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calibrators at different voltages and fluctuations were evaluated. Low and high doses of
technetium, iodine and fluorine pharmaceuticals were measured in different voltages. The

results showed that only low doses could make small and insignificant differences.
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1. Introduction

The field of nuclear medicine covers the process of
imaging or treating structures by injecting
radioactive materials into the body. Imaging
(Diagnosis): Radiation is used to image organs or
tissues with the help of a radioactive substance that
is injected or inhaled into the body. Radiotherapy
(Treatment): Radiotherapy is radiation therapy used
to destroy or control cancerous cells [1].

Radiopharmaceuticals are frequently wused in
treatments or diagnosis processes. The radioactive
part of the radiopharmaceutical given to the patient
by mouth or intravenously emits radiation such as
gamma rays or beta particles[2]. The Nuclear
Regulatory Commission (NRC) has made it
mandatory to measure the activity to be given to the
patient using a dose calibrator before
radiopharmaceuticals are administered.

The dose calibrators used for this purpose are used
to measure the activity of the radiopharmaceutical to
be given to the patient for diagnostic imaging or
radionuclide therapy. One can refer to these dose
calibrators as well-type ion chambers, which operate
based on the principle of ion chambers [3]. A dose
calibrator ion chamber includes high voltage source,

an amplifier containing electronics, and a display
unit.

The ion chambers used in the dose calibrator system
are filled with high-pressure Argon gas[4]. When the
radiopharmaceutical emits radiation in the ion
chamber, it forms ion pairs that generate a potential
difference between the two electrodes. As a result,
the positively charged ions move toward the cathode
and the negatively charged ions move toward the
anode, which produces a signal that can be measured
[5]. These signals are converted into current by
devices connected to the ion chamber. The total
current generated in the ion chamber is directly
proportional to the amount of radioactive material.
Various problems can arise if the dose calibrator
measures incorrectly. There is a risk of giving high
doses to the patient because of erroneous
measurements. For example, Tc-99m chemically
binds to various bioactive substances and produces
radiopharmaceuticals used in nuclear medicine
imaging[1]. Patients exposed to excessive gamma-
ray environmental radiation may suffer various
damages. Overexposure to radiation can even bring
about genetic effects. These genetic effects occur in
mutations in reproductive cells and can be passed on
to the next generation[6]. Also shooting with a low
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dose will negatively affect the image quality [7].
Therefore, certain conditions are required for the
stable operation of dose calibrators. Among these,
calibrations such as the exact accuracy test, linearity
test, and stability test should be measured.

Apart from calibration tests, the effects of power cuts
and voltage fluctuations on electronic devices are
known. Hospitals, on the other hand, contain devices
that need a high voltage source such as MRI
(Magnetic Resonance Imaging) and CT (Computer
Tomography) devices, and electroshock devices[8].
To prevent these voltage fluctuations in hospitals,
special devices designed to provide stable electrical
current, and voltage are used. These devices are
called regulators or UPS systems (uninterruptible
power supply). Regulators provide a stable voltage
by reducing voltage fluctuations, while UPS is
keeping devices running by providing backup power
in intermittent or low-voltage situations. Despite the
presence of protective systems and circuits, voltage
fluctuations may occur.

Due to these voltage fluctuations, errors may occur
in radiation measurements in radiopharmaceutical
applications when using dose calibrators. But today,
there are high-technology voltage regulation circuits
in devices, especially medical devices based on
human health.

2. Material and Methods

Capintec - CRC ®-25PET Dose Calibrator [9],
Technetium (T¢)-99m, lodine (1)-131, Fluorine-18
(F-18) radioisotopes and VAR-SAN 0-250V voltage
source as you can see in the Figure 1 were used as
materials.

Figure 1. Voltage source

The CRC-25PET dose calibrator device supply input
is connected to the voltage source output. Then, the
highly active lodine-131 radioisotope  was
transferred to the calibrator well. Voltage values
have been adjusted over the voltage source. Initially,
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values from 10V to 250V were noted. Then the
voltage values fluctuated rapidly between 10-250.
This process was also applied to the low-activity
lodine-131 radioisotope, and the values were noted.
The same procedure was repeated for Technetium
(Tc)-99m and Fluorine-18 radioisotopes, with high
and low activity for each.

3. Results and Discussions

The results are in mCi units. The voltage values were
changed step by step at the power supply, from low
to high and high to low.

Figure 2 shows the measurement of high-activity
lodine-131 from 20V to 250V. It has been observed
that the difference between low voltage
measurement and high voltage measurement is 0.03.
With the same measurement method, the low
activity lodine-131 measurement results are shown
in Figure 3, it was observed that the difference
between 20V and 250V was only 0.003 (Figure 4).
In Figure 5, the measurement of the highly active
Fluor-18 radioisotope from 20V to 250V is shown.
It was observed that the measured value between
50V and 150V increased by 0.06 mCi. In figure 6 the
same measurement was made with low-activity
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Figure 2. High-activity lodine-131 radioisotope
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Figure 3. Low-activity lodine-131 radioisotope
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Figure 4 Low activity lodine-131 at 20 ~ 30V
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Figure 5. High activity Flor-18 radioisotope

Figure 6. High activity Flor-18 at 20 ~ 30V
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Figure 7. Low activity Flor-18 radioisotope

Fluor-18 in Figure-7 and it was observed that the
difference in the 20-250V range was only 0.004
mCi. In Figure 8, the calibration device
measurements of the high activity Technetium-99
isotope are given depending on the voltage (Figure
9). A deviation of 0.1 mCi was observed, especially
between 50V-250V.

Figure 10 shows the measurements of the low-
activity Technetium-99 isotope. A difference of 0.01
was noted in Technetium-99 low activity. The
results from the measurements are shown in the
graphs. We can say that a difference of 0.03 mCi to
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Figure 8.High activity Technesium-99 radioisotope

Figure 9. High activity Tchnesium-99 at 150V
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Figure 10. Low activity Technesium-99 radioisotope
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Figure 11. Low activity Technesium-99 at 20V

0.1 mCi was observed from high voltage to low
voltage (Figure 11). No change was observed when
the voltage was fluctuated. We can say that a higher
difference was observed in the technetium-99 high
activity measurement. The least difference was
observed at the low-activity dose of lodine. In
general, the difference in the higher activities of the
isotopes was observed between 0.6 and 0.1. At low
activities the difference is much less. There was no
significant difference. The reasons will be explained
in the next heading.

4. Conclusions

The results show us that nearly 0.1% differences in
the radiation dose measurement of
radiopharmaceuticals, which may occur from
voltage fluctuations, will not have a great impact on
human health. Low-activity radioisotopes may be
slightly less than the required value at low voltage,
and therefore imaging may be slightly impaired.
The reason for this is the strong safety circuits in the
device. These safety circuits contain voltage &
current  protective  circuit  elements, and
transformators. This means that even if the input
voltage is 20V or 250V the device amplifies this
voltage due to the regulation circuits in it.
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