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Abstract

Ionizing radiation has become increasingly applied in medical practice. Accordingly, healthcare
workers must be aware of radiation protection procedures and risks and apply the essential
countermeasures to minimize occupational exposure. This study evaluated the awareness of
radiation hazards and knowledge of radiation protection procedures among radiologists,
radiographers, and nurses in diagnostic radiology departments in Tobruk Medical Center. A cross-
sectional questionnaire-based study was conducted among 70 medical personnel, including
radiologists, nurses, and radiographers, during the period between March and May 2022.The
questionnaire collected data on demographic characteristics, awareness of radiation hazards, and
knowledge of radiation protection procedures. 57.1% of contributors were males, with 42.9% between
the age group of 31-40 years. 74.2% had bachelor's degrees while 17.1% had diplomas and the
minority 8.6% had higher educational degrees. Overall, all contributors showed a good level of
radiation protection procedures awareness. The majority of participants (63 % + 31 %) believed
that medical radiation causes a serious riskto human health. and atiny portion of
them thought it wasn't dangerous. The current findings recommend that there is a reasonable level
of awareness about radiation protection procedures and radiation hazards but a relative lack of
knowledge about the As Low As Reasonably Achievable {ALARA} principle and 10-day rule among
personnel was noticed. Therefore, continuing medical education on radiation protection and hazards
must be authorized.
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Introduction

Ionizing radiation from medical applications accounts for the majority of radiation doses from artificial
sources. Twenty percent of the population is exposed to radiation in medical practice, and this number
is expected to rise globally [1]. Several medical procedures use ionizing radiation, including fluoroscopy,
angiography, radiographic imaging, and computed tomography (CT). Globally, over 3600 million diagnostic
radiology exams are performed, 37 million nuclear medicine procedures are carried out, and approximately
7.5 million radiation treatments are administered annually [2].

It is clear that, there is a steadily rising demand for radiological examinations, specifically computed
tomography with multiple detectors (CTMD), which alone is responsible for roughly half of the total radiation
exposure in medicine (3). With the introduction of multidetector row CT, imaging has become faster and
more sophisticated. Consequently, this has increased the number of CT exams conducted annually, and
subsequently the amount of radiation to which patients are exposed [4,5].

Exposure of radiation workers and patients and to ionizing radiation is unavoidable in medical applications
[6]. When the threshold limit is exceeded, ionizing radiation can give rise to chromosomal abnormalities and
mutations in males, females, and fetuses [7]. Skin burns, Cataracts, leukemia, and other types of cancers
are other negative consequences of ionizing radiation [8-10]. Despite the fact that some potential effects on
the patient's health might happen right away after exposure, others might not appear for years [11,12].
Consequently, the International Commission on Radiological Protection (ICRP) has proposed a general
principle of radiation protection, which states that radiation protection is based on three principles:
justification, dose limitation, and optimization [exposure to ionizing radiation must be kept within the
[ALARA] [13]. Furthermore, the risks of ionizing radiation can be reduced by using various methods of
radiation protection such as the principles of distance, time, and personal shielding [14]. Decreasing the
exposure time and dose a well as increasing the distance from the source could protect patients and
occupational health workers [15]. Personal protective equipment such as lead shields, lead aprons, lead
gloves, and lead glasses are used to protect employees, patients and members of the public from exceeding
radiation exposure [16,17]. In addition, various personal monitoring devices, such as thermo-luminescent
dosimeters (TLDs) used to record the radiation dose received. Such a dosimeter can give a continuous
readout of received doses and a noticeable alarm when a cumulative dose is exceeded [18].

Recently, there has been increasing concern about the lack of awareness of health care workers
about radiation doses used in diagnostic radiological procedures [19]. The concern over radiation safety and
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radioactive source control began in Libya approximately thirty years ago, when the Law on Regulation
Associated with the use of Ionizing Radiation and Protection Against Its Hazards (Act No. 2) was published.
Therefore, all HCWs who are occupationally exposed to ionizing radiation must adopt current radiation
protection principles and apply their knowledge to protect themselves and patients against unwanted doses
of ionizing radiation [20]. Moreover, comprehensive knowledge of radiation protection is also necessary for
other medical professionals, such as nurses who are assigned to the radiology department [21].

Worldwide, there are many studies with different results assessing the knowledge of HCWs in radiation
environments about radiation hazards and radiation protection [22-27]. However, only a few studies have
been conducted in this field in Libya [28-29], particularly surveys related to the radiation protection
procedures of radiation workers in Tobruk city. Therefore, the aim of this study was to assess the level of
awareness and knowledge about radiation hazards and radiation protection procedures among workers
occupationally exposed to ionizing radiation in diagnostic radiology departments in Tobruk Medical Center.

Methods

Study Design

This study was a cross-sectional study. It was carried out among seventy (n =70) healthcare workers who
were occupationally exposed to radiation in the diagnostic radiology department in Tobruk Medical Center
during the period between march to May 2022.

Sampling Technique

All health care workers HCWs (radiologists, radiographers, nurses), who were occupationally exposed to
ionizing radiation in the diagnostic radiology departments and who agreed to participate in this study were
included. The target population consisted of 70 out of 100 HCWs with a response rate of 70%.

Inclusion Criteria

All health care workers occupationally exposed to ionizing radiation in the various units of radiological
departments with work experience of at least one year and who agreed to contribute to the study were
included.

Exclusion Criteria

Any health care worker with less than a year of experience working in radiology departments. Any health
care workers who did not come into contact with radiation exposure or patients during examinations. For
instance, senior staff and pregnant female workers.

Study Methods

The study tool in this research included a self-administered and self-structured questionnaire designed and
validated after reviewing previous studies [30-33]. The questionnaire was translated into Arabic and revised
by 2 experts; then a pilot study was conducted in 2 different random units on 5 specialists. The
questionnaire contains three sections: A, B, and C. Section A comprised questions regarding the
demographic data of the participants including, gender, age, educational level, years of experience,
occupation, and radiation protection training courses, Section B comprised 10 questions regarding the
awareness of radiation protection procedures, and the questions were answered by ‘Yes’ or ‘NO’, and Section
C also included 10 questions. A 5-point Likert scale was used to rank the responses from strongly disagree,
disagree, neutral, agree, and strongly agree to assess participants’s knowledge on the hazard of ionizing
radiation, especially the risk of induced-radiation cancer.

Statistical Analysis

Data were presented and statistically analysed using statistical package for social sciences (SPSS) version
25. Descriptive analysis was performed for the knowledge level and awareness of healthcare professionals
respectively. The number of respondents (n) and percentages (%) were reported for each demographic
characteristic and each questionnaire item.

Ethical approval
Ethical approval from the Ethical Committee of the Radiology Department, Tobruk Medical Center, was
obtained. A verbal informed consent was given from all the HCWs included in the study.

Results

Socio-demographic Characteristic Data

A total of 70 contributors completed the questionnaire. 57.1% of them were males, with 42.9% between the
age group of 31-40 years. The majority of them (74.2%) had bachelor's degrees while 17.1% had diplomas
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and the minority, 8.6% had higher educational degrees. Table 1 shows a summary of the socio-demographic
characteristics of the participants. The years of experience were from 11-20 years among 47.1.% of HCWs,
27.1% of participants had experience levels more than 20 years old, and 14.2% had 6-10 years of experience.

Table 1. Socio-demographic characteristics of the participants (n=70)

Parameters | No. | %
Gender
Male 40 57.1%
Female 30 42.8%
Age (years)
20-30 20 28.6%
31-40 30 42.9%
>40 20 28.6%
Educational level
Diploma 12 17.1%
Bachelor 52 74.2%
Higher educational degree 6 8.6%
Occupation
Radiographer 55 78.6%
Nurse 7 10.0%
Radiologist 8 11.4%
Years of experience

Less than 5 years 8 11.4%
6-10 years 10 14.2%
11-20 years 33 47.1%
More than 20 years 19 27.1%

Despite the fact that 26% of participants attended training courses on a regular basis, the majority of them
(74%) had no training courses on radiation safety (Figurel).

Training Courses on Radiation safety

Yes, 26%

0,
No , 74% Ve

No

Figure 1. Radiation protection training of the participants

Awareness of Radiation Protection procedures

Generally, good awareness of radiation protection was recorded among all contributors as shown in Table
2. All HCWs were highly aware of radiation protection procedures regarding the Lead apron, Gonad shields,
Thyroid shield, and Lead gloves as protective tools against radiation exposure (95.7%, 95.7%, 91.4%, and
85.7%, respectively).

Quite an impressive percentage (92.9%) of the HCWs are aware of the importance of transferring female
health care workers to another department when they get pregnant. Familiarity of the participants with
terms of Distance and Time recorded as 92.9%, 90%, and 84.3% for shielding. Approximately two-thirds of
responders (67.1%) had adequate knowledge of the term (Dose optimization). However, incorrectly (34.3%)
identified ALARA as the general principle of radiation protection that has been proposed by the ICRP.
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Table 2. The awareness of radiation protection among participants.

ses . Yes No
Radiation Protection Procedures No. % NO. %
Are you familiar with Term (Dose Optimization)? 47 67.1 23 32.9
Do you know the term ALARA? 24 34.3 46 65.7
Do you know what TLD badge is? S1 72.9 19 27.1
Do you know what film badge is? 63 90 7 10
Are you familiar with the 10 days rule concept? 14 20 56 80
Are you familiar with the following terms?
Time, 63 90 7 10
Distance 65 92.9 S 7.1
Shielding 59 | 84.3 11 15.7
Do you have an idea about different personal protective
tools which help to reduce radiation exposure? Example-
Lead apron 67 95.7 3 4.3
Lead gloves 60 85.7 10 14.3
Gonad shields 67 95.7 3 4.3
Thyroid shield 64 91.4 6 8.6
If one of the females of HCWs gets pregnant; will she be 65 92.9 71
transferred to another department? ) )
The maximum effective dose of ionizing radiation that a
radiation worker aged 18 years or older should not 59 84.3 11 15.7
exceed annually is 20mSv.
Health care workers in Interventional Radiology Unit are
likely to be exposed to the highest radiation dose in the 21 30 49 70
diagnostic radiology department.

ALARP = As Low As Reasonable Achievable TLD= thermos-luminescent Detector

84.3% of HCWs who correctly answered the questions relating to the maximum effective dose of ionizing
radiation that a radiation worker aged 18 years or older should not exceed annually. In addition, 21
responders (70%) were incorrect in their assumption that health care workers in the Interventional Radiology
Unit are likely to be exposed to the lowest radiation dose in the diagnostic radiology department. The above
table indicated that the film badge (90%) was better recognized by health care workers in the diagnostic
radiology department than the thermoluminescent dosimeter badge (72.9 %). Furthermore, unexpectedly,
the familiarity with the 10-day rule concept is 20%.

Knowledge of Radiation Hazards

As illustrated in Table 3 below, a majority of the participants (63.1%+31.4%) considered medical radiation
to be very hazardous to human beings. and a small percentage of them considered it to be non-hazardous.
Moreover, 58.6% of respondents strongly agree that radiation exposure can cause congenital malformations
in babies delivered by pregnant women exposed to ionizing radiations. Nearly half of HCWs (34.3%) had
good knowledge that radiation exposure can cause skin injuries such as erythema, skin pigmentation, and
bone marrow depression. Additionally, 41.4% of the participants had adequate awareness that exposure to
radiation can cause cataracts of the eye lens and infertility issues in males and females. Approximately one-
third of participants agreed that overexposure to ionizing radiation causes acute radiation sickness, such
as nausea and vomiting. However, 21.4% of them were neutral in response, neither agreeing nor disagreeing.
On the contrary, only 10 % of participants correctly stated that babies are more sensitive to radiation than
other gender categories, and almost 78.6 % of those respondents reported that radiation risk is independent
of age. Approximately two-thirds of responders (67.1 %) were not aware that the breast is the tissue with
the highest susceptibility to radiation damage.

Table 3. The awareness of radiation hazards among the study participants.

Research Question Sl:.rongly Disagree Neutral Agree Strongly

Disagree Agree

Radiation has numerous and varied 1 1 2 22 44
risks. 1.4% 1.4% 2.9% 31.4% 62.9%

Female breast tissue is highly sensitive 18 29 13 3 7
to the carcinogenic effects of radiation. 25.7% 41.4% 18.6% 4.3% 10%

Generally, children are more sensitive 24 31 8 4 3
to radiation than adults. 34.3% 44.3% 11.4% S5.7% 4.3%
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Over exposed to ionizing radiation
cause acute radiation sickness such as L S 15 24 27
" 1.4% 4.3% 21.4% 34.3% 38.6%
nausea and vomiting.
Exposure to Radiation can cause Skin
pinjuries such as erythema, skin 4 2 7 24 33
pigmentation ’ 5.7% 2.9% 10% 34.3% 47.1%
Exposure to Radiation can cause 4 4 8 29 25
Cataract of the eye lens S5.7% S.7% 11.4% 41.4% 35.7%
Radiation exposure can cause bone S 3 13 24 25
marrow depression 7.1% 4.3% 18.6% 34.3% 35.7%
Over exposed to ionizing radiation can 9 9 7 29 30
cause acute Infertility in men and o o o o o
wormen 2.9% 2.9% 10% 41.4% 42.9%
Radiation exposure can cause
congenital malformations in babies 1 3 8 17 41
delivered by pregnant women exposed 1.4% 4.3% 11.4% 24.3% 58.6%
to ionizing radiations
T main stochastic et of HEEERER:
. . 1.4% 1.4% 21.4% 35.7% 40%
skin cancer and leukaemia.

Discussion

To the best of our knowledge, the knowledge of ionizing radiation protection techniques and awareness of
radiation hazards among healthcare professionals in the Diagnostic Radiology Department in Tobruk
Medical Center who are exposed to radiation hazards at work is being examined for the first time in this
study.

The study group included radiographers, radiologists, and nurses, who usually come in contact with
patients during procedures involving ionizing radiation during their daily work. A good level of knowledge
was found among most of the participants toward radiation hazards and protection. This finding is similar
to a study conducted in Italy, which showed good knowledge among most of the Italian radiographers [34].
Likewise, a high degree of awareness was found among participants in Nigeria regarding the harmful effects
of ionizing radiation [35]. Additionally, similar to this, the International Commission on Radiological
Protection (ICRP, 1992) ruled that work in radiological centers is prohibited for anyone younger than
eighteen [36]. The study's results show that, with an average age of thirty-five, research participants
behave in accordance with the ICRP's age restriction guidelines.

Satisfactory awareness of participants regarding the usage of dosimeters, such as TLD and film badges as
radiation monitoring devices. A similar study also shows a high level of awareness among participants in
Northern Nigeria regarding the usage of personal radiation dosimeters [37]. In addition, the safety
precautions concerning time, distance, and shielding were stated. These results are consistent with the
research conducted by Salah Eldeen NG and Farouk SA, which revealed that higher than 72.8% of
participants were familiar with the terms of time, distance, and shielding. Female HCWs showed excellent
awareness concerning precautions taken in case of pregnancy.

Another area of concern was the conception of dose limits and radiation exposure. The very low percentage
(15.7%) of correct responses concerning maximum dose limits showed a lack of understanding of accurately
identifying the maximum dose limit per year. A similar study also shows a low level of awareness among
participants regarding the basic understanding of the threshold of effective dose for a medical radiation
worker [38]. A study was done by Alotaibi et al. in Kuwait to explore the awareness level of radiation hazards
amongst nurses employed in nuclear medicine departments [39]. Such study presented that almost all
nurses were not aware of the ALARA principle, and this is consistent with ours.

The study's additional findings, which relate to participant responses to inquiries relating to the reduction
of radiation exposure by using protective shields such as Lead apron, Lead gloves, Gonad shields, and
Thyroid shield, are satisfactory and similar to the study that also shows a high level of awareness among
participants regarding the usage of dosimeters as radiation monitoring devices [40].

Regrettably, as shown in Table 2, healthcare professionals at the Radiology Department in Tobruk Medical
Center have not demonstrated a satisfactory level of proficiency in the understanding of the 10-day rule
concept. It may be due to its not being exactly known by the name in spite of its application.

Furthermore, the outcome of the question relating to health care workers in the interventional radiology
unit who are likely to be exposed to the highest radiation dose in the diagnostic radiology department stated
a low level of awareness and lack of basic knowledge, which is unacceptable at 70%. Therefore, it is clear
that, despite the good radiation knowledge of participants, regular training courses on radiation safety are
still necessary to protect HCWs and patients from the dangers of ionizing radiation.
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The study's key finding is that according to the majority of participants, radiation exposure that happens
during regular work is extremely dangerous. In contradistinction to a survey conducted among 92 Turkish
health care workers in the radiology department which demonstrated that 42.4% and 21.7% of them were
unaware of radiation hazards and considered common radiologic studies to be moderately safe [41].
Furthermore, our finding is not supported by the hypothesis that low-dose ionizing radiation, and
particularly exposures during childhood, increase breast cancer risk. Such a result is different from those
of other studies conducted by Huiyan Ma and others, which stated that the risk was higher for
women who were first exposed to these medical radiation procedures as children than for those who were
first exposed later in life [42].

In addition, the research produced some rather unexpected results regarding paediatric exposures to
ionizing radiation. 44.3% of participants disagreed on that children are at a greater risk than adults of
developing cancer after being exposed to ionizing radiation. Due to the fact that children are developing
bodies and have long life expectancy post-exposure, appropriate actions are required to minimize the
negative health effects of paediatric exposures to ionizing radiation.

Satisfactory responsiveness of participants regarding radiation sickness results when humans are exposed
to very large doses of ionizing radiation. In addition, regarding the knowledge of skin injuries such as
erythema, skin pigmentation, Cataracts of the eye lens, and bone marrow depression, the radiographers
demonstrated greater knowledge and that was impressive. This finding supports the findings of another
study, which showed good awareness of radiation hazards among the participants [43].

High awareness in the present study about the fact that radiation exposure can cause congenital
malformations in babies delivered by pregnant women exposed to ionizing radiations, particularly when
exposure takes place in the first trimesters of pregnancy. Given that radiation is known to cause genetic
mutations and cancer, a higher percentage was anticipated [44].

Almost two-thirds of contributors presented that the long-term ionizing radiation exposure increases the
risk of carcinogenesis such as skin cancer and leukaemia. This good awareness regarding this point may be
because of the well-known stochastic effects of radiation exposure [45]. 83.3% of participants in the current
study presented satisfactory awareness concerning male and female infertility as radiation exposure hazards.
This good awareness regarding this point may be because of the well-known effect of radiation exposure on
the reproductive system and the genetic mutations.

Limitation of the study

This research has numerous limitations. First, the sample size was relatively small. Secondly, about 78.6%
of participants were radiographers; as a result, our sample may not have accurately represented the
awareness of other healthcare providers. Lastly, employees from specialized private radiation centers were
excluded in this study, where there may be increased occupational radiation hazards because of the
increased exposure to radiation.

Conclusion

In summary, our study demonstrated a medium- good level of knowledge regarding radiation protection
procedures among healthcare professionals in the Diagnostic Radiology Department in Tobruk Medical
Center. Apart from that, this study revealed inadequate implementation of the ALARA principle and the 10-
day rule in the workplace. In addition, in terms of overall awareness of radiation hazard, most of the HCWs
in the current study demonstrated adequate knowledge. However, the health effect of radiation on children
and breast females was generally not recognized. Therefore, this study has highlighted the importance of
assessing the knowledge of radiation protection hazards and procedures to ensure patient safety, minimize
radiation risks, and promote effective and efficient patient care in the present and future.
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