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ABSTRACT 
 
The aim of this work is to demonstrate a new methodology of estimating the calibration factor of the ventilation 
duct of a PET radiopharmaceutical facility. The proposed methodology was studied to minimize contamination 
risks for the workers, as well as the uncertainties attributed to the gas sampling. The studied facility was the 
Development Centre of Nuclear Technology (CDTN/CNEN) in Belo Horizonte, Brazil. It was performed 3 
consecutive irradiations with normal water (H2

16O) for production of nitrogen-13 to estimate the calibration 
factor of the detector located in the chimney of the facility. The readings of the detector were registered by the 
online radiation monitoring system (MEDISMARTS) during the transfer of the irradiated liquid until the count 
rate decreased for the background (BG) levels. The remaining activity of the water from the vial was measured 
and the decay corrected to the beginning of the transfer of the activity. The mean calibration factor estimated 
was (3.6 ± 0.5) kBq . m-3 . cps-1. The maximum activities registered in the three irradiations were, respectively, 
278 s, 370 s and 366 s after transferring of the activity to the hot cell. The conservative assumptions adopted and 
the values found for the calibration factor, which were close to the manufacturer published data, permit to 
estimate, safely, the discharges of radioactive gases in the installation. 
 
 

1. INTRODUCTION 
 
In recent years, it has been seen a substantial increase in the number of installations dedicated 
to PET (Positron Emission Tomography) radiopharmaceutical production [1]. The most 
important PET radiopharmaceutical used in Nuclear Medicine is the 2-[18F] fluor-2 deoxy-
D-glucose (FDG). The use of FDG along with a PET camera yields excellent quality images 
of the brain (for studying functional abnormalities), heart (for studying viability function) and 
tumours (for detection of metastases) [2]. 
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The licensing process of a radiopharmaceutical production facility requires the knowledge of 
the activity of radioactive gas released by the chimney. The Brazilian Standard about 
Radioactive Waste Management from Nuclear Commission of Nuclear Energy [3] establishes 
a maximum Fluorine-18 concentration to disposal of radioactive gas on the atmosphere. 
 
In order to estimate this activity it is necessary to install a very sensitive radiation detector at 
the air exit duct and to determine a calibration factor to convert the readings into 
concentration activity units. It is usually performed injecting a known amount of radioactive 
gas into the ventilation duct and monitoring the readings of the radiation detector. [4]. 
 
The sampling and injection of the radioactive gas into the ventilation duct introduce 
radioactive contamination risks for the workers of the facility. Furthermore, it can be 
expected uncertainties sources in the measurements due to the small amount of gas sampled 
by the syringe and the leaking of radioactive gas during the activities of transport and 
injection. 
 
The aim of this work is show a new methodology of estimating the calibration factor of the 
ventilation duct of a PET radiopharmaceutical facility. The proposed methodology was 
studied in a manner the contamination risks for the workers and uncertainties attributable to 
the gas sampling were minimized. The values found for this factor were compared with 
published data of the monitoring radiation system manufacturer. 
 
 

2. MATERIALS AND METHODS 
 

The studied facility was the Development Centre of Nuclear Technology (CDTN/CNEN) in 
Belo Horizonte, Brazil. The facility has a cyclotron GE PETtrace 8 (GE HealthCare), capable 
of accelerate protons up to 16.5 MeV. The cyclotron has two targets dedicated to production 
of fluorine-18, with a yield of about 9 Ci in 2 hours of dual beam irradiation. 
 
In the production laboratory there are a double hot cell BBS-2 from COMECER, with 2 
synthesizers TRACERLAB-MX (one in each shielded compartment) from GE HealthCare 
and an automatic dispensing unit called THEODORICO, also from COMECER. The 
compartments of the hot cell BBS-2 and the THEODORICO have charcoal filters in the exit 
of the ventilation system. Then, the radioactive gases produced during the syntheses pass first 
by these charcoal filters before get access to PVC tubes of 200 mm of diameter and about 15 
meters long. These PVC tubes connects with the square section tubes (40x40 cm2) from the 
bunkers of the cyclotron and external beam line, made of galvanized steel. Before the exit of 
the chimney there are a group constituted of two HEPA and one charcoal filters, which 
reduces the radioactive gas released by the installation. The chimney is located 20 meters 
high from the ground level and 15 meters from places occupied by members of the public. A 
scintillation detector (PM-11) and a flow meter (ROTEM Industries) are connected to an 
online monitoring system (MEDISMARTS) of the same manufacturer. This system controls 
the gas released and commands a dumper that is automatically closed when the radiation 
levels are higher than the set licensed values. 
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The following methodology was employed to estimate the calibration factor of the detector 
PM-11 located in the chimney of the facility:  

• It was performed 3 consecutive irradiations with normal water (H2
16O) to 

produce nitrogen-13 (N-13), which is a positron emission too; 
• The irradiated water produced in each cyclotron operation was transferred to a 

vial located inside the hot cell BBS-2 utilized in the FDG synthesis. This vial 
had an exit for the radioactive gas in such way that the gaseous form of the N-
13 produced during the irradiation could be released for the internal 
compartment of the hot cell and, consequently, to the ventilation ducts. As the 
efficiency of the charcoal filters to N-13 is extremely low, we supposed, in a 
conservative manner, that all N-13 gas produced was released by the chimney; 

• The readings of the PM-11 detector were registered by MEDISMARTS 
system during the transfer of the irradiated liquid until the count rate decreased 
for the background (BG) levels; 

• The remaining activity of the water from the vial was measured and the decay 
corrected to the initial moment of the transfer activity. The dose calibrator 
utilized was the CRC-25R from CAPINTEC; 

• It was supposed that 15% of the N-13 activity produced was released to the 
chimney of the installation [5]. In a conservative manner, it was not 
considered the decay during the emission; 

• The calibration factor K (in kBq . m
-3 

. cps
-1) was calculated by the following 

equation: 
 

     PFCT

A
K

⋅⋅⋅
=

           

(1) 

 
Where,  
A is the activity of N-13 (in kBq) exhausted by the chimney during the time “T” 
(in seconds) 
C is the mean counts rate, in cps; 
F is the air speed (registered by the flow meter), in m.s-1. 
P is the cross section area of the ventilation duct, in m2. For the studied 
installation, P = (0.16 ± 0.01) m2. 

 
 

3. RESULTS AND DISCUSSIONS 
 
The Table 1 shows the calibration factor (K) estimated in 3 irradiations realized, as well as 
the values of the parameters T, C and A, used in the estimates. The mean air speed (F) was 
(1.0 ± 0.1) m.s-1. The Fig. 1 shows the variation of the counts registered by the 
MEDISMARTS system during the time comprised between the transfers of the activity until 
the decreasing of the counts to the BG levels. 
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Table 1. Calibration factors (K) and parameters T, C and A, utilized in the 
estimates. 

Irradiation Time Counts Activity K 

(s) (cps) (kBq) (kBq . m-3 . cps-1) 

1 1196 103.0 81663 4.14 

2 1521 125.3 102321 3.36 

3 1473 140.3 108743 3.29 

 
 

 
Figure 1. Variation of the counts registered by the MEDISMARTS system. 

 
 
 
The mean calibration factor estimated was (3.6 ± 0.5) kBq . m-3 . cps-1. The maximum 
activities registered in the three irradiations were, respectively, 278 s, 370 s and 366 s after 
transferring of the activity to the hot cell. The necessary time to reduce the activity released 
by the chimney to the BG levels for the three irradiations were respectively, 643 s, 877 s and 
920 s.  
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The mean calibration factor found is close to the estimated by the manufacturer of the 
MEDISMARTS system, using mathematical models (3.4 kBq . m-3 . cps-1) and experimental 
measurements (3,0 kBq . m-3 . cps-1) [4]. The counts registered for the first irradiation 
presented some discrepancies which increased the uncertainties in the estimates. However, it 
can be considered low for radiation protection purposes. Furthermore, as these discrepancies 
overestimate the value of the factor, it can be safely adopted for the radiopharmaceutical 
facility.  
 
 

3. CONCLUSIONS  
 
A new methodology of estimating the calibration factor of the ventilation duct of a PET 
radiopharmaceutical facility was studied. The proposed methodology minimizes the radiation 
exposure to the workers of the installation. Furthermore, the conservative assumptions 
adopted and the values found for the calibration factor, which were close to the manufacturer 
published data, permits to estimate, safely, the discharges of radioactive gases in the 
installation. However, a comparison using the same method of estimative and the injection 
method must be performed in the same facility and in another one to validate the 
methodology. 
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