the final radiopharmaceutical product. 

Although unable to detect radionuclides such as 
3
H that emit 

no gamma rays, high resolution gamma spectroscopy is an 

important part of procedures commonly used to test if this 

requirement has been met. Among the more notable long-

lived contaminants that are evident with gamma 

spectroscopy are 
55

Co, 
56

Co, 
57

Co, 
58

Co , 
51

Cr, 
52

Mn, 
54

Mn, 
57

Ni, 
183

Re, 
95

Tc, 
95m

Tc, and 
96

Tc. In common practice the 

activity concentrations of these radionuclides are 

determined by analysis with one of several widely-accepted 

commercial software applications that begin with a search 

of all the significant peaks in the spectrum, and then refer to 

a previously-determined efficiency response and to nuclear 

tables to try to infer the presence and activities of 

radionuclides evident in the spectrum. This method fails 

when important peaks that lie closely together are masked 

by interference with each other or by other, larger peaks.  

 The authors have applied a new method for the analysis 

of long-lived contaminants, using whole-spectrum non-

linear shape fitting, which is implemented in an application 

called "Visual RobFit", or "VRF" for short. The advantage 

of this method, which has been described in [9] and [10], is 

reported in more detail in two companion papers [11] and 

[12]. The aim of this study is to evaluate and compare the 

use of VRF for analysis of cyclotron-induced long-lived 

contaminants in target waters with Havar foils to the results 

using more conventional techniques. 

2 Description 

A sample of target waters used in the production of 
18

F for 

PET imaging was received for analysis of long-lived 
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contaminants.  The sample was taken at end of run at 10 

AM, January 9, 2015, and had an activity of 19.8 GBq of 
18

F. A spectrum was acquired at 1.42 PM, January 15, 2015, 

after a cool-down period of 6 days, 3 hours, and 42 minutes. 

 This spectrum was analyzed both with standard peak-search 

software and independently with Visual RobFit.  

 Figure 1 shows the graphical results of the fit to the 

spectrum using the whole-spectrum shape fitting techniques 

of Visual RobFit. In Figure 2, which shows detail in the 

region of 825 keV to 875 keV, the ability of whole-

spectrum shape fitting to resolve interfering peaks is well-

illustrated. Note the small peak of 
52

Mn (at 848.18 keV, 

fuchsia) that is masked by two much larger interfering peaks 

of 
56

Co (at 846.77 keV, dark gray) and 
96

Tc (at 849.86 keV, 

lime color). With standard peak-search software, activities 

for both 
95

Tc  and 
96

Tc were grouped with a suffix of "x" to 

include all isomers, whereas with the whole-spectrum shape 

fitting techniques both 
95

Tc  and 
96

Tc were reported 

independently with high confidence.  

 Of more particular interest in Figure 2 is the resolution 

of two very close-lying peaks of nearly identical size, of 
54

Mn (at 834.85 keV, orange) and of 
95m

Tc (at 835.13 keV, 

light gray). The standard peak-search software apparently 

did not attempt to resolve this interfering peak as it did not 

report any independent presence of 
95m

Tc. VRF, which 

relies on whole-spectrum fitting, reported 
95m

Tc with a 

confidence of 18.26 (as calculated by the activity divided by 

the one-standard-deviation of uncertainty in the activity), 

and with an activity concentration of 0.464 Bq/GBq. 

 A final example of the efficacy of whole-spectrum shape 

fitting is shown in Figure 3, where the shape of the entire 

group tungsten x-rays (which result from the decay of 
183

Re) 

is shown in a light blue color. The standard peak-search 

software did not recognize tungsten x-rays, but instead 

incorrectly attributed two of the larger peaks to 
232

Th and 
241

Am, with the caution that they were "part of an 

undetermined solution". To illustrate why 
241

Am might have 

been thought to be present by the standard peak-search 

software, a fictitious overlay of how the shape of a peak at 

59.54 keV would have looked is shown in orange. (Note 

that the orange peak is of fictitious 
241

Am and is not a fit to 

any real data!) 

 Table 1 provides a quantitative comparison of activity 

concentrations, and their one-standard-deviation 

uncertainties, as analyzed with whole-spectrum shape fitting 

with VRF, compared to results of analysis with standard 

peak-search software. 

3 Method 

The determination of long lived contaminants in cyclotron-

produced radiopharmaceuticals is performed by taking a 

sample of the final drug product and recording the 
18

F or 
13

N activity at a specific date and time.  Both the EOS and 

the time of expiration are commonly used.  The sample is 

then allowed to decay for two to three days to allow the 

short-lived imaging product to decay away.  This decay time 

is optimal to ensure the analysis has sufficient sensitivity to 

detect the 
55

Co (T1/2 17.53 hours)  at the required Minimum 

Detectable Activity (MDA). The sample is then counted on 

the high resolution gamma spectrometer (P-type crystal) to 

identify the presence and activity of the long lived 

contaminants.  Typically, one of two commercially-

available software packages are used to analyze the 

resulting spectrum and the results are reported, by isotope, 

as Bq of contaminant per GBq of 
18

F or 
13

N product at the 

date and time submitted on the chain of custody.  The 

method cannot detect contaminants whose half  lives are too 

short to make it to the counting laboratory, nor pure beta 

emitters (i.e. 
3
H). 

 During validation and verification testing of the new 

method in samples with significant breakthrough of the 

long-lived contaminants into the final product, it was 

observed that the commercial software packages could not 

adequately resolve and report some of the contaminants due 

to heavily overlapped spectra.  While final products with 

heavy loads of the long-lived contaminants are rare, the 

method needs to be sufficiently robust to manage them 

when they do appear. 

4 Conclusion 

A new application of the method of non-linear fitting for 

nuclear spectral analysis (VRF) has been applied to the 

quantitative analysis of long-lived contaminants in target 

waters during the production of 
18

F for PET imaging. 

Results of standard peak-search software were compared to 

results from VRF. VRF produced results that compared well 

with results of peak-search methods in cases where there 

was no interference of peaks, but performed significantly 

better in cases where interference was encountered.  
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Figure 1. The analyzed spectrum of contaminants in oxygenated target water from spallation from a Havar window by protons 

from a cyclotron in the production of 18F for PET imaging. The sample, which had an activity of 19.8 GBq of 18F,  had been aged 

6 days, 3 hours, and 42 minutes prior to acquisition of this spectrum. 

 

 
Figure 2. The region of 825 keV to 875 keV of the analyzed spectrum of contaminants, showing the resolution by VRF of the 

peak of 52Mn at 848.18 keV (fuchsia color) that is masked by the two large peaks of 
56

Co (at 846.77 keV, dark gray) and 
96

Tc (at 849.86 keV, lime).  Also shown is the resolution of two very close-lying peaks of nearly identical size, of 
54

Mn (at 834.85 keV, orange) with the peak of 
95m

Tc (at 835.13 keV, light gray).      
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Figure 3. The analyzed spectrum of contaminants showing the whole-spectrum fit to the entire group of tungsten x-rays (light 

blue) compared to the shape of 241Am if it had been present (orange). The standard peak-search software had suggested that the 

tungsten x-rays, which result from the decays of 183Re, were actually due to 241Am and 232Th, but did flag them as "part of an 

undetermined solution". 

 

Table 1. Comparison of activity concentrations (in Bq/GBq of 18F) as analyzed by Visual RobFit and by standard peak-

search software. The standard peak-search software results for 95Tc and 96Tc (in italics, gray type) were grouped with a suffix 

of "x" for all isomers of that nuclide. The standard peak-search software made no separate identification ("ID" in the table 

below) of 95mTc, presumably due to the interference of the peak of 54Mn at 834.85 keV with the peak of 95mTc at 835.13 keV, 

as shown graphically in Figure 2. The tungsten x-rays were incorrectly identified by the standard peak-search software 

("SPS" in the table header below) as 241Am and 232Th but were flagged as "part of an undetermined solution". 

 

Emitter VRF Uncert. SPS Uncert. 
55Co 119.250 14.121 133.800 0.158 
56Co 25.796 0.147 26.160 0.389 
57Co 3.630 0.037 3.545 0.116 
58Co 50.231 0.260 50.910 1.311 
51Cr 7.156 0.292 6.545 0.570 

52Mn 13.835 0.129 13.650 0.243 
54Mn 0.137 0.032 0.191 0.056 
57Ni 12.346 0.749 17.370 1.808 

183Re 1.739 0.064 1.858 0.154 
95Tc 44.178 5.323 0.414 0.066 

95mTc 0.464 0.025 No ID No ID 
96Tc 8.922 0.121 8.365 0.260 

W x-rays 2.141 0.059 Bad ID Bad ID 

 

 


