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Abstract 
A comprehensive approach for measuring and analyzing low concentration levels of positron 
emitter isotopes is introduced. The solution is based on a Continuous Air Monitoring Sampler 
(CAMS), Stack Monitoring System (SMS) and software package  
Positron Emission Tomography (PET) is a major tool for both, biochemical research and non-
invasive diagnostics for medicine imaging. The PET method utilizes short half life β+ 
radioisotopes that are produced in cyclotron sites built especially for this purpose. The growing 
need for β+ isotopes brought about a commonly wide use of cyclotrons next to populated areas. 
Isotopes production involves two possible radiation hazards deriving from the activity 
concentration; one refers to the nearby population by the activity released through the ventilation 
system and the other refers to the personnel working in the nuclear facility. A comprehensive 
system providing solution for both radiation hazards is introduced in this work. 
 
 
Introduction 
Measuring activity concentration levels of positrons emitting isotopes in the released air or inside 
the cyclotron site, requires distinction between the detector readings caused by background level 
and detector readings caused by the activity concentration. The background level can be a result 
of the activity inside hot cells, cyclotron routine operation, filter banks, etc. The detector 
background reading due to routine operation can be much higher than the reading caused by the 
activity concentration level due to malfunction. A system driven by these working conditions 
requires detection and documentation of extremely low concentration levels of isotopes in the 
air, (MDA of 10^3 Bq/m3). In order to determine activity concentration levels of positrons 
emitting isotopes, the following options where investigated. 

A. Monitoring the positrons – Detectors which are more sensitive to positrons than to gamma 
radiation fields like gas or ion chamber, can be used. This method improves the Minimum 
Detectable Activity (MDA) since the detector is more sensitive to the positrons 
concentration in the close proximity than to the background gamma field.  
The method's disadvantage is due to its disability to convert the detector readings into 
concentration units. Each one of the PET isotopes has a different energy so that the detector 
readings for the same concentration are different. 

B. Monitoring the gamma radiation field – Using scintillation detectors enables setting an 
electronic window for 511keV photons which are the same for all PET isotopes. This 
method decreases the detector basic background caused by electronic noise and cosmic 
background by a factor of 10. One preset conversion factor can be set for converting the 
detector readings into concentration. 
The method's disadvantage is that the site background radiation level is caused by the PET 
isotopes as well; therefore a distinct process is required to determine whether the readings 
are caused by the concentration level or by the varying background. 
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C. Monitoring of coincident events – During positrons annihilation, a pair of γ photons are 
created in opposite directions with energy of 511 keV. The isotope unique behavior enables 
to determine a known volume by two big scintillation detectors and to count only the 
coincidence events. This method improves the MDA. By using an electronic window for 
511keV photons and a coincidence electronic circuit, the background level can be decreased 
so that only the events created between the two detectors will be measured. 
The method's disadvantage is that it requires a big scintillation crystal to achieve the 
required sensitivity. It is recommended to use plastic scintillation crystals due to the crystal 
cost, but they have poor sensitivity to the 511keV photons and to the coincident event. 

After comparing the above methods, the second approach - monitoring the gamma radiation field 
with a scintillation detector - was chosen. 
 
 
System Description 

The system's main goal is to enable detection of extremely low concentration levels of isotopes 
in the air, in presence of varying background levels. 
The Continuous Air Monitoring Sampler (CAMS) consists of a detection unit, a lead shield, 
an electronic module, and a regulated pumping unit. All the units are integrated into a mobile 
cart. Since some of the isotopes cannot be collected by filter, the air is pumped into a detection 
unit to measure the activity concentration. The air detection unit includes two 2” x 2” NaI(Tl) 
scintillation detectors with an electronic single channel analyzer for 511keV energy photons. 
One detector, located inside a highly polished stainless steel cylindrical chamber, measures the 
activity concentration in the air together with the background level; the other detector measures 
only background. Activity concentration measurement of the working environment inside the 
cyclotron site is more problematic, since the detector reading can be influenced by varying 
background levels caused by short events, such as opening a hot cell door or moving a dose 
without changing the activity concentration level. The developed CAMS response complies with 
MDA regulations set by HPS N13.30. The CAMS algorithm for measuring time and response 
time, provides stabilized readings with fast response to the concentration level variations.  
The Stack Monitoring System (SMS) is based on a high sensitive 2˝ x 2˝ NaI(Tl) scintillation 
detector, an air flow meter and an electronic Data Processing Unit (DPU) that communicates to 
PC via network. Releases through the ventilation system are characterized as fast events riding 
on background level with short half life decay. Therefore, a software algorithm for stack 
monitoring measurement that enables to distinguish between the fast release event and the 
background level has been developed. The SMS converts cps detector readings into activity 
concentration quantities [Bq/m3 or µCi/ml] and calculates the total integrated released activity. 
The conversion factor is obtained by performing a controlled release and calculation of the 
factor, using a special software routine. Once the factor is obtained, the system automatically 
searches for the release picks, subtracts the background dose rate, and shows the released 
concentration and the total integrated released activity.  
 
 
Calculations 

A. Continuous Air Monitoring Sampler (CAMS) 
 

In order to calculate the activity concentration level, a calibration of the chamber detector 
readings from cps to concentration units was performed. Using the shielded detector method for 
background subtraction based only on background fluctuation, a concentration level of up to 
5000Bq/m3 was calculated, see Fig. 1. However, by adding an averaging time that varies 
according to the detector reading and fast response algorithm, the fluctuation has been decreased 
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to be less than 300Bq/m3, without affecting the CAMS ability to initiate a fast alarm in case of a 
meaningful change if the concentration level.  
 

 
 Detector reading after background subtraction 
 Detector reading after background subtraction, averaging and calibration 

Fig. 1 – Background Concentration Level 
 
B. Stack Monitoring System  
The SMS concentration level is determined after the local calibration procedure. The conversion 
factor from the detector reading into concentration is not constant and depends on the stack 
dimensions and the flow rate. In order to maintain a long linear range of over five decades, and 
to overcome the dead time nature of the detector, a lookup table is used, see Fig. 3. The activity 
release calculation is based on: background level before and after the release, flow rate reading, 
and conversion factor as shown on Fig. 2. 

 
 

 

 

 

 

Fig. 2 – Calculation of the Activity Release Fig. 3 – Detector Linearity 

The data of the controlled release process is analyzed by the computer software in order to 
calculate the conversion factor. Once the conversion factor is obtained, the system uses it to 
convert the detector cps readings into activity concentration. A software algorithm was 
developed for automatic search of the activity release peaks, subtract background level, display 
the released concentration and the total integrated released activity. 
 
 
Conclusion 

A new approach for monitoring and analyzing activity concentration levels has being introduced. 
By monitoring the 511 keV photons the same conversion factor can be used for all PET isotopes. 
A special dynamic averaging algorithm enables to achieve a low MDA (1000 Bq/m3) within the 
shortest response time. The software unique statistical calculation algorithm was implemented 
for calculating the conversion factor and for automatically detecting the released peaks 
indicating their activity and period. 
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