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Monitoring Beta and Gamma Radiation
Exposure Rates at Nuclear Medicine Installation
of Bali Mandara Regional Hospital

ABSTRACT

Aims: To knowing the values of gamma radiation exposure rate, to knowing the values of
beta radiation exposure rate, and to comparing the monitoring results of gamma radiation
exposure rate and beta radiation exposure rate with BAPETEN regulation number 17 of
2012 article 33.

Place and Duration of Study: Nuclear Medicine Installation of Bali Mandara Hospital,
Denpasar from March 2024 to June 2024.

Methodology: This study used a surveymeter ranger to measure the gamma and beta
radiation exposure rate in hotlab room and injection room, with 30 mCi total activity of I-131
as radiation source. The data were analyzed by calculating the actual radiation exposure
rate using the formulas in equations 1 and 2, statistical test for normality, and one sample
t-test to compare with BAPETEN regulation number 17 of 2012 article 33.

Results: The values of gamma radiation exposure rate are 0,149 — 2,307 uSv / h. The
values of beta radiation exposure rate in the Nuclear Medicine Installation of Bali Mandara
Regional Hospital is 1,534 — 13,739 pSv / h. The t-value of gamma radiation exposure rate
is -27,020 and the t-value of beta radiation exposure rate is -156, 413. The t-value is smaller
than the t-table (1,94318), it means the values of gamma radiation and beta radiation
exposure rate doesn’t exceed the NBD that has been determined in BAPETEN regulation
number 17 of 2012 article 33, which is 10 uSv/h for gamma radiation exposure rate and 250
puSv/h for beta radiation exposure rate.

Conclusion: The gamma radiation exposure rates and the beta radiation exposure rates
in Bali Mandara Hospital Nuclear Medicine Installation are still very safe and far from the
NBD because the number of patients and radioisotope activities used is still minimum.
Therefore, it is important to limit the use of radioisotopes because the more radioisotope
activity used, the longer the time used for preparation and administration to patients which
can cause more radiation exposure.

Keywords: beta radiation exposure rate; gamma radiation exposure rate; NBD; Nuclear
Medicine Installation; surveymeter.

1. INTRODUCTION

Advances in nuclear technology are fields of life. One application of nuclear
matched by many applications in various technology that is closely related to
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humans is nuclear medicine. Nuclear
medicine is a branch of medical science
that uses open radioactive sources
derived from artificial radionuclide nuclei
to study changes in physiology and
biochemistry, so that they can be used for
diagnostic, therapeutic, and research
purposes. Nuclear medicine uses
radiopharmaceuticals that can be
introduced into the patient's body through
respiratory, oral, or injection routes [1].
Radiopharmaceuticals generally consist
of radioactive elements (radionuclides)
that allow external scanning, linking with
non-radioactive elements, biologically
active molecules, drugs or cells that act as
carriers or ligands, responsible for
delivering the radionuclide to a specific
organ [2].

Nuclear medicine in Indonesia has started
since 1967, after Indonesia's first atomic
reactor started operating in Bandung.
Nuclear medicine is one of the specialized
medical services that is being actively
developed by hospitals all over Indonesia.
Until now there are 27 hospitals in
Indonesia that provide nuclear medicine
services, one of which is Bali Mandara
Hospital. Radioisotopes commonly used in
nuclear medicine have a fairly short half-
life, this aims to reduce radiation exposure
received by patients [3]. Radioisotopes
commonly used in nuclear medicine are F-
18, 1-131, and Tc-99m. Radioisotopes F-18
and 1-131 can emit beta and gamma
radiation, while radioisotope Tc-99m only
emits gamma radiation [4]. Bali Mandara
Hospital Nuclear Medicine uses Tc-99m
and 1-131 radioisotopes.

In preparing radiopharmaceuticals,
administering radiopharmaceuticals to
patients, and imaging patients, workers in
the Nuclear Medicine Installation are
routinely exposed to radiation. The
potential radiation exposure that can be
produced by radioisotopes depends on the
type of isotope and the amount of activity
used [4]. Based on BAPETEN Regulation
number 17 of 2012 article 33 states that
the maximum dose allowed to be received
by radiation workers for the body is 20 mSv

per year and for the skin is 500 mSv per
year.

Based on previous research by Alkhoyaref,
et al (2023), the results of radiation
exposure monitoring on 30 nuclear
medicine workers during a year period at
King Faisal Specialist Hospital and
Research Center (KFSHRC) in Riyadh
were below the annual dose limit (500 mSv
for skin and 20 mSv for body) [5].
Research by Ernawati, et al (2022) in one
of the hospitals in Jakarta, obtained a beta
exposure dose rate of 0.03 - 5608.77
uSv/h and a gamma exposure dose rate of
0.02 - 68.65 uSv/h [4]. Another research by
Martin, et al (2023) at Meixoeiro Hospital,
Spain obtained a mixed exposure rate
(beta and gamma) between 0.1 uySv/h - 0.1
Sv/h [6].

Based on this explanation, monitoring of
beta and gamma radiation exposure rates
at the Bali Mandara Hospital Nuclear
Medicine Installation is needed to prevent
and minimize exposure of beta and
gamma radiation received by radiation
workers and the general public. Monitoring
of radiation exposure rates is carried out by
means of measurements followed by an
assessment of the measurement results
with the aim of assessing the level of
radiation in the work area so that potential
dangers that may be received by workers
and the public can be avoided.

1.1 Beta Radiation

Beta (B) particles are electrons or
positrons released from the nucleus in the
process of nuclear decay. B particles are
usually electrons formed from neutron
decay (producing electrons and protons
[7]. Beta radiation is particle radiation
consisting of high-speed electrons, which
are quickly attenuated by tissue. It is very
useful for surface radiation treatment
because the chance of deep tissue
penetration is very small. Beta radiation
has been used extensively for treatment
[7]. In clinical oncology, beta radiation has
become more important because of
effective treatments using beta-emitting
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isotopes such as iodine 131 (3), yttrium
90 (°9Y), samarium 153 (153Sm), strontium
89 (89Sr), phosphorus 32 (32P), and others.
90Y, 89Sr, 32P are pure beta emitters, while
181 and 153Sm emit beta and gamma
radiation that allows for easier and more
effective imaging [8].

1.2 Gamma Radiation

Gamma radiation is transmitted from
radioactive nuclides as photons, not
particles which means that gamma
radiation has no mass or charge.
Radionuclides are decayed in the form of
gamma radiation, the process is not
accompanied by changes in atomic
number or atomic mass [9].

Gamma rays have no mass and so they
have a higher penetrating power than beta
particles. Technetium-99m is an example
of a radionuclide that decays in the form of
gamma radiation. Gamma rays have
energies ranging from 10* to 107 eV.
Gamma rays are often emitted as part of
nuclear reactions, when atomic nuclei are
left in an excited state, or during isomer
transitions. Gamma  radiation can
penetrate living matter easily and these
rays travel at the speed of light. Gamma
rays have enough energy to ionize
materials [7].

1.31-131

lodine-131 is wused to treat several
diseases of the thyroid gland. lodine-131 is
widely used in thyroid imaging and in

2. MATERIAL AND METHODS

This study was done in two rooms in the
Nuclear Medicine Installation where there
was [-131 activity, which were the hotlab
room and the injection room. In both
rooms, several measurement points were
determined as places for preparation,
administration, and storage of 1-131 such
as work table, patient chair, and trolley.
The entrance door is considered to be a

treating thyroid cancer and other abnormal
conditions such as hyperthyroidism. It is
also used to diagnose abnormal liver
function, kidney, blood flow and urinary
tract obstruction. lodine-131 is a strong
gamma emitter but is used for beta therapy
[10].

According to the Environmental Protection
Agency, I-131 has a very short half-life of
around eight days with beta radiation and
gamma radiation, which means it almost
completely decays in the environment
within a few months. As it decays, 13l most
often (89% abundance) releases 971 KeV
of its decay energy by transforming into
stable 131Xe (Xenon) in two steps, with
gamma decay following quickly after beta
decay [11].

1.4 Surveymeter

Surveymeter is an essential component of
any radiation safety program. A
surveymeter is a portable ionization
detector, battery-operated, and gas-filled
that used to monitor radiation exposure
levels [12].

The surveymeter used in this study uses a
Geiger Muller gas fill detector. The working
principle starts from radiation (gamma rays
or beta particles) entering the detector,
then the radiation ionizes the gas in the
tube and produces positive ions and
negative ions (electrons) proportional to
the radiation intensity. Then, the ions move
toward the appropriate electrode (cathode
or anode) and generate an electrical
voltage pulse [13].

measurement point to ensure radiation
does not penetrate outside the room.
Measurements were carried out using a
ranger surveymeter as a radiation
measuring instrument, 1-131 with a total
activity of 20 mCi as a source of beta and
gamma radiation, 3 mm thick aluminum as
a beta radiation blocking filter, and a ruler
as a measuring tool for the distance
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between the researcher and the
measurement point, which is about 30 cm.

Data were taken in two steps. The first step
was taken with the detector without a beta
radiation blocking filter, so that the
unknown separately gamma and beta
radiation exposure rate were read. The
second step was taken by covering the
entire surface of the detector on the
surveymeter using a beta radiation
blocking filter (3 mm aluminum), so that
only the gamma radiation exposure rate
was read. To know the measured beta
radiation exposure rate is calculated by
using equation 1 [4].

XuB = (XuBlY - XuY) X FKfilter (1)

where X, 8 is the measured beta radiation
exposure rate (uSv/h) , X B,y is the
unknown separately gamma and beta
radiation exposure (uSv/h), and FKgeer IS
correction factor of aluminum filter (6.25).

The measurement results are the read
values of the surveymeter and didn't show
the actual radiation exposure rate value, so
the calculations to get the actual radiation
exposure rate value should be done by
using equation 2 for the gamma radiation
exposure rate and equation 3 for the beta
radiation exposure rate [4].

Xsv= (Xuy — Xgg) X FK, (2)

where X,y is the actual gamma radiation
exposure rate (uSv/h), X,yis the
measured gamma radiation exposure rate
(uSv/h), Xg; is the background radiation
(uSv/h), and FK, is the gamma calibration
factor (0.98 uSv/h).

Xs B: (XuB - XBG) X FKB (3)

3. RESULTS AND DISCUSSION

The measurement results of gamma
radiation exposure rate and beta radiation
exposure rate are shown in Figure 1 for
measurement in hotlab room and Figure 2
for measurement in injection room.

where X B is the actual beta radiation
exposure rate (uSv/h), XyBis the
measured beta radiation exposure rate
(uSv/h), Xgg is the background radiation
(uSv/h), and FKg is the beta calibration
factor (2.09 uSv/h).

The results of calculation actual gamma
radiation exposure rate and beta radiation
exposure rate then compared with NBD
that has been determined in BAPETEN
Regulation number 17 of 2012 article 33
using one sample t-test. One sample t-test
was analyzed by using IBM SPSS
Statistics  Version 25. Hypotheses
proposed in this study are:

e Ho: The beta radiation exposure
rate. and gamma radiation
exposure rate doesn’t exceed the
NBD in PERKA BAPETEN
number 17 of 2012 article 33.

e Hi: The beta radiation exposure
rate. and gamma radiation
exposure rate exceeds the NBD
in PERKA BAPETEN number 17
of 2012 article 33.

Basic decision making in the t test are [7]:

e |f t-value > t-table, then HO is
rejected.

e |If t-value < t-table, then HO is
accepted.

Requirements of one sample t-test is that
the data is normally distributed, so it is
necessary to do a normality test first with
the following hypotheses:

e Ho: Data is normally distributed.

e Hi: Data is not normally
distributed.

Basic decision making in the normality test
are [14]:

e If sig > .05, then HO is accepted.

o |If sig < .05, the HO is rejected.
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Fig. 1. Graph of the average measured
radiation exposure rate in the hotlab
room.

Based on the graph in Figure 1, it can be
seen that the highest measured radiation
exposure rate is found on the work table,
which are 2.435 pSv/h for gamma radiation
exposure rate and 6.654 uSv/h for beta
radiation exposure rate.

Fig. 2. Graph of the average measured
radiation exposure rate in the injection
room.

Based on the graph in Figure 2, it can be
seen that the highest measured radiation
exposure rate is found on the patient’s
chair, which are 1.872 uSv/h for gamma
radiation exposure rate and 4.537 uSv/h
for beta radiation exposure rate.

The measured radiation exposure rate
then used to find the actual radiation
exposure rate. The calculation results of
the actual gamma radiation exposure rate
and the actual beta radiation exposure rate
are shown in Table 1.

Table 1. The actual gamma radiation exposure rate and the actual beta radiation
exposure rate.

Measurement point The actual gamma radiation The actual beta radiation
exposure rate (uSv/h) exposure rate (uSv/h)
Hotlab room
Entrance door 0.185 8.282
Work table 2.307 13.739
Trolley 1.499 9.392
Injection room
Entrance door 0.149 1.534
Patient chair 1.746 9.294
Work table 1.197 4.434
Trolley 0.169 4.317

The data in Table 1 are compared with NBD
that has been determined in PERKA
BAPETEN number 17 of 2012 article 33, 20
mSv/th for the gamma radiation exposure
rate and 500 mSv/th for the beta radiation
exposure rate. The NBD was converted from
mSv/th (milisievert per year) units to uySv/h
(mikrosievert per hour) units to match the
units used in this study. NBD was converted

based on effective working hours at the
Nuclear Medicine Installation. Effective
working hours at the Nuclear Medicine
Installation are 8 hours per day, while
effective working days are 5 days a week,
and in a year there are 50 weeks.
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5
8 hourS/ekfsz 43'}"5/ x 50 weeks/year
— 2000 hours/year

then the effective working hours in one year
are 2000 hours, so NBD for the gamma
radiation exposure rate if converted into pSv
/ h units, then obtained:

20 mSv/ - ZO-QQQHSV/ _ 10 p.Sv/
th 2606 h h

and NBD for the beta radiation exposure rate
if converted into ySv / h units, then obtained:

500mSv/ 500.606 uSV/ _ 250 us‘//
th 2000 h h

The data in Table 1 were subjected to a
normality test as a requirement for a one
sample t-test to compare gamma radiation
exposure rates and beta radiation exposure
rates with NBD. The results of normality and
one sample t-test are shown in Table 2 and
Table 3.

Table 2. Normality test result

Tested variables Signification

value
Gamma radiation .872
exposure rate
Beta radiation .955

exposure rate

The significance value obtained is more than
.05, so the data of gamma radiation exposure
rate and beta radiation exposure rate are
normally distributed, so it is eligible to do the
t-test.

Table 3. One sample t-test result with

NBD
Tested variable t-value
Gamma radiation -27.020

exposure rate
Beta radiation exposure
rate

-156.413

The t-value obtained is smaller than the t-
table, 1.94318, so Ho is accepted, that the
gamma radiation exposure rate and beta
radiation exposure rate does not exceed the
NBD set in PERKA BAPETEN number 17 of
2012 article 33. The comparison between
gamma radiation exposure rate and beta
radiation exposure rate with NBD can be
interpreted in graphs as shown in Figure 3
and Figure 4.

Fig. 3. Graph of the comparison between
gamma radiation exposure rate with
NBD.

Fig. 4. Graph of the comparison between
beta radiation exposure rate with NBD.

Based on the graphs in Figure 3 and Figure
4, it can be seen that the gamma radiation
exposure rate and the beta radiation
exposure rate doesn’t exceed the NBD that
has been determined in PERKA BAPETEN
number 17 of 2012 article 33. The highest
gamma radiation exposure rate and beta
radiation exposure rate are found at the same
point, at the work table in the hotlab room and
the patient chair in the injection room. The
highest radiation exposure rate on the work
table could be caused the work table is a
place for radiopharmaceutical preparation
that can take a long time depending on the
total activity of 1-131 that will be used. The
highest radiation exposure rate on the patient
chair could be caused the patient chair is the
place where 1-131 is administered to the
patient that can also cause the occur time of
[-131 activity longer than other measurement
points, because after the
radiopharmaceutical given to the patient, the
patient will become a radioactive source.

4. CONCLUSION

Based on the results of this study, it can be
concluded that the gamma radiation
exposure rate and beta radiation exposure
rate in the Nuclear Medicine Installation of
Bali Mandara Hospital are still very safe and
far from NBD because the amount of patients
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and radioisotope activities used are still low.
Therefore, it is important to limit the usage of
radioisotopes because the more radioisotope
activity used, the longer the time needed for
preparation and administration to patients
that can cause more radiation exposure.
According to the WHO article in 2023 [15],
excessive radiation exposure can interfere
tissue or organ function and can cause acute
effects such as skin redness, hair loss, burn
injuries, and acute radiation syndrome, and
even though the resulting exposure is low, if
given for a long time there will still be a risk of
long-term effects such as cataracts or cancer
that may appear several years later.
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