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Abstract 
The Study aims to measure radiation exposure on X-ray aircraft on chest 

radiography at the Radiology installation at Wajak Husada General Hospital. 
Measurements were carried out on the X-ray source tube and in the X-ray room 
environment at Wajak Husada General Hospital. This research aims to determine the 
value of radiation exposure and whether the examination room is safe for workers and 
the general public. Data collection in this research was direct observation in the 
radiology examination room; then, radiation exposure using a survey meter at points 
around the X-ray room. The highest exposure to X-ray aircraft was in the control panel 
room, which was 0.19 µSv/h or 0.88 mSv/y and was still below the dose limit value 
set by the Regional Head of Bapeten Regulation Number 4 of 2020, namely the dose 
limit value for workers of 20 mSv/ year and the community it is one mSv/year, 
concluded that the X-ray aircraft and environment are suitable for use and safe to 
occupy to implement radiology services. 
 

© 2023 State Islamic University of Mataram 

 INTRODUCTION   
Radio diagnostics is very important to diagnose a disease using ionizing radiation [1]–[3]. 

Excessive ionizing radiation hitting human body tissue can cause detrimental effects [4]. These side 
effects can be minimized by implementing aspects of radiation protection around the radiation source 
[5]. According to PERKA BAPETEN Number 4 of 2020, which regulates radiation protection and 
safety in the use of nuclear energy, radiation workers may not receive a radiation dose exceeding 50 
mSv per year, and the average per year must not be more than 20 mSv, while the general public may 
not receive more than one mSv per year because however, radiation will have biological effects which 
include non-stochastic and stochastic effects [6]–[8]. 

Radiation protection efforts need to be made to reduce the damaging effects of radiation due 
to radiation exposure [9]–[11]. Therefore, to prevent radiation exposure, it is necessary to have 
materials that can prevent the possibility of radiation leaks to achieve occupational health and safety 
[8], [12], [13]. Thus, the measurements were carried out to carry out occupational safety and health 
activities in ionizing radiation through radiation protection measures to minimize the radiation 
exposure received by radiation workers or the public around the examination room [14], [15]. The 
Radiology Installation Examination Room at Wajak Husada General Hospital is adjacent to the 
delivery room, and it is feared that receiving too high radiation will endanger the health of those in the 
room. This requires special monitoring regarding radiation that may leak into other rooms. Because to 
the left of the radiology examination room is the delivery room, radiation protection for patients must 
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be taken into account so that the dose limit value (NBD) is not exceeded, following Bapeten Regulation 
No. 4 of 2020. The basis for conducting this research is that there is a need for radiation protection 
for work safety for patients or the public in general and workers or operators, especially in radiology 
examination rooms [6], [8], [16], [17]. The novelty of this research is that radiation exposure in the 
radiology examination room of RSUD Wajak Husada does not exceed the standards set by Perka 
Bapeten no. 4 of 2020. This research can support learning and help visualize learning about radiation 
physics—the radiation measurement tool application in teaching radio physics diagnostics. 

 

METHOD  

This research is a quantitative descriptive—the population from all patients with a thorax 
examination. The author made observations and measurements at the research location. The objects 
of this research are the walls, doors, and Pb glass in the examination room of the Radiology 
Installation at Wajak Husada General Hospital. This research uses tools to support the examination, 
including X-rays and a surveymeter. Figure 1. shows the photo of the radiology examination rooms 
and Surveymeter. Figure 2.  shows the design of the radiology examination room structure of Wajak 
Husada General Hospital. Data collection techniques in this research are observation, measurement, 
and documentation. The measurement points are outside the walls of the radiology room, namely A 
(front wall), B (left side wall), C (back wall), D (right side wall), E (wooden door), and F (Pb glass 
window). In the early stage, it is measured first before the examination and subsequent measurements 
during the radiology examination. 

 
 

 
 

Figure 1. The photo of radiology examination rooms and Survey meter. 
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Figure 2. The structural design of radiology installation  

at Wajak Husada General Hospital 
 
 

RESULT AND DISCUSSION  
Based on observations and research they carried out regarding radiation exposure in the 

examination room of the Radiology Installation at the Wajak Husada General Hospital as well as 
measurements of radiation exposure carried out at various predetermined points in the radiology 
examination room at the Radiology Installation of the Wajak Husada General Hospital. Structural 
radiation protection of the radiology examination room, then the results are recorded in Table 1. 
 

 

Table 1. Radiology installation room design 

Room Point 
Size 

Length (m) Thickness (m) Height  (m) 
A 2.000 ± 0.080 0.200 ± 0.003 3.400 ± 0.070 
B 3.790 ± 0.090 0.200 ± 0.003 3.400 ± 0.070 
C 3.000 ± 0.070 0.200 ± 0.004 3.400 ± 0.080 
D 3.790 ± 0.070 0.200 ± 0.003 3.400 ± 0.070 
E 1.000 ± 0.030 0.180 ± 0.004 2.050 ± 0.070 

Radiation sign 
Red light indicates radiation is present. 

Radiation symbol: present 

 
Radiation Exposure Measurement Results in the Radiology Installation Examination Room at 

Wajak Husada General Hospital. A (front wall), B (left side wall), C (back wall), D (right side wall), E 
(wooden door), and F (Pb glass window). The instrument used to measure the radiation exposure 
rate is a Surveymeter. Measurements using exposure factors in thorax examinations used in each 
examination room. The results of the measurements obtained data are in Table 2. 
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Table 2. The results of the measurements obtained data. 
 

Room Point Examination Background Dose  
(µSv/h) 

Exposed Dose 
(µSv/h) 

Measurement Results 
(µSv/h) 

A Thorax 0.09 ±0.001 0.11 ± 0.002 0.02 ± 0.002 
B Thorax 0.09 ±0.002 0.16 ± 0.003 0.07 ± 0.003 
C Thorax 0.09 ±0.001 0.16 ± 0.002 0.07 ± 0.002 
D Thorax 0.09 ±0.003 0.11 ± 0.004 0.02 ± 0.004 
E Thorax 0.09 ±0.004 0.10 ± 0.001 0.01 ± 0.001 
F Thorax 0.09 ±0.002 0.28 ± 0.003  0.19 ± 0.003 

 

According to Bapeten Regulation No. 4 of 2020, the minimum size of the installed X-ray 
aircraft room must follow the manufacturer's X-ray aircraft technical specifications or international 
standard recommendations or have the dimensions listed, namely 4 x 3 x 2.8 (length x width x height) 
m. Based on the results of researchers' observations of the radiology examination room at the Wajak 
Husada Hospital Radiology Installation, which is 3 x 3.78 x 3.4 (length x width x height) m, the room 
is following the minimum limits for conventional radiology examination rooms stated in the Perka 
Bapeten No. 8 of 2011. 

Then, in Bapeten Regulation No. 4 of 2020, the room walls for all types of X-ray aircraft are 
made of 25 cm red brick or concrete with a 2.2 g/cm3 density. The X-ray room door must be lead-
coated with a certain thickness of 20 cm or equivalent to 2 mm of lead (Pb). The walls of the 
radiology examination room at Wajak Husada Hospital are concrete with a thickness of 20 cm. This 
requirement has met Bapeten Regulation No. 4 of 2020. The door size is 1 x 2.05 (length x height) 
m and coated with lead (Pb) according to the standard of Bapeten Regulation No. 4 of 2020. 
Radiation signs in the Radiology Installation examination room at RSUD Wajak Husada are available 
on the door and have met the requirements according to Bapeten Regulation No. 4 of 2020. One of 
the factors that are considered in radiology services is radiation protection. 

Radiation exposure rate measurements were conducted in the Radiology Installation examination 
room of Wajak Husada General Hospital using a survey meter measuring instrument with a 107 
μSv/hour calibration factor. Measurements were made at 6 points: A (front wall), B (left side wall), 
C (back wall), D (right side wall), E (wooden door) and F (Pb glass window). The measurement 
position was outside the wall of the examination room. 

This measurement uses a thorax examination technique with a thorax exposure factor of 61 
kV and 10 mAs—the radiation exposure measurement (Exposed Dose) from the room radiation 
measurement (Background dose) result. The background dose is the ambient Dose obtained before 
irradiation in the natural environment from electronic devices or the sun. Then, the exposure dose 
is the Dose obtained after exposure. Then, the results are compared with the dose limit value 
contained in Bapeten Regulation No. 4 of 2020, whether classified as safe for workers and the general 
public. 

According to the Head of Bapeten Regulation number 4 of 2020, the dose limit value for 
radiation workers should not receive radiation doses exceeding 50 mSv per year, and the average per 
year should not exceed 20 mSv, while the general public should not receive more than 1 mSv per 
year. This measurement uses an examination technique often used at Wajak Husada Hospital, namely 
the thorax examination. The results of radiation exposure measurements carried out at measurement 
points A, B, C, D, E, and F showed no radiation exposure leaks at several points. 

Based on the measurement results obtained in measuring radiation exposure in the 
examination room, it is still in units of mSv/hour and then converted to mSv/year; according to the 
author, 6 points are considered safe for workers and the public because the results of measuring 
radiation exposure at point A are 0.18 mSv/ y, point B and point C are 0.61 mSv/y, point D is 0.018 
mSv/y, point E is 0.08 mSv/y, and point F is 0.88 mSv/y and is considered safe for workers and 
the public because the results of measurements of radiation exposure do not exceed the dose limit 
value for workers of 20 mSv/year and for the public of 1 mSv/year according to Bapeten Ka Perka 
number 4 of 2020. Radiation protection is a quantification of the dose limits that are permitted to be 
received by workers or the general public with actions taken to reduce the damaging effects of radiation 
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due to radiation exposure [11], [18], [19]. BAPETEN determines the maximum threshold that can be 
accepted by radiology officers and the public so as not to cause detrimental genetic and somatic effects 
due to the use of nuclear energy in one period of time [4], [7], [20]. For this reason, officers who use 
radiation equipment when carrying out their work must use radiation protection equipment to protect 
themselves from excessive radiation rays [9], [21], [22].  

 

CONCLUSION 
 This research concludes that the results of measuring radiation exposure in the radiology 
examination room at Wajak Husada General Hospital at point A were 0.18 mSv/y, points B and C 
were 0.61 mSv/y, point D was 0.18 mSv/y, point E is 0.08 mSv/y, and point F is 0.88 mSv/y. The 
results of radiation exposure measurements in the radiology examination room at RSUD Wajak 
Husada at 6 points did not exceed the standards set by Perka Bapeten no. 4 of 2020, so radiation 
exposure at six measuring points safe for workers and the public because it did not exceed the 
predetermined dose limit value. 
 

ACKNOWLEDGMENTS 
 All authors offer special thanks to Wajak Husada General Hospital University, Indonesia. 
 

REFERENCE 

[1] G. Maslebu, J. Muninggar, and S. A. Hapsara, “Estimasi Resiko Radiasi Janin pada Pemeriksaan 
Radiografi Pelvis,” J. Fis. FLUX, vol. 14, no. 1, p. 1, 2017, doi: 10.20527/flux.v14i1.3579. 

[2] N. C. Yeni, D. Milvita, and H. Prasetio, “Kalibrasi TLD-100 di Udara Menggunakan Radiasi 
Sinar-X Pada Rentang Radiation Qualities in Radiodiagnostik (RQR),” J. Ilmu Fis. | Univ. 
Andalas, vol. 11, no. 2, pp. 81–87, 2019, doi: 10.25077/jif.11.2.81-87.2019. 

[3] I. Garcia, M. Navarro, E. Macêdo, D. Jesus, and H. Leite, "Response of luminance meters used 
for radiodiagnostic applications," J. Phys. Conf. Ser., vol. 1826, no. 1, 2021, doi: 10.1088/1742-
6596/1826/1/012054. 

[4] F. Nugraheni, F. Anisah, and G. A. Susetyo, “Analisis Efek Radiasi Sinar-X pada Tubuh 
Manusia,” pp. 19–25, 2022. 

[5] Z. Alatas, “Efek Pewarisan Akibat Radiasi Pengion,” Bul. Al., vol. 8, no. 2, p. 242190, 2006. 
[6] Kepala Badan Pengawas Tenaga Nuklir Republik Indonesia, “Peraturan Badan Pengawas 

Tenaga Nuklir Republik Indonesia Nomor 4 Tahun 2020 Tentang Keselamatan Radiasi Pada 
Penggunaan Pesawat Sinar-X Dalam Radiologi Diagnostik Dan Intervensional,” pp. 1–52, 
2020. 

[7] N. R. Woroprobosari, “Efek Stokastik Radiasi Sinar-X Dental Pada Ibu Hamil Dan Janin,” 
ODONTO  Dent. J., vol. 3, no. 1, p. 60, 2016, doi: 10.30659/odj.3.1.60-66. 

[8] H. A. Sianturi, M. Rianna, T. Sembiring, and M. Situmorang, “Pengukuran dan Analisis Dosis 
Radiasi Keluaran pada Pesawat Sinar-X yang Berusia Lebih dari 10 Tahun pada Rumah Sakit 
di Kota Medan,” J. Aceh Physic Soc., vol. 7, no. 1, pp. 1–5, 2018. 

[9] F. Wahyuni, S. P. Sakti, D. J. D. Herry Santjojo, and U. P. Juswono, "Bismuth Oxide Filled 
Polyester Composites for X-ray Radiation Shielding Applications," Polish J. Environ. Stud., vol. 
31, no. 4, pp. 3985–3990, 2022, doi: 10.15244/pjoes/146935. 

[10] H. Mori, K. Koshida, O. Ishigamori, and K. Matsubara, "Evaluation of the effectiveness of X-
ray protective aprons in experimental and practical fields," Radiol. Phys. Technol., vol. 7, no. 1, 
pp. 158–166, 2014, doi: 10.1007/s12194-013-0246-x. 

[11] B. K. Cheon et al., "Radiation safety: A focus on lead aprons and thyroid shields in 
interventional pain management," Korean J. Pain, vol. 31, no. 4, pp. 244–252, 2018, doi: 
10.3344/kjp.2018.31.4.244. 

[12] R. Rahmayani, S. Sahara, and S. Zelviani, “Pengukuran Dan Analisis Dosis Proteksi Radiasi 
Sinar-X Di Unit Radiologi Rs. Ibnu Sina Yw-Umi,” JFT  J. Fis. dan Ter., vol. 7, no. 1, p. 87, 
2020, doi: 10.24252/jft.v7i1.14118. 



Sri Sugiarti: Measurement of X-Ray Radiation Exposure in Thorax Examinations…. 
 

Page | 105 

 

 

[13] Sumarni and T. Mart, “Penentuan energi efektif sinar-X radiodiagnostik,” Proceeding Ilm. 
Keslamatan Radiasi dan Lingkung., pp. 23–24, 2000. 

[14] M. Baker, "Investigation into factors influencing Fuji S-value using an extremity phantom," J. 
Med. Imaging Radiat. Sci., vol. 43, no. 1, pp. 34–37, 2012, doi: 10.1016/j.jmir.2011.08.002. 

[15] A. Constantin, "Human subject research: International and regional human rights standards," 
Health Hum. Rights, vol. 20, no. 2, pp. 137–148, 2018. 

[16] M. Kurudirek, N. Chutithanapanon, R. Laopaiboon, C. Yenchai, and C. Bootjomchai, "Effect 
of Bi2O3 on gamma ray shielding and structural properties of borosilicate glasses recycled 
from high pressure sodium lamp glass," J. Alloys Compd., vol. 745, pp. 355–364, 2018, doi: 
10.1016/j.jallcom.2018.02.158. 

[17] F. Wahyuni, S. P. Sakti, D. J. D. H. Santjojo, U. P. Juswono, and D. R. Sanioso, "The effect of 
delay time processing on exposure index in X-ray examination," AIP Conf. Proc., vol. 2296, no. 
November, 2020, doi: 10.1063/5.0030629. 

[18] I. Septiyanti, M. A. Khalif, and E. D. Anwar, “Analisis Dosis Paparan Radiasi Pada General X-
Ray II Di Instalasi Radiologi Rumah Sakit Muhammadiyah Semarang,” J. Imejing Diagnostik, vol. 
6, no. 2, pp. 96–102, 2020, doi: 10.31983/jimed.v6i2.5858. 

[19] Z. Mayerni, Ahmad, A., Abidin, “Pekerja Radiasi Di Rsud Arifin Achmad ,” J. Ilmu Lingkung., 
vol. 7, no. 1, pp. 114–127, 2013. 

[20] S. Ramanathan and J. Ryan, "Radiation awareness among radiology residents, technologists, 
fellows and staff: where do we stand?," Insights Imaging, vol. 6, no. 1, pp. 133–139, 2015, doi: 
10.1007/s13244-014-0365-x. 

[21] N. Moolman, F. Mulla, and S. Mdletshe, "Radiographer knowledge and practice of paediatric 
radiation dose protocols in digital radiography in Gauteng," Radiography, vol. 26, no. 2, pp. 117–
121, 2020, doi: 10.1016/j.radi.2019.09.006. 

[22] T. M. Yoshandi, H. E. Hamdani, and Annisa, "Material Analysis of Lead Aprons Using 
Radiography Non-Destructive Testing," J. Renew. Energy Mech., vol. 4, no. 02, pp. 56–62, 2021, 
doi: 10.25299/rem.2021.vol4.no02.7480. 

 


