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Abstract
Purpose  Handheld survey meter is commonly used to measure radiation exposure in patients receiving radioiodine (RAI) 
therapy prior to discharge. However, it requires staff to be in close proximity to the patients, potentially increasing radiation 
exposure towards staff and lack of ability to provide real-time monitoring. This study introduces a ceiling-mounted Geiger 
Müller (GM) detector, aiming to evaluate the effectiveness in assessing radiation exposure compared to handheld survey 
meter in clinical settings.
Methods  74 patients who received high-dose RAI therapy (80 mCi, 100 mCi and 150 mCi) were retrospectively selected 
in this study. Radiation exposure at 48 h post-RAI intake was measured at a consistent 1-m distance from neck region of 
patients using both the ceiling-mounted GM detector and handheld survey meter in the isolation room and the results were 
being compared. Additionally, the radiation exposure was measured in real-time using ceiling-mounted GM detector.
Results  A maximum variation of 9.9 ± 2.7% was observed between the radiation exposure measurements from the detectors. 
The ceiling-mounted GM detector had a statistically significant relationship with handheld survey meter using Pearson’s 
correlation test (p-value < 0.001). The ceiling-mounted GM detector recorded radiation exposure rates under 50 µSv/hr at 
25, 29 and 37 h following 80 mCi, 100 mCi and 150 mCi RAI doses, respectively.
Conclusions  Both detectors provided consistent and comparable results for measuring radiation exposure at 48 h post-RAI 
intake. The ceiling-mounted GM detector demonstrated reliable real-time monitoring capabilities, offering a practical and 
effective alternative to handheld survey meter post-therapy radiation monitoring.

Keywords  Radioiodine · Radiation safety · Radiation exposure · Ceiling-mounted Geiger Müller detector · Handheld 
survey meter

1  Introduction

According to the World Health Organisation (WHO), thyroid 
cancer is a prevalent endocrine malignancy, it is ranked the 
10th most common cancer in women and the 16th in men 
in Malaysia as of 2022 [1]. Radioiodine (RAI), particularly 

iodine-131 (131I) has been used for over 50 years to treat 
thyroid cancer, effectively ablating residual cancer after 
thyroidectomy [2]. Due to its relatively long half-life of 
8.05 days, 131I can pose both external and internal radia-
tion hazards as patients may emit radiation that can expose 
to family members, caregivers and hospital staff [3]. There-
fore, strict safety precautions are required to limit radiation 
exposure to the public. These precautions are informed by 
guidelines that vary between countries due to different socio-
economic and cultural factors, but most are based on the 
residual activity of RAI and the measured radiation exposure 
rate [4]. According to the Basic Safety Radiation Protection 
Regulations (BSRP 2010) under the Atomic Energy Licens-
ing Act 1984 (Act 304), patients can be discharged if the 
radiation exposure from post RAI therapy remains below a 
threshold of 50 µSv/hr at 1 m distance to the public, ensuring 
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that the total exposure does not exceed 1 mSv for the public 
or 5 mSv for caregivers [5]. The radiation emissions from 
patients undergo RAI therapy was measured through radia-
tion exposure monitoring.

Radiation exposure monitoring plays a crucial role in 
the safe use of nuclear technologies across various sectors, 
including nuclear facilities, hospitals and any activities 
involving radioactive materials. It helps assess the risk of 
exposure to radiation while allowing society to benefit from 
its applications [3, 6]. To balance the advantages of nuclear 
technology with safety, the International Commission on 
Radiological Protection (ICRP) promotes the As Low As 
Reasonably Achievable (ALARA) principle [6–8]. In line 
with the ALARA principle, radiation exposure levels of the 
high dose RAI patients were carefully managed to balance 
safety with the effective use of radiation.

Traditionally, radiation monitoring involves manual meth-
ods where personnel carry radiation detectors to measure the 
radiation exposure of patients’ post-RAI therapy prior dis-
charge. While these methods provide high spatial resolution, 
they also expose personnel to radiation [6]. To mitigate this 
risk, the ICRP recommends reducing exposure time, increas-
ing distance from the source and using protective measures 
like lead aprons [8]. Ideally, technologies that allow remote 
radiation monitoring without compromising the accuracy 
and efficiency of data would alleviate these concerns [6, 9]. 
In response to these challenges, ceiling-mounted Geiger-
Müller (GM) detector has been introduced. It wirelessly 
collect and transmit radiation exposure data to a server in 
real-time, thereby minimising direct exposure to personnel.

Despite the widespread use of radiation measurement 
devices, research on the ceiling-mounter radiation detection 
technologies has been limited. This study aims to compare 
the effectiveness of a ceiling-mounted GM detector in meas-
uring radiation exposure from patients undergoing high-dose 
RAI (80 mCi, 100 mCi and 150 mCi) with that of a handheld 
survey meter. By evaluating the effectiveness of the detec-
tor, we aim to enhance the safety protocols for discharging 

patients treated with 131I and ultimately minimise radiation 
exposure to the surrounding community.

2 � Materials and methods

2.1 � Ceiling‑Mounted Geiger Müller detector

The GM Rady 7 (TRF, Zaragoza, Spain) radiation area 
monitor features a display unit installed outside the isolation 
room with the GM detector mounted at the ceiling inside the 
room. The stationary ceiling-mounted GM detector which 
positioned 2 m from the patient was designed to extrapolate 
the exposure measurements to an equivalent value at 1 m. 
The detector able to record dose rate in real-time, ranging 
0.1 µSv/hr to 20 mSv/hr at a distance of 1 m. The monitor 
continuously displays the real-time dose rate. The system 
is connected to a personal computer (PC) located in the 
Nuclear Medicine Center via Ethernet connection that allow 
users to remotely monitor patient’s exposure rate without 
needing to enter the isolation room.

2.2 � Radiation exposure measurement

74 patients who received high-dose RAI therapy were ret-
rospectively selected for this study. The patients were iso-
lated in the isolation room during the therapy. The radia-
tion exposure in the treatment area was being monitored in 
real-time by the ceiling-mounted GM detector throughout 
the therapy. The detector system connected to a PC enabled 
continuous acquisition of patients radiation exposure levels 
until discharge.

Besides, the radiation exposure was measured simultane-
ously at a consistent distance of 1 m from the neck region 
of each patient at 48 h of RAI administration, using both 
the ceiling-mounted GM detector and handheld Ludlum 
26–1 survey meter (Ludlum Measurements Inc., Texas, 
USA) as shown in Fig. 1. The exposure rates recorded by 

Fig. 1   Radiation exposure from 
patient was measured using a 
ceiling-mounted GM detector 
and b handheld survey meter at 
a constant distance of 1 m
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the ceiling-mounted GM detector were compared with hand-
held survey meter and the percentage difference between 
the two detectors were being analysed. Pearson’s correlation 
test was applied to perform the statistically analysis between 
the radiation exposure measurement between the ceiling-
mounted GM detector and handheld survey meter. Both of 
the detectors were calibrated by secondary standard dosim-
etry laboratory (SSDL) in Malaysia.

3 � Results

3.1 � Radiation exposure measurement

Figure 2 showed the comparison of exposure rate readings 
measured by ceiling-mounted GM detector and handheld sur-
vey meter across 74 patients at 48 h of RAI intake. For most 
patients, the GM detector tends to have slightly higher expo-
sure rate readings compared to handheld survey meter. The 
maximum variations of up to 9.9 ± 2.7% was noted in radia-
tion exposure measurements between the two detectors. It 
was also observed that the exposure rates vary widely among 
patients with range between 10 µSv/hr up to 40 µSv/hr.

Table 1 presented average exposure readings at 48 h post-
RAI therapy for doses of 80 mCi, 100 mCi and 150 mCi 
using ceiling-mounted GM detector and a handheld survey 
meter. Across all RAI doses, the ceiling-mounted GM detec-
tor consistently reports higher exposure readings than the 
handheld survey meter. The average percentage difference 
between the detectors was relatively small for lower dose but 
increased at higher dose.

Figure  3 showed a scatter plot comparing the expo-
sure rate measurements by ceiling-mounted GM detector 
and handheld survey meter. Pearson’s correlation test was 

applied in this study. The data exhibited a strong positive 
correlation, indicating that as the readings from the ceil-
ing-mounted GM detector increased, the readings from the 
handheld survey meter increased proportionally. The p-value 
of < 0.001 indicated a statistically significance of the corre-
lation between ceiling-mounted GM detector and handheld 
survey meter.

Figure 4 showed the radiation exposure rate measured 
using ceiling-mounted GM detector post therapy in isola-
tion room over time. The patients that received the highest 
dose (150 mCi) had the highest initial exposure rate, flowed 
by 100 mCi and 80 mCi. The exposure rates decreased 
exponentially over time, with decay curves that were ini-
tially steep, reflecting rapid clearance or decay in early hour 
and gradually plateau as time progressed. The horizontal 
line indicated the threshold of 50 µSv/hr where patient can 
be discharged to the public. The average time required to 
reach this threshold from patient were 25, 29 and 37 h of 
RAI intake for 80 mCi, 100 mCi and 150 mCi RAI dose, 
respectively.

Fig. 2   Exposure rate reading 
between ceiling-mounted GM 
detector and handheld survey 
meter for 74 patients at 48 h of 
RAI intake. The error bar indi-
cated 10% percentage difference

Table 1   Average exposure readings at 48 h of RAI intake using ceil-
ing-mounted GM detector and handheld survey meter for 80 mCi, 
100 mCi and 150 mCi

RAI 
Dose 
(mCi)

No. of 
Patients

Average Exposure Reading 
at 48 Hours of RAI Intake 
(uSv/hr)

Average 
Percentage Dif-
ference (%)

Ceiling-
Mounted Geiger 
Muller

Handheld 
Survey 
Meter

80 5 16 15.9 0.6
100 15 22.7 22.6 0.4
150 54 27.5 26.6 3.4



906	 Health and Technology (2025) 15:903–908

4 � Discussion

In this study, the ceiling-mounted GM detector consist-
ently recorded higher exposure rates compared to the 
handheld survey meter across all RAI doses. At lower 
doses (80 mCi and 100 mCi), the percentage differences 
between the two detectors were minimal with 0.6% and 
0.4%, respectively, while at higher doses (150  mCi), 
the discrepancy increased to 3.4%. The higher radiation 
exposure rate reading by the ceiling-mounted GM detec-
tor may due to the differences in placement and sensitiv-
ity of the detector. The stationary ceiling-mounted GM 

detector that was positioned 2 m from the patients and 
designed to extrapolate the measurements to an equivalent 
value at 1 m, was more likely to capture scattered radia-
tion from the environment, lead to an overestimation in 
exposure rates. In contrast, the handheld survey meter that 
was positioned closer to the patient, primarily measured 
direct radiation exposure emitted by the patients, provided 
a more accurate radiation exposure rate. Although differ-
ences existed between the two detectors, the percentage 
differences in their readings were relatively small.

The Pearson’s correlation test revealed a strong posi-
tive correlation between the measurements of the ceiling-
mounted GM detector and the handheld survey meter with 

Fig. 3   Exposure rate measure-
ment by ceiling-mounted GM 
detector and handheld survey 
meter

Fig. 4   Exposure rate over time 
for patients receiving RAI with 
80 mCi, 100 mCi and 150 mCi 
doses
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high correlation coefficient and a statistically significant 
p-value (< 0.001).This affirmed the consistency of the 
two detectors in measuring radiation exposure levels. This 
showed that the ceiling-mounted GM was equally good as 
handheld survey meter in measuring the patients’ radiation 
exposure level prior discharge.

The exposure rates for all administered doses decreased 
exponentially over time, reflecting the combined effects of 
131I physical decay and biological clearance from the body 
[9]. The average times for patients’ radiation exposure rate 
to drop to allowable discharge rate of 50 µSv/hr were 25, 29 
and 37 h of RAI intake for 80 mCi, 100 mCi and 150 mCi 
RAI dose, respectively. Notable variations on radiation 
exposure rate among patients were observed, with range 
from 10 μSv/hr to over 40 μSv/hr. This variability can be 
attributed to differences in the administered RAI dose, indi-
vidual body clearance rates and patient positioning during 
measurements. Furthermore, radiation exposure rate read-
ings increased proportionally with the administered RAI 
dose for both detectors, which aligned with the expected 
relationship between radioactive activity and exposure rate. 
Based on this study, the ceiling-mounted GM detector was 
capable of monitoring radiation in real-time, providing con-
tinuous exposure rate readings throughout the decay process.

In this study, we found that the ceiling-mounted GM was 
equally good in measuring the patients’ radiation exposure 
compared to the handheld survey meter. Besides, the ceiling-
mounted GM detectors may be more effective for real-time 
exposure rate monitoring in fixed settings while the hand-
held survey meter is better suited for portable and localized 
assessments. The consistency of the two detectors in meas-
uring radiation exposure supports adherence to safety pro-
tocols in healthcare settings utilising nuclear technologies. 
Regular cross-validation between the detectors could further 
improve the accuracy and reliability of radiation monitoring 
particularly in clinical environment.

5 � Conclusion

This study provided a strong positive correlation between 
the two radiation detectors in monitoring exposure rates 
of patients receiving varying RAI doses. Their comple-
mentary applications make them suitable for different sce-
narios, with the ceiling-mounted GM detector excels in 
continuous fixed radiation monitoring while the handheld 
survey meter is ideal for portable and localized assess-
ment. Standardising measurement protocols and regular 
cross validation for ceiling-mounted GM detectors could 
further improve accuracy and consistency in exposure 
monitoring. A limitation of this study was lack of previ-
ous research comparing between the ceiling-mounted and 
handheld radiation detectors, which made it difficult to 

draw direct comparisons with existing studies. This gap 
in the literature highlights the need for further investiga-
tions into the relative performance of the ceiling-mounted 
radiation detector.
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