
IOSR Journal of Dental and Medical Sciences (IOSR-JDMS)  

e-ISSN: 2279-0853, p-ISSN: 2279-0861.Volume 17, Issue 3 Ver.5 March. (2018), PP 71-77 

www.iosrjournals.org     

 

DOI: 10.9790/0853-1703057177                            www.iosrjournals.org                                                 71 | Page 

Assessment of Radiation Protection practices among University 

Students, Buraydah, Saudi Arabia. 
 

Abdulrahman A. Al-Sayyari
1 
, Sunil Kalagi

2
, 

1
Assistant Professor, Radiologic Technology Department, Qassim University, Saudi Arabia 

2
Lecturer,Radiologic Technology Department, Qassim University, Saudi Arabia,  

Corresponding Author: Abdulrahman Al-Sayyari 

 

Abstract:Radiation protection in medicine has unique aspects and is an essential element of medical practice.It 

is the science and art of protecting people and the environment from the harmful effects of ionizing radiation.  

Use of Ionizing radiation in medical imaging is one of the powerful diagnostic tools, and accurate knowledge of 

radiation protection will affect the radiographers safety behaviors during practice.The aim of the study is to 

assess Radiologic Technologist workers radiation exposure in routine radiology workflow and the extent of 

following the Radiation Protection principles in Buraydah city, Al-Qassim State, Kingdom of Saudi 

Arabia.Total of 110 radiologic technologist students who were posted in various hospitals were included in this 

study and datawas collected through well-structured pretested self-administered questionnaire and Thermo-

luminescence Dosimetry (TLD) measurements were done at the end using TLD 4500 reader at Medical Physics 

Lab of Qassim University. The study was conducted during the period from Sep 2015to May 2016. In this study 

all participants were University undergraduate internship students from Radiologic Technology department. All 

the participants (100%)had used TLD cards as personal dosimeter.Majority of the participants(92%) were 

aware that lead apron should be used while taking radiographs and86% of the participants had the knowledge  

that doors and walls consists of lead.In this study, the TLD cards havingtwo chips of Lithium-Fluoride(Li-F) 

crystals were used to assess the Deep dose and Shallow dose exposures of radiologic technologists during 

routine work in Radiology department in Hospitals. All the radiation exposure measurements were found to be 

under the limits of Annual maximum permissible dose designated by International Commission on radiation 

Protection (ICRP) and King Abdulaziz City for Science and Technology (KACST) Riyadh, Saudi Arabia .Our 

study found that all the technologists followed the ALARA( As low as reasonably achievable) radiation safety 

principle successfully. 
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I. Introduction 
 The use of non-ionizing radiation has become very common in medicine since its discovery in 1895 by 

Wilhelm Conrad Rontgen
1
.The use of medical imaging is rising, and approximately 3.3 billion of the 5 billion 

imaging examinations performed worldwide use ionizing radiation
2,3

.Several medical imaging disciplines and 

specialties use ionizing radiation, including general diagnostic radiology, nuclear medicine, computed 

tomography (CT), fluoroscopy, and interventional radiology. In addition, specialties outside radiology such as 

urology, orthopedic surgery, gastroenterology, vascular surgery, and anesthesiology often use imaging 

examinations involving ionizing radiation.In USA the average annual radiation exposure is approximately 

6.2mSv in which 3.1 mSv is coming from medical procedures
5,6

. Thus, diagnostic imaging contributes to the 

majority of artificial radiation exposure to humans. Exposure to ionizing radiation in diagnostic radiography 

could lead to hazards such as somatic and genetic damages
4,5,6,7

.Radiologic technologists use radiation to 

provide quality medical imaging, but they must be aware of potential exposure to radiation’s detrimental effects 

and Radiation safety principle ALARA( As Low As Reasonably Achievable)
8,9,10

. This can be achieved by 

maintaining three parameters i.e.Time, Distance, and Shielding
10,11

. By spending less time, keeping more 

distance and using appropriate shielding equipments, dangerous exposure levels can be avoided.The annual 

maximum permissible dose (MPD) recommended for designated radiation workers by International Commission 

on Radiological Protection (ICRP) is 20 mSv per year while that of the public is 1 mSv
11,12,13,14

. Along with 

ICRP, The International commission on Radiation Units and measurements (ICRU) in conjunction with 

International Atomic Energy Agency (IAEA) had provided series of documents on radiation safety standards. In 

Saudi Arabia, King Abdulaziz City for Science and Technology (KACST) is the authority to regulate and 

monitor the use of ionizing radiation for the national
15,16,17,18,19

 . 

The whole body dose takes into the Consideration of both Deep dose and Shallow dose
19,20,21,22

.Shallow dose is 

the dose equivalent at a tissue depth of .007 cm; applies to external whole body surface or skin exposure. Deep 
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dose is the dose equivalent at a tissue depth of 1 cm; applies to external exposure
20,21,22,23,24

.Deep dose is greater 

than the skin dose at x-ray photon energy increases greater than 35kev. The shallow dose also known as skin 

dose will be more than the deep dose at the x-ray photon energies less than 35kev. As the energy increases, the 

penetration increases and much more dose is deposited beyond .007cm thickness of skin
25,26,27,28

. After 35keV 

photon energy, deep dose is higher (significantly around 60-100 keV) than the skin dose
28,29,30

.  

 

II. Material And Methods 
 This prospective comparative study was carried out among 110 radiographers who worked  in various 

hospitals (King Fahad Specialist Hospital (KFSH) , Buraydah Central Hospital& Other Private Hospitals) in 

Buraydah city and some other hospitals in AL-Qassim Region , during the period from September 2015to May 

2016.In this work, the  

Tool of data collection: The study was conducted through a well-structured self-administered questionnaire 

consists from two parts:  

The FirstPart: Knowledge regard protection (4 question).  

The Second Part: Performance towards radiation safety (7question). 

TLD:Thermo-luminescence Dosimetry (TLD) technique was used to measure the amount of radiation received 

by clinical technologists assigned respective TLD cards during routine work in Radiology department in 

Hospitals. All the TLD cards were read using Thermo-scientific Harshaw TLD 4500 reader available at Medical 

Physics Lab in Qassim University. 

Method of the study: The objectives of the study and the benefit of its findings to radiographic technologists 

was explained to the participants before submitting the questionnaire. Their responses was only base on their 

subjective data and recent attitudes without referring to any books. Knowledge was assessed based on study 

participants understanding of radiation risks associated with diagnostic use of ionizing radiation to protect 

themselves from risks. Radiation protection performance was assessed by use of radiation signs during 

exposures times , using of protective equipments during work such as lead shield, gonad shields, thyroid cola , 

lead gloves and light beam diaphragm (LBD). The following table is used as guideline for Dose Limitation 

across Kingdom of Saudi Arabia
5,6,8,9,18

 . 

 

Table 1: Dose Limitation for workers and the public (excluding the patients) 
Class of Person Annual Limit of Effective dose in 

milli-sieverts (mSv) 

Any employee aged 18 years or above 20 

Trainee aged under 18 years 6 

Other persons (including any person below the age of 16 

years and all members of the public) 

1 

Employees directly involved with the Dental radiography 
(operators) 

1 

Employees not directly involved with the Dental 
radiography and for the member of the public 

<1 

  

TLD cards with Li-F crystals were used as Personal dosimeters for routine clinical work in Radiology 

department. All TLD’s were measured by TLD 4500 reader at Medical Physics Lab in Qassim University, 

Buraydah, KSA. As the TLD is two element chip, we were able to measure Deep dose and Shallow dose using 

TLD 4500 reader.  
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Figure 1 : TLD Chipsconsisting Li-F formeasurement of A) Deep dose  B) Shallow dose 

 
 

The ‘Annealing’ (heating) of the TLD chips were done using Nitrogen gas supply in the temperature 

range of 0-300 degree Celsius. As we heat the TLD chips, the chip releases the stored radiation energy in the 

form of light. The intensity of light released is measured in terms of ‘Charge’. Using The TLD ‘Glow Curve’ we 

did the deep and shallow dose measurements. Glow curves indicate the amount of  radiation exposure. It is 

measured in the units of ‘Charge’.  

 

The appropriate measured Charge is converted to equivalent dose. The following mathematical equation gives 

the approximate dose measurements. 

 

Calculation of Dose:  Measured Charge(Light released by TLD chip) = Dose x RCF; 

∴Dose(microSv)  = Charge (nC) / RCF ( nC/microSv). 

 

 

Figure 2: TLD Glow curve obatined using TLD 4500 reader 

 
 

All the measurements and calculations used appropriate TLD 4500 device Reader calibration factor (RCF). In 

our study RCF for deep dose used was 0.0228192nC and for shallow dose was 0.019479nC. 
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III. Result 
Table 2 : Knowledge of participants who had YES opinion regard protection during practice N=110 

Variable YES (Number & Percentage) 

Knowing annual limitation dose for individuals. 100(91%) 

Doors and walls consist of isolated materials such as lead for more 
protection. 

95 (86%) 
 

You know Dosimeter. 85 (77%) 

Knowing radiation doses associated with commonly requested 

investigations. 
 

105 (95%) 

  

Table 3 : Performance of participants toward protection during practices N=110 
Variable YES (Number & percentage ) 

 

Wearing TLD during work 
 

110 (100%) 

Wearing lead apron during working hours 100 (92%) 

Using light beam diaphragm ,cone and grid 80 (72%) 

Using lead gloves during work 85 (76%) 

Using Radiation signs during working hours 95(86%) 

Wearing thyroid cola during work 70(63%) 

Wearing Gonad Shield during work 90(81%) 

 

Table 4: Measurement of Shallow dose across population N=110 
Dose(mSv) No.of People 

0.2 7 

0.4 45 

0.6 25 

0.8 15 

1 7 

1.2 7 

1.4 4 

 

Figure (3) Shallow dose/Skin Dose measurements across N=110. 

 
 

Table 5: Measurement of Deep dose across population N=110 
No.of People Dose(mSV) 

4 3 

42 4 

38 5 

26 6 
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Figure (4) Deep dose measurements across N=110. 

 
Depending on the Medical Imaging device, amount of time spent, distance maintained and usage of appropriate 

shielding by the individual technologists in clinical radiology the deep dose and shallow dose varied slightly for 

all individuals.  

 

IV. Discussion 
In this preliminary descriptive study awareness was assessed by measures knowledge of radiographers 

towards radiation safety during practice in Buraydah City, Al-Qassim Region, Saudi Arabia. This study is first 

of its kind in Buraydah city to the best of our knowledge and very few similar studies were available for 

comparison worldwide. A total of 110  radiologic technology students responded to this study 

Regarding usage of the TLD chips with card and measurement , all the participants (100%) in our study 

used successfully and this is much better that what was reported by Rania Muhammed etl.. and Mutyabule T 

Ketl.
3,24

.Results from study by JafarFatahi et al.,
26

indicated that only (74.3%) of personnel were using these 

badges, highlighting the need for further supervision and emphasis. Regarding knowledge in this study (86%) of 

the respondents knew that doors and walls consist of isolated materials such as lead. Eze et al.,[25] reported a 

better attitude to wearing radiation dosimeters among a sample of industrial radiographers in Port-Harcourt, 

Nigeria. In this study and responded to the question about amount of annual dose limit for individuals and data 

analysis show that the majority of workers had correct answer (more than 90%). compared to the study done in 

Rania Muhammed 
3
 ,where only 75% had knew this knowledge. Knew radiation doses associated with 

commonly requested investigations (95%) answered with ‘YES’ table(2) , and this can be justified by presence 

of exposures charts in the radiology departments of the participants. Knowledge shall be assumed to be poor in 

this study if respondents’ average score on five questions used to assess knowledge is less than three true 

questions, and according to the result (41.3%) had good knowledge regarding protection, fig (1). (92%) of the 

participants in this study wearing lead apron during work, while (8%) were not, table (3) , and they justified 

their performance by good  reasons such as availability of enough numbers of lead apron in their departments 

compared to other study done byFatahi J et al., [26] where theirstudy revealed that there exist a shortage of lead 

apron (29%) and a low level of its use even when available; the gonad and thyroid shield and lead partition for 

mobile radiology were not used at all. Using of light beam diaphragm and other protective devices (cone & grid) 

have percentage of (72%) , table (2).Further, (76%) used lead gloves and this behavior will protect the 

radiographers themselves, table (3).Study by Margaret A et al
27

. reported that the size of the radiation field must 

be selected no larger than the size of the organ being photographed.[28] Limiting the size of the radiation field to 

the area of the organ being radiographed minimizes the patient’s absorbed dose
29

. The results study by Fatahi- 

Asl J.et al , revealed that using of radiation field limitation was observed in only 43.7% of the cases
26

.Thyroid 

protective shield used by (63%) in this study, table (2) ,while multiple authorities have investigated and clearly 

demonstrated the efficacy of protection equipment and the importance of shielding radiation-sensitive organs in 

reducing the absorbed dose
30,31

.It is mandatory, according to International Commission on Radiation Protection 

(ICRP) radiation safety standards,[32] for gonads shields to be used for the protection of the gonads when the 

pelvis is not part of the anatomical area being examined. Excellent knowledge found among radiographers in 

this study,(81%) used gonad shields during work. In comparison with the other study performed in Rania 

Muhammed etl
3
 where only 25.3% participants used gonald shields during work our study revealed that the 

radiographers had good discipline. Atomic Energy Organization of Iran, the gonad area must be shielded 

whenever in a primary radiation field or very close to a primary radiation field
34

.Shielding the gonad can 

significantly reduce the radiation dose, and, as absorption by the gonad typically constitutes (20%) of the overall 

absorption dose of the body, these organs appear to be extremely sensitive to radiation, and prevention of the 
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hereditary effects of ionizing radiation is not possible without protecting them. Therefore, gonad shielding must 

be routinely used in radiology labs
35

 .Fatahi study revealed that gonad and thyroid shielding was never used for 

patients
26

. 

LiF-TLD measurements resulted in average deep doses of 4-6 mSv and  Shallow doses of 0.5 - 2msV 

for the age group of adult in 20-24 years range. The technologists were successful in maintaining the exposure 

less than 30% of the dose limitsis 20 mSv per year while that of the public is 1 mSv  table(1). As the 

technologists mostly worked with high energy x-ray devices they were exposed to high energy radiations and 

hence the measurement of deep dose is higher compared to the skin dose. The unwanted low-energy x-rays are 

usually found with high energy x-ray producing devices which does not contribute to the radio-diagnosis. Hence 

we see minimal shallow dose measurements. 

 

V. Conclusion 

 The results obtained were compared with the diagnostic reference level set by International Atomic 

Energy Agency (IAEA) and International Commission for Radiological Protection (ICRP). Based on the 

measurements it’s apparent that all the exposures are under the limits set by the KACST. All the technologists 

followed the radiation safety principle ‘As Low As Reasonably Achievable’ (ALARA) successfully. The quality 

of training program delivered by the staff at Qassim University has enabled the technologists to develop a 

passion for radiation protection.  Frequent workshops and safety training programs at hospitals and educational 

institutes will further enhance the radiation protection skills of technologists. 

Similar studies at regular intervals should be carried out in Buraydah city, AL-Qassim Region among hospital 

staff for strict adherence of standard radiation protection regulation protocol. 
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