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ABSTRACT

Radiopharmaceuticals are used in the field of nuclear medicine as tracers in the diagnosis and treatment
of many diseases. The production of a radiopharmaceutical involves two main processes: the produc-
tion of the radionuclide on which the pharmaceutical is based, and the preparation and packaging of
the complete radiopharmaceutical. Before dispatching package radiopharmaceuticals to the users, each
package must be labeling according to the maximum radiationlevel measured at its surface, according to
the radiation protection guidelines CNEN-NE-5.01, to ensure that transport containers comply with reg-
ulatory requirements for transport of radiopharmaceuticals. This work describes the package monitoring
system developed for help to radioprotection personnel in the process of monitor package radiophar-
maceuticals.The system was installed and tested at IEN’s dispatch package radiopharmaceuticals room
and showed good contribution to reduce the radiation dose tothe radioprotection personnel during the
package measure process.

1. INTRODUCTION

The use of radiopharmaceuticals for imaging organ functionand disease states is a unique ca-
pability of nuclear medicine. Unlike other imaging modalities such as Computed Tomography
(CT), Magnetic Resonance Imaging (MRI) and Ultrasonography (US), nuclear medicine proce-
dures are capable of mapping physiological function and metabolic activity and thereby giving
more specific information about the organ function and dysfunction [1].

Radiopharmaceuticals are radioactive product fulfilling all pharmaceutical requirements and in-
tended for in vivo administration in humans with special purpose to carry out diagnostic or
therapeutic procedure . Typical structure of a radiopharmaceutical has a carrier and a radionu-
clide. The carrier provides for the affinity to a special bodytissue and radionuclide are intended
to the purpose of detection only (diagnostics) or interaction with the tissue (therapeutics). At
present, the Instituto de Engenharia Nuclear (IEN) produces two types of radionuclides: ultra-
pure iodine-123 and fluorine-18, used as markers in several radiopharmaceuticals.

Radiopharmaceuticals production involves handling of large quantities of radioactive substances
and chemical processing. The production include two main processes: the production of the ra-
dionuclide on which the pharmaceutical is based, and the preparation and packaging of the



complete radiopharmaceutical. An aspect which need to be addressed in radiopharmaceuticals
production is the labeling. Before dispatching radiopharmaceuticals package to the users, each
package must have labeling indicating to the maximum radiation level measured at its surface,
according to the radiation protection guidelines CNEN-NE-5.01, to ensure that transport con-
tainers comply with regulatory requirements for transportof radiopharmaceuticals [2].

The label on the outer package should include some information as indicated below [3]:

• a statement that the product is radioactive or the international symbol for radioactivity;

• the name of the radiopharmaceutical preparation;

• the total radioactivity present at a stated date and time at the surface;

• the batch (lot) number assigned by the manufacturer;

• any special storage requirements with respect to temperature and light;

The radioprotection personnel needs to stay near of the package to perform the measurements
close to the surface and one at 1 meter far from the package surface, remaining in this position
for as long as necessary to the measurement be held on four sides of the package surface. This
time can get a few minutes of exposure to radiation. This radiation exposure in the task of mon-
itoring of radiopharmaceuticals could be reduced with the automation of the measures.

This work describes the package monitoring system developed to automate the radiation mon-
itoring and to help radioprotection personnel from IEN in the process of package and labeling
of radiopharmaceuticals.

The rest of this paper is organized as follows: first, in Section 2, the developed system is pre-
sented. Later, in Section 3, the software interface is described. Thereafter, in Section 4, we
present the results and in Section 5, we draw some conclusions and point out some directions
for future work.

2. SYSTEM DESCRIPTION

The system is designed to work without operator intervention during the measurements on four
sides of the packaged. The operator puts the package on the right place and from that moment
goes to the computer to initiate the action. As it is necessary to perform measurements close to
the surface of the package and 1 meter far from the package surface, the system was designed
with two radiation monitors (Monitor of Packaged Radiopharmaceuticals - MRE 7031), each
one of them with a Geiger-Müller probe.

The Geiger-Müller probe was specially developed for this application because it was necessary
to respond more quickly and with greater sensitivity than the Geiger-Müller probes previously
developed by the IEN. The probe use a Geiger-Müller detector LND725. The detector, polar-
ized by a high voltage source inside the probe, generates pulses when penetrated by ionizing
radiation and the pulses are sent to the MRE 7031.

The monitor MRE 7031 has the following operating characteristics: self-test detector and mon-
itor, automatic identification of the probe, automatic selection of reading units, automatic cor-
rection of dead time of the detector, automatic exchange of the selection of the scale and level
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alarm rate count [4]. The monitor generates signals , audible and visual, to conditions like fail-
ure to the detector; saturation of detector; high-voltage failure; failure of calibration and alarm
level exceeded . The reading is presented in a liquid crystaldisplay and the power is supplied
by 127/220 VAC, 60 Hz or +12 VDC. The MRE 7031 can be used in a network with other
MRE radiation monitors connected to a supervisory computerthrough its serial communication
channel RS485. In the case of the system developed in this work, two monitors MRE 7031
are networked to a computer to send the values of the measurements. Figure 1 shows a draw
representing the developed system.

Figure 1. The developed system.

Also was developed a base with a motor to rotate the package at90 degrees between each of the
four measures. This base needs to support the weight of the package with the radiopharmaceu-
tical, which due to shielding of lead can reach 15 kg. The baseoperates with a microcontroller,
which receives commands from the computer through a serial communication port (RS232) to
turn after a period of time of according to time of measure selected by the operator.

The system is completed by the supervisory software that receives the measures of the two
radiation monitors, controls the rotation of the motor to the measure of the packed on four faces
and records the higher value measure.

3. SOFTWARE DESCRIPTION

The supervisory software was developed in the graphical language G (Labview programming
environment) and has the following functions:

• establish serial communication with the two radiation monitors, MRE 7031, asking for
the radiation rate measure.

• establish serial communication with the base to send commands to drive the motor.

• after the four measurements performed on all four sides (90 degrees of rotation of the
motor), the software must register the largest value measured near the surface and 1 meter
far.

• record the result in file when requested by the user.

• record also the day, time, radiopharmaceutical, radionuclide and client where the material
is intended.

INAC 2011, Belo Horizonte, MG, Brazil.



The software screen is shown in the Figure 2. The circular figure, numbered 1 to 4 , represents
the packed that is being measured. During the operation thisfigure is animated to represent
the turning of the packed, showing the surface measured at every moment by each monitor. In
this interface the user can start the acquisition process ofradiation measurement for a preset
measure time, selected by the user. At the end of each radiation measure time the software sent
a command to a motor in order to turn the package 90 degrees andrepeat this process until a
360 degrees is completed. After that, the maximum radiationvalue measured by each detector
is presented in the screen interface, for purpose of packagelabeling.

Figure 2. Software screen.

The option to select the measure time by the user (Tempo de leituraon the screen of the Figure
2) is important because permit to choose the time needed to stabilize the reading on the monitor.
The software also indicates when there is no communication with the monitors, as shown in the
Figure 3 with the background color of the display in red. The background color of the display
becomes green to make easier the perception that the communication is active.

4. RESULTS

The system was installed and is undergoing tests to evaluatethe software interface and response
of the detectors. Figure 4 shows the installation at IEN’s dispatch packaged radiopharmaceu-
ticals room. The table has the supports for the probes correctly positioned close to the surface
and one at 1 meter far from the package surface. The table height and layout of the parts was
considered, based on previous ergonomic study [5], to improve the postural position of the op-
erators. The packaged is placed on the base, which is near theexit area of production, reducing
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Figure 3. Software screen - no communication with Monitor 2.

the effort to transportation, and control computer is located far from the system measurement.
The first tests showed that the operator exposure time and thetime of the task can be greatly
reduced, even with a longer time to record the reading, bringing more reliability to the task.

Figure 4. IEN’s dispatch package radiopharmaceuticals room.

5. CONCLUSIONS

The radiopharmaceuticals package monitoring system showed good contribution to reduce the
radiation dose to the radioprotection personnel during thepackage measure process. In addition
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to reducing the exposure time of the employee, the system hasled to faster completion of the
task.

As some radiopharmaceuticals produced has short half-life, the haste in performing the tasks
and record the readings is frequent. The developed system allows the reading and to recording
data with less pressure to the operator, because the data areautomatically recorded.

Once the system has been accepted and calibrated to have their data used in reports of packaged
radiopharmaceuticals, the work will be continued in the software supervisory to generate and
save all the necessary reports automatically.
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