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    Abstract
Background: A monitoring for radiological technologists and radiation workers must be implemented to ensure the radiation safety. Aims: The aim of our study was to measure the occupational radiation dose for medical workers from the Department of Diagnostic Radiology, Cardiac Catheterization Laboratory, Nuclear Medicine, Dental Services, Endoscopy, and Surgery at King Abdulaziz Medical City (KAMC), Riyadh, Saudi Arabia. Materials & Methods: This study was conducted at KAMC, Ministry of National Guard-Health Affairs, Riyadh, Saudi Arabia. Across-sectional study and a suitably and structured questionnaire was adapted from the previous similar studies and monitored radiation doses designed in line with the study's objectives were collected among the different medical workers. A total of 223 medical radiation workers were involved in this study, and descriptive statistics were used to analyze the data. Results: It is noted that the diagnostic radiology department recorded the highest value of effective dose followed by cardiac catheterization laboratory and nuclear medicine and so on. The measured amount of effective dose for diagnostic radiology, cardiac catheterization laboratory, nuclear medicine, dental services, endoscopy, and surgery at KAMC was found to be 14.35, 5.23, 4.56, 3.88, 3.52, and 1.87 mSv, respectively. Conclusions: This study provide an evidence that the occupational radiation dose for all the monitored departments at KAMC are well below the international recommended dose limit (20 mSv).
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    Introduction


    Radiology is a branch of medicine where technology has revolutionized and transformed the delivery of health care on which most of the medical field depends. The continuous advancement improvement in technology has impacted the accuracy and efficiency of the patient's treatment plan, thereby improving the delivery of health care.[bookmark: ft1][1] There are many imaging modalities in medical imaging such as X-ray, fluoroscopy, computed tomography (CT), nuclear medicine, magnetic resonance imaging (MRI), ultrasound (USG), angiography and other department associated with the use ionizing radiation as the main source. All these modalities may be applied for the diagnosis and treatment purposes.[bookmark: ft2][2] Radiation is very harmful to human beings, and it causes different type of biological effects. Various forms of DNA damages can be induced because of the radiation exposures such as chromosomal aberrations and micronuclei.[bookmark: ft3][3] Radiation is used in various applications such as experimental studies, medicine, education, industry, and agriculture.[bookmark: ft4][4] People are exposed to radiation frequently from many sources rather than medical or occupational sources. Other sources called natural radiation sources to exist naturally, like solar sources and some foods containing some radioactive substances. Occupational radiation is a consequence of the radiation dose received by people because of the environmental workplace,[bookmark: ft5][5],[bookmark: ft6][6] and the International Labor Organization uses the term occupational radiation exposure to describe this situation.[bookmark: ft6][6] Even though evidence proves the biological effects caused by exposure to high to moderate radiation doses, there is still a significant debate regarding the biological effects caused by exposure to low radiation doses.[bookmark: ft7][7] Radiographers are almost at a higher risk of developing biological effects caused by occupational radiation exposure, and one of the major effects induced through long exposure to low radiation doses such as X-ray are hematological changes, cancer and chromosomal damge.[bookmark: ft8][8],[bookmark: ft9][9],[bookmark: ft10][10] Many epidemiological studies on occupational workers and atomic bomb survivors showed that radiation exposure to low doses of ionizing radiation could lead to cancer, specifically, myeloma and leukemia.[bookmark: ft11][11] Whereas the primary radiation beam is the main source for the patient radiation dose, the scattered radiation from the patient's body is the primary source of the radiation dose for radiographers. Since radiography and radiation help diagnose patients through radiographic images, the regulation required to be used safely is a major issue. Assessment of the awareness of the occupational health workers and holding courses regarding radiation protection could be beneficial in the reduction of the radiation exposure dose to patients and staff.[bookmark: ft12][12] Radiation could be very hazardous when the protective and preventive practices are not considered, and the protection devices are not used.[bookmark: ft13][13] Occupational radiation protection is mandatory whenever radiation is used in practicing medicine.[bookmark: ft14][14] Radiation protection is a responsibility shared between specialized workers such as radiologists, radiological technologists, and medical physicists.[bookmark: ft15][15] There are many ways to make the patients and the radiographer safe from scattered radiation. The medical physicist considers a set of protocols to decide the necessity of using lead to shield the walls, doors, windows, floors, and ceilings to protect radiological and none radiological personal from unnecessary exposure to ionizing radiation.[bookmark: ft16][16] The shielding of walls and windows between the control room and the examination room results in no account of scattered radiation reaching the radiographer; rather than shielding the walls and windows, the radiographer could follow some easy ways like reducing the exposure time of the area to radiation.[bookmark: ft17][17] The distance plays an important role as well, and the exposure dose could be reduced by making a distance of 1 m between the personal and the scattered radiation source.[bookmark: ft5][5] Radiation protection could also be achieved through many other ways and by using various devices such as leaded aprons, thyroid shields, leaded glasses, and leaded gloves.[bookmark: ft18][18] The assessment of the exposure radiation dose to the occupational workers is critical to be considered. A monitoring program for radiological technologists and radiation workers should be implemented. There are many reasons for occupational radiation exposure to be monitored, and the most obvious reason is to confirm and show the difference with their regulatory dose limits.[bookmark: ft9][9] The most widely used techniques of personal monitoring are the film badge and thermoluminescent dosimeter (TLD) used to assess the whole-body radiation exposure. Dental film in the radiation workers' pockets is the technique which was used among radiation workers, and the exposure dose was amassed by how much fogging are in the film or the gross density on the film, and then the method is abandoned after the invention of film badges which give much more precise measurements of exposure. Nowadays, TLDs are the way to measure the exposure radiation dose, and it is made up of calcium fluoride with manganese or lithium fluoride, which is more widely used those materials emit light (thermoluminescence) when heated after the radiation exposure.[bookmark: ft16][16] The aim of our study was to measure the occupational radiation dose history, identify the highest exposure department and check the radiation guideline followed in King Abdul-Aziz Medical City (KAMC), Riyadh, Saudi Arabia


    Materials and Methods


    The aim of this study was to measure the occupational radiation dose for medical workers from the Department of Diagnostic Radiology, Cardiac Catheterization Laboratory, Nuclear Medicine, Dental Services, Endoscopy, and Surgery at KAMC, Riyadh, Saudi Arabia. A cross-sectional study and a suitably and structured questionnaire was adapted from the previous similar studies and monitored radiation doses designed in line with the study's objectives were collected among the different medical workers. The survey consisted of seven questions consisting of demographic characteristics, job type, use of the protective lead shield, the experience of high radiation exposure, and the level at which TLD badges are worn. All participants were adults above 18 years of age with more than 5 years of experience in any medical radiation imaging modalities and willing to provide written informed consent. Participants who are unwilling to give consent and work in nonionizing imaging modalities such as MRI and USG modalities and any medical radiation workers with <5 years of experience are excluded from this study.


    In this study, TLD badges were used. The medical physicist interpreted the TLD dose measurements. It consists of different components within the TLD badge, such as cards with holders containing Harshaw detector crystal known as LiF: Ti, Mg (Lithium fluoride with Magnesium and Titanium dopants), and an essential ingredient. It provides the overall dose of skin and deep tissue. All the occupational medical workers were recommended to wear the TLD badge in proper places during their work. Our sample size was 223 medical radiation workers in which most of the medical workers wear the TLD badge at the chest level considering 207 medical workers out of 223. In the nuclear medicine department case, 16 occupational workers were obtained for the fingertips of the index and middle fingers to measure the Hp (0.07) personal dose equivalent values for the skin and to the hand and feet at a depth of 0.07 mm. All the medical workers were recommended to have one TLD badge except the workers in the nuclear medicine department, for they required more than one TLD badge. A Strontium-90 (90Sr) internal irradiator with a dose of 0.5 mCi was applied for calibration and quality control purposes. All the TLD reading for the medical workers was done in a designated area of the dosimetry laboratory at King Abdullah Specialist Hospital and Children's Hospital. TLD reader model from theromoscientific harshaw TLD 66,000 was used to measure the body dose, including the Hp (10) and Hp (0.07), from 2015 to 2020. Following the report from International Commission on Radiation on Radiological Units and Measurements (ICRP) guidelines for monitoring and analyzing, the whole body dose was reported in term of personal dose equivalent Hp (10).


    The collected data were entered in Microsoft Excel and transferred to JMP statistical computer program for statistical analysis. Descriptive statistics in terms of mean, percentage, and frequencies were used to analyze the respondent answer and TLD dose. The confidentiality of all patients was protected, and personal data stored on the computer were accessible only to the researcher. Subject data were coded, and participant's name was not used


    Results and Discussion


    Distribution of occupational medical workers


    According to our study, distributed questionnaires among the 223 medical radiation workers were returned and properly filled. As stated in [Table - 1] and [Table - 2], it is reported that 163 participants were male and 60 were female. It is also clarified that 164 occupational medical workers were monitored from the diagnostic radiology department, followed by 25 from dental service, 22 cardiac catheterization laboratories, 20 endoscopies, 16 nuclear medicine, and 8 from the surgery department, respectively. The percentage distribution is a follows: Diagnostic radiology department (59.19%), dental services (11.21%), cardiac catheterization laboratory (9.86%), endoscopy department (8.96%), nuclear medicine (7.17%), and surgery department (3.58%). [Figure - 1] shows the contribution of each type of medical radiation worker to the total monitored workers in all categories of medical, occupational radiation workers, and their designation during 2015–2020. According to the participant's answer about the experience of high-level radiation exposure, 98.65% of the respondent answered “yes,” and 1.35% answered “no.” Moreover, participants were asked about the use of radiation protective devices during the procedure; entire respondents answered “yes;” when asked about at which level do you wear TLD badge, 92.82% were answered at the level of collar and 7.17% at the level of extremities. Similarly, it is also found that 100% of the entire employees were full-time.
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        	Table 1: Distribution of questionnaires among the occupational medical worker
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        	Table 2: Distribution of radiation workers monitored in all occupational categories

        

        Click here to view
      

    


    
      
        	[image: ]

        	Figure 1: Contribution of each type of medical radiation worker to the total monitored workers
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    Distribution of radiation doses at the department of diagnostic radiology department (general X-ray, fluoroscopy, computed tomography scan, and vascular and nonvascular angiography section)


    It is illustrated in [Table - 3] for a different type of occupational radiation workers concerning the measured doses for diagnostic radiology department (general X-ray, fluoroscopy, CT scan, and vascular and nonvascular angiography section) including their job position such as X-ray technologist, CT technologist, angiography technologist, radiology nurse, radiologist, and medical physicist. For the radiologist, this represents the most significant number of radiation workers, and [Table - 2] indicates that the mean effective dose over a period for 5 years from 2015 to 2020 ranged from 1.38 to 2.97 mSv, with an average effective dose of 2.39 mSv. Similarly, the individual annual mean effective dose ranged from 0.27 to 0.59 mSv, with an average effective dose of 0.47 mSv. In comparison to the ICRP, all these obtained values are below the international recommendation dose limit, 20 mSv for occupational medical radiation workers. It is to mention that all radiation workers were wearing radiation protective devices while performing procedures, as shown in [Table - 1]. As shown in [Table - 3], the highest number of radiation dose was recorded from a radiologist with an individual annual effective dose ranged from 0.74 to 28.82 mSv recorded by the chest TLD worn followed by X-ray technologist, angiography technologist, CT technologist, radiology nurse, and medical physicist, respectively. To conclude, diagnostic radiology occupied the highest number of effective radiation doses among medical radiation workers.
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        	Table 3: Distribution of the effective dose (mSv) to radiation workers in the radiology department monitored for a cumulative period of 5 years from 2015 to 2020
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    Distribution of occupational doses at the department of nuclear medicine department


    [Table - 4] shows the distribution of effective doses by radiation workers in the nuclear medicine department. The results for the hand equivalent dose were monitored and illustrated below. The annual mean effective dose ranged from 0.43 to 0.47 mSv at the chest level, whereas the hand equivalent dose ranged from 8.12 to 36.61 mSv. Based on the international recommendation dose limit to the skin of the hands (500 mSv/year), our study concluded that the measured doses are well below the dose limit.[bookmark: ft18][18],[bookmark: ft19][19] It was noted that nuclear medicine received a higher value of individual monitoring for the assessment of the dose to the skin and the hands and feet at a depth of 0.07 mm of skin than any other medical radiation department. It is because nuclear medicine job responsibilities carry out the examinations according to the given protocol.
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        	Table 4: Distribution of the effective dose (mSv) by radiation workers in the nuclear medicine department
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    Occupational doses at the department of cardiac catheterization laboratory


    Cardiology is the most dynamic field in terms of medical exposure due to the application of diagnostic X-rays. As shown in [Table - 5], the cardiac catheterization laboratory was found to measure an effective annual dose of 0.46–0.26 mSv with an average effective dose 0.52 mSv/year. The annual effective dose to a cardiac laboratory technologist ranged from 0.14 to 6.07 mSv). For consultant, the annual effective dose ranged from 1.41 to 7.40 mSv). This does remain well below the international recommended dose limit. It is also reported that the cardiac catheterization laboratory department occupied a higher average effective dose than the diagnostic radiology department.
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        	Table 5: Distribution of the effective dose (mSv) by radiation workers in the cardiac catheterization laboratory
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    Occupational doses at the department of surgery, dental, and endoscopy


    [Table - 6] shows the distribution of annual dose for differences among the occupational workers in another department. The annual effective for the orthopedic surgery department ranged between 0.07 and 0.30 mSv. Similarly, in the dental services, the annual effective was recorded between ranged from 0.48 to 0.29 mSv. The annual effective dose to a dentist ranged from 0.55 to 6.66 mS. For dental technicians, the annual effective ranged between 0.46 and 2.97 mSv. Moreover, it also concluded that a gastroenterologist was reported to measure an annual effective dose from 0.63 to 2.09 mSv with an average effective dose of 0.36 mSv/year. For ERCP technicians, the annual effective ranged between 1.44 and 2.57 mSv. All the monitored doses were well below the international recommendation dose limit.
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        	Table 6: Distribution of the effective dose (mSv) by radiation workers in other departments (surgery, dental services, and endoscopy)
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    [Figure - 2] shows the distribution of the annual average effective dose of every department of KAMC, Riyadh, Saudi Arabia, during the period from 2015 to 2020
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        	Figure 2: Average annual effective dose (mSv) for medical radiation workers in (a) the diagnostic radiology department (b) the nuclear medicine department (c) cardiac catheterization laboratory (d) the other department including the dental services, surgery department, and endoscopy department. MP: Medical Physicist, XT: X-ray technician, CTT: CT scans Technologist, AT: Angiography Technologist, R: Radiologist, NMT: Nuclear Medicine Technologist, NMP: Nuclear Medicine Physician, RN: Radiology Nurse, CLC: Catheterization Laboratory Consultant, CLT Catheterization Laboratory Technician, OT: Orthopedic Technician, OS: Orthopedic surgeon, D: Dentist, DT: Dental Technician, GT: Gastroenterologist, and ET: Endoscopic Technician
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    [Table - 7] shows the available worldwide annual effective dose in three medical fields for occupational exposure during a block of 4 years.[bookmark: ft2][2],[bookmark: ft20][20],[bookmark: ft21][21] Approximately more than 60% of all monitored medical radiation workers at King Abdul-Aziz Medical City (KAMC) had annual effective doses below the average level of global occupational exposure of 0.5 mSv as reported among the 7440,000 monitored individual occupational medical radiation worker during 2000–2002.[bookmark: ft19][19]


    
      
        	[image: ]

        	Table 7: Comparison of the average annual effective dose in the medical exposure fields of diagnostic radiology, nuclear medicine, and other departments at King Abdul-Aziz Medical City, Riyadh, Saudi Arabia, with that of other countries of the world and with world United Nations Scientific Committee on the Effects of Atomic Radiation data
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    [Figure - 3] shows clearly that the diagnostic radiology department recorded the highest value of effective dose followed by cardiac catheterization laboratory and nuclear and so on. For the diagnostic radiology department, the maximum number of effective doses came from the radiologist of the angiography section. Subsequently, the dose obtained is still below the recommended dose limit 20 mSv/year, which is 100 mSv cumulative for 5 years. As shown in [Table - 7], the available global annual effective dose during a block of 4 years is given with United Nations Scientific Committee on the Effects of Atomic Radiation data and our values.
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        	Figure 3: Mean effectiveness of all the medical radiation departments during 2015–2020
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    Conclusion


    The measured amount of effective dose for diagnostic radiology, cardiac catheterization laboratory, nuclear medicine, dental services, endoscopy, and surgery at KAMC was 14.35, 5.23, 4.56, 3.88, 3.52, and 1.87 mSv. The occupational radiation dose for all the monitored departments is well below the recommended dose limit (20 mSv). Subsequently, similar studies on the global assessment for the personal dose monitoring in the department of dental, endoscopy, and surgery were found to be very limited.
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  Figure 1: Contribution of each type of medical radiation worker to the total monitored workers


  Figure: 2
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  Figure 2: Average annual effective dose (mSv) for medical radiation workers in (a) the diagnostic radiology department (b) the nuclear medicine department (c) cardiac catheterization laboratory (d) the other department including the dental services, surgery department, and endoscopy department. MP: Medical Physicist, XT: X-ray technician, CTT: CT scans Technologist, AT: Angiography Technologist, R: Radiologist, NMT: Nuclear Medicine Technologist, NMP: Nuclear Medicine Physician, RN: Radiology Nurse, CLC: Catheterization Laboratory Consultant, CLT Catheterization Laboratory Technician, OT: Orthopedic Technician, OS: Orthopedic surgeon, D: Dentist, DT: Dental Technician, GT: Gastroenterologist, and ET: Endoscopic Technician
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  Figure 3: Mean effectiveness of all the medical radiation departments during 2015–2020
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  Table 1: Distribution of questionnaires among the occupational medical worker
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  Table 2: Distribution of radiation workers monitored in all occupational categories
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  Table 3: Distribution of the effective dose (mSv) to radiation workers in the radiology department monitored for a cumulative period of 5 years from 2015 to 2020
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  Table 4: Distribution of the effective dose (mSv) by radiation workers in the nuclear medicine department
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  Table 5: Distribution of the effective dose (mSv) by radiation workers in the cardiac catheterization laboratory
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  Table 6: Distribution of the effective dose (mSv) by radiation workers in other departments (surgery, dental services, and endoscopy)
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  Table 7: Comparison of the average annual effective dose in the medical exposure fields of diagnostic radiology, nuclear medicine, and other departments at King Abdul-Aziz Medical City, Riyadh, Saudi Arabia, with that of other countries of the world and with world United Nations Scientific Committee on the Effects of Atomic Radiation data
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during the procedure
Type of employee Part-time 223 (100)

Full time 0
Experience of high-level radiation exposure  Yes 220 (98.65)

No 3(135)

TID- Thermoluminescent dosimeter
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Occupation category Radiation workers Male Female Total
Diagnostic radiology department X-ray technologist 16 11 27
CT technologist 17 7 2
Angiography technologist H 1 9
Radiology nurse 20 5 25
Radiologist 32 12 4
Medical physicist 3 0 3
Cardiac catheterization laboratory Cardiac laboratory technologist 13 2 15
Cardiac laboratory consultant 5 2 7
Surgery department Techaician 2 1 3
Orthopedic surgeon 4 1 5
Dental services Dentist 10 7 17
Techaician 4 4 8
Endoscopy department Gastroenterologist 7 3 10
Technician 8 2 10
™M Technologist H 3 1
NM physician 3 2 5
Total number of workers 160 63 23

NM-: Nuclear medicine, CT- Computed tomography
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Total number

Monitored radiation

Mean effective dose (mSv) over 5 years

Annual mean effective dose (mSv)

it i Dose (mSv) Hp(10)  Hp(007) Dose(mSy)  Hp(10)  Hp(0.07)
27 X-ray technologist 2.97(1.18-8.98) 130 1.67 0.59 0.26 033
24 CT technologist 2.19(1.22-8.22) 0.94 125 043 0.18 025
9 Angiography technologist 277 2.01-331) 132 145 055 027 028
25 Radiology nurse 2.10(1.19-4.30) 093 117 042 0.18 024
44 Radiologist 2.94(0.74-28.82) 134 1.60 0.59 0.26 033
3 Medical physicist 1.38(1.31-2.30) 0.64 0.74 0.27 0.12 0.15

CT: Computed tomography
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Total number ~ Monitored Mean effective dose (mSv) over 5 years Annual mean effective dose (mSv)
of workers radiation workers Dose (mSv) finger Hp (0.07)  Dose (mSv) chest  Dose (mSv) finger Hp (0.07)  Dose (mSv) chest

[ NM technologist 11605 (90.21-198.31) 238 (129-4.69) 2321 (15.22-36.61) 0476
5 NM physician 71.95 (42.43-101.54) 2.18 (126-2.68) 1439 (8.12-25.55) 0.436
NM- Nuclear medicine
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Total number Monitored radiation workers Mean effective dose (mSv) over 5 years Annual mean effective dose (mSv)

of workers Dose (mSv) Hp (10) Hp (0.07) Dose (mSv)  Hp(10)  Hp (0.07)

15 Cardiac laboratory technologist  2.32 (0.14-6.07) 1.08 124 046 021 025
7 Cardiac laboratory consultant 291 (1.41-7.40) 134 157 058 026 032
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Total number of Monitored radiation Mean effective dose (mSv) over 5 years Annual mean effective dose (mSv)

workers workers Dose (mSv) Hp (10) Hp (0.07) Dose (mSv)  Hp(10)  Hp(0.07)
Technician 037(143-222) 015 022 0.07 0.03 0.04
Orthopedic surgeon 1.50 (1.54-2.59) 064 086 030 012 0.18

17 Dentist 2.41(0.55-6.66) 118 122 048 023 025

8 Technician 1.47(0.46-2.97) 074 0.69 029 015 0.14

10 Gastroenterologist 1.83 (0.63-2.09) 082 101 036 0.16 020

10 Technician 1.69 (1.44-2.57) 0.76 0.79 030 0.15 015
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Country Diagnostic radiology NM

Australia (1990-1994) 0.19 075
Brazil (1990-1994) 258 3.50
Greece (1990-1994) 386 227
Indonesia (1985-1989) 175 120
India (1990-1994) 042 136
Syria (1990-1994) 440 3.16
Thailand (1990-1994) 0.58 289
China (1986-2000) 185 140
Lithuania (1996-2000) 148 114
Pakistan (2003-2007) 147 155
Chile (200-2002) 439 1478
Canada (2000-2002) 075 211
World UNSCEAR (1990-1994) 134 141
Kingdom of Saudi Arabia KAUH (2009-2010) 0.66 156
Kingdom of Saudi Arabia KSU (2018-2019) 053 0.63

Kingdom of Saudi Arabia KAMC (2015-2020) 1435 4.56

KAUH: King Abdulaziz University Hospital, KSU: King Saud University. KAMC: King Abdulaziz Medical City, UNSCEAR: United Nations Scientific
Committee on the Effects of Atomic Radiation. NM: Nuclear medicine





