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INEEEI This study was conducted to confirm the safety of the operator’s radiation exposure in the
micro PET-CT image acquisition experiment using the '®F-FDG. The usage of "®F-FDG and the exposure
dose of handlers were measured at University B in Metropolitan City A, which uses "®F-FDG for micro
PET-CT image acquisition. As a result of the measurement, the exposure dose is far below the effective
dose limit of radiation workers, 50 mSv per year, and the equivalent dose limit of 500 mSv per year
for hands, feet, and skin. has been measured Since these exposure doses can be further increased
according to the number of times of use of "®F-FDG, it is judged that the exposure dose compared to the
handling amount of "®F-FDG shown in this study can be used as reference data. In addition, as changed
environments such as the use of materials other than unopened Rl are occurring in education and
research environments, such as the use of '®F-FDG at University B, radiation exposure with more interest
in safety management by checking the factors of radiation exposure of the handler concerned We will

always do our best to reduce it.
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1. INTRODUCTION

In order to acquire images of PET-CT (Positron Emission
Tomography-Computer Tomography), which is widely used
in the field of radiology diagnosis today, '*F-FDG (Fluoro-
Deoxy glucose) is mainly used [1,2]. Positron emission
tomography (PET) is one of the nuclear medicine imaging
methods. It is a state-of-the-art technique that detects the
distribution of tumors by injecting drugs that combine radio-
isotopes that emit positrons into the body and tracking them
through positron emission tomography [3]. PET has been
mainly used in the field of cranial nerves in the early stages
of development while imaging the distribution of various
biochemical substances in the body [4]. Although it has high
diagnostic value in the field of functional evaluation of the
living body and oncology, the disadvantage is that the reso-
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lution of the image is relatively lower than that of diagnostic
radiology using X-rays, and the anatomical location and the
distinction between the surrounding tissues are not clear,
which limits clinical diagnosis [5]. With the addition of a
computed tomography (CT) scanner, PET-CT improves
the quality of medical care by further enhancing clinical
diagnosis with more accurate image information through
biochemical changes in PET along with anatomical image
information of CT [6]. Since the introduction and installa-
tion of PET-CT for the first time in Korea in 2003, there has
been a steady increase since then [7]. In accordance with
this trend, Micro PET-CT, which is a miniaturized PET-CT
equipment, has been introduced and used in research to
acquire diagnostic images of animals in education and res-
earch fields, and '®F-FDG, a radioactive drug, is also used.

The characteristic of using unopened radioisotopes in edu-
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cation and research fields is that they use a variety of nucl-
ides, such as ®H, *C, 3P, 3°S, ¥*Ca, and I, but use a rela-
tively small amount of radioactivity. The use of unopened
radioactive isotopes is further decreasing compared to the
past due to the improvement of performance of analysis
equipment and the development of alternative test methods
according to the development of science and technology.
On the other hand, '*F-FDG is an essential element for ob-
taining Micro PET-CT images. Due to its short half-life and
the characteristics of the experimental method, '*F-FDG is
used for about 10 to 100 times more radioactive handling
than other unopened radioactive isotopes at one time. It is
necessary to investigate the radiation exposure characteris-
tics of "®F-FDG handlers at the research site. Therefore, in
this study, in conducting an image acquisition experiment of
small animals using '*F-FDG at University B in Metropoli-
tan City A, the amount of "*F-FDG used during the experi-
ment and the number of experiments were accurately iden-
tified to introduce and distribute "*F-FDG During a series
of procedures from the time of administration to the test
subject administration of '*F-FDG, image acquisition using
Micro PET-CT, and the process of discarding the test sub-
ject, the exposure dose to the handler was measured at each
stage of the experiment using a glass dosimeter. In addition,
by measuring the exposure dose of the hand and chest,
which directly control the radiation source, of the body of
the "*F-FDG handler, the radiation exposure characteristics
of the "*F-FDG handler are investigated at educational and
research sites to determine the appropriateness of radiation

safety management. wanted to check it out.

2. MATERIALS AND METHODS

2.1. Research subjects and materials

In this study, the exposure dose of handlers was measured
according to the usage of '*F-FDG at B university in A
Metropolitan City, which uses '*F-FDG for micro PET-CT

image acquisition.

2.1.1. Micro PET-CT

PET-CT (Positron Emission Tomography-Computer
Tomography) is the addition of a computed tomography
(CT) scanner, which enhances clinical diagnosis with more
accurate image information through biochemical changes

in PET along with anatomical image information of CT.
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Fig. 2. "SF-FDG Transport container .

Micro PET-CT is a device that has been miniaturized and
developed to be used for laboratory animals for research
and development purposes [8].

2.1.2. "®F-FDG

'""F-FDG (Fluoro-Deoxyglucose) is a glucose-like sub-
stance labeled with 18F (half-life 110 minutes, 0.511 Mev,
B+), a radioactive isotope, and radiopharmaceuticals,
which are tracers that reflect physiological, chemical, and

functional changes, are used.

2.1.3. Laboratory animals

The animal used for the image acquisition experiment
in this study is a rat with a body weight of 350 g to 500g. A
disease (stroke) model was created in this rat through arbi-
trary manipulation, and 3.7 to 5.55 MBq (0.1 to 0.15 mCi,
1 mCi=3.7x10"Bq) of "*F-FDG was injected per 100 g of
the weight of the rat in the disease model, and Micro PET-

Acquire mouse images of the disease model by scanning



Radiation Exposure Dose of Handlers Using ®F-FDG

with CT [9].

2.1.4. Glass dosimeter

Glass dosimeter is similar in use and characteristics to
thermoluminescence dosimeter, but it is used as a useful
radiation dosimeter in terms of various characteristics such
as uniformity of line quality, fading over time, and re-read-
ing[10].

The glass dosimeter used in this study is GD-450, which
has two types of plastic filters with different thicknesses and
three types of metal filters such as Al, Cu, and Sn.

2.2. Research method

In the laboratory of B University using BE_FDG, the
exposure dose of handlers was measured using a glass dosi-
meter for about 2 months from July 13 to September 15,
2022. During the study period, the handling date, number
of experiments, and radiation dose of '*F-FDG, which affect
the exposure dose of handlers, were recorded each time.

In addition, from the viewpoint of radiation exposure to
'®E-FDG handlers, the experimental stage was divided into

Fig. 3. Glass dosimeter.

Fig. 4. Distribution of "*F-FDG.

three stages: '*F-FDG distribution, test subject administra-
tion, Micro PET-CT examination, and specimen recovery,

and the exposure dose was measured.

2.2.1. Distribution of '®F-FDG

The "*F-FDG dispensing step is a step in which the oper-
ator receives the "*F-FDG produced and delivered by the cy-
clotron, checks the amount of radioactivity, and distributes
the '®F-FDG so that it can be used for the experiment. It

takes a total of S minutes.

2.2.2. Administered to the test subject

The "*F-FDG test subject administration step is a step of
directly administering an appropriate amount of "*F-FDG to
a rat that has completed the preparation for the experiment,
and it takes less than 3 minutes for each experiment.

2.2.3. Micro PET-CT inspection and collection of
specimens
Micro PET-CT test and specimen recovery step is to set
the micro PET-CT for examination of the rat that has been
stabilized for 30 minutes after '*F-FDG is administered,

Fig. 6. Micro PET-CT Examination of the rat.
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Fig. 7. Glass dosimeter location.

and collect the specimen after the test is completed. Within

S minutes for each experiment.

2.2.4. Measurement of exposure dose

The glass dosimeter was distinguished by attaching labels
for the 1st, 2nd, and 3rd steps and the wearing position for
each measurement step, and it was worn by replacing them
at every experiment. The nine glass dosimeters whose mea-
surements were completed were read by a specialized read-

ing institution.

3. RESULTS AND DISCUSSION

3.1. Image acquisition experiment details

using "8F-FDG

During the experiment period, "*F-FDG was brought in
a total of 19 times. The total radioactivity of the imported
"F-FDG was 18,307.6 MBq, and an average of 963.48
MBq was imported once. The total amount of radioactivity
administered to the test subject was 896.103 MBgq, and an
average of 47.163 MBq per day was administered to the test
subject. The number of times that the imported '*F-FDG
was distributed and administered to the test subjects was a
total of 58 times, and an average of 3.05 experiments were
conducted per day on the day of the experiment.

The total amount of radioactivity of "*F-FDG brought
in during the experiment was 18,307.6 MBq, and the total
amount of radioactivity injected into the test subject was
896.103 MBq. 963.48 MBq of '*F-FDG was brought in on
average per day, and the amount of radioactivity injected
into the specimen was 47.163 MBq on average.

The total amount of radioactivity of '*F-FDG brought in
during the experiment was 18,307.6 MBq, and the total
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Table 1. Summary of image acquisition experiments using '*F-FDG

Carry-in Administered
No. radioactivity radioactivity Num.ber of
(MBq) (MBq) experiments

1 1,169.2 61.198 4

2 1,028.6 61.124 4
3 1,087.8 59.607 4
4 1,398.6 41.884 3
S 839.9 63.418 4
6 1,054.5 44.326 3
7 876.9 49.95 3

8 1,165.5 47.989 3
9 1,050.8 27.713 2
10 836.2 47.767 3
11 995.3 34.003 2
12 910.2 45.991 3
13 847.3 46.176 3
14 936.1 56.573 4
15 858.4 48.322 3
16 595.7 29.637 2
17 1,036 59.644 4
18 780.7 52.429 3
19 839.9 18.352 1
Total 18,307.6 896.103 58

Average 963.48 47.163 3.05

amount of radioactivity injected into the test subject was
896.103 MBq. 963.48 MBq of "*F-FDG was brought in on
average per day, and the amount of radioactivity injected

into the specimen was 47.163 MBq on average.

3.2. Result of measurement of exposure
dose of '8F-FDG handlers

As a result of the reading of the glass dosimeter worn by
the "*F-FDG handler during the experiment, the sum of
exposure doses in the first stage of the experiment was 0.8
mSy, 0.71 mSv in the second stage, and 0.55 mSv in the third
stage. In addition, the sum of exposure doses for each part
of the operator was 0.21 mSv in the chest, 0.8 mSv in the left
wrist, and 1.05 mSv in the right wrist. As a result of mea-
suring the exposure dose in each experimental stage, the
exposure dose was the highest at 0.8 mSv in the first stage,
which is the stage of distributing "*F-FDG. In addition, the
second stage of administering '*F-FDG to the test subject
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Table 2. '*F-FDG operator exposure dose measurement result

Measured

Experiment Position dose Dosimeter Monitor

phase number
(mSv)

Chest 0.04 5021043 Monitor-1

Level 1 Left 0.28 5054513  Monitor-2

Right 0.48 5054878 Monitor-3

Chest 0.07 5051095  Monitor-4

Level 2 Left 0.3 5011990  Monitor-5

Right 0.34 5043640  Monitor-6

Chest 0.1 5054181  Monitor-7

Level 3 Left 0.22 5014920  Monitor-8

Right 0.23 5052584 Monitor-9

was 0.71 mSy, and the lowest exposure dose was measured
at 0.55mSv in the third step of Micro PET-CT examination
and discarding the test subject. It is evaluated that the expo-
sure dose gradually decreased due to the short half-life (100
minutes) of '*F radioisotope.

In addition, when the exposure doses in each experimen-
tal stage were summed up by region, 0.21 mSv was mea-
sured in the chest of the *F-FDG handler, 0.8 mSv in the
left wrist, and 1.05 mSv in the right wrist, indicating that the
exposure dose was the highest in the right wrist. Due to the
nature of radiation exposure, which is inversely proportional
to distance, the exposure of the hand directly controlling
the "®F-FDG was at least 4 to S times higher than that of the
chest area. The reason why the exposure dose of the right
hand is about 30% higher than that of the left hand in the
hand area is evaluated as the effect caused by the right-handed-
ness of the "*F-FDG handler.

4. CONCLUSION

This study was conducted to confirm the safety of the
operator’s radiation exposure in the micro PET-CT image
acquisition experiment using "E-FDG. In order to com-
pare the result of measuring the exposure dose of "*F-FDG
handlers at B University with the dose limit for radiation
workers, the experiment period of 2 months (**F-FDG
brought in 19 times in total) was applied as a standard, and
when converted into annual dose, exposure to the chest area
of the handler. The dose is 0.21 mSv/2 months X 6=1.26

mSvy !, left wrist 0.8 mSv/2 months X 6=4.8 mSvy ’, right
wrist 1.05 mSv/2 months X 6 =6.3 mSv y_l. This dose falls
far short of the effective dose limit of 50 mSv per year for
radiation workers and the equivalent dose limit of 500 mSv
per year for hands, feet and skin. However, the exposure
dose significantly increased compared to the exposure dose
of the existing unopened RI users except for '*F-FDG was
measured.

In addition, since the exposure dose can further increase
according to the number of times of use of "*F-FDG, it is
judged that the exposure dose compared to the handling
amount of "*F-FDG shown in this study can be used as
reference data. Therefore, as changed environments such
as the use of substances other than the existing unopened
RI are occurring in education and research environments,
such as the use of "*F-FDG at University B, radiation expo-
sure is reduced with more interest in safety management by
checking the factors of radiation exposure of the handler
concerned It is assumed that it should be possible to do so.
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