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INTRODUCTION 

Cyclotrons are commonly used for production of radioactive isotopes utilized for Positron Emission 

Tomography (PET) imaging and other
 
purposes

(1)
. During the isotopes production process there are routine 

releases of nonhazardous amounts of radioactive isotopes into the atmosphere. The activity concentration of 

radioactive effluents, released into the atmosphere are subjected to restrictions by national regulations based 

on international recommendations
(2)

. Uncontrolled isotopes emission through the ventilation system would 

increase the radiation hazard potential to nearby population. In order to control and prevent such emissions, 

monitoring and assessment of the released activity concentration is required. 

For this purpose, a radiation detection system is required to be installed in the ventilation stack. The design 

of such a monitoring system should cope with two main difficulties: the capability to detect low 

concentration level and the capability to accurately assess the emitted activity per released isotope. 

In this work, we present innovative stack monitoring detection system that combines new detector design, 

electronics, friendly interface software and unique algorithms that provide a comprehensive solution for the 

above-mentioned requirements. Activity releases measured by the system are discussed along with 

calculation for the system sensitivity, detectable level and isotope identification algorithm. 

 

METHODS 

The innovating stack monitoring system is aimed to measure the released activity concentration and to report 

the activity according to the produced isotope. In order to achieve accurate and correct measurements, the 

design should allow for the following considerations: 

a. Release vs. decay: distinguish the detector reading that is caused by an actual activity release into the 

atmosphere from a decay that is caused by absorption of the released radiopharmaceutical on the duct 

surface or in the charcoal filters. 

b. Release vs. external radiation field: distinguish the detector reading that is caused by an actual activity 

release into the atmosphere from readings that are produced by short term events of radiation located 

outside the duct. These events can occur due to radiation source located at the chemical hot laboratory 

during the routine activity of the radiopharmaceutical production and shipping. 

c. High sensitivity: accurate measurement of pulsed releases with low activity concentration (about 1000 

Bq/m
3
). 

d. PET isotope identification: distinguish between the readings caused by the commonly used positron 

emitting isotopes (
15

O, 
13

N, 
11

C, 
18

F) 
(3)

. 

e. Conversion and calibration: converting the detector reading in counts per second (CPS) into activity 

concentration units that will fit different duct systems. 

f. Installation: design a system appropriate for outdoor conditions that can be easily installed, maintained 

and checked for proper and accurate operation.  

The block diagram of the designed stack monitoring system is described on Figure 1. It is designed to be 

installed inside the duct for increased sensitivity. For achieving maximal efficiency, the innovating system 

was designed to measure both the positron energy, which is different for each of the PET isotopes, and the 

511 keV gammas produced by the annihilation process that are common to all the isotopes. The mean free 

pass of the + particle is limited therefore in order to detect the positron the detector surface should be in 
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direct contact with the released air. Detection of the penetrating 511 keV gamma photon is less complex; 

however the effect of the external background has to be considered.  

The system is based on two plastic scintillation detectors mounted back to back. On this configuration 

detector 2 measures both the gamma and beta while detector 1 measures only the gamma. By comparing 

between the two detector's reading it is possible to assess the contribution of the released activity while 

subtracting other interferences caused by external radiation or radiation decay of the material which is 

absorbed on the duct surface or within the filters. 

On this configuration, the reading obtained by detector 2 is affected by both the kinetic energy loss of the 

positron prior to the annihilation and the 511 keV gamma photons produced by the annihilation process. 

Because the PET isotopes have different positron energies, the spectrum that is obtained when measuring the 

same activity concentration is specific to the isotope. 

 

 

 

 

Figure 1. Block diagram of the detector design 
 

 

The detection volume is defined by an aluminum frame, thus enabling to dissociate the activity assessment 

from the actual duct size and therefore has a predefined conversion factor for the detector's reading into 

concentration units. In case that higher sensitivity is required, the design enables to increase the number of 

detectors or the detectors size and to improve the detectability. 

The detector geometry has a negligible effect on the airflow; no shield is required to maintain background 

rejection for improving the detection level. As a result of the predefined installation geometry and 

considering the stack size, it is possible to obtain a calibration factor regardless to the actual stack size and 

thus prevent the need for local calibration. The signal processing electronics supports energy windows 

discrimination, enabling PET isotope identification. The microprocessor controls the counting process and 

the communication to the dedicated interface software. The software presents on-line the release 

concentration and the reporting is based on the detector's gross counts reading and the air volume flow. 

The software algorithm analyzes the ratio between counts in each of the energy windows and enables 

automatic computation of the released activity with correlation to each of the isotopes including gamma 

background subtraction.  

 

RESULTS 

Measurements were performed in a radiopharmaceutical production cyclotron facility. The facility produces 

two different isotopes (N-13 and F-18). 

Figure 3 presents the gross counts reading that is obtained by both detectors and the subtraction, which 

represents the positron contribution only. 
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Figure 3. Gross counts reading: Orange line – Gamma and positron contribution, as obtained from detector 2; Grey 

line – Gamma contribution only, as obtained from detector 1; Blue line – the subtraction of the readings from both 

detectors, that represent positron contribution only. The inlay graph shows the zooming of the area framed by dashed 

lines. 

 

Spectral measurements were also performed using an external MCA for the purpose of energy calibration of 

the detectors. A sample of the obtained spectra is presented in Figure 4. 

  

 
 

 
Figure 4. Measurement of Sr-90 beta emitting calibration source:  

a) as obtained with detector 2. B) as obtained with detector 1. 

 

 

CONCLUSIONS 

 A new design for a stack monitoring system is presented 

 The preliminary results support the design methodology 

 The system novel design provides a method for isotopes identification, predefine calibration and reliable 

documentation of the activity releases 

 Further study of the system performances is undergo at PET isotopes production facility. 
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